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CARBON MONOXIDE AS A BIOMARKER AND
THERAPEUTIC AGENT

TECHNICAL FIELD
The present invention relates to the use of carbon monoxide (CO) as a
biomarker and therapeutic agent of heart, Jung, liver, spleen, brﬁn. skin and kidney
diseases and other conditions and disease states including, for example, asthma,

emphysema, bronchitis, adult respiratory distress syndrome, sepsis, cystic fibrosis,
pneumonia, interstitial lung diseases, idiopathic pulmonary diseases, other iung
diseases including primary pulmonary hypertension, secondary pulmonary ’
hypertension, cancers, including lung, larynx and throat cancer, arthritis, wound
healing, Parkinson's disease, Alzheimer’s disease, peripheral vascular discase and
pulmonary vascular thrombotic diseases such as pulmonary embolism. CO may be
used to provide anti-inflammatory rélief in patients suffering from oxidative stress and
other conditions especially including sepsis and septic shock. In addition, CO may be

used to store organs prior to transplantation. In addition, carbon monoxide may be used-

as a biomarker or therapeutic agent for reducing respiratory distress in lung transplant
patients, to reduce or inhibit oxidative stress, inflammation or rejection of transplants in
transplant patients.

BACKGROUND

Heme oxygenase (HO) cataliszes the first and rate limiting step in the
degradation of heme to yield equimoler quantities of biliverdin IXa, carbon monoxide
(CO), and iron (Choi et al., Am. J. Respir. Cell Mol. Biol. 15: 9-19; and Maines, Annu.
Rev. Pharmacol. Toxicol. 37: 517-554). Three isoforms of HO exist; HO-1 is highly
inducible while HO-2 and HO-3 are constitutively expressed (Choi et al., supra,
Maines, supra and McCoubrey et al., E. J. Bioch. 247: 725-732). Although heme is the
major substrate of HO-1, a variety of non-heme agents including heavy metals,
cytokines, hormones, endotoxin and heat shock are also strong inducers of HO-1
expression (Choi et al., supra, Maines, supra and Tenhunen et al., J. Lab. Clin. Med.
75: 410-421). This diversity of HO-1 inducers has provided further support for the
speculation that HO-1, besides its role in heme degradation, may also play a vital
function in maintaining cellular homeostasis. Furthermore, HO-1 is highly induced by

b
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a variety of agents causing oxidative stress including hydrogen peroxide, glutathione
depletors, UV irradiation, endotoxin and hyperdxia {Choi, et al. supra, Maines, gupta
and Keyse, et al. Proc. Natl. Acad. Sci. USA . 86: 99-103 ). One interpretation of this
finding is that HO-1 can serve as a key biological molecule in the adaptation and/or
§ defense against oxidative stress (Choi, et al., supra,, Lee, et al., Proc Natl Acad Sci USA
93: 10393-10398; Otterbein et al., Am. J. J. Respir. Cell Mol .Biol. 13: 595-60!; Poss
et al., Proc. Natl. Acad. Sci. USA. 94: 10925-10930; Vile, et al., Proc. Natl. Acad. Sci. B
91: 2607-2610; Abraham et al., Proc. Natl. Acad. Sci. USA. 92: 6798-6802; and Vile
and Tymrell, J: Biol. Chem. 268: 14678-14681. Our laboratory and others have shown
10 that induction of endogenous HO-1 provides protection both in vivo and in vitro against
oxidative stress associated with hyperoxia and lipopolysaccharide-induced tissue injury
. (Lee et al., supra, Otterbein, et al., supra and Taylor et al.,, Am. J. Physiol. I8: L582-
1.591). We have also shown that exogenous administration of HO-1 via gene transfer
can provide protection against oxidant tissue injury and elicit tolerance to hyperoxic
15 stress (Otterbein, et al., Am. J. Resp. Crit. Care Med. 157: A565 (Abstr)).
Carbon monoxide (CO) is a gaseous molecule with known toxicity and lethality
to living organisms (Haldane, Biochem. J. 21: 1068- 1075; and Chance, et al., 1970,
Anmn. NY Acad Sci. [74: 193-204.). However, against this known paradigm of CO
toxicity, there has been renewed interest in recent years in CO behaving as a regulatory
20 molecule in cellular and biological processes based on several key observations.
Mammalian cells have the ability to generate endogenous CO primarily through the
catalysis of heme by the enzyme heme oxygenase (HO) (Choi et al., supra and Maines,
supra). The total cellular production of CO is generated primarily via heme
degradation by HO (Marilena, Biochem. Mol. Med. 61: 136-142 and Verma, et al,,
25 1993, Science 259: 381-384). Moreover, CO, akin to the gaseous molecule nitric
oxide, plays important roles in mediating neuronal transmission (Verma et al., supra
and Xhuo, et al., Science 260: 1946-1950) and in the regulation of vasomotor tone
{Morita, and Kourembanas, [995, J. Clin. Invest. 96: 2676-2682.; Morita ét al,, 1995
Proc. Natl. Acad. Sci. USA 92: -1479; and Goda et al., 1998, J. Clin. Inv. 101: 604-12),
30 Other publication relating to the biological actions of CO include Pinsky et al., U.S.
Patent No. 6,316,403, Sato et al., ]. Inmunol. 166: 4185-4194 (2001); Fujita et al., Nat.
Med. 7(5): 598-604 (2001); Nachar et al., High Altitude Medicine & Biology 2:377-385

(2001); Vassalli et al., Crit. Care. Med. 29: 359-366 (2001); Otterbein et al., Am. J.
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Physiol. Lung Cell Mol. Physiol. 276: L688-L694 (1999); Cardell et al., Brit. J.
Pharmacol. 124: 1065-1068 (1998); Otterbein et al., Nat. Med. 6(4): 422-428 (2000):
and Otterbein et al., Am. J. PhysioliLung Cell Mol. Physiol, 279: L1029-L1037 (2000).

Septic shock and sepsis syndrome, resulting from excessive stimulation of
immune cells, particularly monocytes and macrophages, remains one of the leading
causes of death in hospitalized patients. Parillo, et al., Ann. Intern. Med. 113, 991.992
(1992). The pathophysiological alterations observed in sepsis are often not due to the
infectious organism itself, but rather to the uncontrolled production of pro-

. inflammatory cytokines and chemokines including TNF-a, IL-1, and MIP-1 that leads

to leukocyte recruitment, capillary leak and ultimately participates in the lethality of
sepsis. Beutler, et al., 232, 977-980 (1986); Netes, et al., inmunology 94, 340-344
(1998); and Wolpe, et al., J. Exp. Med. 167, 570-581 (1988). Lipopolyncchaﬁde
(LPS), a constituent of the gram negative bacterial cell wall, is the leading cause of
sepsis, and when administered experimentally to macrophages or mice, mimics the
same inflammatory response. Following LPS administration, there is a rapid but
transient increase in these pro-inflammatory mediators which are subsequently down-
modulated by a battery of anti-inflammatory cytokines including interleukin-10 (IL-10)
and interleukin-4 (IL-4), which inhibit the synthesis of the pro-inflammatory cytokines
and chemokines. J. Exp. Med. 177, 1205-1208 (1993). LPS initially binds to the CD14
and toll-like receptor (TLR) 2 (or 4) at the cell surface, (Yang, et al., Nature. 395 : 284-
288 (1998) and Chow, et al., J. Biol. Chem. 274 : 10689-10692 (1999) and has then
been shown 1o activate the mitogen activated protein (MAP) kinase pathways including
P38, p42/p44 ERK and JNK (MAF) kinases. Liu,, et al., J. Immunol. 153, 2642-2652
(1994); Hambleton,, et al., Proc. Natl. Acad. Sci. USA. 93, 2274-2778 (1996); Han,, et
al,, J. Biol. Chem, 268, 25009-25014 (1993); Han,, et al., Science 265, B08-811
(1994); Sanghera,, et al., J. Immunol. 156, 4457-4465 (1996), and Raingeaud,, et al_, J.
Biol. Chem. 270, 7420-7426 (1995). The relationship between the activation of these
signaling molecules, downstream cytokine expression, and physiologic functio.n
represents an active line of investigation.

The United States Government has provided support for research which led to
the present invention under one or more of NIH grant numbers HL60234, AI42365 and

HL55330. Consequently, the government retains certain rights in the invention.

3
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SUMMARY
The present invention relates to novel pharmaceutical compositions for |

delivering lo patients suffering fronv the effects of oxidative stress, the compositions
comprising effective concentrations of carbon monoxid€ in a gascous mixture]

P o ———— e g t—

Comprisingoxygen-and optionally, nitrogen gas (as well.as.other mifior optiongl-

gaseous components). An additional aspect of the present invention is directed to a

method for delaying the onset of, inhibiting or alleviating the effects of oxidative stress,
the method comprising delivering a therapeutic gas comprising carbon monoxide in an
amount and for a time effective to delay the onset of, inhibit or alleviate the effects of
oxidative stress in the patient. It has unexpectedly been’ discovered that the delivery of
a therapeutic gas comprising low concentrations (i.e., concentrations ranging from
about 1 ppb (part per billion) to about 3,000 ppm (preferably above about 0.1 ppm
within this range) of the pas, preferably about 1 ppm to about 2,800 ppm, more
preferably about 25 ppm to about 750 ppm, even more preferably about 50 ppm to
about 500 ppm, e.g., about 250 ppm) of carbon monoxide is an extremely effective
method for delaying the onset of, inhibiting or reversing the effects of oxidative stress
in a patient. This is an unexpected rzsult. It is noted here that in the method of the
present invention, an amount of carbon monoxide in the therapeutic gaseous
composition which is in excess of 0.3% may sometimes be used, depending upon the
condition or disease state to be treated. :

In another aspect, the present invention is directed to the use of carbon
monoxide gas in the preparation of & medicament for use in-uﬁm‘ng a patient suffering
from or at risk for emphysema, bronchitis, cystic fibrosis, pneumonis, interititial lung
disease, wound healing, arthritis, Parkinson’s disease, and/or Alzheimer’s disease.

In yet another aspect, the present invention is directed to the use of carbon
monoxide gas in the preparation of a medicament for use in treating a patient suffering
from or at risk for localized inflammation of the kidney, spleen, and/or skin.

The present invention alse provides methods for using carbon monoxide as a
biomarker for determining that a patient is suffering from oxidative stress or is at risk-
for or is suffering from a number of conditions or discase. states that are secondary to or
result in oxidative stress, for example, asthma, emphysema, bronchitis, adult respiratory
distress syndrome, sepsis, cystic fibrosis, pneumonia, interstitial lung diseases,
idiopathic pulmonary diseases, other lung diseases including primary pulmonary

4



10

15

WO 03/094932 PCT/US02/14836

hypertension, secondary pulmonary hypertension, cancers, including lung, larynx and
throat cancer, arthritis, wound healing, Parkinson's disease, Alzheimer’s discase,
peripheral vascular disease and pulmonary vascular thrombotic diseases such as
pulmonary embolism, among others. The method comprises detecting carbon
monoxide in a patient’s breath to determine whether detectable levels of carbon -
monoxide occur in the breath. If detectable levels of carbon monoxide appear in the
patient's breath, the patient may be cliagnosed with oxidative stress or for being at risk
for oxidative stress. The manifestations of oxidative stress may take the form of one or
more of the above-referenced conditions or di-sease states. Appropriate therapeutic
steps or other steps may be taken after such diagnosis to alleviate or treat the condition
that is responsible for the oxidative stress in the patient. In one embodiment, the
method includes measuring carbon monoxide in breath exhaled by a patient, wherein an
amount of carbon monoxide of at least about 1 ppm in the breath is indicative that the
patient is at risk for sepsis or septic shock. _

Another aspect of the present invention relates to the finding that in certain
patients, the administration of carbon monoxide in effective amounts to the paticnt may
be used to induce HO-1 enzyme in the patient and prevent or limit oxidative stress in
the patient, especially oxidative stress caused by hyperoxia or sepsis. HO-1 enzyme is
implicated in maintaining homeostasis in the cells of the patient.

Still another aspect of the present invention relates to the use of carbon
monoxide to delay the onset of, inhibit or alleviate the effects of oxidative stress which
occur in transplant patients, in particular, organ transplant patients, especially, but not
exclusively lung transplant patients.

Another aspect of the present invention relates to a method for inhibiting the
production of pro-inflammatory cytokines such as TNF-at, IL-1§, IL-6, and MIP-1B
and augmenting the production (expression) of the anti-inflammatory cytokine IL-10
and IL-4 in a patient, the method comprising administering to the patient an effective
amount of CO.

Still another aspect of the present invention relates to a method to preserve
organs or tissue for transplants comprising adding to media in which the organs or
tissue are stored a preservative effective amount or concentration of carbon monoxide.
In this aspect of the present invention, the inclusion of carbon monoxide in effective
amounts reduces, inhibits or alleviates the formation of reactive ox}gen in the stored

5
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organ or tissue, thus extending the period in which organ transplants can be effectively
stored without suffering oxidative damage. In one embodiment, the method includes
providing a medium comprising carbon monoxide and

storing the organ in the medium, wherein the carbon monoxide is present in the
medium in an amount sufficient to enhance storage stability of the organ.

Another aspect of the present invention relates to a method to prevent or reduce
the likelihood of damage caused by. oxidative stress associated with hyperoxia in a -
patient comprising administering an effective amount of carbon monoxide to a
hyperoxic patient.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although suitable methods and materials for the practice or testing
of the present invention are described below, other methods and materials similar or
equivalent to those described herein, which are well known in the art, can also be used.
All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, the materials, methods, and examples
are illustrative only and not intended to be limiting.

DETAILED DESCRIPTION

The following definitions are used to describe the present invention.

The term “carbon monoxide” (or *CO") as used herein describes molecular
carbon monoxide in its pascous state, compressed into liquid form, or dissolved in
aqueous solution. The term “carbon monoxide composition™ or “pharmaceutical
composition comprising carbon monoxide™ is used throughout the specification to
describe a gaseous or liquid composition containing carbon monoxide that can be
administered to a patient and/or an organ. The skilled practitioner will recognize which
form of the pharmaceutical composition, e.g., gascous, liquid, or both gaseous and
liquid forms, is preferred for a given application.

The terms “effective amount™ and “effective to treat,” as used herein, refer to
the administration of carbon monoxide in an amount or concentration and for period of
time including acute or chronic administration and periodic or continuous

administration that is effective within the context of its administration for causing an

6



10

15

WO 03/094932 PCT/US02/14836

intended effect or physiological cutcome. For gases, effective amounts of carbon
monoxide generally fall within the range of about 0.0000001% to zbout 0.3% by
weight, ¢.g., 0.0001% to about 0.25% by weight, preferably at least about 0.001%, e.g.,
at least about 0.005%, 0.010%, 0.02%, 0.025%, 0.03%, 0.04%, 0.05%, 0.06%, 0.08%,
0.10%, 0.15%, 0.20%, 0.22%, or 0.24% by weight carbon monoxide. Preferred ranges
include, ¢.g., 0.001% to about 0.24%, about 0.005% to about 0.22%, about 0.005% to
about 0.05%, about 0.010% to about 0.20%, about 0.02% to about 0.15%, about
0.025% to about 0.10%, or about 0.03% to about 0.08%, or about 0.04% to about
0.06%. For liquid sclutions of CO, effective amounts generally fall within the range of
about 0.0001 to about 0.0044 g CO/100 g liquid, e.g., at least about 0.0001, 0.0002,
0.0004, 0.0006, 0.0008, 0.0010, 0.0013, 0.0014, 0.0015, 0.0016, 0.0018, 0.0020,
0.0021, 0.0022, 0.0024, 0.0026, 0.0028, 0.0030, 0.0032, 0.0035, 0.0037, 0.0040, or
0.0042 g CO/100 g aqueous solution. Preferred ranges include, ¢.g., abont 0.0010 to
about 0.0030 g CO/100 g liquid, about 0.0015 to about 0.0026 g CO/100 g liquid, or
about 0.0018 to about 0.0024 g CO/100 g liquid. An effective amount of carbon
monoxide within the context of reducing the production or effect of inflammatory
cytokines can be, for example, an amount sufficient to inhibit production and/or effect
of TNF-a, IL-1, IL-6 and MIP-1, among others. Altematively, it can be an amount
sufficient to induce or increase production of anti-inflammatory cytokines such as IL-
10, among others. Within the context of transplant patients, an effective amount of
carbon monoxide is that amount administered to the transplant patient to reduce the
likelihood of rejection through an unfavorable immunological reaction. Within the
context of preserving stored organs to be used for transplantation, an effective amount
of carbon monoxide can be an amount that is added, e.g., bubbled, into the medium in
which the transplant organs are stored in order to enhance preservation of the organ and
reduce the likelihood that the organ will be subject to some measure of oxidative
damage. A skilled practitioner will appreciate that amounts outside of the ranges
described above may be used depending upon the application.

The term “patient” is used throughout the specification to describe an animal,
human or non-human, to whom treatment according to the methods of the present
invention is provided. Veterinary applications are clearly anticipated by the present
invention. The term includes but is not limited to mammals, e.g., humans, other
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primates, pigs, rodents such as mice and rats, rabbits, guinea pigs, hamsters, cows,
horses, cats, dogs, sheep and goats.

The term “treat(ment),” is used herein to describe delaying the onset of,
inhibiting, or alleviating the effects of a condition, e.g., emphysema, bronchitis,
arthritis, cystic fibrosis, pneumonia, interstitial lung disease, Parkinson’s disease,
Alzheimer's disease, or inflammation of the kidneys, spleen, or skin. In the case of
wound healing, the term describes the promotion of wound hesling, e.g., the promotion -
of skin wound healing. Individuals considered at risk for developing a condition
described herein may benefit particularly from the invention, primarily because
prophylactic treatment can begin before there is any evidence of the condition. The
skilled practitioner will appreciate that a patient can be determined to be at risk for any
of the conditions described herein by any method known in the art, e.g., bya
physician’s diagnosis.

The term “biomarker” is used to describe carbon monoxide produced in the
breath of a patient in minor, detectable amounts, and which provides cvidence that the
patient is at risk for, is in the early stages of, or is suffering from oxidative stress is at
rigk for or is suffering from one or more of the conditions or disease states that are
secondary to or that may result in oxidative stress. The amount of carbon monoxide in
the breath of a patient that may function as a biomarker may be as low as 0.001 ppm,
but is generally at least about 0.1 ppm.

Preparation of Gaseous Carbon Monoxide Compositions

A carbon monoxide composition may be a gaseous carbon monoxide
composition.’Compressed or pressurized gas useful in the methods of the invention can
be obtained from any commercial source, and in any type of vessel appropriate for
storing compressed gas. For example, compressed or pressurized gases can be obtained
from any source that supplics compressed gases, such as oxygen, for medical use. The
pressurized gas including carbon monoxide used in the methods of the present
invention can be provided such that all gases of the desired final composition (e.g., CO,
CO;3, O3, N7) are mixed in the same vessel. Optionally, the methods of the present
invention can be performed using multiple vessels containing individual gases. For
example, a single vessel can be provided that contains carbon monoxide, with or

without other gases, the contents of which can be optionally mixed with room air or
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with the contents of other vessels, e.g., vessels containing oxygen, nitrogen, carbon
dioxide, helium, compressed air, or any other suitable gas or mixtums thereof.

Gaseous compositions administered to a patient according to the present
invention typically contain 0% to about 79% by weight nitrogen, about 21% to about
100% by weight oxygen and about 0.0000001% to about 0.3% by weight
(corresponding to about 1 ppb or 0.001 ppm to about 3,000 ppm) carbon monoxide.
Preferably, the amount of nitrogen in the gaseous composition is about 79% by weight,
the amount of oxygen is about 21% by weight, and the amount of carbon monoxide is
about 0.0001% to about 0.25% by weight, preferably at least about 0.001%, e.g., at
least about 0.005%, 0.010%, 0.02%, 0.025%, 0.03%, 0.04%, 0.05%, 0.06%, 0.08%,
0.10%, 0.15%, 0.20%, 0.22%, or 0.24% by weight of carbon monoxide. Preferred
ranges include 0.005% to about 0.24%, about 0.01% to about 0.22%, and about 0.08%
to about 0.20%. It is noted that gaseous carbon monoxide compoéilions haviné
concentrations of carbon menoxide greater than 0.3% (such as 1% or greater) may be
used for short periods (e.g., one or a few breaths), depending upon the application.

A gaseous carbon monoxide composition may be used to create an atmosphere
that comprises carbon monoxide gas. An atmosphere that includes appropriate levels
of carbon monoxide gas can be created, for example, by providing a vessel containing a
pressurized gas comprising carbon monoxide gas, and releasing the pressurized gas
from the vessel into a chamber or space to form an atmosphere that includes the carbon
monoxide gas inside the chamber orspace. Alternatively, the gases can be released
into an apparatus that culminates in a breathing mask or breathing tube, thereby
creating an atmosphere comprising carbon monoxide gas in the breathing mask or
breathing tube, ensuring the patient is the only person in the room exposed to
significant levels of carbon monoxide.

Carbon monoxide levels in an atmosphere can be measured or monitored using
any method known in the art. Such methods include electrochemical detection, gas
chromatography, radicisotope counting, infrared absorption, colorimetry, and
electrochemical methods based on selective membranes (see, e.g., Sunderman et al.,
Clin. Chem. 28:2026-2032, 1982; Ingi et al., Neuron 16:835-842, 1996). Sub-parts per
million carbon monoxide levels can be detected by, e.g., gas chromatography and
radioisotope counting. Further, it is known in the art that carbon monoxide levels in the
sub-ppm range can be measured in biological tissue by a midinfrared gas sensor (see,

9
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e.g.. Morimoto et al., Am, J. Physiol. Heart. Circ. Physiol 280:H482-H488, 2001).
Carbon monoxide sensors and gas detection devices are widely available from many

commercial sources.

Preparation of Liquid Carbon Monoxide Compositions

A carbon monoxide composition may also be a liquid carbon monoxide
composition. A liquid can be'made into a carbon monoxide composition by any
method known in the art for causing 3ases to become dissolved in liquids. For
example, the liquid can be placed in a so-called “CO; incubator” and e;t.poscd toa
continuous flow of carbon monoxide, preferably baianced with carbon dioxide, until a
desired concentration of carbon mono-xide is reached in the liquid. As another
example, carbon monoxide gas can be “bubbled” directly into the liquid until the
desired concentration of carbon monoxide in the liquid is reached. The amount of
carbon monoxide that can be dissolved in a given aqueous solution increases with
decreasing temperaturc. As still another example, an appropriate liquid may be passed
through tubing that allows gas diffusion, where the tubing runs through an atmosphere

comprising carbon monoxide (e.g., ntilizing a device such as an extracorporeal

membrane oxygenator). The carbon monoxide diffuses into the liquid to create a liquid -

carbon monoxide composition.

In one embodiment, the liquid can be any liquid known to those of skill in the
art to be suitable administration to a patient (see, for example, Oxford Textbook of
Surgery, Morris and Malt, Eds., Oxford University Press (1994)). In general, the liquid
will be an aqueous solution. Examples of appropriate solutions include Phosphate
Buffered Saline (PBS), Celsior™, Perfadex™, Collins solution, citrate solution, and

University of Wisconsin (UW) solution (Oxford Textbook of Surgery, Morris and Mait,

Eds., Oxford University Press (1994)).

Any suitable liquid can be saturated to a set concentration of carbon monoxide
via gas diffusers. Alternatively, pre-made solutions that have been quality controlled to
contain set levels of carbon monoxide can be used. Accurate control of dose can be
echieved via measurements with a gas permeable, liquid impermeable membrane:
connected to a carbon monoxide analyzer. Solutions can be saturated to desired
effective concentrations and maintained at these levels.

10
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Treatment of Patients with Carbon Monoxide Compqsitions

A patient can be treated with a carbon monoxide composition by any method
known in the art of administering pases and/or liquids to patient. Carbon monoxide
compositions can be administered 0 a patient diagnosed with, or determined to be at
risk, for example, for cmphysema, bronchitis, arthritis, cystic fibrosis, pneumonia,
interstitial lung disease, Parkinson's disease, Alzheimer’s disease, or inflammation of
the kidneys, spleen, or skin; or to promote wound healing, e.g., healing of skin wounds
not associated with surgery. The invention contemplates the systemic administration of
liquid or gaseous carbon monoxide: compositions to patients (e.g., by inhalation and/or
ingestion), and the topical administration of the compositions to the patient’s lungs
(¢.g-, by inhalation or intratracheal administration), joints (e.g., by infusion or
transdermal administration) skin (c.g., by injection or by applying the composition to
the surface of the skin), and other organs (e.g., by ingestion, insufflation, and/or
introduction into the abdominal cavity).

Systemic Delivery of Carbon Monoxide
Gaseous carbon monoxide compositions can be delivered systemically to a

patient. Gaseous carbon monoxide compositions are typically administered by
inhalation through the mouth or nzsal passages to the lungs, where the carbon
monoxide may exert its effect directly or be readily absorbed into the patient’s
bloodstream. The concentration of active compound (CO) utilized in the therapeutic
gaseous composition will depend on absorption, distribution, inactivation, and
excretion (generally, through respiration) rates of the carbon monoxide as well as other
factors known 10 those of skill in the art. It is to be further understood that for any
particular subject, specific dosage regimens should be adjusted over time according to
the individual need and the professional judgment of the person administering or
supervising the administration of the compositions, and that the concentration ranges
set forth herein are exemplary only and are not intended to limit the scope or practice of
the claimed composition. Acute, sub-acute and chronic administration of carbon
monoxide are cbntemplated by the present invention, depending upon, ¢.g., the severity
or persistence of the condition in the patient, Carbon monoxide can be delivered to the
patient for a time (including indefinitely) sufficient to treat the condition and exert the

intended pharmacological or biolegical effect.
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The following are examples cf some methods and devices that can be utilized to -

administer gaseous carbon monoxide compositions to patients.'

Ventilators _

Medical grade carbon monoxide (concentrations can vary) can be purchased
mixed with air or another oxygen-containing gas in a stand;ard tank of compressed gas
(c.g., 21% O3, 79% N>). It is non-rcactive, and the concentrations that are required for
the methods of the present invention are well below the combustible range (10% in air).
In a hospital setting, the gas presumably will be delivered to the bedside where it will
be mixed with oxygen or house air in a blender to a desired concentration in ppm (parts
per million). The paticnt will inhale the gas mixture through a ventilator, which will be
set to a flow rate based on patient comfort and needs. This is.determined by pulmonary
graphics (i.e., respiratory rate, tidal volumes etc.). Fail-safe mechanism(s) to ﬁrevent
the patient from unnecessarily receiving greater than desired amounts of carbon
monoxide can be designed into the delivery system. The patient’s carbon monoxide
level can be monitored by studying (1) carbox yhemoglobin (COHb), which can be
measured in venous blood, and (2) exhaled carbon monoxide collected from a side port
of the ventilator. Carbon monoxide exposure can be adjusted based upbn the patient’s
health status and on the basis of the markers. If necessary, carbon monoxide can be
washed out of the patient by switching to 100% O inhalation. Carbon monoxide is not
metabolized; thus, whatever is inhalzd will ultimately be exhaled except for a very
small percentage that is converted 10 CO,. Carbon monoxide can also be mixed with
any level of Ozto provide therapeutic delivery of carbon monoxide without

consequential hypoxic conditions.

Face Mask and Tent

A carbon monoxide-containing gas mixture is prepared as above to allow
passive inhalation by the patient using a facemask or tent. The concentration inhaled
can be changed and can be washed out by simply switching over to 100% O,.
Monitoring of carbon monoxidc levels would occur at or near the mask or tent with a

fail-safe mechanism that would prevent too high of a concentration of carbon monoxide
from being inhaled.

12
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Portable inhaler
Compressed carbon monoxids can be packaged into a portable inhaler device
and inhaled in a metered dose, for example, to permit intermittent treatment of a
recipient who is not in a hospital setting. Different concentrations of carbon monoxide
5 could be packaged in the containers. The device could be as simple as a small tank
(e.g., under 5 kg) of appropriately diluted CO with an on-oi"f valve and a tube from
which the patient takes a whiff of CO according 1o a standard regimen or as needed.

10
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Intravenous Artificial Lung

An artificial lung (a catheter device for gas exchange in the blood) designed for
O; delivery and CO; removal can be used for carbon monoxide delivery. The catheter,
when implanted, resides in one of the large veins and would be able to deliver carbon
monoxide at given concentrations either for systemic delivery or at a local site. The
delivery can be a local delivery of a high concentration of carbon monoxide for a short
period of time at the site of the precedure, e.g., in proximity to the spleen or kidney
(this high concentration would rapidly be diluted out in the bloodstream), or a relatively
longer exposure 1o a lower concentration of carbon monoxide (see, e.p., Hattler et al.,
Artif. Organs 18(11):806-812 (1994); and Golob et al., ASAIO J., 47(5):432-437
(2001)).

Normobaric chamber

In certain instances, it would be desirable to expose the whole patient to carbon
monoxide. The patient would be inside an airtight chamber that would be flooded with
carbon monoxide (at a level that does not endanger the patient, or at a level that poses
an acceptable risk without the risk of bystanders’ being exposed. Upon completion of
the exposure, the chamber could be flushed with air (e.g., 21% Oz, 79% Ng), and
samples could be analyzed by carbon monoxide analyzers to ensure no carbon
monoxide remains before allowing the patient to exit the exposure system.

Liquid Compositions

The present invention further contemplates that a liquid composition comprising
carbon monoxide can be created for systemic delivery to a patient, e.g., for oral
delivery and/or by injection into the body, e.g., intravenously, intra-arterially,
intraperitoneally, and/or subcutaneously.

Topical Treatment of Organs with Carbon Monoxide
Alternatively or in addition, carbon monoxide compositions can be applied

directly to organs, e.g., the skin, spleen, lung, and/or kidﬁey(s). Gaseous compositions
can be applied directly to the interior and/or exterior of the patient’s body to treat the
patient’s organs. A gaseous composition can be directly applied to the internal organs
of a patient by any method known in the art for insufflating gases into a patient. For

14
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example, gases, ¢.g., carbon dioxide, are often insufflated into the abdominal cavity of
patients to facilitate examination during laproscopic procedures (see, e.g., Oxford
Textbook of Surgery, Morris and Mait, Eds., Oxford University Press (1994)). The
skilled practitioner will appreciate that similar procedures could be used to administer
carbon monoxide compositions directly to an interna! organ of a patient. The skin and
underlying joints can be treated topically with a gaseous composition by, for example,
exposing the affected skin to the gaseous composition in a normobarometric chamber
(described above), and/or by blowing the carbor monoxide composition directly onto
the skin.

Liquid carbon monoxide compositions can also be administered topically to a
patient’s organs. Liquid forms of the compositions can be administered by any method
known in the art for administering liquids to patients. As with gaseous compositions,
liquid compositions can be applied directly to the interior and/or exterior of the body to
treat a patient’s organs. For example, the liquid compositions can be administered
orally, e.g., by causing the patient to ingest an encapsulated or unencapsulated dose of
the aqueous carbon monoxide composition. As another example, liquids, e.g., saline
solutions containing dissolved CO, can be injected into the abdominal cavity of patients
during laproscopic procedures. Altcmalivély or in addition, in sifu exposures or
organs, ¢.g., kidney(s) and spleen, can be performed by any method known in the art,
e.g., by in situ flushing of the organ with a liquid carbon monoxide composition (see
Oxford Textbook of Surgery, Morris and Malt, Eds., Oxford University Press (1994)).
The ekin can be treated topically with a liquid composition by, for example, injecting
the liquid compositions into the skin. As a further cxample, the skin and underlying
joints can be treated topicaily by applying the liquid composition directly to the surface
of the skin, ¢.g., by pouring or spraying the liquid onto the skin and/or by submerging
the skin in the liquid composition. '

Disorders and Conditions

Carbon monoxide gas can be used in the preparation of a medicament for use in
treating conditions or discase states such as asthma, emphysema, bronchitis, adult
respiratory distress syndrome, sepsis, cystic fibrosis, pneumonia, interstitial tung
diseases, idiopathic pulmonary diseases, other lung diseases including primary
pulmonary hypertcnsion, secondary pulmonary hypertension, cancers, including lung,

15
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larynx and throat cancer, arthritis, Parkinson’s disease, Alzheimer's disease, peripheral
vascular disease and pulmonary vascular thrombotic diseases such as pulmonary
embolism; and in treating 2 patient suffering from or at risk for localized inflammation
of organs, e.g., the kidney, spleen, and/or skin. The present invention can also be nsed
to aid in wound healing, ¢.g., skin wound healing. Of particular interest is treatment of
wounds not caused by surpery.

The present invention may also be used to delay the onset of, or alleviate the
effects of oxidative stress in transplant patients, in particular organ transplant patients,
éspecial]y lung transplant patients. The carbon monoxide compositim's may also be
used to treat inflammatory conditions of the lungs or inflammation that occurs
secondary to sepsis or rejection in transplant patients. 'While not being limited by way
of theory, low dosage CO is believed to act as an anti-inflammatory agent by inhibiting
the production and/or effect of pro-inflammatory cytokines such as TNF-ot, IL-1, IL-6,
MIP-1, and/or by inducing or promoting the action of anti-inflammatory cytokines IL-4
and IL-10.

The term “oxidative stress” is used to describe a condition resulting from the
overwhelming production of rcactive oxygen which cannot be quenched by endogenous
antioxidants. Oxidative stress may result in permanent tissue damnp.caused by the
action of the reactive oxygen species on thl‘: tissue. The physiological manifestation of
oxidative stress take the form of or occurs during various conditions or discase states
that include asthma, emphysema, bronchitis, adult respiratory distress syndrome, sepsis
or septic shock, cystic fibrusis, pneurnonia, interstitial lung diéeases. idiopathic
pulmonary diseases, other iung diseases including primary pulmonary hypertension,
secondary pulmonary hypericnsion, lung cancer and pulmonary vascular thrombotic
diseases such as pulmona:y embolism or any inflammatory disease of the lungs.

The term “sepsis” .s used to describe the presence of various pus-forming and
other pathogenic orgznisins or their toxins (generally, lipopolysaccharides or LPS
bacterial cell walls) in the blood tissues. Sepsis will often result in oxidative stress in
those tissues exposed 10 Ti:¢ pathogens or their toxins. Sepsis often manifests itself in
the production of pro-int.: mmatory cytokines such as TNF-, IL-1, IL-6 and MIP-1,
the production of whici. is reduced or reversed by the administration of effective

amounts of carbon mono: .de.

16



10

15

20

WO 03/094932 PCT/US0214836

The present invention may be used to treat inflammation. The term
“inflammation” is used to describe the fundamental pathological process consisting of a
dynamic complex of cytologic and histologic reactions that occur in the affected blood
vessels and adjacent tissues in response to an injury or abnormal stimulation caused by
a physical, chemical or biologic agent, including the local reactions and resulting
morphologic changes, the destruction or removal of the injurious materigl, and the
responses that lead Lo repair and healing. The term includes various types of
inflammation such as acuie, allergic, alterative (degenerative), atrophic, catarrhal (most
frequently in the respiratory tract), croupous, fibrinopurulent, fibrinous, immune,
hyperplastic or proliferitive, subacute, serous and serofibrinous. Inflammation
localized in the liver, hewst, skin (e.g., dermaltitis, inflammation due to bacterial, fungal,
or viral infections and/or ullergic or autoimmune reaclions), spleen, brain, kidney (e.g.,
bacterial pyelonephritic, interstitial nephritis, and/or glomerulonephritis) and
pulmonary tract, especia..y the lungs, and that associated with sepsis or septic shock is
favorably treated by the methods according to the present invention.

The term “cance:™ is used as a general term to describe any of various types of
malignant neoplasms, most of which invade surrounding tissues, may metastasize to
several sites and are likely to recur after attempted removal and to cause death of the
patient unless adequateiy treated. Cancers which may be treated using the present
compositions and methods include, for example, stomach, colon, rectal, liver,
pancreatic, Jung, breast, cervix uteri, corpus uteri, ovary, prostate, testis, bladder, renal,
brain/CNS, head and neci, ihroat, Hodgkins discase, non-Hodgkins leukemia, skin
melanoma, various sarc:...1as, small.cell lung cancer, choriocarcinoma, mouth/pharynx,
oesophagus, larynx, ni2! .numa, kidney and lymphoma, among others.

The present inv2i..un can be used to treat conditions or disorders that involve
the respiratory systcin, c.p., emphysema, bronchitis, cystic fibrosis, pneumonia, and
interstitial lung diseasc. Tic term “emphysema” as used herein refers to a lung disease
characterized by an e1..1 -ement of lung alveoli. In this condition, alveolar walls are
destroyed, causing bro . :icles to lose structural support and collapse during exhaling
(see, e.g., The Merck M. ..o of Diagnosis and Therapy, 17" Edition, Section 6,
Chapter 68). The tcrm "l rmchitis™ refers to a lung discase characterized by
inflammation of the tri.. ~ bronchial tree. Bronchitis may develop after infections,

e.g., viral infections, . ., '!.c common cold; or bacterial infections, or after exposure to
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an irritant (see, €.8., The Merck Manual of Diagnosis and Therapy, 17™ Edition,
Section 6, Chapter 69). The term “cystic fibrosis” refers to a genetic disease of the
exocrine glands. The dis.ase primarily affects the gastrointestinal tract and respiratory
systems, and usually is characterized by chronic obstructive pulmonary disease
(COPD) (see, e.g.. The Merck Manual of Diagnosis and Theragy, 17 Edition, Section -
19, Chapter 267). The 11 “pneumonia” refers to a lung disease affecting the '
parenchyma, and incluucs. e.g., bacterial, viral, and aspiration pneumonia (see, €.g., -
The Merck Manual of 1+ ;nosis and Therapy, 17" Edition, Section 6, Chapter 73).
The terms “interstitial 1t1 _ tliscase™ or “idiopathic interstitial lung disease” referto a
group of lung diseases «.. .nknown etiology, which produce diffuse pathologic changes
usually involving the i... .alvcolar interstitial tissue (see, e.g., The Merck Manual of
Diagnosis and Therap: " Edition, Section 6, Chupter 78).

As used herein, . lerm “arthritis” refers to a condition characterized By
inflammation of the joit - und includes, for example, rheumatoid arthritis (RA) (a
chronic inflammatory p 1. uithritis that often leads to destruction of the joints), psoriatic
arthritis (inflammatory + ..:itis ussociated with psoriasis), ankylosing spondylitis
(inflammation of the .. ' .keleton and large peripheral joints), and ankylosis
(immobility or fusion «. : « joint) (ses, €.g., The Merck Manual of Diagnosis and
Therapy, 17° Edition, ! “tiun S, Chapter 50; Scction 5, Chapter 51; Section §, Chapter
51; and Section 9, Cha,. 103, regpectively). .

The term “P-rl-. . ."s disease” refers to “an idiopathic, slowly progressive,
degenerative CNS di:.:  characterized by slow and decreased movement, muscular
rigidity, resting trcmno: ... postural instability.” (The Merck Manual of Diagnosis and
Therapy, 17" Editiun.  -.on 14, Chapter 179). The term “Alzheimer’s disease™
refers to a diseasc cl.ar- [red by “‘a progressive, inexorable loss of cognitive function
associated with an .xce . : number of senile plaques in the cerebral cortex and
subcortical gray matter.  ..ch also contains b-amyloid and neurofibrillary tangles
consisting of tau proi.” , The Merck Manual of Diagnosis and Therapy, 17" Edition,
Section 14, Chaptei 1,

-~

Low dosag.- .>+. . also be used in the present invention to induce HO-1
enzyme in patients ...+ eni or limit oxidative stress, especially oxidative stress
caused by hyperox...r  .is. induced HO-1 is implicated in maintaining homeostasis
in the cells of the L.
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Treatment of Organs a1 .! "'issues to Enhance Storage Stability.

The present invent.on also relates to the use of CO as a preservative for storing
organs or tissues (o be us J in transplants. It is an unexpected result that the inclusion

of low dosage CO in th.. 1.ediumin which organs to be transplanted are stored will
substantially reduce the .i..¢lihood of oxidative damage to the organs during storage
and substantially e - .lc storage time that organs to be transplanted may be safely
stored without suffe::ng i, :versible oxidative damage. Thus, in one embodiment of
the present invention. in ~!fcctive arnount of CO is bubbled into storage medium either
before or preferably w' - un organ is first placed in the media or shortly thereafter.
CO may also be usedt i« ance the storage stability of organs which have been stored
for some time in me 1i2, . in those instances, oxidative damage may have become
irreversible, thus liritin - ae intended effect.

Accordingly, the i osent invention provides a method for enhancing the storage
stability of an orgoas: r *i .. The storage stability is enhanced by exposing the organ
or tissue to liquid an.i” . .scous c;rbon monoxide compositions. Exposure of an
organ or tissue to g 1.e.* * arbon monoxide compositions can be performed in any

chamber or area su.:.Ul ! rcrealing an atmosphere that includes appropriate levels of
carbon monoxide gi s 5. .1 chambers include, for example, incubators, and chambers
built for the purpos. . .unmodating an organ in a preservation solution. As another
example, an approj v © .inber may be a chamber wherein only the gases fed into the
chamber are prescr.. .n o “niernal atmosphere, such that the concentration of carbon
monoxide can be ¢ :5.. - ..d und maintained at a given concentration and purity, e.g.,
where the chamber s w1, bt For example, a CO; incubator may be used to expose an
organ to a carbon e Lz composition, wherein carbon monoxide gas is supplied in a

continuous flow 1 ....: sl that contains the gas.

With respe-.. i .d carbor. monoxide compositions, the exposure may be
performed in any ¢l .u.  or space having sufficient volume for submerging the organ
or tissue, completzi ;. riiaily, in the carbon monoxide composition. In one

embodiment of the: , .:sc . invention, the organ may be exposed to a carbon monoxide
composition by pla- ergan in any suitable container, and causing the carbon
monoxide comporiti » wash over” the organ, such that the organ is exposed to a
continuous flow of 1 ou monoxide composition. In another embodiment, the
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organ is perfused wiil; a ci.sbon monoxide composition. The term “perfusion” is an art

recognized term, an ! rclat s to the passage of a liquid, e.g., a carbon monoxide

composition, throupl. the
orgens ex vivo and in ..
carbon monoxide com;-os!
[
University Press (!4)).

machine perfusion ,

e.g2., UW solution w .} ou

monoxide composi. ..
could be performed :.

hemoglobin. As ar 1.z

composition. As s .\ an.

tubing that allows ; -
monoxide (e.g., thn L
oxygenation), 1o crei
passed into an orp:
organ).

As another
solution that does «
medium or solutio ..

carbon monexicc-.

the organ may be sui:..c.

carbon monoxide -
The presen.
exposing an orgi. t

‘vod vessels of an organ or tissue. Methods for perfusing
¢ well-known in the art. An organ can be perfused with a
ion ex vivo, for example, by continuous hypothermic

"»rd Textbook of Surgery, Morris and Malt, Eds., Oxford
yprionully, the organ can be perfused with a wash solution,
arbon monoxide, prior to perfusion with the carbon

*move the donor's blood from the organ. Such a process

. competition for carbon monoxide by the donor's

dion, the wash solution can be a carbon monoxide

:er example, an appropriate liquid may be passed through
stun, which runs through an atmosphere comprising carbon
hamber, such as with extracorporeal membrane

,uid carbon monoxide composition, which may then be

... «rfused into the organ by connecting the tubing to the

.- -, the orzan may be placed, e.g., submerged, in a medium or

Y

submerging, or j.¢ 1 .

procedure for enhar,

In additin.
useful diagnosti. t
stress or has a cont. .’

septic shock. In ¢

lc carbon monoxide, and placed in a chamber such that the
made into a carbon monoxide composition via exposure to a
i, atmosphere as described herein. As still another example,
«d in u liquid that does not include carbon monoxide, and
bubbled” into the liquid.

m contemplates that any or all of the above methods for

. ¢l carbon monoxide composition, e.g., washing,

1 be used in a given procedure, e.g., used in a single

e storage stability of an organ or tissue.

2nostic Tool
» CO as a therapeutic agent, the measurement of CO may be a
, # biomarker, to dctermine whether a patient is in oxidative

a dJiscase state where CO may be implicated, e.g., sepsis or
. patient suspected of being in oxidative stress or at risk for
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oxidative stress is mon:.: -J lo determine whether de;ectable levels (;f carbon
monoxide may be mea. .+ {in the cxhaled breath of the patient. If detectable levels of
carbon monoxide are . ... i.e., aun amount of carbon monoxide of at least about 0.01
ppm in the patient’s b.  :* }, then the attending physician or céregiver may then begin
to administer therape: . . ..0ses of carbon monoxide to treat oxidative stress or any one
or more of the condi... . r disease states which are secondary to or result in oxidative
stress.

Inoneembod. . a patient will have his or her exhaled breath analyzed for
the presence of CO. L J¢ ntent in a patient’s breath is measured by a CO monitor (for
example, using a Log: . L <2000) which is sensilive to the detection of CO from 0 to
about 1000 ppm (wit... ¢ sitivity as Jow as 1 ppb). In this method, the subjects

exhale slowly from fu:. - aal FVC into the breath analyzer with a constant flow (5-6
)/m) over a 20-30 se.. terval. Two successful recordings are made and mean
values will be used f.. .. alculations. Ambicnt CO levels are recorded before each

breath in order to pru +. i¢ -untrol or background values. While any elevation in CO
levels from backgrour .. .bers may implicate an actual or incipicnt state of oxidative
stress, an amount of U =t least about 1 ppm provides a clear indication that the
patient is in or is abc - ffer oxidative stress.

Anumberof er . hineats of the invention have been described. Nevertheless,
it will be understood ¢ 4t ..ious modifications may be made without departing from
the spirit and scope of ro ..vention. Accordingly, other embodiments are within the
scope of the followir,, 1. .
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WHAT IS CLAIMED 15:

L. Use of carbon mmonoxide gas in the preparation of a medicament for use in
treating a patient sufferin: .rom or at rigk for at least one disorder selected from the
group consisting of: emphysema, bronchitis, cystic fibrosis, pneumonia, interstitial
lung disease, wound heali -, arthritis, Parkinson’s disease, and Alzheimer's disease; or

in the patient.

[

to pmmf:te wound heali:
2. The method of c.aim 1, wherein the disorder is emphysema.
3. The method of - .:itn 1, wherein the disorder is bronchitis.
4. The method of laim 1, wherein the disorder is cystic fibrosis.
5. The method of laim 1, wherein the disorder is pneumonia.
6. The method of laitn 1, wherein the disorder is interstitial ling disease.
7. The method 0! 'uim 1, wherein the disorder is arthritis.
8. The method of !aim 1, wherein the disorder is Parkinson’s disease.
9. The method of claim 1, wherein the disorder is Alzheimer's disease.

10. The method ¢ . claim 1, wherein the carbon monoxide gas is used in the
preparation of a medica:. .t for use in promoting wound healing in the patient.

11. Use of carbor inonoxide gas in the preparation of a medicament for use in
treating a patient sufferi  from or at risk for localized inflammation of at least one

organ selected fromthe  .p consisting of: kidney, spleen, and skin.

12. The method ¢ “claim 11, wherein the organ is a kidney.

22
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13. The method of claim 11, wherein the organ is a spleen.
14. The method of claim 11, wherein the organ is skin.

5 15. A method of enhancing the storage stability of an organ in a medium,
comprising:
providing s inedium comprising carbon monoxide; and
storing the urgan in the medium, wherein the carbon monoxide is
present in the medium in an amount sufficient to enhance storage stability of the organ.
10
16. A method of determining whether a patient is at risk for sepsis or septic
shock, comprising:
measuring carbon :.1onoxide in breath exhaled by a patient, wherein an amoumt
of carbon monoxide of at icast about 1 ppm in the breath is indicative that the patient is
15  at rigk for sepsis or septic shock.
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AMENDED CLAIMS

[Received by the International Bm-enu on 02 September 2003 (02.09.2003);
original claims 1-14 and 16 unchanged, original claim 15 cancelled

(1 page)]

13. The method of cluim 11, wherein the organ is a spleen.
14. The method of claim 11, wherein the organ is skin.

15. A method of determining whether a patient is at risk for sepsis or septic
measuring carbon monoxide in breath exhaled by a patient, wherein an amount
of carbon monoxide of at least about | ppm in the breath is indicative that the patient is

at risk for sepsis or septic shock.
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Titulo: MONOXIDO DE CARBONO COMO UN BIOMARCADOR Y AGENTE
TERAPEUTICO

Resumen: La presente invencion describe el uso de mondxido de carbono (CO) como
un bimarcador y agente terapéutico de enfermedades del corazén, pulmén, higado,
bazo, cerebro, piel y rifibn y otras condiciones y estados de enfermedad que incluyen,
por ejemplo, asma, enfisema, bronquitis, sindrome de dificultad respiratoria del adulto,
sepsis, fibrosis quistica, neumonia, enfermedades pulmonares intersticiales,
enfermedades pulmonares idiopaticas, otras enfermedades pulmonares que incluyen
hipertension pulmonar primaria, hipertensiéon pulmonar secundaria, canceres,
incluyendo cancer de pulmén, de laringe y de garganta, artritis, cicatrizacién de heridas,
la enfermedad de Parkinson, la enfermedad de Alzheimer, la enfermedad vascular
periférica y enfermedades pulmonares relacionadas con trombosis vasculares tales
como la embolia pulmonar. El CO puede ser utilizado para proporcionar alivio anti-
inflamatorio en pacientes que sufren de estrés oxidativo y otras condiciones incluyendo
especialmente sepsis y shock séptico. Adicionalmente, el monéxido de carbono puede
ser usado como biomarcador o agente terapéutico para la reduccién de la dificultad
respiratoria en pacientes con transplantes de pulmoén y para reducir o inhibir el estrés

oxidativo e inflamacion en pacientes con transplantes.
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MONOXIDO DE CARBONO COMO UN BIOMARC =

'CAMPO TECNICO

La presente invencion describe el uso de monéxido de carbono (CO) como un
bimarcador y agente terapéutico de enfermedades del corazdn, pulmén, higado, bazo,
cerebro, piel y rifién y otras condiciones y estados de enfermedad que incluyen, por
ejemplo, asma, enfisema, bronquitis, sindrome de dificultad respiratoria del adulto,
sepsis, fibrosis quistica, neumonia, enfermedades pulmonares intersticiales,
enfermedades pulmonares idiopaticas, otras enfermedades pulmonares que incluyen
hipertensién pulmonar primaria, hipertensién pulmonar secundaria, canceres,
incluyendo cancer de pulmén, de laringe y de garganta, artritis, cicatrizacién de heridas,
la enfermedad de Parkinson, la enfermedad de Alzheimer, la enfermedad vascular
periférica y enfermedades pulmonares relacionadas con trombosis vasculares tales
como [a embolia pulmonar. EI CO puede ser utilizado para proporcionar alivio anti-
inflamatorio en pacientes que sufren de estrés oxidativo y otras condiciones incluyendo
especialmente sepsis y shock séptico. Adicionalmente, el monéxido de carbono puede
ser usado como biomarcador o agente terapéutico para la reduccién de la dificultad
respiratoria en pacientes con transplantes de pulmén y para reducir o inhibir el estrés

oxidativo e inflamacion en pacientes con transplantes.



ANTECEDENTES

La Hemo oxigenasa (HO) cataliza el primer paso, y limitante de la velocidad, en la
degradacién del hemo para producir cantidades equimoleculares de biliverdina iXa,
monéxido de carbono (CO) y hierro (Choi et al., Am. J. Respir. Cell Mol. Biol. 15: 9-19; y
Maines, Annu. Rev. Pharmacol. Toxicol. 37: 517-554). Existen tres isoformas de HO:;
HO-1 es altamente inducible mientras que HO-2 y HO-3 son expresadas
constitutivamente (Choi et al. , supra, Maines, supra y McCoubrey et al. , E. J. Bioch.
247: 725-732). Aunque el hemo es:el principal sustrato de la HO-1, una variedad de
agentes no-hemo que incluyen metales pesado, citoquinas, hormonas, endotoxinas y
choques de calor son también fuertes introductores de la expresion de HO-1 (Choi et
al., supra, Maines, supra y Tenhunen et al., J. Lab. Clin. Med. 75: 410-421). Esta
diversidad de introductores de HO-1 ha proporcionado un sustento adicional para la
hipétesis de que la HO-1, ademas de su rol en la degradaéién del hemo, puede jugar
también un papel vital en mantener la homeostasis ceiular. Adicionalmente, la HO-1 es
altamente inducida por una variedad de agentes que causan estrés oxidativo incluyendo
peréxido de hidrégeno, reductores de glutationa, radiacién UV, endotoxina e hiperoxia
(Choi, et al. supra, Maines, supra y Keyse, et al. Proc. Natl. Acad. Sci. USA. 86: 99-
103). Una interpretacién de este hallazgo es que la HO-1 puede servir como una
molécula biolégica clave en la adaptacién y/o defensa contra el estrés oxidativo (Choi,
et al.,, supra, Lee, et al., Proc Nat! Acad Sci USA 93: 10393-10398; Otterbein et al., Am.
J. J. Respir. Cell Mol. Biol. 13: 595-601; Poss et al., Proc. Natl. Acad. Sci. USA. 94:
10925-10930; Vile, et al., Proc. Natl. Acad. Sci. 91: 2607-2610; Abraham et al., Proc.
Natl. Acad. Sci. USA. 82: 6798-6802; y Vile y Tyrrell, J. Biol. Chem. 268: 14678-14681.

Nuestro laboratorio y otros han demostrado que la induccién de la HO-1 endégena



proporciona proteccién tanto in vivo como in vitro contra el estrés oxidativo asociado
con hiperoxia y lesiones de tejido inducidas por lipopolisacéridos (Lee et al., supra,
Otterbein, et al., supra y Taylor et al., Am. J. Physiol. 18: L582- L591). Nosotros
también hemos demostrado que la administracién de HO-1 exogena via transferencia
de genes puede proporcionar proteccion contra las lesiones tisulares producidas por la
oxidacién y producir tolerancia al estrés hiperéxico (Otterbein, et al., Am. J. Resp. Crit.

Care Med. 157; A565 (Resumen)).

El monéxido de carbono (CO) es una molécula gaseosa con toxicidad conocida Yy
letal para organismos vivos (Haldane, Biochem. J. 21: 1068-1075; y Chance, et al.,
1970, Ann. NY Acad Sci. 174: 193-204). Sin embargo, en contra del conocido
paradigma de la toxicidad del CO, se ha generado en los dltimos afios un renovado
interés en el comportamiento del CO como una molécula reguladora en procesos
celulares y biolégicos segin lo indican varias observaciones determinantes. Las células
de los mamiferos tiene la capacidad de generar CO endégeno principalmente mediante
la catalisis del hemo por parte de la enzima hemo pxigenasa (HO) (Choi et al., supra y
Maines, supra). La totalidad de la produccién del CO es generada principalmente via la
degradaciéon del hemo mediante HO (Marilena, Biochem. Mol. Med. 61: 136-142 y
Verma, et al., 1993, Science 259: 381-384). Por otra parte, CO, al igual que la molécula
gaseosa de Oxido nitrico, juega un papel importante interviniendo en la transmision
neuronal (Verma et al., supra y Xhuo, et al., Science 260: 1946-1950) y en la regulacion
del tono vasomotor (Morita, y Kourembanas, 1995, J. Clin. Invest. 96: 2676-2682.:

Morita et al., 1995 Proc. Natl. Acad. Sci. USA 92:-1479 ; y Goda et al., 1998, J. Clin. Inv.
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101: 604-12). Otras publicaciones relacionadas con la actividad biolégica del CO
incluyen Pinsky et al., Patente E.U. No. 6,316, 403; Sato et al., J. Immunol. 166: 4185-
4194 (2001); Fujita et al., Nat. Med. 7 (5): 598-604 (2001 ); Nachar et al., High Alfitude
Medicine & Biology 2: 377-385 (2001); Vassalli et al., Crit. Care. Med. 29: 359-366
(2001); Otterbein et al., Am. J. Physiol. Lung Cell Mol. Physiol. 276: L688-L694 (1999);
Cardell et al., Brit. J. Pharmacol. 124: 1065-1068 (1998); Otterbein et al., Nat. Med. 6
(4): 422-428 (2000); y Otterbein et al., Am. J. Physiol Lung Cell Mol. Physiol, 279:
L1029-L1037 (2000).

El shock séptico y sindrome de sepsis, son causados por la estimulacién
excesiva de células inmunes, particularmente monocitos y macrofagos, contintan
siendo una de las principales causaside muerte en pacientes hospitalizados. Parillo, et
al., Ann. intem. Med. 113.991-992 (1992). Las alteraciones patofisiologicas observadas
durante la sepsis frecuentemente no son debidas al organismo infeccioso por si mismo,
si no mas bien a la produccidon incontrolada de citoquinas Yy quemoquinas pro-
inflamatorias incluyendo TNF-a, IL-1 y MIP-1 que conllevan al reclutamiento
leucocitario, a la fuga capilar y que en ultima instancia participar en el proceso de
muerte por sepsis. Beutler, et al., 232, 977-980 (1986); Netea, et al., Immunology 94,
340-344 (1998); y Wolpe, et al., J. Exp. Med. 167, 570-581 (1988). EI lipopolisacérido
(LPS), un componente de la pared celular de las bacterias garm negativas, es la
principal causa de sepsis, y cuando es administrado a macréfagos o ratones, estos
reproducen la misma respuesta inflamatoria. Tras la administracién del LPS, se

presenta un incremento rapido pero transitorio en estos intermediarios por-inflamatorios



los cuales son posteriormente modulados hacia abajo por una bateria de citoquinas
anti-inflamatorias que incluyen interleuquina-10(IL-10) é interleuquina4 (IL-4), las
cuales inhiben la sintesis de citoquinas y quemoquinas pro-inflamatorias. J. Exp. Med.
177,1205-1208 (1993). EI LPS inicialmente se unen a las CD14 y a los receptores tipo
péaje (RTP) 2 (o 4) en la superficie de la célula, (Yahg. et al., Nature. 395: 284- 288
(1998) y Chow, et al., J. Biol. Chem. 274; 1068911 0692 (1.999)) y ha sido demostrado
que entonces van a activar las quinasaé, protefrjés activadas por mitégenos (PAM),
mecanismo que incluye quinasas (MAP) p38, p42/p44 ERK y JNK. Liu et al., J.
Immunol. 153, 2642-2652 (1994); Hambleton et al., Proc. Natl. Acad. Sci. USA. 93,
2274-2778 (1996); Han et al., J. Bicl. Chem. 268, 25009-25014 (1993); Han et al.,
Science 265, 808- 811 (1994); Sanghera et al. J. Immunol. 156, 4457-4465 (1996), y
Raingeaud et al., J. Biol. Chem. 270, 7420-7426 (1995). La relacién entre la activacion
de estas moléculas transmisoras, la posterior expresién de la citoquina y su funcién

fisiolégica constituyen una linea activa‘de investigacion.

El gobierno de Estados Unidos ha proporcionado fondos para investigaciones las
cuales han permitido la presente invencién bajo una o mas transferencias del Instituto
Nacional de Salud de los Estados Unidos (NIH por sus siglas en ingles) con nimeros
HLB0234, Al42365 y HL55330. En consecuencia, el gobierno conserva ciertos

derechos en esta invencion.
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RESUMEN

La presente invencién describeiformulaciones farmacéuticas novedosas para ser
administradas a pacientes que sufren los efectos de! estrés oxidativo, las formulaciones
contienen concentraciones efectivas de mondxido de carbono en una mezcia gaseosa
que consta de oxigeno y opcionalmente, de nitrégeno gaseoso (lo mismo que de
algunos componentes gaseosos opcionales en una menor proporcion). Un aspecto
adicional de la presente invencion esta enfocado a un método para retardar el inicio de,
inhibir o aliviar los efectos del estrés oxidativo, el método consiste en administrar un gas
terapéutico que contiene monéxido de carbono en una cantidad Yy por un periodo de
tiempo efectivo para retardar el inicio de, inhibir o a_:_lj_ﬂg_r_los efectos del estrés oxidativo
en el paciente. Ha sido descubierto de forma inesperada que la administracién de un
gas terapéutico que contiene bajas cancentraciones (por ejemplo, concentraciones en
el intervalo comprendido entre 1 ppb (parte por billén) y 3,000 ppm (preferiblemente por
encima de 0.1 ppm dentro de este rango) del gas, preferiblemente el intervalo entre 1
ppm y 2,800 ppm, con una mayor preferencia por el intervalo entre 25 ppm y 750 ppm,
adn una mayor preferencia por el intervalo entre 50 ppm y 500 ppm, e.g., alrededor de
250 ppm) de monédxido de carbono es un método extremadamente efectivo para
retardar el inicio de, inhibir o reversar los efectos del estrés oxidativo en el paciente.
Este es un resultado inesperado. Se resalta en este punto que dentro del método de Ia
presente invencién, una cantidad de monéxido de carbono que exceda el 0.3% en una
formulacién terapéutica puede ser usada algunas veces, dependiendo de la condicion o

el estado de la enfermedad a ser trataclo.
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En otro aspecto, la presente invencién estd enfocada al uso de monéxido de
carbono gaseoso en la preparacion de un medicamento para ser usado en el
tratamiento de pacientes que padecen de o estan en riesgo de padecer enfisema,
bronquitis, fibrosis quistica, neumonia, enfermedad pulmonar intersticial, cicatrizacién

de heridas, artritis, la enfermedad de!Parkinson o la enfermedad de Alzheimer.

Aun en otro aspecto, la presente invencién esta enfocada al uso de monéxido de
carbono gaseoso en la preparacién de un medicamento para ser usado en el
tratamiento de pacientes que padecen de o estan en riesgo de padecer inflamacion

localizada del rifién, del bazo y/o de la piel.

La presente invencion también proporciona métodos para el uso de monéxido de
carbono como un biomarcador para determinar si un paciente padece de estrés
oxidativo o esta en riesgo de padecerlo o esta presentando un niimero de condiciones o
estados de enfermedad que son subsiguientes a o conllevan al estrés oxidativo, por
ejemplo, asma, enfisema, bronquitis, sindrome de dificuitad respiratoria del adulto,
sepsis, fibrosis quistica, neumonia, enfermedades pulmonares intersticiales,
enfermedades pulmonares idiopaticas, otras enfermedades pulmonares que incluyen
hipertension pulmonar primaria, hipertensién pulmonar secundaria, canceres,
incluyendo cancer de pulmoén, de laringe y de garganta, artritis, cicatrizacién de heridas,
la enfermedad de Parkinson, la enfermedad de Alzheimer, la enfermedad vascular

periférica y enfermedades pulmonares relacionadas con trombosis vasculares tales

R



como la embolia pulmonar, entre otras. Ei método consiste en la detecciéon de
monéxido de carbono en la respiracién para determinar en gque casos se presentan
niveles detectables de mondxido de carbono en la respiracién. Si se presenta niveles
detectables de mondxido de carbono en la respiracién del paciente, es posible
diagnosticar estrés oxidativo en el paciente o que este ests en riesgo de presentar
estrés oxidativo. Las manifestaciones de estrés oxidativo pueden tomar la forma de una
o mas de las condiciones o estados de enfermedad anteriormente mencionadas.
Después de este diagnéstico las medidas terapéuticas apropiadas u otras medidas
pueden ser adoptadas para aliviar o tratar la condicién que es responsable del estrés
oxidativo en el paciente. En un modc de ejecucion, el método incluye Ia medicién del
mondxido de carbono en la respiracién exhalada por un paciente, en donde una
cantidad de mondxido de carbono de por lo menos 1 ppm en la respiracion es un indicio

de que el paciente esta en riesgo de presentar sepsis o shock séptico.

Otro aspecto de la presente invencién describe el descubrimiento de que en
ciertos pacientes, la administracion de. monéxido de carbono al paciente en cantidades
efectivas puede ser usado para inducir la enzima HO-1 en el paciente Yy prevenir o
limitar el estrés oxidativo en el paciente, especialmente el estrés oxidativo causado por
hiperoxia o sepsis. La enzima HO-1 estd involucrada en el mantenimiento de la

homeostasis en las células de de el paciente.
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Incluso otro aspecto de la presente invencién describe el uso de monoxido de
carbono para retardar el inicio de, inhibir o aliviar los efectos del estrés oxidativo los
cuales ocurren en pacientes con transplantes, en particular, en pacientes con
transplantes de 6rganos, especiaimente, pero no exclusivamente en pacientes con

transplantes de pulmén.

Otro aspecto de la presente invencion describe un método para inhibir la
produccion de citoquinas pro-inflamatorias tales como TNF-o, IL-1B, IL-6 y MIP-1B y
aumentar la produccién (expresion) de las citoquinas anti-inflamatorias IL-10 e IL-4 en

un paciente, el método consiste en administrar al paciente una cantidad efectiva de CO.

Incluso otro aspecto de la presente invencién describe un método para preservar
érganos o tejidos para transplantes que consiste en adicionar al medio en el cual los
érganos o tejidos estan almacenados una cantidad o concentracién efectiva de
mondxido de carbono capaz de preservar. En este aspecto de la presente invencién, la
inclusién de monédxido de carbono en cantidades efectivas reduce, inhibe o alivia la
formacién de oxigeno reactivo e el érgano o tejido almacenado, prolongando de esta
forma el periodo en el cual los transplantes de érgano pueden ser efectivamente
almacenados sin sufrir dafio oxidativo. En un modo de ejecuci6n, el método incluye la
provisién de un medio que contiene mondxido de carbono y e! almacenamiento del
érgano en el medio, en donde el monéxido de carbono esta presente en el medio en

una cantidad suficiente para ampliar la estabilidad de almacenamiento del érgano.



Otro aspecto de la presente invencion describe un método para prevenir o
reducir la probabilidad de dafio causado por estrés oxidativo asociado con hiperoxia en
pacientes que consiste en administrar una cantidad efectiva de monéxido de carbono al

paciente hiperéxico.

A menos que sea definido de otra manera, todos los témminos técnicos y
cientificos usados en este documento tienen el mismo significado de acuerdo con lo
entendido cominmente por alguien con el conocimiento habitual en el arte al cual
pertenece la invencién. A pesar de que los métodos y materiales adecuados para la
practica o ensayo de la presente invencién son descritos en este documento, otros
meétodos y materiales similares o equivalentes a los descritos aqul, los cuales son bien
conocidos en el estado del arte, también pueden ser usados. Todas las publicaciones,
aplicaciones de patentes, patentes vy otras referencias mencionadas dentro de este
documento son incorporadas por la referencia en su totalidad. En caso de conflicto, Ia
presente descripcidn, incluyendo definiciones, serA usada como control.
Adicionalmente, los materiales, los métodos y los ejemplos son solamente ilustrativos y

no pretenden ser limitantes.

DESCRIPCION DETALLADA

Las siguientes definiciones son usadas para describir la presente invencién.



El término “monéxido de carbono” (o “CO") segiin lo utilizado aqui describe
mondxido de carbono molecular en su estado gaseoso, comprimido a forma liquida o
disuelto en soluciones acuosas. El término “formulacién de monéxido de carbono” o
“formulacién farmacéutica que contiene monéxido de carbono” es usado a través de la
descripcion para describir una formulacién gaseosa o liquida que contiene monéxido de
carbono que puede ser administrado a un paciente y/o a un érgano. Un médico con la
experiencia adecuada reconocera cual de las formas de la formulacién farmacéutica,
e.g., gaseosa, liquida o ambas formas gaseosa y liquida, es adecuada para una

aplicacién dada.

Los términos “cantidad efectiva” o “efectivas para tratamiento”, de acuerdo con lo
usado aqui, se refiere a la administracién de monéxido de carbono en una cantidad o
concentracién y por un periodo de tiempo que incluye la administracion aguda o crénica
y la administracion periédica o continua que es efectiva dentro del contexto de su
administracién para causar un efecto previsto o un resultado fisiologico. Para gases las
cantidades efectivas de monéxido de carbono generaimente se encuentran dentro del
intervalo comprendido entre 0.0000001% vy alrededor del 0.3% en peso, e.g., entre
0.0001% y alrededor del 0.25% en peso, preferiblemente por lo menos alrededor del
0.001%, e.g., por lo menos alrededor del 0.005%, 0.010%, 0.02%, 0.025%, 0.03%,
0.04%, 0.05%, 0.06%, 0.08%, 0.10%, 0.15%, 0.20%, 0.22%, o 0.24% de monéxido de
carbono en peso. Los intervalos preferidos incluyen, e.g., entre 0.001% y alrededor del
0.24%, de alrededor del 0.005% a alrededor del 0.22%, de alrededor del 0.005% a

alrededor del 0.05%, de alrededor del 0.010% a alrededor del 0.20%, de alrededor del
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0.02% a alrededor del 0.15%, de alrededor del 0.025% a alrededor del 0.10%, o de
alrededor del 0.03% a alrededor del 0.08%, o de alrededor del 0.04% a alrededor del
0.06%. Para las soluciones liquidas del CO, las cantidades efectivas se encuentran
generaimente dentro del intervalo comprendido entre aproximadamente 0.0001 a
alrededor de 0.0044 g CO/100 g de liquido, e.g., por o menos alrededor de 0.0001,
0.0002, 0.0004, 0.0006, 0.0008, 0.0010, 0.0013, 0.0014, 0.0015, 0.0016, 0.0018,
0.0020, 0.0021, 0.0022, 0.0024, 0.0026, 0.0028, 0.0030, 0.0032, 0.0035, 0.0037,
0.0040 o 0.0042 g CO/100 g de solucién acuosa. Los intervalos preferidos incluyen,
e.g., de alrededor de 0.0010 a alrededor de 0.0030 g CO/100 g de liquido, de alrededor
de 0.0015 a alrededor de 0.0026 g CO/100 g de liquido o de alrededor de 0.0018 a
alrededor de 0.0024 g CO/100 g de liquido. Una cantidad efectiva de monéxido de
carbono dentro del contexto de reducir la produccién o efecto inflamatorio de las
citoquinas puede ser, por ejemplo, una cantidad suficiente para inhibir la produccién y/o
efecto de la TNF-a, IL-1 y MIP-1, entre otras. Alternativamente, esta puede ser una
cantidad suficiente inducir o aumentar la produccién de citoquinas anti-inflamatorios
tales como IL-10, entre otros. Dentro del contexto de los pacientes con trasplantes, una
cantidad efectiva de monéxido de carbono es aquella cantidad administrada al paciente
con transplante para reducir la probabilidad de rechazo mediante una reaccion
inmunolégica desfavorable. Dentro del contexto de preservacion de organos
almacenados para ser usados en transplantes, una cantidad de efectiva de monéxido
de carbono puede ser una cantidad que es adicionada, por ejemplo, burbujeada, dentro
del medio en el cual los 6rganos a ser transplantados son almacenados teniendo como
objetivo aumentar la preservacion del rgano y reducir la probabilidad de que el drgano

esté sujeto en alguna medida a dafio oxidativo. Un médico con la experiencia



adecuada decidira si cantidades por fuera de los intervalos anteriormente descritos

pueden ser usadas dependiendo de [a aplicacion.

El término paciente es usado aitravés de la descripcién para describir un animal,
humano o no-humano, al quien es suministrado el tratamiento de acuerdo con los
métodos de las presente invencién. Aplicaciones veterinarias son anticipadas
claramente para la presente invencidn. El término incluye pero no esta limitado a
mamiferos, por ejemplo, seres humanos, otros primates, cerdos, roedores tales como
ratones y ratas, conejos, conejillos de'indias, hamsteres, vacas, caballos, gatos, perros,

ovejas y cabras.

El termino "tratar(o tratamiento)", es usado aqui para describir Ia posposicion del
inicio de, la inhibicién o el alivio de los efectos de una condicion, por ejemplo, enfisema,
bronquitis, artritis, fibrosis quistica, neumonia, enfermedad pulmonar intersticial, la
enfermedad de Parkinson, la enfermedad de Alzheimer o una inflamacién de los
rifiones, el bazo, o la piel. En el caso:de cicatrizacidn de heridas, el término describe la
promocién de la cicatrizacién de las heridas, e.g., la promocion de la cicatrizacion de las
heridas en la piel. Los individuos considerados en el riesgo de desarroliar alguna de las
condiciones descritas aqui pueden verse particularmente beneficiados por esta
invencion, principaimente porque los tratamientos profilacticos pueden ser iniciados
antes de que haya cualquier evidencia de la condicién. El médico con la experiencia

adecuada determinara si un paciente puede estar en riesgo de presentar cualquiera de



las condiciones aqui descritas mediante cualquiera de los métodos conocidos en el

estado del arte, por ejemplo, mediante un diagnostico médico.

El término “biomarcador” es usado para describir monéxido de carbono producido
en la respiracién del paciente en una proporcion menor, dentro del intervalo de
cantidades detectables, y la cual :proporciona evidencia de que el paciente esta en
riesgo de presentar, esta en las instancias iniciales de, o esta padeciendo de estrés
oxidativo esta en riesgo de presentar o estd padeciendo de una o mas de las
condiciones o estados de enfermedad que son subsiguientes a o conllevan al estrés
oxidativo. La cantidad de mon6xido de carbono en la respiracién de un paciente que
puede funcionar como un biomarcador puede llegar a niveles tan bajos como 0.001

ppm, pero es generalmente de por lo menos 0.1 ppm.

Preparacién de Formulaciones Gaseosas i

Una formulacién de mondxido de carbono puede ser una formulacion gaseosa de
mondéxido de carbono. El gas comprimido o presurizado (til en los métodos de Ia
invencion puede ser obtenido de cualquier fuente comercial, y en cualquier tipo de
recipiente apropiado para almacenar gas comprimido. Por ejemplo, gases comprimidos
o presurizados pueden ser obtenidos de cualquier fuente que suministre gases

comprimidos, tales como oxigeno, para uso médico. El gas presurizado que contiene



monodxido de carbono usado en les métodos de la presente invencién puede ser
suministrado de forma tal que todos los gases de la formulacién final deseada (e.g., CO,
COz, Oy, N2) estan mezclados en el mismo recipiente. Opcionalmente, los métodos de
la presente invencién pueden ser lievadas a cabo usando multiples recipientes que
contienen los gases por separado. Por ejemplo, puede ser suministrado un Gnico
recipiente que contenga monéxido de carbono, junto con o sin otros gases, el contenido
del cual puede ser opcionalmente mezclado con aire del lugar o con el contenido de
otros recipientes, por ejemplo, recipientes que contengan oxigeno, nitrégeno, didxido de

carbono, helio, aire comprimido o cualquier otro gas adecuado o mezcla de estos.

Las formulaciones gaseosas administradas a un paciente de acuerdo con la
presente invencién contienen tipicamente de 0% a alrededor del 79% en peso de
nitrégeno, de alrededor del 21% a alrededor del 100% en peso de oxigeno y de
alrededor del 0.0000001% a alredecior del 0.3% en peso (que corresponde de alrededor

de 1 ppb 0 0.001 ppm a alrededor de 3,000 ppm) de monéxido de carbono.

Preferiblemente la cantidad de nitrégeno en la formulacion gaseosa esta
alrededor del 79% en peso, la cantidad de oxigeno esta alrededor del 21% en pesoyla
cantidad de monéxido de carbono esta entre alrededor del 0001% y alrededor de 0.25%
en peso, preferiblemente por lo menos alrededor del 0.001%, e.g., por lo menos
alrededor de 0.005%, 0.010%, 0.02%, 0.025%, 0.03%, 0.04%, 0.05%, 0.06%, 0.08%,

0.10%, 0.15%, 0.20%, 0.22% o 0.24% en peso de mondxido de carbono. Los intervalos
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preferidos incluyen de 0.005% a alrededor del 0.24%, de alrededor del 0.01% a
alrededor del 0.22% y de alrededor del 0.08% a alrededor del 0.20%. Se resalta en este
punto que formulaciones gaseosas de mondéxido de carbono que tienen
concentraciones de monéxido de carbono por encima del 0.3% (tales como el 1% o
superiores) pueden se usadas por .periodos cortos (e.g., unas pocas aspiraciones),

dependiendo de la aplicacion.

Una formulacién gaseosa de monéxido de carbono puede ser usada para crear
una atmoésfera que conste de monéxido de carbono gasecso. Una atmésfera que
incluye niveles apropiados de mondxido de carbono gaseoso puede ser creada, por
ejemplo, mediante la provisién de un recipiente que contenga un gas presurizado que
conste de mondxido de carbono gaseoso y la liberacién del gas presurizado desde el
recipiente en un compartimiento o un espacio para formar una atmésfera que contenga
el monéxido de carbono gaseoso en el interior de! compartimiento o del espacio.
Alternativamente, los gases se pueclen ser liberados en un aparato gue culmine en una
mascara de respiracién o un tubo respirador, de tal modo que se cree una atmésfera
que contenga el gas del monéxido de carbono en la mascara de respiracion o el tubo
respirador, asegurando que el paciente es la Gnica persona en la habitacién expuesto a

niveles significativos de monéxido de carbono.

Los niveles de monéxido de carbono en una atmésfera pueden ser medidos o

monitoreados usando cualquier método conocido en el estado del arte. Tales métodos



incluyen deteccién electroquimica, cromatografia de gases, conteo de radioisotopos,
absorcién infrarroja, colorimetria y métodos electroquimicos basados en membranas
selectivas (véase, e.g., Sunderman et al., Clin. Chem. 28: 2026-2032,1982 ; Ingi et al.,
Neuron 16: 835-842,1996). Niveles de monéxido de carbono por debajo de las partes
por milién pueden ser detectados mediante, por ejemplo, cromatografia de gases y
conteo de radioisétopos. Adicionalmente, es conocido en el estado del arte que los
niveles de mondxido de carbono en el intervalo por debajo de las ppm puede ser
medidos en tejidos biolégicos mediante un sensor de gas en el infrarrojo medio (véase,
e.g., Morimoto et al., Am. J. Physiol. Heart. Circ. Physiol 280: H482-H488,2001).
Sensores de monéxido de carbono y dispositivos para la deteccién de gases estan

ampliamente disponibles en muchas fuentes comerciales.

Preparacién de Formulaciones Liguidas de monéxido de carhono

Una formulacién de monodxido de carbono también puede ser una formulacién
liquida de monoéxido de carbono. Una formulacién liquida que contenga mondxido de
carbono puede ser elaborada por cualquiera de los métodos conocido en el estado del
arte para hacer que un gas se disuelva en un liquido. Por ejemplo, el liquido puede ser
colocado en un dispositivo conocido como “incubador de CO," y expuesto a un flujo
continuo de monédxido de carbono, preferiblemente equilibrado con diéxido de carbono,
hasta que una concentracién deseada de monéxido de carbono es alcanzada en el

liquido. Como otro ejemplo, el monéxido de carbono gaseoso puede ser “burbujeado”



directamente dentro del liquido hasta que una concentracién deseada de monéxido de
carbono es alcanzada en el liquido. La cantidad de monéxido de carbono que puede
ser disuelta en una solucién acuosa dada se incrementa con la disminucion de la
temperatura. Aun como otro ejemplo, un liquido apropiado puede ser pasado a través
de una tuberia que permite la difusién del gas, en donde la tuberia pasa a través de una
atmésfera que contiene mondxido de carbono (e.g., utilizando un dispositivo tal como un
oxigenador de membrana extracorporal). E| mondxido de carbono se difunde dentro del

liquido para crear una formulacién liquida de monéxido de carbono.

En un modo de ejecucion, el liquido puede ser cualquiera conocido por una
persona con experiencia en el estado del arte que sea adecuado par la administracién
al paciente (véase, por ejemplo, Oxford Textbook of Surgery, Morris y Malt, Eds., Oxford
University Press (1994)) En general, el liquido sera una solucién acuosa. Ejemplos de
soluciones apropiadas incluyen soluciones salinas amortiguadoras de fosfato (PBS por
sus siglas en ingles), Celsior™, Perfadex™, la solucién de Collins, solucién de citrato y
la solucién de la Universidad de Wisconsin (UW) (Oxford Textbook of Surgery, Morris y
Malt, Eds., Oxford University Press (1394))

Cualquier liquido adecuado puede ser saturado hasta una concentracién
determinada de monéxido de carbono mediante difusores de gas. Alternativamente,
soluciones pre-elaboradas que hayan sido sujetas a control de calidad para asegurar

que contengan niveles determinados de monéxido de carbono pueden ser usadas. El
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control exacto de las dosis puede ser alcanzado mediante mediciones con membranas
permeables a gas e impermeables a-liquidos conectadas a un analizador de monéxido
de carbono. Las soluciones pueden ser saturadas hasta concentraciones efectivas

deseadas y mantenidas en estos niveles.

Tratamiento de Pacientes con Formulaciones de Monéxido De Carbono

Un paciente puede ser tratado con una formulacién de monéxido de carbono por
cualquier método conocido en el estado del arte de administrar gases y/o liquidos al
paciente. Las formulaciones de monoéxido de carbono se pueden administrar a un
paciente diagnosticado con, o que se ha determinado esta en riesgo de, por ejemplo,
presentar enfisema, bronquitis, artritis, fibrosis quistica, neumonia, enfermedad
pulmonar intersticial, la enfermedad de Parkinson o la enfermedad de Alzheimer o una
inflamacién de los rifiones, el bazo, o la piel, o promover la cicatrizacién de heridas,
e.g., cicatrizacion de herida en la piel que no estdn asociadas con cirugias. La
invencién contempla la administracién sistémica de formulaciones liquidas o gaseosas
de mondxido de carbono a pacientes (e.g. por inhalacién o ingestién), y la
administracién topica de las formulaciones a los pulmones (e.g. por inhalacién o
administracion intratraqueal), las articulaciones (e.g., por la infusidn o la administracién
transdérmica), la piel (e. g., por la inyeccion o aplicacién de la formulacién a la
superficie de la piel) y a otros 6rganos (e. g., por ingestion, insuflacion, y/o la

introduccién en la cavidad abdominal) del paciente.



Administracién Sistémica de Monéxido de Carbono

Las formulaciones gaseosas de monéxido de carbono pueden ser administradas
sistematicamente al paciente. Las formulaciones gaseosas de mon6xido de carbono
son administradas normalmente mediante la inhalacion a través de la boca o fosas
nasales a los pulmones, en donde el monéxido de carbono puede ejercer su efecto
directamente o ser facilmente absorbido en la corriente sanguinea del paciente. La
concentracion del compuesto activo (CO) utilizada en la formulacién terapéutica
gaseosa dependera de la absorcién, distribucién, desactivacion y de la velocidad de
excrecion (generalmente, a través de la respiracion) del monéxido de carbono asi como
otros factores conocidos por personas con experiencia en el estado del arte. Debe ser
entendido que para cualquier sujeio en particular, tratamientos de dosis especificas
deben ser ajustados dentro de un cierto plazo de acuerdo con las necesidades
individuales y al juicio profesional de la persona que administra o supervisa |a
administracién de las formulaciones, y que los intervalos de las concentraciones
definidos aqui son solamente ejemplares y con ellas no se pretende limitar el alcance o
la practica de la formulacién reivindicada. La administracion aguda, sub-aguda y
cronica de monéxido de carbono estdn contempladas por la presente invencion,
dependiendo de, e.g., la severidad o persistencia de las condiciones en el paciente, El
monoxido de carbono puede ser administrado por un periodo de tiempo suficiente
(incluyendo indefinidamente) para tratar la condicion y ejercer el efecto farmacoldgico o

biolégico pretendido.



Los siguientes son algunos ejemplos de algunos métodos y dispositivos que

pueden ser utilizados para administrar la formulacién gaseosa a los pacientes.

Respiradores

Monéxido de carbono de grado médico (las concentraciones pueden variar)
puede ser comprado mezclado con'aire u otro gas que contenga oxigeno en un cilindro
estandar de gas comprimido (e.g., 21% de O, 79% de N;). Esta mezcla es no-reactiva,
y las concentraciones que son requeridas para los métodos de la presente invencion se
ubican en un intervalo bastante inferior al combustible (10% en aire). En el montaje de
un hospital, el gas sera llevado probablemente a la cabecera en donde sera mezclado
con oxigeno o con aire del ambiente en un mezclador hasta obtener la concentracion
deseada en ppm (partes por millén). El paciente inhalara la mezcla de gas a través de
un respirador, el cual sera ajustado para permitir un flujo con base en la comodidad y
necesidades del paciente. Este ser& determinado por los parametros pulmonares (por
ejemplo, frecuencia respiratoria, volumen corriente etc.). Mecanismo(s) a prueba de
fallas para prevenir al paciente de recibir una cantidad innecesariamente mayor que las
cantidades deseadas de monodxido de carbono pueden ser disefiados dentro del
sistema de administracién. El nivel de monéxido de carbono del paciente puede ser
monitoreado mediante el estudio de (1) carboxihemoglobina (COHb), la cual puede ser
medida en sangre venosa, y (2) el monoxido de carbono exhalado recolectado de un
puerto lateral del respirador. El grado de exposicion al monéxido de carbono puede ser
ajustado con base en el status de salud del paciente y sobre la base de los marcadores.

Si es necesario, el mondxido de carbono puede ser eliminado del paciente cambiando a
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una inhalacién de 100% de oxigeno. El monéxido de carbono no es metabolizado, de
esta forma lo que es inhalado sera en ultima instancia exhalado con excepcion de un
porcentaje muy pequeiio que es convertido a CO,. El monéxido de carbono también
puede ser mezclado con cualquier nivel de O, para proporcionar una administracién

terapéutica de mondxido de carbono sin generar condiciones de hiperoxia.

Mascarilla y Cdmara

Una mezcla de gases que contiene monéxido de carbono es preparada como se
indico anteriormente para permitir la inhalacién pasiva por parte del paciente usando un
a mascarilla o una camara. La concentracién inhalada puede ser cambiada Y puede ser
eliminada simplemente cambiando hasta obtener el 100% de O,. El control de los
niveles de mondxido de carbono podria llevarse a cabo dentro de o cerca de la
mascarilla o la camara con un mecanismo a prueba de fallas que evitarla la inhalaci6n

de concentraciones muy altas de monéxido de carbono.

Inhalador Portétil

Monéxido de carbono comprimido puede ser almacenado en un dispositivo

inhalador portatil e inhalado en una dosis regulada, por ejemplo, para permitir el



tratamiento intermitente desde un recipiente que no esta en el montaje de un hospital.
Diferentes concentraciones de monéxido de carbono podrian ser almacenadas en los
contenedores. El dispositivo podria ser tan simple como un pequefio tanque (eq.
inferior a 5 Kg) de CO diluido apropiadamente con una vélvula tipo abre-cierra y un tubo
desde el cual el paciente aspira CO de acuerdo a un régimen estandar o segin lo

necesitado.

Pulmones Artificiales Intravenosos

Un pulmén artificial (un catéter para el intercambio de gas en |Ia sangre)
disefiado para llevar oxigeno y retirar CO, puede ser usado para la administracién de
mondxido de carbono. El catéter, cuando es implantado, se ubica en una de las venas
principales y podria transportar monéxido de carbono de una concentracién dada para
una administracién sistémica o en un punto local. El suministro de puede ser de tipo
local con una concentracién elevada de monéxido de carbono por un periodo de tiempo
en el sitio del procedimiento, e.g., en las proximidades del bazo o el rifion (esta
concentracion elevada podria ser diluida rapidamente en la corriente sanguinea), o por
un periodo de exposicion relativamente mas largo con una concentracién de monéxido
de carbono mas baja (véase, e.g., Hattler et al., Artif. Organs 18 (11); 806-812 (1994), y
Golob et al., ASAIO J., 47 (5): 432-437 (2001)).



Cémaras Normobanicas

En ciertas instancias, puede ser deseable exponer al paciente en su totalidad al
mondxido de carbono. El paciente estaria dentro de una camara hermética que seria
inundada con monéxido de carbono (en un nivel que no ponga en peligro la vida del
paciente, o en un nivel que posea uniriesgo aceptable sin el riesgo de que las personas
presente sean expuestas. Una vez completada la exposicion la camara puede ser
evacuada con aire (e.g9. 21% Oz, 79% N_), y unas muestras podrian ser analizadas por
un analizador de monéxido de carbono para asegurar que no queda monéxido de

carbono antes de permitir que el paciente sea expuesto al sistema.

Formulaciones Liquidas

La presente invencién adicionalmente contempla que una formulacién liquida que
contenga monéxido de carbono pueda ser creada para la administracion sistémica al
paciente, e.g., para administracion oral y/o por inyeccion en el cuerpo, e.g., via

intravenosa, intra-arterial, intraperitoneal y/o subcutanea.
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Tratamientos Tépicos de Oraanos con Monéxido de Carbono

Alternativamente o adicionalmente, formulaciones de monéxido de carbono
pueden ser aplicadas, e.g., a la piel, al bazo, al pulmén y/o al (los) rifién (es).
Formulaciones gaseosas pueden ser aplicadas directamente al interior y/o al exterior
del cuerpo del paciente para tratar los érganos del paciente. Una formulacion gaseosa
puede ser aplicada directamente a los érganos internos del paciente por cualquiera de
los métodos conocidos en el estado del arte para insuflar gases en el paciente, por
ejemplo, gases e.g. diéxido de carbono, son frecuentemente insuflados dentro de la
cavidad abdominal de pacientes para facilitar el examen durante procedimientos
laparoscopicos (véase, e.g., Oxford Textbook of Surgery, Morris y Malt, Eds., Oxford
University Press (1994)). El médico con la experiencia adecuada decidira que
procedimientos similares podrian ser usados para administrar formulaciones de
mondxido de carbono a un 6rgano interno del paciente. La piel y las articulaciones
subyacentes pueden ser tratadas tépicamente con una formulacién gaseosa mediante,
por ejemplo, la exposicién de la piel afectada a la formulacién gaseosa en una camara
normbarométrica (anteriormente descrita), y/o soplando la formulacién de monéxido de

carbono directamente sobre la piel.

Formulaciones liquidas de monéxido de carbono pueden también ser
administradas tépicamente al érgano del paciente. Formas liquidas de las

formulaciones pueden ser administracas por cualquiera de los métodos conocidos en
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estado del arte para la administracion de liquidos a pacientes. Como con las
formulaciones gaseosas, las formulaciones liquidas pueden ser aplicadas directamente
al interior y/o al exterior del cuerpo del paciente para tratar los 6rganos del paciente.
Por ejemplo una formulacién liquida puede ser administrada oralmente, e.g. haciendo
que el paciente ingiera una dosis encapsulada o no encapsulada de la formulacion
acuosa de mondxido de carbono. Como otro ejemplo, liquidos, e.g. soluciones salinas
que contengan CO disuelto pueden ser inyectadas dentro de la cavidad abdominal de
los pacientes durante procedimientos laparoscépicos. Alternativamente o
adicionalmente, exposiciones in sifu de érganos, e.g., rifibn (es) y bazo, pueden ser
llevada a cabo por cualquier método conocido en el estado del arte, e.g., mediante el
enjuague in situ del 6rgano con una formulacién liquida de mondxido de carbono
(véase, Oxford Textbook of Surgery, Morris y Malt, Eds., Oxford University Press
(1994)). La piel puede ser tratada t&picamente con una composicion liquida mediante,
por ejemplo, inyeccion de las composiciones liquidas en la piel. Como un ejemplo
adicional, la piel y las articulaciones subyacentes pueden ser tratadas tdpicamente
mediante la aplicacion de las formulaciones liquidas directamente a la superficie de la
piel, e.g. vertiendo o esparciendo el liquido sobre la piel y/o sumergiendo la piel en la

formulacién liquida.
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Trastomos y Condiciones

El monéxido de carbono gaseoso puede ser usado en la preparacion de un
medicamento para ser usado en el tratamiento de condiciones o estados de
enfermedad tales como asma, enfisema, bronquitis, sindrome de dificultad respiratoria
del adulto, sepsis, fibrosis quistica, neumonia, enfermedades pulmonares intersticiales,
enfermedades pulmonares idiopaticas, otras enfermedades pulmonares que incluyen
hipertensién  pulmonar primaria, hipertensiéon pulmonar secundaria, canceres,
incluyendo cancer de pulmdn, de laringe y de garganta, artritis, la enfermedad de
Parkinson, la enfermedad de Alzheimer, la enfermedad vascular periférica vy
enfermedades pulmonares relacionadas con trombosis vasculares tales como la
embolia pulmonar, y el tratamiento de pacientes que padecen de o estan en riesgo de
padecer inflamacién localizada de ‘6rganos, e.g. el rifién, el bazo y/o de la piel. La
presente invencidén también puede ser usada para ayudar en la cicatrizacién de heridas
e.g. cicatrizacién de heridas en la piel. Recibe un interés particular el tratamiento de

heridas que no son causadas por cirugias.

La presente invencion también puede ser usada para retardar el inicio de, o
aliviar los efectos del estrés oxidativo en pacientes con transplantes, en particular, en
pacientes con transplantes de 6rganos, especialmente, pero no exclusivamente en
pacientes con transplantes de pulmén. Las formulaciones de monéxido de carbono

pueden también ser usadas para el tratamiento de condiciones inflamatorias de los
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pulmones o inflamaciones que ocurren como consecuencia de la sepsis o rechazo en
pacientes con transplantes. Mientras que no sea limitada por la teoria, se cree que
dosis bajas de CO actian como un agente anti-inflamatorio al inhibir la produccion y/o
efecto de las citoquinas pro-inflamatorias tales como TNF-a, IL-1, IL-6 y MIP-1 y al

aumentar la produccion de las citoquinas anti-inflamatorias IL-4 e 1L-10.

El término “estrés oxidativo” es usado para describir una condicién que resulta de
la produccion abrumadora de oxigeno reactivo la cual no puede ser detenida por
antioxidantes enddgenos. El estrés-oxidativo puede dar lugar a un dafio permanente en
el tejido causado por la accién de especies de oxigeno reactivo sobre el tejido. Las
manifestaciones fisiolégicas del estrés oxidativo toman la forma de u ocurren durante
varias condiciones de estados de enfermedad que incluyen asma, enfisema, bronquitis,
sindrome de dificultad respiratoria del adulto, sepsis o shock séptico, fibrosis quistica,
neumonia, enfermedades pulmcnares intersticiales, enfermedades pulmonares
idiopaticas, ofras enfermedades pulmonares que incluyen hipertensién pulmonar
primaria, hipertensién pulmonar secundaria, cancer de pulmén, y enfermedades
pulmonares relacionadas con trombosis vasculares tales como la embolia pulmonar o

cualquier enfermedad inflamatoria de los pulmones.

EL término “sepsis” es usado para describir la presencia de varios formadores de
pus y ofros organismos patogénicos o sus toxinas (generalmente, lipopolisacaridos o

LPS, componentes de las paredes de las células bacterianas) en los tejidos



sanguineos. La sepsis dard lugar a menudo al estrés oxidativo en aquellos tejidos
expuestos a los patdgenos o a sus toxinas. La sepsis se manifiesta a menudo como la
produccion de citoquinas pro-inflamatorias tales como TNF-a, IL-1, IL-6 y MIP-1, cuya
produccion es reducida o reversada por la administracién de cantidades efectivas de

mondxido de carbono.

La presente invencion puede ser usada para tratar la inflamacién. El término
“inflamacion” es usado para describir el proceso fundamental patoldgico que consta de
una compleja dindmica de reacciones citologicas e histolégicas que ocurren en los
vasos sanguineos afectados y los tejidos adyacentes en respuesta a una lesién o un
estimulo anomal causado por un agente fisico, quimico o bioldgico, que incluyen las
reacciones locales y los cambios morfolégicos resultantes, la destruccion o remocion
de los materiales perjudiciales y las respuestas que conducen a la reparacion y
cicatrizacién. El término incluye varios tipos de inflamacion tales como aguda, alérgica,
alteradora (degenerativa), atréficas, catarral (la mayoria de las veces en el tracto
respiratorio), crupal, fibrinopurulenta, fibrinosa, inmune, hiperplastica o proliferativa,
subagudas, serosa y serofibrinosa. L_a inflamacién localizada en el higado, el corazén,
la piel (e. g., dermatitis, inflamacion causada por infecciones bacterianas, fungicas o
virales y/o a reacciones alérgicas o autoinmunes), el bazo, el cerebro, el rifidn (e. g.,
pielonefritis bacterial, nefritis intersticial, y/o glomerulonefritis) y el tracto pulmonar,
especialmente los pulmones, y que estan asociadas con sepsis o shock séptico es

tratada de forma favorable por los métodos de acuerdo con la presente invencion.



El término “cancer” es usado como un término general para describir cualquiera
de varios tipos neoplasmas malignos, la mayoria de los cuales invaden los tejidos
circundantes, pueden hacer metastasis a varios sitios y son probablemente replicados
después intentar removerios y causan la muerte del paciente a menos que sean
tratados adecuadamente. Los canceres que pueden ser tratados usando las
formulaciones y métodos de la presente invencién incluyen, por ejemplo, estomacal, de
colén, rectal, de higado, pancreético, de pulmén, de seno, de cuello uterino, de cuerpo
uterino, de ovario, de prostata, de testiculos, de vejiga, renal, cerebral/SNC, de cabeza
y de cuello, de garganta, enfermedad de Hodgkins, leucemia de tipo no-Hodgkins,
melanoma de la piel, varios sarcomas, cancer de pulmén de células pequefias,
coriocarcinoma, de bocalfaringe, de eséfago, de laringe, melanoma, de rifién y linfoma,

entre otros.

La presente invencién puede ser usada para tratar condiciones o trastornos que
involucran el sistema respiratorio, e.g., enfisema, bronquitis, fibrosis quistica, neumonia
y enfermedades pulmonares intersticiales. El término “enfisema” segin lo usado aqui
se refiere a una enfermedad pulmonar caracterizada por un alargamiento del alveolo
pulmonar. En esta condicién, las paredes alveolares son destruidas, causando la
pérdida de la estructura de soporte de los bronquiolos y el colapso durante la
exhalacion (véase, e.g. The Merek ‘Manual of Diagnosis and Therapy, 7" Edicién,
Seccion6, Capitulo 68). El término “bronquitis™ se refiere a una enfermedad pulmonar
caracterizada por la inflamacién del arbol traqueobronquial. La bronquitis puede ser

desarrollada después de infecciones, e.g., infecciones virales, e.q. el resfriado comun; o

49



infecciones bacterianas, o tras la exposicion a un irritante (véase, e.g., The Merck
Manual of Diagnosis and Therapy, 17" Edicién, Secci6ns, Capitulo 69). El término
“fibrosis quistica” se refiere a una enfermedad genética de las glandulas exocrinas. La
enfermedad afecta principalmente el tracto gastrointestinal y el sistema respiratorio, y
es usualmente caracterizado como una enfermedad pulmonar obstructiva crénica
(EPOC) (véase, e.9., The Merck Manual of Diagnosis and Therapy, 17" Edicion,
Seccion19, Capitulo 267). El término “neumonia” se refiere a un a enfermedad
pulmonar que afecta el parénquima y que incluye, e.g., neumonia bacterial, viral Y por
aspiracion (véase, e.g., The Merck Manual of Diagnosis and Therapy, 17" Edicion,
Seccién6, Capitulo 73). El término “enfermedad pulmonar intersticial” o “enfermedad
pulmonar idiopatica” se refiere al grupo de enfermedades pulmonares de etiologia
desconocida, que producen cambios patolégicos difusos que generalmente involucran
el tejido intersticial interalveolar (véase, e.g., Merck Manual of Diagnosis and

Therapy,17™ Edicién, Seccién6, Capitulo 78).

Como se usa aqui el término “artritis” se refiere a una condicién caracterizada por
la inflamacién de las articulaciones, @ incluye, por ejemplo, artritis reumatoide (AR) (una
poliartritis inflamatoria cronica que conduce a menudo a la destruccién de las
articulaciones), artritis soridtica (artritis inflamatoria asociada a soriasis), espondilitis
anquilosante (inflamacién del esqueleto axial y de las articulaciones periféricas
grandes), y la anquilosis (inmovilidad o fusién de la articulacion) (véase, e. g., The
Merck Manual of Diagnosis and Therapy, 17"Edicién, Seccién5, Caplitulo 50; Secciéns,

Capltulo 51 ; Seccion5, Capitulo 51; ¥ Seccién9, Capitulo 108, respectivamente).



El témino “enfermedad de Parkinson" se refiere a “una enfermedad
idiopatica, lentamente progresiva, degenerativa del SNC caracterizada por un
movimiento lento y disminuido, rigidez muscular, temblor de reposo e inestabilidad de Ia
postura™. (The Merck Manual of Diagnosis and Therapy, 17"Edicion, Seccion14,
Capitulo 179). El término “enfermedad de Alzheimer” se refiere a una enfermedad
caracterizada por “una pérdida progresiva, inexorable de las funciones cognitivas
asociadas con un nimero excesivo de placas seniles en la corteza cerebral y materia
gris subcortical la cual también contiene las b-amiloides y la marafia neurofibrilar que
estan formadas por proteinas tau,” (The Merck Manual of Diagnosis and Therapy, 17th

Edicidn, Seccion14, Capitulo 171).

Dosis bajas de CO pueden también ser usadas en la presente invencion para
inducir la enzima HO-1 en pacientes y prevenir o limitar el estrés oxidativo,
especialmente estrés oxidativo causado por hiperoxia o sepsis. La HO-1 inducida esta

involucrada en el mantenimiento de la homedstasis en las células del paciente.

Tratamiento de Organos y Teiidos para Ampliar la Estabilidad de Almacenamiento

La presente invencién también describe el uso de CO como un preservativo para el
almacenamiento de érganos o tejidos que seran usados en transplantes. Es un

resultado inesperado que la adicién de dosis bajas de CO en el medio en el cual los
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érganos a ser transplantados estan almacenados reducira sustanciaimente la
probabilidad de dafio oxidativo de los 6rganos durante el aimacenamiento y ampliara
sustancialmente el tiempo de almacenamiento para el cual los 6rganos a ser
transplantados pueden ser almacenados en forma segura sin sufrir dafio oxidativo
irreversible. De esta forma, en un modo de ejecucion de la presente invencién una
cantidad efectiva de CO es burbujeado dentro del medio de almacenamiento antes o
preferiblemente cuando un drgano es colocado por primera vez en un medio o justo
después de esto. ElI CO puede ser usado para ampliar la estabilidad de
almacenamiento de los érganos que han sido almacenados por algin tiempo en otro
medio, pero en estos casos, el dafio oxidativo pudo haber sido irreversible y de esta

forma queda limitado el efecto pretendido.

De acuerdo con la presente invencion se proporciona un método para ampliar la
estabilidad de almacenamiento de un érgano o tejido. La estabilidad de
almacenamiento es ampliada mediante la exposicion del érgano o tejido a
formulaciones liquidas o gaseosas de monéxido de carbono. La exposicion de un
organo o tejido a formulaciones gaseosas de monéxido de carbono puede ser llevada a
cabo en cualquier camara o espacio adecuado para la creacién de una atmésfera que
contiene niveles apropiados de monéxido de carbono gaseoso. Tales camaras incluyen
por ejemplo, incubadores, y camaras construidas para el propdsito de acomodar un
organo en una solucién preservadora. Como otro ejemplo una camara apropiada
puede ser una camara donde solamente los gases alimentados dentro de la cdmara

estan presentes en la atmoésfera interna, de tal forma que la concentracion de monéxido



de carbono pueda ser establecida y mantenida a una concentracién y pureza dada,
e.g., en donde la camara es hermética. Por ejemplo, un incubador de CO, puede ser
usado para exponer un 6rgano a una formulacién de monéxido de carbono, donde el
mondxido de carbono gaseoso es alimentado con un flujo continuo desde un recipiente

que contiene el gas.

Con relacion a las formulaciones liquidas de monéxido de carbono, la exposicién
puede ser llevada a cabo en cualquier camara o espacio que tenga el volumen
suficiente para sumergir el 6rgano o el tejido, completamente o parcialmente, en una
formulacién de monéxido de carbono. En un modo de ejecucién de la presente
invencién, el 6érgano puede ser expuesto a la formulacidon de monéxido de carbono
mediante la ubicacion del érgano en cualquier contenedor adecuado y haciendo que ia
composicién de monéxido de carbono “bafie los” 6rganos, de manera que el organo
esté expuesto a un flujo continuo de la formulacién de monéxido de carbono. En otro
modo de ejecuciéon el érgano es perfundido con una formulacion de mondxido de
carbono. El término perfusién es un término reconocido en el estado del arte, y
describe el paso de un liquido, e.g., una formulacién de monéxido de carbono, que pasa
través de los vasos sanguineos de un 6rgano o tejido. Métodos para la perfusién de
6rganos ex vivo e in situ son bien conocidos en el estado del arte. Un organo puede ser
perfundido con una formulacién de monéxido de carbono ex vivo, por ejemplo, mediante
una maquina de perfusion hipotérmica continua (véase, Oxford Textbook of Surgery,
Morris y Malt, Eds., Oxford University Press (1984)). Opcionalmente, el érgano puede

ser perfundido con una solucién de lavado, e.g., solucién UW sin monéxido de carbono,
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antes de la perfusién con la formulacién del monéxido de carbono para remover del
érgano la sangre del donante. Un proceso como este podria ser realizado para evitar la
competencia por parte de la hemoglobina del donante por el monéxido de carbono.
Como otra opcién, la solucién de lavado puede ser una formulacién de monéxido de
carbono. Incluso como otro ejemplo, un liquido apropiado puede ser pasado a través
de una tuberia que permite que el gas se difunda, la cual pasa a través de una
atmésfera que contiene monéxido de carbono. (e.g., a través de una camara, tal que
cuente con un membrana de oxigenacion extracorporal), para crear una formulacién
llquida de mondxido de carbono, la cual puede ser entonces transferida dentro del un

érgano (e.g., perfundida dentro del 4rgano mediante la conexién del tuberia al organo).

Como otro ejemplo, el 6rgano puede ser ubicado, e.g., sumergido, en un medio o
solucion que no contenga monéxido de carbond, y colocado en una camara tal que el
medio o la solucién pueda ser transformado en una formulacién de mondxido de
carbono mediante la exposicion a una atmésfera que contenga monéxido de carbono
como las que se han descrito aqui. Incluso como otro ejemplo, el organo puede ser
sumergido en un liqguido que no contenga monéxido de carbono, y el monéxido de

carbono puede ser burbujeado dentro del liquido.

La presente invencidn contempla que cualquiera de o todos los método

anteriormente descritos para la exposicion de un érgano a una formulacién liquida de

monéxido de carbono, e.g., lavando, sumergiendo o prefundiendo, puede ser usado en
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un procediendo dado, e.g., usado en un procedimiento Gnico para ampliar la estabilidad

de almacenamiento de un érgano o tejido.

Monéxido de Carbono coma una Herramienta de Diagndstico

Adicional al uso de CO como un agente terapéutico, la medicién de CO puede
ser una herramienta de diagnéstico Util, e.g., como un biomarcador, para determinar si
un paciente presenta estrés oxidativo o tiene una condicién o estado de enfermedad en
donde el CO puede estar involucrado, e.g., sepsis o shock séptico. En general, es
monitoreada la respiracion exhalada por un paciente del cual se sospecha presenta
estrés oxidativo o estd en riesgo de presentar estrés oxidativo para determinar si
pueden ser medidos niveles de monéxido de carbono. Si son observados niveles
detectables de monéxido de carbono (i.e., una cantidad de monéxido de carbono de por
lo menos alrededor de 0.01 ppm en la respiracién del paciente), entonces el médico que
atiende o la persona encargada del cuidado puede entonces comenzar a administrar
dosis terapéuticas de moné6xido de carbono para tratar el estrés oxidativo o alguna o
algunas de las condiciones de los estados de enfermedad, las cuales son subsecuentes

a o resultado del estrés oxidativo.

En un modo de ejecucion, la respiracion exhalada por un paciente sera analizada

para determinar la presencia de CO. EI contenido de CO en la respiracién de un
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paciente es medido mediante un analizador de CO (por ejemplo, usando un Logan
LR2000) el cual es sensible para [a deteccién de CO entre 0 y alrededor de 10000om
(con una sensibilidad tan baja como 1 ppb). En este método los sujetos exhalan
lentamente desde CVF funcional hacia adentro del analizador de respiracion con un
flujo constante (5-6 I/min) durante un intervalos de 20-30 segundos. Se llevan a cabo
dos medidas exitosas y el promedio de estos valores sera usado para todos los
calculos. Los niveles de CO ambientales son medidos antes de cada respiracion con el
objetivo de proporcionar los valores de control y de fondo. Mientras que cualquier
elevacion en los niveles de CO a partir de los valores de fondo puede implicar un estado
actual o incipiente de estrés oxidativo, una cantidad de por lo menos alrededor de 1
ppm proporciona un indicio claro de que el paciente padece o esta préximo a padecer

estrés oxidativo.

Un numero modos de ejecucion de la invencién ha sido descrito. No obstante, se
entendera que pueden ser realizadas varias modificaciones sin apartarse del espiritu y
alcance de la invencién. Por consiguiente, otros modos de ejecucion estan contenidos

dentro del alance y las siguientes reivindicaciones.
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SE REIVINDICA:

1. El uso de mondxido de carbono gaseoso en la preparacion de un
medicamento para ser usado en el tratamiento de pacientes que padecen o estan en
riesgo de padecer al menos un trastorno seleccionado del grupo conformado por:
enfisema, bronquitis, fibrosis quistica, neumonia, enfermedad pulmonar intersticial,
cicatrizacion de heridas, artritis, la enfermedad de Parkinson y la enfermedad de

Aizheimer; o promover la cicatrizacién de heridas en el paciente. 0o

2. El método de ia reivindicacién 1, en donde el trastorno es enfisema.

3. El método de la reivindicacién 1, en donde el trastorno es bronquitis.

4. El método de la reivindicacion 1, en donde el trastorno es fibrosis quistica.

5. El método de la reivindicacion 1, en donde el trastorno es neumonia.

6. El método de la reivindicacién 1, en donde el trastorno es una enfermedad

pulmonar intersticial.



7. El método de la reivindicacién 1, en donde el trastorno es artritis.

8. El método de la reivindicacién 1, en donde el trastorno es la enfermedad de

Parkinson.

9. El método de la reivindicacién 1, en donde el trastorno es la enfermedad de

Alzheimer.

10. Ef método de la reivindicacién 1, en donde el monéxido de carbono gaseoso
es usado en la preparacion de un medicamento para el uso en la promocién de

cicatrizacion de heridas en el paciente. ;40

11. El uso de monéxido de carbono gaseoso en la preparacién de un
medicamento para el uso en el tratamiento de un paciente que padece o esta en riesgo
de padecer inflamacion localizada en por lo menos uno de los érganos seleccionado del

grupo conformado por: rifién, bazo y piel. YL

12. El método de la reivindicacién 11, en donde el 6rgano es un rifién.
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13. El método de la reivindicacién 11, en donde el 6rgano es el bazo.
14. El método de la reivindicacién 11, en donde el 6rgano es la piel.

15. Un método para ampliar la estabilidad de almacenamiento de un organo en

un medio, que consiste en:

Proporcionar un medio que contenga monéxido de carbono: y almacenar
el organo en el medio, en donde el mondxido de carbono estd presente en el

medio en una cantidad suficiente para ampliar la estabilidad de almacenamiento

del érgano.

18.  Un método para determinar si un paciente esta en el riesgo de presentar

sepsis o0 el shock séptico, que consiste en:

Medir el monéxido de ‘carbono en la respiracién exhalada por un paciente,
en donde una cantidad de por lo menos aproximadamente 1 ppm de mon6xido
de carbono en la respiracion estd indicando que el paciente esta en riesgo de

presentar sepsis o shock séptico.
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can be made or used in industry.

Chaimy }-14 lnck novelty under PCT Article 33(2) as being anticiputed by Abidin et al.

Abidin et s1. explicitly disclose the use of carbon monoxide gas as & medicyeset (Abgtract). Claims 1-14 sre deufted a5 use clatms, o8
such, it is uncertyin whether the claims are inteded to he 3 method of wse or method of making. Therefore, the clalms are reed i be
method of making claims, in which case, the imtended uie dots not sppenr to prtentably distinguish the claint.

Claims 1-14 lack novelty under PCT Article 33(2) as being anticipated by Otterbein et al. .
Otterbein ot al. expliclily disclose the use of carbon monoaxide gay ag @ madicemerr (Ahatract). Clalms 1-14 are drafiod as use cluimg,
s mach, It is uncertain whether the claima are intended ) be a method of use or method of making. Therefore, the clatms are read o
be method of making claims, in which case, the Intencex] use does not appear to patentahly distinguish the clxims.

Examiner has duly considered Applicant's arguments txzt deems them tnpesussive. Applicant's clalms are directad w use of
carbon monoxide gas in the preparation of a mevdicamene for the use n a patiene. All claims Hmitations have been comidered e
based on the interpretation of the claims 23 & method of preparation claims the intended upe of the madicenent hs been determined
ot to distinguish the claims from the prior art. The burden ks on Applicant to show that the medicament prepared would not be -
capahls of being used in a patient for treatment of the various conditions/disesse.

Claimt 15 lacks lacks inventive step under PCT Article 33(3) wa being obvious over Yaum ot al. In view of Stone (US Pat. 5,293.879).

Yaum et al.discloses 2 method for determining whether ane is at risk of sepsis or septic shock by mensuring for elevased levels of
endogenous carbon monoxide (CO) In the lungs (Abstract). :

Scone discloses an apparatus for measuring CO in gas from the lungs by measuring end-tidal breath where the apparats is capable
of measuring OO in the mnge of 0 to 500 ppm (See entire reference, especially, Cohmm 2, Tmes 15-28)

The diffevence between the prior art and the claimed: invention is that the prior art does not expressly disclose measuring exhaled
OO0 or 2 CO Yeve] of at lcast sbout 1 ppm. However, the priar art amply suggests the same as it Is tsught 1o measure the level of
exdogenous carbon monoxide in the fungs, that increassd endogenous is indicative of sepsis and septic shock and 2 method and
spparatus for measuring CO in the lungs by measuring end-tida] breath is taught. As such, it would have been well within the skl of
and one of ardinary skill in the art would have been motivated to measare endogenous carbon monoxide in the breath as it would be
expeciod that carbon monoxide in the lungs could be messured by measuring the end-tidal breath of the patient. Further, the prior art
discloses that lncreasod carbon monoxide \evels is indicutive of sepals or septic shock, a3 such, it would have been well within the gkill
of ooo of ondinary kil in the art to arrive at the optinmm level of carbon monozide,  “[Where the general canditions of s claim are
disclosad In the prior art, it is not inventive w discover the optimum or worksble ranges by routine experimentution.™ In re Aller, 105
USPQ 233, 233 (CCPA 1955) (Claimed procesy which was performed at a temperature between 40°C and 80°C and an acid

Form PCT/IPEA/409 (Contimvation Sheet) Quly 1998)
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= Box
ﬂobnﬂﬁmﬁemmmdhmmh@uhmm

ouasntaton between 25% and 70% mﬂmhwhﬁ&ﬁﬁmam“wﬂﬂmm&dﬂum
In dhat the reference
mwmﬂnlwdlm'CMmuumdlﬂl.):hnl’aﬂu.ﬁsuﬂ'gmﬂw. 1382-83
(Fed. Cir, 2003), (ﬁhmdﬂedmhwmmmwmhmmum“mvhh
mﬁu&nmdﬂmﬂ%hndhﬂnﬂudmwhhm
combination of percenmges. ™)
mmumww*.mmmmmuummuumm
below. Applicant cites to Yuan at column 2, lines 7, 9, however, the Ymum ¢t al. reference cited berein is only an abstract. Applicant
dwumwmﬂenmdﬁe?m%mmwhnﬁmnm. In any case, accarding to
Applicant's Specification, the term ‘pﬂiun'hnluhmhuudnnmhmdmmdﬂ:nhmﬁiuinhdﬂmmm
sacrificing ruta (Specification, Pg. 7. lincs 29-32, Py 8, Jines L.2).

Claims 1-14 lack an inventive step under PCT Article 33(3) us being obvious over WO 98/08523 In view of Chol et al. {1996), Lefer
et al. (1993) and Vasmallj 1 al. (1998).
wnmmms«mlmmmhmummmwn—.wu
WM.MMMMMMMthMW.MMMWM
mmhmm.mmmmmm.
Choi et al. (l%ﬂn&ommm-mmhhlmwaﬁ:dmmmm
mmamm,wm.mmmwmmm.
muu.(lmmmmmmmmmwmhmm

Vamalli et al. (1mmmmmmmmpmwmmmueﬂunhu

treatment of acute pulmonary hypertension (Abstract). -
Thdﬂhuubam:hewbrmnﬂhdnhﬂhuﬁmhhhmhmhmmﬂdhhundﬂd

muwumwummu.mmmm“.-mmudmm-wu

conditions, .

Examiner has duly considered mlm'-wwmmwm.hmmm'sm
mhmwmy.mmMMMWWMWMMMWM
based on ermhinarine of references. See In re Keller, 208 USPQ 871 (CCPA
1981); In re Merck & Co., 231 USPQ 375 (Fed. Cir. 1986). Further, the test for cbvioumness is not whether the

features of a secondary reference may be bodily incorporated into the stracmre of the reference; nar is it that the clatmed
invention must be expressly suggested in any one or all of the references. Rather, the test is what the combined teachings of the
references would have o those of ordinary kil in the art, See In re Keller,

208 USPQ 871 (OCPA 1981).

l&uﬂ.dhlolamcounmi-lnhmmnﬁviw.am.mdmlmmInlh:mwwubenlllvullmu:
OO0 in the process disclosed by WO 98/08523. W’M.l&ﬂﬂ.lﬁVﬂnﬂlﬂﬂ.mmmmmm
udmm.nmnh.oncofmdhmylﬂnhumwmﬂmmun:hh;ofm:lud.ﬁnmw
mcowuﬂdbecﬂeuiveinun:hgmmmdmm.mhchdhhmmmmm
m:ﬂuhhhmum.mhﬁuhmmuhud.hhvllm.ﬂml.dh-&nnuuhwuw
mmmmloallndinﬂammﬁnnoﬂhelihry.qlmwﬂn.wmwwbwwlmmm
dhudnummhmednimmn-obﬁmukh.huemfwﬂ:mhnfm'ﬂnrulmm.!’unhﬂ.hmof
Lefereul.mnthevlewdlnllgtnofﬂwubinyofm'mmvmull.whiilbdl:louldminim‘ﬂmofwbl
pnim.Cmuymhppli::m'sugm\mnlllun.doah:vuharinglhobvinmcwalinm'lchlmlnﬂmVlnlll
discloses the therapeutic administration of CO s a medicament. Exmainer notes that Applicant claims are diroeted 10 the preparation
of & ndirsmens for reatment of a patient. With respect to Applicant's arguments that one or more of the prior art does not disclose
ﬂ:uumofupmifnmmlhionldinle.mchhlhhmmunmﬂudh-iwhmwbchWHI
method of preparaticn claims. As such, the intended usc of the medicament has been determined not to distinguish the claims from
the prior at. ThebmdcnisonApplinmwlhnwﬂ:ltﬁemdhmmmuhemﬂnofhhgwhlndﬂnfw
treatment of the various conditions/disease.
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———— NEW CITATIONS —~
US 3,293,873 A (STONE) 15 March 1994 (15.03.1994), see entire references, especially colomn 2, lines 15-28.
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13. The msthod of claim 11,:-wherein fBe orgen is a spleen.

14. The mefhiod of claim 11, wherein the organ is skin,

6 15. Amethodofdiﬁidﬁgw-paﬁmhuﬂlkhqﬁawqdn
mmmhgwbmmﬁd-mhuhuhﬂdbyapdu,whndnmm
ofenbmmmﬂdnofnlnnlhoulminmhuﬂmh:huﬁnmmewmh
at risk for sepsis or septic shock.
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REIVINDICACIONES ADICIONALES

[Recibidas por el International Bureau el 02 de septiembre de 2003 (02.09.2003); las

reivindicaciones originales 1-14 y 16 no son modificadas, la reivindicacion 15 original es

cancelada (1 pagina)]

13. El método de la reivindicacién 11, en donde el organoes elbazo. =

-@ | il

14. El método de la reivindicacion 11, en donde el 6rgano es la piel. -

-

1 < W‘“‘b >

15. Un método para determinar si un paciente esta en el riesgo de presentar

sepsis o el shock séptico, que consiste en: i\

-
-

. Medir el monéxido de carbono en la respiracién exhalada por un paciente,
en donde una cantidad de monéxido de carbono de por lo menos airededor de 1
ppm en la respiracién esta indicando que el paciente esta en riesgo de presentar

sepsis 0 shock séptico.
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1. This written opinion is the first _(firs, etc,) drawn by this Internationa) Preltminary Examining Authority.
2. This opinion conmins indications relsting to the following tems:
1 [X) Basis of the opinion
o [ Prioriy
i [ ] Noo-esmblishment of opinion with regard to novely, ivetive siep and tncustrisl spplicabillty
v [] Lack of untty of invention

v & Rmmdmmuemmﬂuknhﬁmmﬁﬂmhmdmwvdty,mmmpumm. )
citations and explasations supporting such statentent . i ’

A/ D Certain documents cited
VI I:I Certain defects in the internaional application ' e
Vi @ Certain observations on the international spplication Rl e - . -3

3.  The applicant is herelry invited to reply:to this opinjon.
When? Seed:etimlimtillﬁuladlbofe. Fhe-applicant-mo

How? By submitting a written ieply, accompanied, where appropriate, by amendments, according to Rule 66.3.
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Also For an additional opportimity to mibmit smendments, ses Rule 66.4.
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._Rasls of the opinion

.Whhuwﬂmﬂndmﬁmm:mﬂmlmliﬂﬂm:‘

. Withregmlmthehnnm.nllmamumhdemnmhbhmMMmmAmhﬁwinme

. Wilhm;udmmynndnﬂdemdlnrnmhondﬂnqnmdinloudhmintnmﬁonnlappliudon.d:ewﬁm

4. [] The amendments have resulted in'the cancellation of:

5. D Thisq:inlnnlmbundnwnnif(umomhemuﬂmmhdmhwnm. since they have been considered 10 go

[ ]
this opinion as “originally flled. ”

E the claims;
pegesZ2and23 . asoriginally filed
Mlmm—.nnmd(wpmﬂﬂmmymmm)undnAtﬂﬂe 19
pages NONE , filed with the demand
pages NONE filed with the letter of

[ the drawings:
pages NONE , B8 originally filed
pages NONE , filed with the demand
pages NONE , filed with the letter of

I:I the sequence listing part of the description:
pages NONE , a¢ originally filed
pages NONE , filed with the demand
pages NONE , filed with the letter of

language in which the international application was filed, unless otherwise indlcated under this iem.
Mdemumavnﬂnblemﬂunistndmthilmmhyhthcfnuwingw which is:
I:l the Ianguage of a translation furnished for the purposes of intcrnationa! search (under Rule23.1(b)}.
] the tangoage of publication of the inwrnational application (under Rule 48.3(b)).

the Ianguage of the translation furrished for the purposes of international preliminary examination{under Rules
55.2 and/or 55.3).

opinion was drawn on the basis of the sequence listing:

[} contained in the international application in printed form.

[] fited together with the international application in computer readsble form.
[} farnished subsequently to this Authothty in writtea form.

] furnished subsequentty to this Authority in computer readable form.

] The statemnent that the subsequently farnished written sequence listing does 1ot go beyond the disclosure in the
international application as filed has been furnished.

D Themt:nr.m'thnmehfomﬁm:modedhwmpummdnblefmmhidmﬁcdw&ewrhmmmﬁsﬁng
has been furnished.

[]  the description, pages NONE
[] the claims, Nos. NONE
D the drawings, sheets/fig NONE

beyudlhedis:hmnﬁhd.uhﬂlmedindwﬁpplmnﬂllu(lulem.l(c)).
:Mwmhwmmlowrmmmlﬂmpmromhﬁmimmderdrﬁrbumrdmcdmn
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mmiﬁmmmmmwm inventive step or Indastrial applicability;
citations and explanadinng supporting such =
1. STATEMENT

Novelty (N) Claims IS _YES
Claims 1-14 and 16 NO

Inventive Step (IS) Claimg 15 YES
Claims 1-14 and 16 NO

Industrial Applicability (LA) Claims 1-16 YES
Claims NONE NO

2. CITATIONS AND EXPLANATIONS
Please See Contimuation Sheet
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v Certain chservations on the international appBcation

Thefouuwhgmmmewwmmm.mmmmwmummﬂudﬁmmmuy
supported by the description, are made:

Claims l-l4lleubju:1ulbmmmﬁ.ﬂthv)nmmmwmmeshmm 1-14 arc indefinite for
the following reason(s): MGHMmdkmdbmehumndhhuupdmmtclnﬂy indicate whether a method of use or
& method of preparation was intended.

KX
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No. b

(l‘obeundwtnﬂnminmyofﬂnptwdiuhomilnmmiun)

V. 2. Ciiations and Frplonationg:
Claim lSmneudnmmmmhMMeSSa).mmlmmmrcfamnpltiﬂydh
mmghm“mnkydmmhamdimmmpmﬂhgn_nﬂhmwmpﬁh;m

mmmﬂydmmhawmmﬁhgwﬂhgammeMWqum

€an be made or used in industry,
Claims 1-14 lack novelty under PCT Antice 33(2) s being anticipated by Abidin et ai.

Claim 16 lacks novelty under PCT -Article 33(2) as being mnticipated by Youn et al.
levels of endogenows carbon monoxide.

et al. (1993) and Vassslli et al. (1998).
wommmdumemodsofmﬁmﬁﬂhmmrypmhhmuﬂmhuhwimm

carbon menoxide, nitric oxide and nitrous oxide, which is effectlve in treating cancer, paeumonia, asthma,

fyndrome, pulmonary hypertension, bronchitia and sepais (See entire document),

| Chnieul.(1996)uctuﬂmoxiluiwmenpllynemnﬂmleinhmnsiwfmpu

omninﬂ:emdimwhcnﬂncarbnnmumxide‘npmmmnnlmmnﬂicmmmhmmnbﬂﬂyofduomn.
%limﬂnuiu-iamominmmhssa) heuuudnprhrandnunmtn:horﬁlﬂywmamﬁnﬂnfﬂ:hndng

Claims 1-16 meet the criteria set out in PCT Artcle 33(4).nndhumahdumiu|ppllﬂbﬂiqmmembjumdﬁmd

Abidin et al. explhiﬂydildncﬂnmofﬂrbunnmidepunmdhmtﬂhm). C_hhml-uu'ednﬂednunchm,n
uuch.nhmminwhﬁherﬂ:echimsmimemiulmhumcdulofueurmuhndr.fmakin;. Therefore, the claima are read 1o be
mdmddmﬁngchhu.hwﬁd:m.mehmﬂdmdnumtmmnmﬂydimhdﬁm.

Ouerbein et al, :xpliclﬂydhcloumeuleofurbmmnﬂdgpunmedhmmmmt). Claims 1-14 are drafind as use clims,
auu:h.ithmmhinwl:ﬂ:erlhechﬁn:mhﬂnﬂdmhnmdhodufmeormﬂnﬂofmﬂng. Therefore, the claims are read
be method of making claims, mwkhm,mhuddmdmummpmmwﬁwmedﬁm.

Yaun etal. expliciﬂydisclouameﬁndfordmminin;whﬂhwom Isat r'nknfupaiurl:pdclhnckbymnmﬁngfwclwmd

Chilnll-l4llckl.ninvulﬁveltepmll:rl'Cl‘Axﬁcleﬂ(S)ubingobviwlwu'Womﬂ in view of Choi et al, {1996), Lefer

closes & method of
momoxide and storing the

and xtoring the organ in

ixtures of gases, including
acute respiratory distress

Imonary diseases Including

~Form PCT/IPEA/40S (Supplemental Box) (July 1998)
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Mmdmlm.w.m.WWGMMﬂiﬂn N
Lefer et al. (lM)mhmmmmwuﬁwmmmmnmhMmmm

).
Vasaalll er al. (lMWMMmﬂeWmnﬂmvmmmueﬂuﬁnhh
mmdemmh(Ahm).

The difference between the prior art and the laimed hvmdmhmnhpﬁmmdnumwmlmhdof
nmhgﬂ:dnhddinﬂmwhhhmmﬂuyormﬂhshmuﬂnﬁum.amﬂhdofruﬁuuﬁm&amﬂhﬂd
uuﬁnsum.lmuhodofuuﬂnginﬂmnﬁmiuulunum.lmemnllofuuﬂn;mﬂnnmmnmﬁuqunllor
mhmammudmmmm.whmmﬂe. However, the prior art amply suggests the sume as it is
mmnoxm:mpm:aarﬂmhpwdmdmdmmdwnm:hunhsvm
mm_mmmmm.whmmmmwm. As such, {t would have been well within the skill of
:H:mofotdinuy ndnhhmwmumwmmmmmummmmudunhmum

Form PCT/IPEA/408 (Supplemenm) Box) (Fuly 1998)

_:“.‘-J



Attomizy's Docket No.: 13681-003WO1

- below.

IN THE UNITED STATES RECEIVING OFFICE _ -
Applicant : Yale University et al. ' _ T
Serial No. : US02/14836 '
Filed : May9, 2002 . ' .
Title : CARBON MONOXIDE AS A BIOMARKER AND TI-IERAPEUI'IQ AGENT
MAIL STOP PCT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO WRITTEN OPINION

In response to the Written Opinion dated March 15, 2004, applicants submit the remarks
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Applicant ; Yale University et al.
Seriat No. : US02/14836

Filed : May9, 2002

Page : 2of5

Attorisy’s Docket No.: 13681-003WO1

gx

As an initial matter, applicants wish to point out that original claims 1 to 14 and 16 (aow
renumbered as claim 15) are pending in this application. Applicants canceled original claim 15
(which was directed to a method of enhancing the storage stability of an organ in a medium) by
way of an Amendment Under Article 19, which was filed on September 2, 2003.

The Written Opinion states that claims 1 to 14 lack novelty under PCT Article 33(2)
because they are allegedly anticipated by both Abidin et al, (Kosmicheskaya Biologiya i
Aviekosmicheskaya Meditsina (1978) 6:63-67) and Otterbein et al. (Am. J. Physiol. 276 (Lung
Cell Mol. Physiol. 20): L688-L694 (1999)). In support these conclusions, the Written Opinion
states (at page 5, section V). :

Claims 1-14 are drafted as usc claims, as such, it is uncertain whether the claims
arc intended to be a method of use or method of making. Therefore, the claims
are read to be method of making claims, in which case, the mtended use does not
appear to patentably dlstmgmsh the claims,

Applicants mspectﬁ.llly disagree and point out that claims 1 to 14 are written in standard
“second medical use” format. Applicants submit that every limitation recited in these claims
should be considered during examination. Neither Abidin nor Otterbein describes using carbon
monoxide (CO) gas to prepare a medicament for treating emphysema, bronchitis, cystic fibrosis,
pneumonis, interstitial lung disease, wound healing, arthritis, Parkinson’s disease, or
Alzhcimer’s diaea-se, or to promote wound healing, in a patient. Further, neither of these
references describes using CO gas to prepare a medicament for treating localized inflammation
of a patient’s kidney, spleen, or skin. As such, applicants submit that these references do not
anticipate claims 1 to 14.

The Written Opinioni also states that claim 16 (which has been renumbered as claim 15)
lacks novelty under PCT Article 33(2) as allegedly anticipated by Yuan et al. (Chinese Medical

" Sciences Joumal, Vol. 12(4):212-215 (1997)). In support of this conclusion, the Written Opinion
states (at page S, section V):



Applicant : Yale University etai.
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* Yusn ef il explicitly disclose amietsod for determining whetier one is st sk of

sepsis or septic shock-by measuring for elevated levels of endogenous carbon
monoxide.

Applicants respectfully disagree with both the above-quoted interpretation of Yuan et al.
and the Written Opinion’s conclusion for the reasons below.,

Yuan describes a study carried out to determine whether there is evidence of abnormal
endogenous CO production in newbomn rats during endotoxicosis (see Yuan at column 2, lines 7
t09). To that end, Yuan simply injected rats with endotoxin and, at various time points
following such injection (e.g., 1, 2, 5, and 4 hours after injection), sacrificed the rats and
measured endogenous CO levels in the rats’ plasma, livers, kidncys, and lungs. Yuan concluded
that endogenous CO levels increased in the plasma and vital organs of those anunnlu Nowhere
does Yuan teach that his protocols could be used to detenmne whether a pauent isat risk of
sepsls or septic shock. Indeed, it is absurd to propose-that Yuan considered his method, which
involved killing the experimental subjects, was a clinically useful technique.

Note also that claim 16 requires measuring CO in breath exhaled by the patient.
Nowhere does Yuan teach that a patients risk for sepsis or septic shock can be determined by
measuring exhaled CO. Nor is there any suggestion that a CO level of at least about 1 ppm
might be significant. Since Yuan fails to teach any (much less all) of the limitations recited in
claim 16, Yuan does not anticipate this claim.

The Written Opinion further states that claims 1 to 14 lack an inventive step under PCT
Article 33(3) as being allegedly obvious over WO 98/08523 (hereinafter “Eschwey”) in view of
Choi et al. (Am. J. Respir. Cell. Mol. Biol. Jul;15(1):9-19 (1996)), Lefer ct al. (Methods and
Findings in Experimental and Clinical th:mnoology,- 15(9):617-622 (1993)), and Vassalli et al.
(Bur. Resp. J. 12, Suppl. 28, 2738 (1998)). Applicants respectfully disagree with this conclusion
for the reasons discussed below. '

Eschwey describes the use'of "hydrogmous medications,” i.e., gaseous mixtures
conmmng hydrogen (¢.g., protium, deuterium, or tritium), for the treatment of inflammatory
processes and cancer in animals. Eschwey states that hydrogen-containing mixtures have anti-
tumor and anti-inflammatory activities and are thercfore useful for treating cancér and various
inflammatory conditions. Eschwey includes a list of other compounds that can optionally be -
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Page : dof§
— " ~included in the Kydrogenous medications, such as “NO (mitic oxido), N0 {aiwous uxide),

acetylene (ethine, C;Hj), cthylene (ethene, C2Hy) or carbon monoxide (CO)” (Eschwey
translation (attached hereto as Exhibit A) at page 7, lines 16 to 18, see also page 14, lines 20to
24). There is no indication in Eschwey that CO has mh-mﬂnmmntory acu\nty, or that it would
be useful in and of itself to treat the diseases and conditions recited in claims 1 to 14. In fact,
Eschwey does not describe specific activities of, or uses for, any of the listed optionat
compounds except nitric and nitrous oxide. Bschwey’s discussion is directed exclusively to the
uses of medications containing hydrogen or hydrogen plus pitric oxide to treat-inflammatory
discases (see, e.g., page 8, line 3, to page 9, line 16, and in particular page 8, linc 15 to page 9,
line 5). Eschwey merely refers to the optional compounds as “pharmacologically active” gﬁes,
without elaboration. Accordingly, a skilled practitioner would not have been mdtivated by
Eschwey to administer CO to treat the:diseases and conditions recited in applicants’ claims,
because he or she would have had no reason to expect such & treatment to be successful.

The Written Opinion also cites Choi, Lefer, and Vassalli. However, none of these
additional references provides the information missing in the primary reference. Choi is a
review article that describes the physiological significance of heme oxygenase-1 in lung injury
caused by oxidative stress, Choi also describes the role of endogenously-produced CO (i.e., CO
produced in the body via heme oxygenase-1 degradation of heme). Nowhere does Choi teach, or
even suggest, that exogenously—delivered CO gas could be used as a therapeutic agent. Thus,
Choi has no bearing upon the patentability of the pehd.ing claims,

Lefer discloses in vitro expenments investigating the effects of nitric oxide- and CO-
saturated aqueous solutions on isolated blood vessels and leukocytes, Specifically, Lefer
discloses that nitric oxide- and CO-saturated Krebs-Henseleit solu_uons relax isolated rat superior
mesenteric arteries (SMA) rings in vitro, and that these solutions attenuate adherence of cat
polymorphonuclear leukocytes to cat SMA endothelium in vitro. Lefer- does not teach, or even
suggest, using CO to treat the various diseases recited in claim 1 or'to promote wound healing

. (also recited in claim 1). Further, Lefer does not teach, or even suggest, using CO to treat
localized inflammation of the kidney, -spleen orskin. Lefer does not even suggest that CO could
be administered to a patient without toxic effects. Contacting pieces of blood vessels with an
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Lefer provides no motivation whatsoever to use CO as reclted in claims 1 to 14.
Vassalli is a publication cited in the Written Opinion b_eca'use, according to the Written
Opinion (at page 6, section V): “Vassalli et al. (1998) teaches that carbon monoxide inhibits
acute pulmonary ansﬁcﬁon and would be eﬁéctive in the treatment of acute pulmonary
hypertension.” Applicants respectfully submit that not one of claims 1 to 14 recites using COto
treat acute pulmonary vasoconstriction or acute pulmonary hypertension. Thus, Vassalli has no
bearing on the patentability of the pending claims. |
Applicants submit that none of-the publications cited in the Written Opinion, singly or in
combination, teaches or suggests administering CO as a therapeutic agent to tréat the discases
. and conditions recited in the pending claims. Thus, a skilled practitioner would find no
. motivation, nor a reasonable expectation of success, for using CO as described in the present
’ application in these or any other publications. For all of the reasons discussed above, applicants
submit that claims 1 to 14 do not lack-inventive step in view of these references.

-No fees are believed to be due at this time. If any are due, please apply them to
Deposit Account No. 06-1050. -

Jenis K. Fraser, PD., JD.
Reg. No. 34,819 '

225 Franklin Street
Boston, MA 02110-2804
Telephone: (617) 542-5070
Facsimile: (617) 542-8906
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Hydrogen gas normnlly contains molecular hydrogen. Hydrogm gas-consists for example
of Py, PD or D; or mixtures such as Po/FD, PD/D;, Pa/Dy, PzIPDI D;, where the standard -
hydrogen gas (H,) contains more than 99% by vol. of P3. Hydrogm gas may also contain
" gtomic hydrogen (hydrogen in the proceu of development). Molecular hydrogen exists i
two forms: ortho-hydrogen (with parallel-criented nuclear spin) and para-hydrogen (with
antiparallel-oriented nuclear gpin). Both forms coexist m thermal equilibriuvm. At
tmpmturel above 200K a mixture of constant compomtlon with 75% by vol. ortho-

hydrogm and 25% by vol. para-hydrogen. sppears. Hydrogen gas with this compontlon
is called n hydmgm.

The content data (e.g. vol. %), volume data and pressurc data arc referenced to normal
conditions (20°C, 1.013 bar). The unit ppm is defined as onepu‘tbyvolume per 10° parts
by volume. The term “hydrogenous gas-containing mixtare” also mcl_udea pure hydrogen
gas.

Hydrogen gas is available on the market in steel tanks at a pressure below 200 bar, for
example, or is stored in liquid form (cryogen) at -253°C in ultra-insulated containers..

The medication according to the invention can be used in a vanety of forms. The
medication may be a hydrogenous gas-containing mixture, or a liquid preparation (e.g.

hydrogenous gas-containing mixture or pure hydrogen gas d1spersed in a fat emulsion),
or a solid preparation (e.g., agas stored in a clathrate).

Liquid medications are preferably adminijstered cither intmreﬁouslfr for systemic use or
topically. Solid medications or medications containing solids are preférably applied -
" topically (on the body surface). The gas mixture may consist, for example, of one or more
" inert gases and hydrogen, or of one or more inert gases, oxygen and hydrogen. Inert gases
are nitrogen and the noble - ' -

Sk



WO 9808523 _ h PCT/ERSI/04S67

e e 4

Parent gases, hydrogenous gas mixtures or gaseous medmuone are usually compressed

) ,.apdstoredmeompxessedguconmnm Smgeofahyd:o;mous gas mixture ina -

cumpreesed gas eontamer is advantageous to the extext that dosage is thereby enhanced.

The hydrogen for a hydrogous gas mixture may also be produced or prepared t.hrough
eleeuolyns

'lheacuonofhydros gulsnothmltedtothegasphue Inaceordmeemthﬁm s

law, & certain portion of hydrogen gas is physzically dissolved i liquids. As aresult, -
hydrogen gas is active also in aqueous solutions (e.g. bodily fiuids).

I addition, hydrogen gas can be conditionally active in lipophilic media because of its
solubility. Dissolved hydrogen gas demonstrates its medicinal effect, for-example, in and
" on the membranes of biclogical systenm, including both cytoplasmic manbranee and .
those of the endoplasmic reticulum, Golgi complex, lysosomes, nuclear membrane and
the mitochondria. This is all the more important in that decisive biological reactions
occur in such membrane systems, which are distinguished, inter alia, by their structured
character.

Besxdes the basic posmbnhty that the medication aecordmg to the uwenuon already
_ contains hydrogen gas in gaseous form, the medication may a]so contmn a source for
hydrogen gas. Hydrogen exists in chemically or physically bound form in hydrogen gas
sources, from which hydrogen gas is released at the selected point in time (e.g. hydrogen-
cleaving compounds, mietal hydride, clathrathes, ﬁieroparﬁeles). ' '

ﬁydrogmbus gas-containing medieatiens contribute to the treatment of inflammatory
processes 1 in the body, for exmple organ inflammation (e.g. lungs) or mnmmauon of
the gkin or mucosa. Hydrogenous gas-contaunng med:cauons are espemally appropriate
for the treatment of inflammatory processes in the lungs, which usually involves all
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Fora:unple.mmhﬂantgasvmhlo lODOppm.espemllylo lOOppm.Dz.PDor-
their mixture, can be nsed in the prevention of lung cancer. A portable device with

deutenm-contummg gas for muung with inhalant ges can be used, for example, with
" fieavy smokers. Inhalant gases are usually humtdlﬂedpnor to mspu-at:on

The appropriile inflammation and explosion limits must be observed in setting the '
dosage of hydrogen gas-in suitabls gas mixtures. These limits vary in relation to the
degreé of oxyg content and the:gas humidity, as experts in the ficld are aware of. .-

The benefitial pharmacological action of hydrogenous gas mixtures can also be exploited
n working with cel, tissue and organ cultures. For example, cell criltures With
hydmgous gas miixtures can be gassed. However, hqmd, gel or solid hydrogenous gas-
containing preparations or sources for hydrogen gas can be used as components of or

. additions to the nutrient medium. or nutrient solutions for cultures from cells,

microorganisms, tissues or organs.

Oxygen uptake in the lungs can be enhanced through treatment with a hydrdgenoﬁs gas -
. mixture as 8 medication. Because of the small molecular size of hydrogen and the

beneficial tnnsport features associated with this, expressed in lower viscosity and
elevated creep and diffusion potentm]. respiration performance and its concomitant
metabolisny can be improved, especially in the case of airway obstruction (presence of
atelectasis). Without being restricted to this observation, the improved ‘metabolism

appears therefore to be related to the fact that oxygen molecules are carried along in the
wake of hydrogen molecules. '
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preferably from 1 ppm to 50% by vol., and most preferably from 1 ppm to'2.5% by vl.
jn medications destined for inhalation. T

1t has been serendipitously found thnt gas nuxhtres of hydmgen gas and NO are not only
advantageously enhanced in their action, but that the action of NO is also mmlsed in the
inhaletion therapy of lung diseascs. NO is therefore particularly preferred as a

' pharmacologically active gas for addition to-a hydrogenous gas mixture, The .
phermacological action of NO, which is also found eridogencusly, is descfibed iﬁ
“Nissler A.K.: PZ, No. 2, Vol. 141, Pubhshed 1-11-1996, pp. 11-20,” to which reference
is made, The NO used originated gmex:ﬂyﬁ'omagssnum:s uourceofNO which

is available on the market in compressed gas tanks, for exnmple a8 a mixture of 900 PP
NO in nitrogen (for medical use). :

Substances that give off NO (NO d.oﬁors) are also suitable as NO sources, ¢.g., S-niudsé-
N-acetyl-penicillamine, S-nitroso-cysteine, sodium prusside, nitroguanidine, glycerol
trinitrate, isoamy] nitrate, inorganic nitrite, azide and hydroxylamine.

Hydrogenous gas mixtures with NO-or a NO source contribute to the production of a
medication for the treatment of reversible and imeversible pulmonary vasoconstriction ° -
(pulmonary vessel spasm), bronchoconstriction (spnsm-hke narrowing of the ‘bronchi)
and inflammatory processes in the lungs, in part:cular for the treatment or prevention of
the diseases pneumonia (lung mﬂnmmauon). pulmonary trauma, bronchial asthma,
ARDS (Acute Resp:ntory Distreas Syndrome), PPHN (Persistent Pulmonary
Hypertension of the Newborn), COPD (Chronic Obstructive Pulmonary Duelse). a
bronchitis (bronchial inflammation), hypoxia-mediated vasoconstriction (vascular spasm
secondary to oxygen deficiency), fat embolus.in the-lung (obstruction of pulmonary
arteries), acute pulmonary edems (acute accumulation of fluid in the lng), acuté
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in mixture), hydrogen gas and NO, or hydrogen gas and a pharmaceutically active gas.

In the production of liquid pharmaceuticai compounds (medications), the hydro_gus'
gas mixture can be dissolved or dispersed in an aqueous phase under atmospheric '
pressure or applied pressure. The squeous phase can contain sugar, sugnr alcohbl.
dextrose, dexlnne. polysaccharides, (e.g., starch, cellulose, amylose, pectm. agar),
derivative polysacchnndes (.8, methylcellulose) protems (e g aIbumm). surfactants -
and/or salts. Aqueous gas-containing compounds are described in EP 0122624-A1 and
EPO123235-A1, to which reference is made. The viscosity of the aqueous phase can be
set throughi additives (¢.g., polyethylene glycol, methylcellulose, etc.). The aqueous phase
is prefersbly suited to infusion and meets phygiologiéal conditions (isotonic solutions).
Aqueous compounds with carbohydrates (e.g., sugar, polysaccharides) and/or protein or
protéin mixtures (e.g. albumin) cen also be used in the production of hydrogenous gas-
contsining microbubbles. The production of hydrogenous gas-containing microbubbles is
described in WO S6/38181-A1, to which reference is mads, Aqiicovs compounds with
hydrogenots gas-containing microbubbles may be obtained, for example, from
ultrasound treatment of a solutior: with 1 part of aqueous solution with 5% by weight

. human serum albumin and 3 parts of 5% by weight dextrose in an hydrogenous gas-

containing environment. The gas-containing microbubbles usulily have a diameter of 1 —
10 microns. h '

The producuon of gas-contamms. mcrodroplets is described in US 4622219, to whlch
reference is made.

Lu;ﬁ:d or gel pharmaceutical compounds may also be produced bjr utilizing the fact that
the hydrogenous gas mixture is dissolved or dispersed in a lipophilic phase under
aimosphenc pressure, or prefenbly under apphed pressure
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Mixtures from lipophilic and hydrophilic phases (¢.g. fatty emulsion) are fed gas bfr -'
conducting or bubbling the gas, for example, through the mixture vnder atmospheric

pressure or applied pressure (e.g., 1 - 300 bar) ata temperature of, for exami:le. 0-50C. -

Preferably, the hydrogenous gas-containing mixture is produced in high-pressure '
autoclaves by commingling the mixrure and gas at a pressure of 100 — 300 bar. But it is
also possible to load the lipophilic phase with a hydrogenous gns-contmmng mixture ﬁnt.
followed by the mixture from the hydrophlhc phase.
Liquid or gel pharmaceutical compounds can be hydrogenous gas-containing liposomea
. or hydrogenous gas-containing, hposome-contmmng liquids. Hydrogenous gas- '
containing liposomes can be produced by conventional methods. The product:on of gas-
containing liposomes is described in US 5334381, to which reference is made. The
pharmaceutical compounds with hydrogenous glﬁ-containing liposomes are generally
. used as injectable medications. Ointments with hydrogenous gas-containing liposomes
can also be produced. The ointments are applied externally, for example.

Conventional methods such as ultrasound treatment or mechanical homogenization can
be used in the pmdﬁcﬁon of hydrogenous gas-containing solutions or emulsions, in
particular liposomes. For example, the Ultra-Turrax® from the Jahnke & Kunkel:

" company can be used as a homogenization device. Liquid hydrogenous gas-containing
compounds can also be produced by bubbling the liquid (¢.g., through fine particle sinters

in a gas-washing bottle). Loading with hydrogenous gas-containing gas is preferably -
performed under pressure.

Liquid or gel pharmaceutical compounds can contain hydrogenous gas-containing
microparticles. The microparticles generally have a particle diameter in the.rahge of 0.1
— 40 microns. The microparticles.are constructed, for example, of polymers and contain
the gas in a polymer capsule.
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The high-pressure autoclave is wually then maintained at 2 settunpemtm'e fmsometlme -
(e.g., 80°C for 2 hours). Next, the high-pressure antoclave is grndunlly cooled (c.g. over 5
" days). The precipitated crystals are then scparated and usually washed in the solvent. The
nuclear size of the crystal can vaty, dependmg on production conditions or the
mechnmoal processes of particle conmnnuuon The crystnlhne clithrates may be coated
with hydroph:hc, lipophilic or nmplnphxhc ad_| uvants. For application, the clathrates are
placed (e.g. suspended) in a sterile aqucous system with additives to set the. viscosity,
-surface tension, pH and osmotic pressure. In the case of hydroqmnone as a host
substance, &n aqueous system with the following compound is prcfenbly suitable: l%
' gelatin solution, 1% albumin solution, 10% glycerol soluhon. 15% propylene glycol -
solution, mixtures of sodium cholate arid phosphatidyl choline in wntu', 0.01-1%
- phosphatidyl choline dispersion {(aqueous), 1% xx_lethylcellulose. 1-2% dextrane solution,
"19% agar solution, 2% Tween solution (Tween 80) and 1% gum srabic, o

Diss’o_lutioﬁ of the clathrate releases its gas content. Among other factors, the rapidity of
release of the gas is dependent on the host substance, nuclear size and the aqueous system
employed; it can be set within's wide range of limits. Thus with the help of a clathrate, -

injectable hydrogenous pharmaceutical preparations can be obtained in a simple manner.

For.example, 10 mg of the hydroquinonc/H; complex (3:1 complex) releases about 0.03

Hydrogenous gas medications {for examplc,-wil.h or without NO, CO, N;0, acetylene or
ethylene) are used, inter alia, in the form of suppositories, ointments, solutions,
dispersions, emulsions, microdroplets, microbubbles, liposomes, microparticles, aerosols,

foams. particulate agents, pills, pastilles, capsules, microcapstles, types of chmng gum
mdmcamm or upa:t ofaplasta-

_..__rqn - - .. . mamnas et
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During the experiment the test animals were first anesthetized with a barbiturate
(thiopental) and then an narcotic inhalant (isoflurane). The animals wereput ona

pressure-conu'olled ventilator to maintsin breathmg (Servo SV 900 Swme.ns, Germany).

The gas mixture of 3.5% by vol. H; and the remainder nitrogen (pressure gas tank from

Messer Griesheim) was introduced into the respiratory system of the test animals via a
so-called disk-type gas mixer, which is normally used for anesthesia with NzO. It was

poss:ble to control for a precise H; concentration by using a densxty conversion factor, as -
well as externally via the disk-type gas mixer. The H; concentration of the mspxmow gas

(gas breathed in) and the expiratory gas (gas breathed out) was monitored. Electmmc

sensor measuring devices (Compur) and heat conduction-based measuring devices

(Hydros, Rosemount) were used to measure Ha. Once the ﬁxgd valﬁe determination was

made, the respiration parameters were not adjusted again during the procedure.

The procedure with hydrogenous iﬁhalant gas lasted 60 minutes. AfRerwards, ARDS was
- induced with oleic acid (see: Schuster, Danitl P.:Clinical Lessons from the QOleic Acid -

Model of Acute Lung Injury, Am. J: Respir. Crit. Care Med., Vol. 149, 1994; pp. 245-
260). : '

The results are summarized in the Table below.
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This damage to the cell barrier pmp:tates an increased wcumulnnon of fluid inthe -
interstitial and alveolnr tissue of the lung, which leads to severe gas metnbohsm

. duturbnnce The test results indicate that hydro genous gas therapy produces a reduchon

in gas metabolism disturbance, and an increase in lymph flow, as wellasa decrelse in

lung fluid, which benefits the cell barrier.
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5. Use of the medications according to Claims 1 trough 7, characterized in that the
medication is administered locally, intracutaneously or transcutaneously for therapy;
intravenously for systemic usr., intrarterially orally or rectally through pmial
exchange of bodily fluid or lymph components; intrapleurally, mtrathecally. _
intraventricularly, intraperitoneally, intracavitarily in an OR. environment for uu in
cavities.

9. Use of a hydrogenous gas-contdining compound or gas mixture for the production of
ia medication for the treatment or prevention of ARDS (Adult Respiratory Distress
Syndrome), bronchial asthms, COPD (Chronic Obstructive Pulmonary Discase),
bronchitis, pneumonia, pulmemary traums, hypoxia-mediated vasoconstriction and for
the treatment of airway obstruction’(atelectasis) or inflammatory .process'en.

10. Useof & hydrogenéms ‘gas-containing and a nitric oxide-containing compound or gas
mixture for the production of a medication for the treatment or prevention of
pulmonary vasoconstriction, bronchoconstriction or airway obstruction.

. 11, Use of a hydrogenous gns-contéining and a nitric oxide-i:onuiriing compound for the

producuon of a medication for the treatment of reversible and urwerslble pulmonary
vasoconstnctlon (pulmonary vesscl spa:.m) bronchoconstriction (spasm-hke

nm'owmg of the bronchi) and inflammatory processes in the lu:ngs

12, Use of a hydrogenous gas-cuntmmng and a nitric oxlde-contumng cumpomd Or gas
mixture for the production of a medication for the treatment or prevennon of the
~ diseases pneumonia (lung inflammation), pulmonary trauma, bronchial asthma,
ARDS (Acute Respiratory Distress Syndrome), PPHN (Persistent Pulmonary
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17. Use of & hydrogenous gas mixture or a hydrogenous gu compound for the production
of a medication to reduce the concentration of peroxonitrites or hydroxyl radicals in

the bodies of mammals or humans.

18. Use of a gas mixture composed of hydrogen gas, helium and oxygen gas for the
production of an inhalable medication in the treatment of gas metabolism disturbance
in the lunge and the treatment of airway obstruction.

19. Use of 2 liquid containing carbohydrates, llplds, pepudes or protems for the
productmn of 2 hydrogenous ges medication. : : :
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Gulfford, Connecticut 08437 epplicant end inventor
United State of America [ invemor oy thi chack-basx i
merked, do not fill in below.)
Applicant's registration No. with the Office
State (that £s, country) of nationality: Et;n: {that Is, couniry) of residence:
us
This person i licant all designated ald ted States the United Stafes the States indicated i
for the purpases o ] Steime B[] Shdsrienited Stutes cxcop | B the Unitod: only L] the Soppiemaay o

arne end address: (Family sems foliewed by given name; for « ingal emtiry, full afficial desigassion. This person is:
E:dﬁ-l_mplﬂnh-qum :!'h-n-’qﬂhlﬂuﬁnﬂ-lhﬁ
U5 she applicanr'y Staty (that b, country) af rexidencs {f ns Stz of revidincy is indioasd beiew}

BACH, Fritz H, [[] sppticant only
E applicant end inventor

D inventor only {{/ this check-bax is
marked, do not fill In below.)

Applicant's registration No. with the Office

"STate (7ot 13, country] of nationality: State (that is, country) of residence:
us us .

This persan is pplicant [—] all designated Il designated States ex the United States [ the States indicated i
Ifm':h': rpescrst ot [ Shacsignated [T ol dovignated Sutcg except ] the United wnte [] fhe Siaves Indiested in

ame and address: (Fauiy neme follewed by given sams for o logal extity, fill efficia! dexignation. This person is:
sdiraxs must include pastal code and nawe of conmtry. The comntry of the adsdress indicated in fhis

it the applicart's Ssate (that s, conntry) of rasidence {f m» Svase of revidence Is indicasrd betew.} .
OTTERBEIN, Leo E. [] =ppticant only
83 Mather Street . .
Hamden, Connecticut 08517 applicant and inventor
United of rica . D inventor only (If this check-bax is
marked, do not fMll in below.)

Applicant’s registration No. with the Office

St;!e {that is, country) of netionality: Et;u (thet is, couniry) of residence:

U

[This i icant all designated all designated States except the United States the States indicated in
For tha purposes et L] Ststes [ e e Stten of Amoemes 1) o At Sides [ the Satn ndicatod in

D Further applicants and/or (further) inventors ere indicated on another continuation gheet.

Form PCT/RO/101 (continustion sheet) (March 2:001; reprint July 2001) See Notes 1o the request form



BoxNo.V  DESIGNATION 6!‘ STATES Mark the applicable check-baxes below; at least one must be marked.

The following designations are hereby made under Rule 4.9(a):
Reglonal Patent

B AP ARIPO Patent: GH Ghana, GM Gambia, KE Ken LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan, SL Si
o ; a, G . awi ozambique, 5 :r:

, lend, T2 United Republic of Taania, UG Ugands, ZW Zinbbee. th ich
Coricting Stee of the Harare Protoco! and of e FOT - C UBA8, ZW Ziimbabwe, and'any ther State ‘whi

B EA Eursstan Patent: AM Armenia, AZ Azerboijan, BY Belarus, KG Kyrgyzstan, KZ Kezakhstan, MD Republic of Mold
RU Russian Federntion, TJ Tajikistan, 70 istan, end any othe: State' which 15 & Contiaring Shas i af Moldoval

§ )
ES gplm. ¥1 Finl FR France;, GB United Kingdom, GR Greece, IE Irelan L bourg, MC|
lédonm. 'NPL eﬂnu-lmdg,ml"l‘ E‘W Sweden, TR T\é(:yl?' and arlly cﬂ:'a- State which is nyémq%;msm of the|

& 0A 0API Patent: BF Burkina Faso, BJ Benin, CF Central Affican Republic, CG Co CI Cate d'Jvoire, CM Camercon,
GA Gabon, GN Guinea, GW Guinea-Bigsau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any|
other State which is a member State of OAPI end a Contracting State of the (if other kind of protection or nmaul
desired, specify on dotted line)

B3 EP European Patent: AT Austria, BE Belgium, CH & L1 Switzerland #nd Liechtenstein, CY DE G .
Bt T s IE B, S ity B8, ey
and

Natlonal Patent (if other kind of protection or treatment desired, specify on dotted line):

B AE  United Arab Emirates B GH Ghana .. ... B MX Mexico .................
B AG  Antigus and Barbuda B GM Gambia B MZ Mozambique

WAL Abenia ................... B AR Croatia ... .............. B NO Norway

BAM Amenia .. ............... B HU Hungary .................. B NZ NewZealend .............
R AT Austia ,................... B ID Indonesia ®PL Poland ., ...............
B AU Avetralia ................... B oma ... erreas R PT Portugal .................
B AZ  Azerbaijen Bm™ omdia ................... & RO Romania

B BA  Bosnia end Herzegovina ... ... B 1S Iceland B RU Russian Federation ... ... ...
I BB PBarbados R JIP depn ...
B BG Bulgaria ................... B KE Kenya .......... evenennns B sp Sudan
BBR Bzl ..................... B XG Kywgyzstan ................. B SE Sweden

B BY Belarus ,.,.................. B KP Democratic People's Republic (Rl SG Singepore

BIBZ Belize ..................... ofKorea ......... ey B st Slovenia .................
B cA Canada B KR RepublicofKerea ... ... ...... B SK Slovakia .................
Bl CH& LI Switzerlend and Licchtenstein B8] KZ Kazakhstan ... .. B sL SiemmLeone .............
BoN Chine........ooooovnll B LC SaintLucia B TI Tejikistan ................
B co Colombia B LK SriLanka T™ Turkmenistan .............
B CR CosaRica .................. B LR Liberia B TR Tukey ..................
Bcou cuba ............oovinnls BRLS Lesotho .................. B TT Trinidsd and Tobego .......
8 cz CaechRepublic .............. ® Lr Lithewna 00
BDE Germamy ................... B.LU Luxembourg B TZ United Republic of Tanzania
B DK Denmark ................... BILV Latvia B UA Ukreine ..........
B DM Dominica B MA Morocco  ,............... B UG Ugenda ..................
Moz Ageia .................... B MD Republic of Moldova . ... ... Bl US United States of America

B EC Bodor e
RIEE Estonia ................... B MG Medogascar . _._.......... B vz Uzbekistan ... ........
R ES Spin ...................... ). MK The former Yugosiav Republicof Bl VN VietNem .............. ..
Rrf Filand,  .................. Macedonia ,,........... .. B YU Yugoslavin................
& GB  United Kingdom B MN Mongolia ® zA SouthAfrica ..............
B GD Grenada B MWMalawi ... B zw Zimbabwe ,...............
BGE Geomgin .................

Cheek-boxes below reserved for designating States which have become party o the PCT after issuance of this sheet:
B Apeligiblestatas .................. O O
O o O................. e eiiaaess O, . ...

recautionary Designation Statement: In addition to the designetions made above, the applicant also makes undey Rule 4.9(b) ell

ther designafios Which would be permiied under the FCT except any designator(e) indiested in the Supplemental Hox % bein
tluded scope of this statememt. The nml:iclm declares that those additional designations are subject to confirmation

hat any designetion mch 15 not confinmed before :he expiration of 15 months from the pricrify date is 1o be ragarded as withdrewn by

the applicant at the expiretion of that time limit. (Confirmation (including fees) must resch the recetving Offica witkin the |3-monsh tinse limit,)

Form PCT/RO/101 (second sheet) (July 2001) ) See Notes to the request form
LegalStar 2001, Form PCTREQ



SheetNo. ....4..

BoxNo.Vl  PRIORITY CLAIM

The priority of the following earlier applicationss) is hereby claimed:

Filing date Number Where carlier application is:

of carlier application of earlier application

(dayfmonth/year) national application: | regional epplicetion:® | mtemational application:
country regional Office receiving Office

item (1)

item (2)

item (3)

itemn (4)

item (5)

D Further priority claims are indicated in the Supplemental Box.

The receiving Offico is requested to nnd trangmit to the International Bureau » certified cop, of the earlier lggliuﬁun(s)
'on J the carlier application was with the Office which for the purposss of this international application is the receiving
identified above as:
O atitems [ wem@y [ itemiz [J weme) [J tem@ [J stem® g‘::pi e sl Box

* Where the earlier application is an ARIPO application, indicate ot least one country io the Paris Convention for the Protection of
Industrial Property or one Member of the Worid Trade Organizatian for which that earlier application was fited (Ricte 4. 1OBIIY- .\ @1~ . 2

...................................................................................................

Box No. VIl INTERNATIONAL SEARCHING AUTHORITY

Cholce of Interaationn! Searching Autho SA two or more International Searching Authoritiex are compeient o carry out the
international search, indicate the Amha!f!y cha.lal:‘trhea rw;mqr code may be used): e i

Request to use results of earer search; reference to that search (if on earlier search has been carried out by or requssted from rhe
Inlernational Searching Authority):
Date (day/month/yvear) Nurnber Country (or regional Gffice)

Box No. VIII DECLARATIONS

The following declarations are contained in Boxes Noa. VIII (i) to (v) (mark the applicable Number of
check- ow and indicate in the right column the number of each type of deciaration): declerations
[ Box No. viu i) Declaration es to the ideatity of the inventor
[ Box No. vin (i) Declaration es 1o the ﬁlium‘: entitlement, 85 at the international filing
date, to apply for and be granted a patent
D Box No. VIII (iii) Declamtion a5 to the applicant's entitlement, as at the international filing
date, to claim the priority of the earlier application
D Box No. VIII (iv) Declamation of inventership (only for the purposes of the degignation of the
United States of America)
D Box No. VIII {v) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty : '
Form PCT/ROQ/101 (third sheet) (March 2001) reprint July 2001) See Notes to the request form

LegalSrar 2001, Form PCTREQ



SheetNa. ....5_. -~
Box No.IX CHECK LIST; LANGUAGE OF FILING
This i ional applicati tains: This international application is sccompanied bythe followi Number
::;':,::mf; g coneslns Hem) (mark the opplicable chech-bases below und indlonte of tems
shests in paper form: right column the mimber of each item):
request (includ; 5 | 1.1 fee calculation sheet
::::: ::::’ uding 2. [ original seperate power of attorney
sequence listing part) 21 5 O original general power of attomney
claims : 2 | 4.[3 copy of general power of attomney; reference number,
abstrect . 1 ey Tessenvenanass
drawings : 0 | 5.0 statement explaining lack of signature
Stub-total number of sheets : 20 | 6. [ prierity document(s) identified in Box No. V1 as
- L () S
ence Listi of
%an dl‘:zligﬂumber 7. [ translation of internetional application into
0 .
ﬁﬂ'- wﬁg ”';% - flanguoge): . .........coieiiririnn i,
iled in cogm'a' able - LJ scparate indications concemning deposited microorganism
Jorm; see (0) below) or other biological material
Total number of sheets 29 | 9.0 sequence listing in computer readable form (indicate also type
|(b) sequence listi of description filed in and number of carriers (diskette, CD-ROM, CD-R or other))
computer “3. le form (o]m] eo]c:iy mbrlnnlted for the mon of international search
() J only (under Section 801 (a)(i)) under ".';:ﬂ {:;];’c';'gm d mot as part of the
i in eddition to being filed i i where check-box if) is marked in |\
@0 }:nn (:l:&nu"’Segﬁ-'h Bltﬁl(l:)!iii) @ D g:oelnl?:nn) elfg;di'.tll;onﬂ m@%g?;ﬁauwh?m appiiunléfg
HPsS aeke st e
. sequence filﬂﬁ'p::t is m!::l'iln:dl additional (iii) (] together with relevant statement s to the identity of
coples to be indicated under item 9(ii), in the copy gr.capies with the sequence listing part
right column): mentioned in Teft column
......................... 10. ) other fapectfy): chack;pastoard. ....................
re of the drawings which Anguage of fMling of the
Eguuld gccompany the gmm: Eun%nig;ll npplicgllicm: English

|obviowus from rmdtug !

Box No.X  SIGNATURE OF APPLICANT,
Next 1o each signature, ’:':dlcale :)he name of the person signing and the capacity in which the person signs (If such capacity Is not
reguest).

AGENT OR COMMON REPRESENTATIVE

JEH‘mnan. _No. 47,443

1. Date of actus) receipt of the purported
international epplication:

For receiving Office use only

timely received
purported intemational epplication:

3. COITECtEd datr of ectual receipt due to later but

or drawings completing the

Late of imely receipt of the required
corrections under Article 11(2):

fnternational Searching Authart
(iftwo ormr:m;l%pe:m?)?w ISA/

Transmittal of scarch copy delayed
until search fee is paid

G.D

Date of receipt of the record
by the International Bureau: i

Fu} Intenational Bureau use only

Form PCI/RQ/101 (last sheet) (March 2001 reprint July 2001)

LegalSsar 2001, Form PCTREQ'

See Notes to the reguest form
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This sheet Is not part of and does not count as a shees of the international app.llcaﬂon.

PC T For receiving Office vae only
FEE CALCULATION SHEET In ional Application No.
Annex to the Request
Arplimfl or agent’s
file reference 13681-003W01 Dute stamp of the receiving Office

Applicant
Beth larasl Deaconess Medical Center

CALCULATION OF PRESCRIBED FEES
I TRANSMITTALFEE ........cviiinrnnrronenernrencncnss

2 SEARCHFBE  ..0itovniinrneneininnsesonenennnnnannens
International search to be carried out by us

3. INTERNATIONAL FEE
Basic Fee

(If two or more Iniernational Searching Authorities are competent to carry oul the internatlonal
search, indicate the name of the Authority whick is chosen 1o carry out the international search.)

240.00[ T |
700.00] g |

Where item (b) of Box No. 1X applies, enter Sub-tetal oumber of sheets 29
Where itemn (b) of Box No. IX does not apply, enter. Total number of sheets
! e s0sbests . . . . . e | 407.00 b1
0 x 8.00 = | 0.00]b2]
number of sheets fee per sheet :
m additional component (only if sequence listin of description
2] I3 o n computes resdable fan inge Soonpert of description
in thet form and on paper, under Section 801(a)(ii)):
400 x = lﬁl
fec per sheet
Add amounts entered at b1, b2 and b3 and enter total @B . - . | a07.00[ 5 ]
Designation Fess
The internatione] application contains _ 81 designations.
5 x 88.00 - | 440.00[ |

number of designation fees amount of designation fee
payable (maximum 6)
Add amounts entered at B end D and enter total at |

{Applicants from certain States are entilled to a reduction of 73% of the
international fas, Where ihe opplicant is (or all applicams are) 5o entitled, the

4. FEE FOR PRIORITY DOCUMENT (if appilcable)

| s47.00[ |

1,787.00
5. TOTALFEBESPAYABLE - . . . . . . . . . . v v v v o« .
Add amounts entered at T, S, ] and P, and enter total in the TOTAL box TOTAL

| | The designation fees are not paid at this time.

MODE OF FPAYMENT

BX swthorization 10 charge ] postal money order ] cash O coupons

[ cheque Q bank drafi, ] revenue stamps g other (specify):
"AUTHORIZATION TO CHARGE {OR CREDIT) DEPOSIT ACCOUNT

(This mode of payment may not be available at ali receiving Offices) Receiving Office: RO/ uUs
[[] Authorization to charge the total fees indicated above. Deposit Account No.: 08-1050

. Date: May 9, 2002
) iy check-bax be marked o the condittons it !
R (et by et nl e s S e o
credit any overpayment in the total fes indicated ebove. Name: Jack Brennan

[0 Authorization to charge the fee for priority document. Signature: m —

Form PCI/RO/101 (Annex) (March 2001; reprint July 2001) See Notes to the fee calculation sheet

LepalStar 2001 Farm PCTRRO
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PATENT COOPERATION TREATY TEX

From the INTERNATIONAL BUREAU

PCT To:

NOTICE INFORMING THE APPLICANT OF THE
COMMUNICATION OF THE INTERNATIONAL
APPLICATION TO THE DESIGNATED OFFICES

{PCT Rule 47.1{c), first sentence)

FRASER, Janils, K.
Fish & Richardson P.C.

RECENVED

ULl 0 2 2003
Baston, MA 02110

i JESH & RIC
ETATS-UNIS D'AMERIQ mm"klﬂnsmp PG

Date of mailing (dav/month/year)
11 November 2003 {11.11.03)

Applicant’s or agenl's file reference

13681-003WO1 IMPORTANT NOTICE
Imernational application No. International [iling date {day/montfi/yeur) Priority date (day#monih/year)
PCT/US02/14836 09 May 2002 {09.05.02)
App“l:ll‘l;
YALE UNIVERSITY et al

. 1. Notice is hereby given that the International Buresu has calnmunluned. s provided in Anicle 20, the international application to the
following designated Offices on the date indicated abowve as the date of mailing of this notice:

AU, AZ, BY, CH, CN, CO, DE, DZ, GH, HU, JP, KG, KP, KR, MD, MK, MZ, RU, TM, US

In accordance with Rule 47.E(c), third senience, those Offices will accept the present nolice as conclusive evidence that the commmunication
of the intemational application has duly takep place on the date of mailing indicated above and no copy of the inlemationa) application is
required 10 be furnished by the applicant to the designaled Office(s).

The following designaled Offices have waived the requiremeni for such a communication at this time:
AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BZ, CA, CR, CU, CZ, DK, DM, EA, EC, EE, EP, ES, F1, GB, GD, GE, GM,
HR, ID, IL, N, IS, KE, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MG, MN, MW, MX, NO, NZ, OA, PL, PT, RO, SD, SE, G,
8l, SK, SL, TJ, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW

The conuvunicetion will be made io those Officos orly upon their request. Furthermore, those Offices do not require (he applicant to
furnish a copy of the intemational application (Rule 49.1(a-bis)).

13

3. Enclosed with this notice is a copy of the inmemational application as published by the International Bureau on
20 November 2003 {20.11.03} under No. 03/09493>

4. TIME LIMITS for filing a demand for Inlernational preliminary exdmination and for entry Into the natlonsl phese

The epplicable time limit for entering the national phase will, sabject to what Is sald in the following paragraph, be 30 MONTHS from
the priority date, nol anly in respect of any elected Office if a demand for inlernational preliminery examination is filed before the
expirstion of 19 months from the priority date, but also in respect of any designated Office, in the absence of filing of such demand, where
Article 27(1) a5 modified with effect from | April 200 epplies in respect of that designaied Office. For further details, see PCT Gazerte
No. 4472001 of | November 2001, pages 19926, 19932 and 19934, as well as the PCT Newslerter, October and November 2001 and
' February 2002 issues,

In praciice, time lbnits other than the 30-month time Umi will conlimuc 10 apply, for various periods of time, in respect of cerain
designated or elected Offices. For regular updates on the applicable time Limils (20, 21, 30 or 31 months, or other time limit), Office by
Office, refer 1o the PCT Gazetle, the PCT Newsleder end the PCT Applicant’s Guide, Volume 11, National Chapters, all avaitable from
WIPO's Intemet sile, at hitp//www.wipo.int/pcl/enfindex.himl.

For filing a demand for international preliminary examination, see the PCT Applicans’'s Guide, Volume VA, Chepier 1X. Only an

: applicant wiw is a national or resident of a PCT Contracting Siate which is bound by Chapter II hes the riohi = file a demand for .
international preliminary examination (at present, all PCT Contracling Sl.nra.nnimm Nu-lll'i’n?k.gﬁr dﬂ Required®
It jg the applicant's sohe responaibility 1o monitor all these 1me limits. : E—— y:,:tc—Jms
: TReviewed by Practic
Initialsi— : —
Reviewed by Billing Secretury
Lnitials: N
L_
Authorized officer

The Intemational Bureau of WIPO
34, chemin des Colombetes

1211 Geneva 20, Switzerland Judith Zahra

Facsimile No.(41-22) 740.14.35 Telephone No.(41-22) 33891.11
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Attomey’s Docket No. Express Mail Labei Na. Meittug Date For PTO Use
[_EGBI-OO,‘!WOX ’ EL.965903432U8 April 15, 2004 f Do Not Mark in Yhis Aree

Application No. Filing Dute J Atomey’Secretary it

US02/14836 Msy 9, 2002 TEGAxh

Title of the Invention

monoxide a3 a biomarker and i

Applicent

Yale University et al,

EBnc)
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_The demand srust be flled directly .. . the compeweni Internationsl Preliminary Examinin, _.auhority or, if two or more Authorities are
-mmmm»mwm ncﬂrmwmhucwdtofMAuMwmhMmdaymmﬁmmlhlm

IPEA/ US

PCT - | cHaPTER -
DEMAND
under Article 31 ofﬂ:lcl’ltthoopmhtm .
The undersigned requests that the mumﬂapphummemﬁedbelawhﬂhzmb;ectof -

international preliminary exa mluunleemdmgtnﬂwthoopen Treaty and
here eleclxnllehm‘blcShu(meptwhthmmd:cl:;)

For International Preliminary Bxamining Authority use only

Identification of IPEA Date of receipt of DEMAND
Applicant's or agent's file reference
ID] F -
Box No. I ENTIFICATION OF THE INTERNATIONAL APPLICATION 13681-003WO1
International epplication No. International filing date (daymonthdear) | (Earliest) Priority date (dayimonthvyear)
PCT/US02/14836 9 May 2002 ( 090502 ) A )

Title of in
CARBON MONOXIDE AS A BIGMARKER AND THERAPEUTIC AGENT

Box No.lI APPLICANT(S)

Nln'l:lndlddra: {Family m-lu Teﬂm 2 ug'tm m:n:“ ‘j-i;r n:le Ic:&l endly, /ull official | Telephone I.io.
YALE UNIVERSITY

Facsimile N
Two Whitney Avenue mile No-
New Haven, Connecticut 08571 -
United States of America _ Teleprinter No.

Applicant’s registration No. with the Office

State (that is, country) of nationality: Su!e (that ls, country) of residence:
us

Name and address: (Fm?fmﬂldwbyghume forglqdml!g!ﬁﬂoj!ddm mwrmmmmmmm
name of coun

JOHNS HOPKINS UNIVERSITY
111 Marketplace
Sulte 908
Baltimora, Maryland 21202
United States of America

State (that is, country) of nationality: State (that is, country) of regidence:
us us .

Name end address: (Fomily some foltowed by given name; for a legal entity, full official designation. The addrers must include postel code and
nams of country.) . .

CHOJ, Augustine M.K.

43 Long Meadow Drive

Pittsburgh, Pennsylvania 15238

Unitad States of America

State (that s, country) of nationality: State (that Is, country) of residence:
us us

Further applicants are indieated on a continuation sheet.

Form PCT/IPEA/401 (first sheet) (March 2001; reprint July 2002) See Notes to the demand form
LegalStar 2002, Forn PCTDEM -



. International application No.
Sheet No. 2. . PCTS02/14835

Continuation of Box No. I  APPLICANT(S) _
If none of the following rub-baxes is used, this sheet should not be included in the demand.

Name and address: (Family name foliowed by given name; for  legal entlty. full offieial designation. The address must include postel code and
name of country.) .

OTTERBEIN, Leo E.

|©10 Normandy Drive

New Ksnalngton, Pannsylvanla 150688 -

United States of America

State (that is, country) of nationelity: Stato (that Is, country) of residence:
us - us
Namo and address: rrmgm’f;jbmayym name; for a legal entity, full official designaiion. The address must include postal code and

.SIIE {that is, country) of nl.till:mal-ity: . © | Stete fthat is, country) of residence:

Name and address: mmﬂwwﬂm name; for a legal entity, full official designation. The address must includs postal code and

State (that is, country) of nationality: State {that is, country) of residence:

Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must inclede postal code and
name of country.) .

State (that is, couniry) of nationality: State (that is, country) of residence:

D Further applicants are indicated on ancther continuation sheet.

Form PCT/IPEA/401 (continuation sheet) (March 2001; reprint July 2002) See Notes 1o the demand form
LegaiStar 2002, Form PCTDEM ' }
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. International application No.
Sheet No. .3, PCTAISO2/14838
Box No. Il AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE '

The following person is E agent D common representative .
and has been appointed earlicr and represents the applicant(s) also for intemational preliminary examination.
D is hereby appointed and any enrlier appointment of (an) agent(e) /conunon lwriammive.is hereby revoked.
is hereby inted, epecifically for the procedure before the Intemnational Prelimi Examining Authoxity, in
T n represcnative sgpoine cri. i o v

agent{s)/common representative
. . Telephone No.
Name and address: ¢Fomil lowed : F/ , full offtcial -
T e st e o et ey ooty 617-542-5070
FRASER, Janis K., Ph.D.. J.D. “Facsimile No. .
Fish & Richardson P.C, - . 817-542-8008
225 Frankiin Streat - -5. 0808
Boston, Massachusetts 0211 {eleprinter No.
United States of America )
Agent's reqistration No. with the Office
34,810 :

Address for correspondence: Mark this check-box where no t OF COnTnon tative in'has been inted and
Dthelpmabwcisuudinsmdwindimulpeciﬂldd:mlowicheorrupcndmlulhpuldbeml. o

Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION
Staterent concerning amendments:*
1. The applicant wishes the international preliminary =xamination to start oa the baals of:
the international application s originally flled.
the description as originally filed
as amended under Article 34

the claims ag originally filed

as amended under Aricle 19 (together with sny accompanying statement)
as amended under Amicle 34 '

the drawings ag oniginally filed

as amended under Article 34

2 D The applicant wishes any smendment to the claims under Article 19 to be considered as reversed.

The applicant wishes the start of the international preliminary exernination to be postponed until the expiration of 20
montha from the priority date unless the Intemational Preliminary Bxemining Authority reczives a copy of sny
amendments made under Asticle 19 or a notice from the applicant.that he does not wish to make such smendments
(Rule 69.1(d)). (This check-box may be marked only where the time limit under Article 19 has not yet expired.)

*  Where no check-box Is marked, international preliminary examination will start on the basis of the international epplication as -
oriﬁimlly filed or, where a copy of amendments.w the claims under Article 19 and/or amendments of the mtemational
epplication under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up
& written opinion or the international preliminary examination report, as so amended. .

00 000 00

Language for the purposes of International preliminnry examination: English
which is the language in which the intemetional application was filed.
[]  which is the lengusge of a translation fumished for the purposes of intemationel seerch.
[]  which is the 1enguage of publication of the intemational application, :
D which ig the language of the translation (to be) furnished for the purposes of international preliminary examination.

Box No.V  ELECTION OF STATES

The ’g;lcml hereby dlects all eligible States (that is, ail States which have been designated and whick are bound by Chapter Il of

excluding the following States which the applicant wishes not to elect:

Form PCT/IPEAZZUT (second sheef) (March 2001; reprint July 2002) See Notes to the demand form

LegaiStar 2002, Form PCTDEM

0



Intemational application No.

SheetNo. 4. | PCTIUS02/14836
Box No. VI CHECK LIST '
For International Preliminary -

The demand is 3 the following clements, in the language referred to in Examining Autherity use only
Box No. l'V for lhepln'pous international preliminary examination: received’ not received
1 hmnlllwn of internationel application sheets (] D
2. emendments under Article 34 sheets O O
3 (or, whm uired, translation

:?Py Article 19 ) theets (| |
4, ‘o, where required, translation

%:mm«:u s ) sheets O (|
5. | letter sheets O O
6. other (specify) sheets O (.

The demund is also accompanied by the item(s) merked below:
1. 3% fec calculation sheet

2. D originel scparate power of attorney
kR D eriginal general power of attorney

« 0 ot

power of attomey;

number, if any:

5. D statement explaining lack of signature
6. D sequence listing in computer readable form
7. [ other (specif): check; poaﬁrd: copy of 92bis

Box No. VII SIGNATURE OF APPLICANT, AG_ENT OR COMMON REPRESENTATIVE
m--*mmu%ﬁ%ummwmwmmuummmwm

For International Prelinminary Examining Authority usc only

1. Date of actual receipt of DEMAND:
2. of receipt of demand due
EJORRECI'IONS ull:'d.ﬂ' Rule 60.1(b):
3 D ThedmofmmptofthedenunduAFTERﬂmexpmmomenﬂm The applicant has been
from the priority date and item 4 or §, below, does not epply. _ Y informed accondingly.

4.

O

Rule 80.5.

The date of receipt of the demand is WITHIN the period of19monlhsﬁ'mﬂ:epnontydm:suundadbywnueof

O

Alﬂlouglé

the date of recelpl of the demand is after the expiration of 19 months from the priority dlte. the delay in arrival is

D pursuant to Rule 82.

Demand received from IPEA on:

For International Buresu use only

Form PCT/IPEA/401 (last sheer) (March 2001; reprint July 2002)

LegaiStar 2002, Form PCTDEM

See Notes to the demand form =~ -



PCT

FEE CALCULATION SBEET

== Far Intemational Preliminery Bxamining Authority use only ==

CHAPTERII |

Annex to the Demand
Intermational
epplication No. PCT/US02/14836
Afplicants or egent's 13681-003W01 Dute stamp of the IPEA
Applicant

Yale University and Johns Hopkins University

CALCULATION OF PRESCRIBED FEES

1. Preliminary examination fee

| 49000 [P |

Where the applicans is (or all applicanis are

2. Hendling fee (Applicants from certain States ure
entitled to a reduction of 75% of the handling )J.‘u.
50

entitled, the amount to be entered at H is 25% of the

RAndNRG fer.) ....ovvevvverseeerensimeeeeeesmmmmessessses oo | 172.00 I |
3. Total of prescribed fees

Add the amounts entered at P and H .

end enter total in the TOTAL box ..o 862.00

TOTAL
MODE OF PAYMENT
uthorization to charge deposit

account with the IP =(':epo B'ellow) D cash
cheque D revenue stamps
D postal money order D coupons
D bank draft D other (specify):

m:{diumd al

D Authorization to charge the total fees indicated alove.

" (This check-box may be marked only if the conditions for
ek accounts of the !PE'A [ pe,rym{;) Authnrintionf to

deficiency or credit any overpayment in the

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
{This mode of paymant may not be available at all IPEAs)

IPEA/

us

Deposit Account No.:08-1050

Date: December

r. Ph.D., k0.
e, .

Name: Janls K. Fi

Form PCT/IPEA/401 (Annex) (March 2001; reprint July 200%)

LegalStar 2002, Form PCTDFEE

See Nates 1o the fee caleulation sheet

o
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Date

To:

: Facsimlls number

From

Number of pages
including this page

FisH & RICHARDSON p.C.”

December 9, 2003

International Bureau

World Intellectual Property Organization
International Bureau of WIPQ

34, chemin des Colombettes

1211 Geneva 20

" Switzerland

Telephone: 011 41 22 338 9111
13681-00391631 /011 41 22733 54 28

Nicole L. Babine
Foreign Patent Paralegal

221 Franldin Street
Bostop, Massachuserts
ouro-2804

“Telephane

. 617 342-5070

Pucsimile

617 sMpoS

Web Site
www.fr.com

CARBON MONOXIDE AS A BIOMARKER AND THERAPEUTIC AGENT

Applicant: Yale University et al.
Application No.: US02/14836
Filing Date: May 9, 2002
Country: WIPO

Our Ref.: 13681-003WO1

7

Please see attached 92 bis.

NOTE: This facsimile Is intended for the addresses only and may contain privileged or confidentlal
Informatlon. If you have recalved this facsimlle In error, pleass Immediately call us coliect at

617 542-5070 to arrange for its return, Thank you.

XA

18



. Attorney's Docket No.: 13681-003WO1

IN THE INTERNATIONAL BUREAU

Applicant : Yale University et al.

Serial No. : 1JS02/14836

Filed : May9, 2002 _ )

Title : CARBON MONOXIDE AS A BIOMARKER AND THERAPEUTIC AGENT

International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20
SWITZERLAND

CHANGE OF APPLICANT INFORMATION UNDER 92 bis

Effective immediately, please amend the information in the above noted matter of the -
Inventor/Applicant CHOI, Augustine M.K. to:

43 Long Meadow.Drive
Pittsburgh, Pennsylvania 15238
United States of America,

Inventor/Applicant OTTERBEIN, LeolE. to:

910 Normandy Drive
New Kensington, Pennsylvania 15068
United States of Americs, '

Attached hereto are the relzvant power of -att.omey documents.

Please do not hesitate to contact s if further documentation is needed.

CERTIFICATE OF TRANSMISSION BY FACSIMILE

I hereby certify that this comespondence in being transmitied by
facsimile to the Patent and Tradermark Office on the date indicated

below.
af

Nicole L Habin

Typed or Printed Name of Person Signing Certificate



Applicant : Yale University et al. : . Attomey's Docket No.: 13681-003WO1
Serial No, : US02/14836 R ' '

Filed : May 9, 2002

Page : 20f2

- The telephone and facsimile numbers are telephéne: (617) 542;5070 and facsimile:
~ (617) 542-8906, respectively. - '

\—_—Tanis K_Fraser, Ph.D.)
' Reg. No. 34,819
Fish & Richardson P.C. )
225 Franklin Street
Boston, MA 02110-2804

Telephone: (617} 542-5070
Facsimile: (617) 542-8906

20768868.doc
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ATTORNEY DOCKET NO.: 13681-003WO1

*. GENERAL POWER OF ATTORNEY :
(CONCERNING SEVERAL INTERNATIONAL APPLICATIONS)

' PATENT COOPERATION TREATY
APPOINTWT OF AGENT OR COMMON REPRESENTATIVE

The undemgned applicant:
YALE UNIVERSITY

hezeby appoints

Janis K. Fraser, PhD., 1D, Rr.g No. 34, 819 '
Harold H. Fox, Reg. No. 41,498

John W. Freeman, Reg. No. 29,066

J. Peter Fasse, Reg. No. 32,983

Timothy A. French, Reji. No. 30,175

FISH & RICHARDSON P.C.
225 Franklin Street :
Boston Massachusetts 02110—2804
2] as agent(s) [ as common represmtanva(s)

to act on applicant’s behalf before the competent International Authorities iri commection with -
any and all international applications filed by the applicant with the United States Patent and
Trademark Office as receiving Office and to make and receive paymmu on- npphcmt’s

behalf.

The undersigned, whos ile o empowered to slgn the General Power of
Attorney on behalf of the applicant. _

Plsce: ‘New Raven. CT

Dater " Japvary 23, 2003

slgnam W‘Qu—\ lLIQAS?) Ll T

YALE UNIVERSITY

Dorothy . Nubinson

Printed Namei—=

Tme._vj_gg_zre_sident and General Counsel

Al
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ATTORNEY DOCKET NO.: 13681-003WOL

GENERAL POWER OF ATTORNEY |
(CONCERNING SEVERAL INTERNATIONAL APPLICATIONS) -

PATENT COOPERATION TREATY
APPOINTMENT OF AGENT OR COMMON REPRESENTATIVE

. The undersigned applicant:
CHOI, Augusiine M.K. e

hereby appaints

Janis K. Fraser, Ph.D., 1D., Reg. No. 34,819
Hearold H. Fox, Reg. No. 41,498

John W. Freeman, Reg. No. 29,066

J. Peter Fasse, I - No. 32,983

Timothy A, French, Reg. No. 30,175

of
FISH & RICHARDSON P.C.
225 Fran'-.in Street
Boston, Mussa-husetts 02110-2804
[X) as agent(s) [ as common representative(s)

1o act on applicant’s behalf before the competent International Authorities in connection with -

any and all international applications filed by the applicant with the United States Patent and
Trademark Office as rece ' ving Ofiice and to make and receive payments on applicant's -
behalf. : ) s :

The undersigned, whose title appears below, is empowered to sign the General Power of '

Attorney on behalf of the applicant.

Place: [Ah.rs "°..;n.._: :ﬂ;ﬁtﬂb&%

pater_Jamary 13, cude

Signature:—

Printed Name: Augusii B .. .e (hpi
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PATENT
ATTORNEY DOCKET NO.: 13681-003WO1

SENERAL POWER OF ATTORNEY - .
(CONCERNI. $ 5.5 ERAL INTERNATIONAL APPLICATIONS)

PATENT COOPERATION TREATY
APPOINTMENT OF AGENT OR COMMON REPRESENTATIVE

The undersigned epplicant:
OTTER= IIN, ... E.
' Janis K. Fraser, Ph.D., J.D., Reg. No. 34,819
Harold H. Fox, Reg. No. 41,498
John W. laceman, Reg. No. 29,066

J. Peter F: se, i+ Ho. 32,983
Timothy #. Frenca, Reg. No. 30,175

of
FISH & K! CTHARDSON P.C.
225 Prank. 1St e
Boston, v u8i h.clls 02110-2804
(] as agent(s) O as common representative(s)

to act on applicant’s behalf before the ccmpetent International Authorities in connection with
any and all international 4 pli = idons filed by the applicant with the United States Patent and
Trademark Office as rece i, « ' ice and to make and receive payments on applicant’s

behalf.

The undersigned, whose title appears below, is empowered to sign the General Power of
" Attomey on behalf of the applicant.

le:__um.fa;rz of b o1l . oLt

Date: ngimag / 3__' s 03
: Bl
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" ATTORNEY DOCKET NO.: 13631-005WO1

- PATENT

GENERALY OWER OF ATTORNKY
(CONCERNING >2V.iRAL H*ITERNAT!ONAL AP?LICATIONB)

P...i.{Y COOPERATION TEEATY
APPOINTMENT (..’ .» GENT OR COMMON WMATM

The undersigned applicant:
JOONS 1122 . {5 UNIVERSITY

heroby appoints:

Janis K. Frusw,, t I'..D., 1D, Rl‘. No. 34.'19
Harold H. Fux, Reg. No. 4,498 -

John W, Fre:man, Reg. No, 29,066

J. PeterPas.:.™  No, 32,983

Tlmul:hy dhe aadlla, Rﬂg. ND- 30.175

of |
FISH & R1.4AGLSONPC. )
225 Prank!’ ...\ w i
Bost m, A - s L t110-2804 \

mquem(s) o Ducnmmmpuamﬂw(a) .

to act on spplicact's behalf . . : the competent International Authorities in mmtlm _

with eny and sll int=raatin, 'e. '1caqonsﬂ1ed'bythelppumwhhﬂleumm

Patent and Tradem.rk Or. . .iviyg Office and to make and recelve payments on
spplicant's bebalf. ‘or - ‘14175 £11ad May 09, 2002 entitled Carbon
sme L . 1 E_.uarker snd Therapeutic Ageut.

The undersigned, whose ti-l 2,}.: -ars below, Is empowered to sign the General Power of
Attorney on behalf of the &7, Tic..it.

rj_f ! /_f._f.f,é

77
H . LR Ty
Jom epKING was -h]lb’

' Title:




PCT/US02/14836
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF THE RECORDING
OF A CHANGE FRASER, Janis, K,
Fish & Richardson P.C.
(PCT Rule 92bis.1 and 225 Franklin Straet
Administrative Instructions, Sectlon 422) Boston, MA 02110
United States of America
Date of mailing {day/month/year}
09 September 2003 (09.09.03)
~Appiroant's or agent's fie reference
13681-003WO1 IMPORTANT NOTIFICATION
Intnrnationsl apphication No- International filing dete (day/month/year)
PCT/US02/14836

09 May 2002 (09.05.02)

E the applicant D the inventcr

1. The following indications appsared on record c¢ancerning:

D the agent

D the common reprecentative

Name and Address

BETH ISRAEL DEACONESS MEDICAL CENTER

State of Nationality I State of Residence

‘Talaphone No.

~Tacsimile No.

Teleprinter No.

E the paraon I:I the name

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

I:l the address

D the residence

D the nationality

Name and Address State of Nationality State of Residence
,II?‘IHI\I\‘IIS HOPIKINSSUNI:WESBSITY us us
arketplace, Suite -
Baltimore, MD 21202 Telephone No
United States of Amarica
~Facaimlle No.
Teleprinter No.

3. Further observations, if necessary:

a3 an applicant.

4, A copy of this notification has besn sent to:

EI the receiving Office
[:| the International Searching Authority

D the intarnational Preliminary Examining Au:hority

The person in Box 1 has been deleted as an applicant. The person in Box 2 has been added

D the designated Gffices concarned
D the elected Offlces concerned

D other:

Facsimile No. (41-22) 338.89.66

The International Bureau of WIPO Ahorzed officer L L—
34, chomin des Colombettes Anman QiU
1211 Genava 20, Switzeriand

Telephone No. {41-22) 338 8088

Form PCTAB/308 (March 18584)

T 006847018

e
NE
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PCT/US02/14836
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
PCT To:
NOTIACATION OF THE RECORDIN(G
OF A CHANGE FRASER, Janis, K.
Fish & Richardson P.C.
{PCT Rule 92bis.1 and 225 Franklin Street
Administrative Instructions, Section 422) Boston, MA 02110
United States of America
Date of malting (day/mamth/year)
10 September 2003 {10.09.03)
Applicant’s or agent's file refarence
13681-003WO1 IMPORTANT NOTIFICATION
imenaiional application No. international fifing date {(day/month/year)
PCT/US02/14836 09 May 2002 (09.05.02)
1. The following indications appaared en record cor.cerning:
E the applicant @ the inventor D the agent D the common representative
Name and Address Stats of Nationality State of Residence
GOSE, Jeann |
BACH, Fritz, H. Telephone Ne.

~Facsimlle No.

[ telspninter No.

L The international Bureau hersby notifies the applicant that the following change has been recorded conceming:

E' the person D the name D the address D the nationality D the regidence

Name and Address State of Natlonality State of Residence

Telephons No.

aosimile No.

‘teleprinter No.

3. Further observations, if necessary
The persons in Box 1 hava been deleted as inventors and applicants for US only.

| [
4. A copy of thig notiflcation has been sent to:

@ the receiving Office D the designated Offices concerned
D the international Searching Authority [:l the elected Offices concerned
D the International Preliminary Examining Authority D other:
The Intemational Bureau of WIPO Authorized officer £ (-
34, chemin des Colombettes Anman QIU
1211 Geneva 20, Switzrerland .
Facsimile No. {41-22) 338.89.65 Telaphone No. (41-22) 338 8088
Form PCTAB/308 (March 1684) A PR i 006846984
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PCT/US02/14836
PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF THE RECORDING
OF A CHANGE FRASER, Janis, K.
Fish & Richardson P.C.
{PCT Rule 92bis.1 and 225 Franklin Street
Administrative Instructions, Section 422) Boston, MA 02110
United States of America
Date of mailing (day/month/year)
11 September 2003 (11.09.03)
Applicant’s or agent's file reference
International application No. Iinternational fillng dete {day/month/year)
PCT/US02/14836 09 May 2002 (09.05.02)

[X] the applicant

1. The foliowing indications appeared on record concerning:

D the agent

D the common rapresentative

IE the inventor
Name and Address

CHOI, Augustine, M., K., e
2 Pole Bridge Lane
Guilford, CT 08437

United States of America

State of Nationality State of Residence
us | us
‘Telephona Ne.
Tacsimile No.

Teleprinter No.

D the persan

m the neme
Name and Address

2. The International Bureau hereby notifies the applicant that the following change has besn racorded ooncaming:

D the address

D the natlonality D the residence

CHOI, Augustine, M., K.
2 Pole Bridge Lane
Guilford, CT 06437
United States of Amarica

Stats of Nationality State of Rasidence
us us
Telephone No.

Tacsimile No.

Telaprinter No.

3. Further observations, If necessary:

ion of indication of name.

4. A copy of this notifigation has been sent to:
EI the receiving Office

D the International Searching Authority
D the International Preliminary Examining Authority

D the designated Offices soncerned
D the slected Offices concerned

D other:

The International Bureau of WIPO Authorized officer e
34, chemin des Colombeties Anman QIU
1211 Genova 20, Switzerand L
Facsimile No. {41-22) 338.88.66 Telephone No. (41-22) 338 0088
Form PCTAB/308 (March 1894) 005847015
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PCT/US02/14836
. PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
PCT To: -
NOTIFICATION OF THE RECORDING
OF A CHANGE FRASER, Janis, K.
Fish & Richardson P.C.
{PCT Rule 92bis.1 and 225 Franklin Street
Administrative Instructions, Section 422) Boston, MA 02110
United States of America
Date of mailing (day/month/year)
12 Septamber 2003 (12.09.03)
Applicant's or agent’s file reference
International spplication No. International filing date (day/monthiyaear)
PCT/US02/14836 09 May 2002 (09.05.02)

m the applicant D the inventor

1. The following indications appeared on record conceming:

D the agent

D the comman representative

Name and Addreas

YALE UNIVERSITY

433 Temple Street

New Haven, CT 06520-8336
United States of America

State of Nationality State of Residence
us I us

Telephone No.

Facsimlile No.

|e|epr|mnr No.

2. The Intarnational Bureau hereby notifies the applicant that the foliowing change has been recorded conceming:

D the person D the name the addresa D the nationality D the residence
Name and Address State of Nationality State of Residence
¥ALE“l’.I'II|\‘ItIVER§ITY us us
WO ney Avenue
New Haven, CT 06511 Telephane No.
United States of America
~Facsimile No.
Teleprinter No.

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
E the receiving Office
D the International Searching Authority
D the International Preliminary Examining Authority

D the designated Offices concermned
El the elected Offices concernad

D other:

The Intemational Bureau of WIPO Authorized officer A {—
34, chemin des Colombettes Anman QIU
1211 Genwva 20, Switzeriand
Facsimile No. {41-22) 338.80.85 Teléphiona No. (41-22) 338 8088
Form PCT/B/306 {March 1984} I 006847028




ATENT COOPERATION TREmry NVP?

PCT/US02/14836 \lc‘

HF
1174¢

From the INTERNATIONAL BUREAU

PeT RECEIVED
NOTIFICATION OF THE RECORDING: )
OF A CHANGE FRASER, Janls, K. JAN 0 3 2004
Fish & Richardson P.C.
(PCT Rule 92bis.1 and 225 Franklin Street  FISH & RICHARDSON, PG.
Administrative Instructions, Section 422) Boston, MA 02110 BOSTON OFFICE
United States of America
Dxte of mailing (day/momh/year)
19 December 2003 (19.12.03)
Applicant’s or agent's file reference
13631:,03.‘,,51 IMPORTANT NOTIFICATION
intemnational application No. International filing date (day/month/yaar)
PCTNUS02/14836 03 May 2002 {09.05.02)

1. The following Indications appeared on record concerning:

lzl the applicant BI the inventor

[] thosgem

D the common rapresentative

Namse and Address
CHOI, Augustine, M., K.
2 Pole Bnd?o Lane
Guilford, CT 06437
United States of America

State of Natlonallty
us

Telephone No.

State of Residence
us

Fansimils No.

Teleprinter Na.

D the person

X

L The intsrnational Bureau hersby notifiee the applizant that the following change has been recorded concerning:
the address

D the nationality

D the residence

I:l the name
Name and Address

CHOI, Augustine, M., K.
43 Long Meadow Drive
Pittsburgh, PA 15238
United States of America

Brite of Nationallty | Swate of Residence
us

1 Telsprinter No.

3. Further observations, if necessary:

4, Acopy of this notification has been sent to:
[X] the receiving office
D the International Searching Autharity
[:] the international Preliminary Examining Authority

E the designated Offices concemed
D the slected Offices concerned

D gther;

The intemational Bureau of WIPO
34, chemin des Colombettes
1211 Geneve 20, Switzeriand

" | Facsimlie No. (41-22) 338.89.65

" | Authorized officer
Fredarick SAMUELS

Telephone No. (41-22) 338 8471

Form PCT/B/306 (March 1994)



PCT/US02/14836

PATENT COOPERATION TREA1Y

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION OF THE RECORDING
OF A CHANGE FRASER, Janis, K.
Fish & Richardson P.C.
{PCT Rule 92bis.? and 225 Franklin Street
Administrative Instructions, Sectlon 422) Boston, MA 02110
United States of America
Date of maifing (day/monthiyear)
19 December 2003 (19.12.03)
Applicant’ nt's file refers
13681.003W01 IMPORTANT NOTIFICATION
International application No. Intemational fing date (day/manth/year)
PCT/US02/14836 09 May 2002 {09.05.02)
1. The following indications appeared on record concemning:
E the applicant E the inventor D the agent D the common representative
Name end Address State of Nationality State of Residence
g;'{“ EF:EEIIg,t Le;:, E. us us
ather Stre T,
Hamden, CT 06517 Telephone No.
Unitad States of America
~Facsimile No.

_Taloprlmr Na.

Name and Address

QTTERBEIN, Leo, E.

910 Normandy Drlve

New Kensington, PA 15068
United States of America

2. The International Bursau hereby notifles the applicant that the followin go-Ms been recaorded conoevning:
D the person EI the name E the address’ \._\'_nflity D the residence
% o

~ VN -\ Telepifprfe No.
*° e S
e, ¥
M g
S

ﬁ:rj"'r idqality State of Residence

&
o> - g”%/ US

Faosimila No.

_'I'ehprintar No.

3. Further observatians, if necessary:

4. A copy of this notification has been sent to:

IE the receiving Office
D the International Searching Authority
D the International Preliminary Examining Authority

IE the designatad Offices congerned
D the elected Offices concerned

D ather:

The! jonal Bursau of WIPO Authorized officer
34, chomin des Colombettes Frederick SAMUELS
1211 Gensva 20, Switrerland
Facsimile No. (41-22) 338.89.85 Telephone No. (41-22) 338 841
Form PCTAB/0B {March 1954) 008026804
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PCT/US02/14836
PATENT COOPERATION TREATY o L3
JICE
From the INTERNATIONAL BUHEAJ -TE_G
PCT To:
NOTIFICATION CONCERNING
THE FILING OF AMENDMENTS OF THE CLAIMS FRASER, Janls, K.
{(PCT Administretive Instructions, Sectlon 417) Fish & Richardson P.C.
225 Franklin Street
Boston, MA 02110
United States of America
Date of mailing
(dey/monthivear) 10 September 2003 (10.09.03)
Applicant’s or agent's file reference
13681-003WO1 IMPORTANT NOTIFICATION
Imemnational application No. intarnational flling dets
PCTAUS02/14836 (day/monthiyea) 49 May 2002 (09.05.02)
Applicant
YALE UNIVERSITY at al

1. The applicant Is hereby notifled that amendments o the claims under Article 19 were received by the Intematlonal Bureau on:

September 2003 (02.09.03)

2. Thia date is within the time limit under Rule 48.1.

Consequently, the international publication of the Imternational application will contain the amended claims according
to Rule 48.2(1), (h) and (i).

3. The applicant is reminded that the international application (description, claims and drawings) may ba amanded during
the International prefiminary examination undar Chapter II, scoording to Article 34, and in arvy case, before each of the

designated Offices, according to Article 28 and Rulo 62, or befere each of the eleated Offices, according to Articie 41
and Rule 78,

RECEIVED

SEP 2 4 2003

P netoon i

mE@mn”’

.'-'i" HEE ‘Hﬂl

The imemational Bureau of WIPO Aurhorised offiar . « ans
34, chamin des Colombettes . —
1211 Geneva 20, Switzeriand Anman QIU
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Industria y Comercio
SUPERINTENDENCIA

2020
Bogota D C
Doctor(a)
DILIA MARIA RODRIGUEZ D'ALEMAN 4
Apoderado(a) 11873
YALE UNIVERSITY Y JOHNS HOPKINS UNIVERSITY
REFERENCIA: Radicacion N° 04-123506
Solicitud internacional PCT/US02/14836
Fecha limite inicio fase nacional 2004-12-09
Tramite 011
Evento 379
Actuacion 430
Folios 001

Como resultado del examen de forma, realizado con fundamento en el articulo 38
de la Decision 486 de la Comisién de la Comunidad Andina, articulo 27 del
Tratado de Cooperacion en Materia de Patentes (PCT), regla 51 bis del
Reglamento y Circutar Unica de la Superintendencia de Industria y Comercio, se le
comunica que:

o La solicitud no contiene el poder debidamente otorgado, con el lleno de
requisitos exigidos por los articulos 63 y subsiguientes del Cdédigo de
Procedimiento Civil. Adicionalmente debera presentar el documento que
acredita la existencia y representacion legal de la sociedad solicitante,
cuando éste fuere una persona juridica

o La solicitud no contiene copia del documento en que consta la cesién del
derecho de patente de! inventor al solicitante o0 a su causante (Art. 26-k)
Decision 486).

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha-de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perderd su prelacion.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo guintq del titulo primero de la Circular Unica N° 10 de 2001.

W | Mo C'm\»s&

DQRIS ELENA POLO CORDOBA
Jefe de la Divisidn de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista de fecha,

44 ENE. 2005
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