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DESCRIPTION .
PHOSPHOGLYCOLIPID AND METHODS FOR ITS USE -

Backpround of the tion

Damage caused to tissues during ischemia/reperfusion can be extensive.
Tissues deprived of oxygen suffer both reversible and irreversible damage. Injﬁred
tissues can also display disorders in automaticity. For example, myocardial tissues
damaged during ischemia/reperfusion can display irreversible damage or myocardial
infarction. Reversible damage, or stunming, is apparent with reduced pump efficiency
leading to decreased cardiac output and symptomatology of suboptimal organ

" perfusion.  Reperfusion of ischemic myocardial tissue may also cause

electrophysiologic changes causing disorders in automaticity, including lethal

~ arrythmias.

The exact. mechanisms by which tissues are damaged during
ischemia/reperfusion areunknown. Ttishypothesized, however, that a complex series
of events occur where tissues are damaged during ischemia as well as during
subsequent reperfusion. During ischemia, tissues are deprived of oxygen-giving
blood leading to anaerobic metabolism and consequently intracellular acidosis. Lack

- of circulation can cause infarcts or areas of necrotic, dead tissue. Ischemic tissues

pi'oduce less of the enzymes needed to scavenge free radicals. Upon reperfusion and
ré-m:_posure to oxygen, tissues are damaged when free radicals including hydroxyl
radicals are produced. Oxidative damage also disrupts the calcium balance in
surrounding tissues causing stunning. Damage due to the oxidative burst is further

* compounded when injured cells release factors which draw inflammatory neutrophils

to the ischemic site. The inflammatory cells produce enzymes which produce more
toxic free-radicals and infiltrate the interstital spaces where they kill myocytes.

| Methods to protect against the damage due to ischemia/reperfusion injury
focus on reducing the initial oxidative burst and ensuing calcium overload preventing
subsequent inflammation-associated damage. For example, agents which either
decrease the production of oxygen-derived free radicals (including allopurinol and
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deferroxamine) or increase the catabolism of these materials such as superoxide
dismutase, catalase, glutathione, and copper complexes, appear to limit infarct size
and also may enhance recovery of left ventricular function from cardiac stunning.
Agents which block sarcolemmal sodium/hydrogen exchange such as amiloride
prevent the obligatory mﬂux of calcium into the cell attendant with sodium extrusion
and consequently reduce calcium overioad. _

Tissues can also be protected from ischemié/reperﬁzsi_on injury by ischemic
preconditioning. Ischemic preconditioning is triggered by brief antecedent ischemia
followed by reperfusion which results in the rapid development of ischemic tolerance.
This acute preconditioned state of ischemic tolerance lasts 30 min to 2 h and in

- myocardial tissue is characterized by reduced infarct size and a reduced incidence of

ventricular arrythmias but not reduced levels of stunning (Elliot, 1998). Following
dissipation ofthe acute preconditioned state, even in the absence of additional periods
of preconditioning ischemia, a delayed preconditioned state of ischemic tolerance
appears 12-24 h later and lasts up to 72h. During the delayed phase of
preconditioning protection against myocardial infarction, stunning and arrhythmia
have been reported in various species.

Features of preconditioned myocardium in the face of ischemia/reperfusion

include preservation of adenosine triphosphate (ATP) in some models, attenuation

. of intracellular acidosis and the reduction of intramyocyte calcium loading. Certain -

chemical agents known to be released by myocardium during ischemia have been

~ shown to induce acute and delayed ischemic tolerance and provide cardiac protection.

For example, adenosine, bradykinin and opiate receptor agonists which induce acute
preconditioning appear to protect from ischemic injury via ATP dependent potassium
(K 1) channel signaling pathways. The agent, bimakalim, known to open the K ,rp

. channel has also been shown to limit infarct size (Mizumui‘a et al., 1995).

Monophosphoryl lipid A (MLA) prevents irreversible as well as reversible damage
to ischemic tissues (Elliot U.S. Patent No. 5,286,718). Monophosphoryl lipid A is
a detoxified derivative of lipid A, the active substructural element of
lipopolysaccaride (LPS). LPS or endotoxin is a potent immunomodulator produced
by most strains of Gram-negative bacteria. Pretreatmént with LPS prior to ischemia
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has been shown to increase myocardial catalase activity increasing myocardial
function (Brown ez al., Bensard et dl.). Endotoxin also protects against lung injury
during hypoxia (Berg et al.). The cardioproW effect of high doses of endotoxin
appears to be associated with the ability of this “toxin” to induce upon pretreatment
myocardial oxidative stress, thereby protecting from a second oxidative stress
associated with ischemia (Maulik ef al.). LPS howeveris quite toxic. MLA has been
structurally modified to negate the toxicity of LPS. It is hypothesized that MLA
protects against injury due to ischemia/reperfusion injury by inducing the production
of nitric oxide synthase which leads to an enhanced open-state probability of the
cardioprotective ATP-dependent potassium channel (K,rp). The nitric oxide burst
caused by MLA may also lead to a decrease in the number of inflammatory
neutrophils entering the post-ischemic area protecting the patient from further injury.
In contrast to endotoxin, MLA does not appear to induce myocardial oxidative stress
at cardioprotectivedoses.  Current treatments for ischemia/reperfusion injury are
not however without drawbacks. Many of the agents known to be active, do not
have broad clinical applicability, have limited effectiveness, and/or have dose limiting
toxicities and consequently have been restricted in their application to ameliorate
ischemia/reperfusion injury in the heart. Endotoxin is highly toxic to the system at
cardioprotective doses. MLA, while noﬁ-toxic, is manufactured by the fermentation

o of .S. minnesota and, as is the case with many biological products, exists as a

composite or mixture of a number of molecular congeners varying in fatty acid
substitution patterns with varying fatty acid chain lengths.

Although in comparison with endotoxin, MLA is non-toxic at
cardioprotective doses, MLA can cause mild, transient, although not dose-limiting,
fever in the target dose range. It should therefore be apparent from the above that
a need remains for new bompositions which are safe, effective and which have a

. broad clinical applicability in preventing or ameliorating the harmful effects of

ischemia/reperfusion. Compositions which are non-toxic, non-pyrogenic, produced
by chemical synthesis and of a single defined molecular structure would prove
advantageous for this application.
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Summary of the Invention
The subject invention concerns a novel phosphoglycolipid useful in
ameliorating the damage due to ischemia/reperfusion injury. Specifically, the claimed
phosphoglycolipid is Zngoxy-Gfo-[Z—deoxy-4-0-phosphonc-3-0-[(.R)-3-
tetradecanoyloxytetradecanoyl]-2-[(R)-3-octadecanoyloxytetradecanoylamino]-5-D-
glucopyranosyl]-Z-[(R)_-Z&-he::hdecanbyloxjten‘adecahoylanﬁno]-D-glucopyranoseand
has the following structure: -

n-Cl [Hzg
n-CysHj;

The phosphoglycolipid compound of the sub_]ect invention can be chemically

~ synthesized using protocols described in the subject application.

‘Methods for using this novel phosphoglycolipid to ameliorate the damage due
to ischemia/repe:ﬁssion' injury are als_b described. The compound of the subject
invention is particularly advaxifageous for this.application because it does not induce
fever or proinflammatory cytokines at dose Iev_éls anywhere near the cardioprotective
dose range which may substa_ntiélly increase the maximum tolerated dose and
therefore the likelihood of achieving a thérabeutic dose level in humans especially

when administered immediately prior to surgery.
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Brief Description of the Figures
Figﬁre 1 shows the cardiopmteciive effect of the compound of'the subject invention
(35 ug/kg) against infarction given 24 h before ischemis in a rabbit model of regional
myocardial ischemia. W% Left Ventricle at Risk; [0 % Infarct in Risk Area; * p<0.01

. v8. Vehicle Control.

Figure 2 shows the dose response of the cardioprotective effect of the compound
against infarction given 24 h before ischemia of the subject invention in the rabbit
model. % Left Ventricle at Risk; [ % Infarct in Risk Area; # p<0.05 vs. Vehicle
Control; * p<0.01 vs. Vehicle Control.

| Figure 3 shows the early cardioprotective effect of the compound of the subject

invention against infarction is extended for 3 h after bolus dosing in dog models by
infusion with the compound. Animals were infused with L34 after bolus dosing for
3 h before occlusion, through a 1 hour occlusion and 1 h into a 5 h reperfusion. W
Vehicle; (11.34 bolus only, 2134 bolus (70 pg/kg) plus infusion (40 pg/kg); S L34

bolus (35pg/kg) plus infusion (4 ug/kg).

Figure 4 shows the cardioprotective effect of the compound of the subject invention

. against infarction given 10 min before ischemia in a pig model of regional myocardial

ischemia/reperfusion. M % Left Ventricle at Risk; [ % Infarction Risk Area.

Figure § shows the cardioprotective effect of the compound of the subject invention

against reversible contractile dysfunction or stunning given 10 min before ischemia
in a canine model of repetitive transient regional ischemia. M Vehicle Control; ®
L34, |

Figui-e 6 shows the cardioprotective effect of the compound of'the subject invention

against reversible contractile dysfunction or stunning given 24 h before ischemia in
a canine mode| of repetitive transient regional ischemia. M Vehicle Control; ® L34,
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Detailed Description of the Subject Invention
© . The subject mventton concerns a novel phosphoglycolipid, specifically, a 2-
De;m:y.-6-0-[2-de§xy-4—0—phosphono-3eO-[(R}3-tmdecanoylw=yteﬂadecanoy1]~2-
[(R)-3-octad ecanoyloxytetradecanoylamino]-B-D-gluéopyra.nosyl]-2—[(R)'-3-
hexadecanoyloxytetradecanoylaxnino]—b-giuéopyfano'sg and pbarmaceuticaily
acceptable salts thereof. The compound of the subject invention has the following

O

n-C”Hgs < . n'cl IH23

- n-CysHy
The phosphoglycolipid compound of the subject invention is useful in ameliorating
tissue damage due to ischemia/reperfusion injury.

The compound of the subject invention, hereinafter referred to as L34, can
be synthesized by coupling an N-acyloxyacylated or N-protected glycosyl acceptor
unit with a suitably protected and/or 3-O-acyloxyacylated glycosyl donor unit viaa
Koenigs-Knorr type reaction. In a preferred embodiment, the compound of the
subject invention (compound 1) is constructed from the known starting materials
benzyl 2-amino-2-deoxy-.4,_6-0-isopropylidene-p-D-glhcopyranoside (compound 2)
and  2-(trimethylsilyl)ethyl 2-amino-2-deoxy-4,6-O-isopropylidene-8-D-
glucopyranoside (compound §) as shown in Schemes 1 and 2. AN-acylation of

n-CI 3H27 O

Oﬁ. n—Cqug_. 0O . .
} =< n-CyHy '
0

~ compound 2 with (R)-3-hexadecanoyloxytetradecanoic acid in the presence of i—(3-

dimethylaminopropyl)-3-ethylcarbodiimide methiodide (EDC-Mel) gives intermediate
3. Hydroxyl protection with 2,2,2-trichloroethyl chloroformate (Troc-C1) and
acetonide hydrolysis then provides glycosyl acceptor 4.
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For the synthesis of glycosyl donor 9, N-protection of compound 5 under
Schotten-Baumann conditions with Troc-Cl affords compound 6. 3-O-Acylation
with (R)-3-tetradecanoyloxytetradecanoic acid in the presence of EDC-Mel and 4-
pyrrolidinopyridine followed by acetonide cleavage gives diol 7 which is then
converted 10 compound 8 by treatment with 1,1-dimethyl-2,2 2-trichloroethyl
chloroformate (TCBOC-C1) and diphenyl chlorophosphate. Transformation of
compound 8 into glycosyl donor 9 is then accomplished with e,x-dichloromethyl
methyl ether in the presence of zinc chloride or by other methods known in the art.

Coupling of compounds 4 and 9 is achieved by a Koenigs-Knorr-type reaction
in the presence of silver triflate or other suitable catalyst to give disaccharide 10. The
trichloroethyl-based protecting groups are then removed with zinc dust in acetic acid
and the glucosamine nitrogen 1is selectively acylated with (R)-3-
octadecanoyloxytetradecanoic acid in the presence of a suitable coupling reagent such
as2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ) to give the hexaacylated

* derivative 11. The remaining protecting groups of compound 11 are then cleaved by

catalytic hydrogenation in the presence of palladium and platinum catalysts to give
compound 1. ' |

One skilled in the art would realize that the introduction of the phosphate and
(R)-3-n-alkanoyloxytetradecanoyl groups into the glucosamine units does not

. necessarily have to be performed in the order shown in Schemes 1 and 2, or described

in Example 1 below. Installation of these groups also can be performed subsequent
to the glycosylation (coupling) reaction using N- and O-protecting groups suitable for
the chemical differentiation of the amino and hydroxyl groups present. Also,
protecting groups other than those shown in Schemes 1 and 2 or described in
Example 1 below can be employed for temporary protection of the phosphate,
hydroxyl, and amino groups during the synthesis. Typical protecting groups for the
phosphate group include, but are not limited to, phenyl, benzyl, and o-xylyl;
preferably; the phosphate group is protected with two phenyl groups. The 6-position
canbe iemporarily protected by blocking groups commonly used in sugar chemistry
such as silyl, benzyl, or benzyloxymethy! ethers or an alkyl carbonate; preferably, the
6-hydroxyl group is protected as a 1,1-dimethyl-2,2,2-trichloroethyl carbonate



O

° < n-CyyHys

n-CysHs,
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Scheme 1: (a) (R)-}hexadecmoyloxyteuadecanoxc acid, EDC -Mel, CHzClz, ®) Troc—Cl, DMAP pyridine, CHzClg, then
80% aq AcOH, 60°C,
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Scheme 2: (a) Troc-Cl, 1N aq. NaHCO,, CH,Cly; (b) (R)-3-tetradecanoyloxytetradecanoic acid, 4-pyrrolidinopyridine, EDC+Mel,
CH,Cly; then 90% aq. AcOH, 60°C; (c) TCBOC-Cl, pyridine, CH,Cl;; then ®h0),P(0)Cl, 4-pyrrolidinopyridine, Ei3N; (d)
C1,CHOMe, ZnCl, (cat.), CH,Cly; (¢) Compound 4, AgOTY, 4A sieves, CICH,CH,CI; (f) Zn, AcOH, 60°C; (g) (R)-3-octadtcanoyl-
oxytetradecanoic acid, EEDQ, CH,Cly; (h) Pd black, AcOH, THF, 65 psig Hy; then PtO,, 65 psig H,.
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(TCBOC). N-Protecting groups for the sugar amino groups include, but are not
limited to, commonly employed carbamates such as z-butyl (--BOC), benzyl (Cbz),
2,2,2-trichloroethyl (Troc), and 9-fluorenylmethyl (Fmoc); preferably, the amino
group of the glycosyl donor (e.g., compound 9) is protected with a Troc group.
Additionally, other activating or leaving groups attached to the anomeric center of
the glycosyl donor besides chloride can be used in the coupling reaction. Commonly
used activating groups include, but are not limited to, fluoride, chloride, bromide,

| acetoxy, and trichloroacetimidate.

The compound of the subject invention can be in the form of any
pharmaceutically acceptable salt. Salts of the compound useful according to the
subject invention include triethylamine, triethanolamine, tris, glycine and ammonium

“ salts. One skilled in the art would recognize other suitable salts included in the

subject invention.
The novel phosphoglycolipid of the subject invention is useful in ameliorating

. damage to metabolically active tissues such as, but not restricted to, heart tissue due

to ischemia/reperfusion injury. Tissues are initially damaged during ischemia when
they are deprived of oxygen. Oxygen deprivation during ischemia causes cell

‘necrosis. Oxygen deprivation also leads to increased free-radical production upon
~ reperfusion, activation of the complement pathway, upregulation of vascular adhesion
- molecules and the production of inflammatory cytokines. The compound of the

subject invention protects tissues deprived of oxygen during ischemia. It should be
apparent to those skilled in the art that the subject 6ompound should also protect
tissues experiencing all types of hypdxia or anoxia followed by reoxygenation.

It has been suggested that additional damage and cell death occurs upon the
reintroduction of oxygen to the tissues by reperfusion. Free-radicals produced during
repefﬁzsion promote cell death. Free-radical damage to cells results in calcium
overload and a decrease in activity of a variety of enzyme systems including,
presumably, nitric oxide synthase causing a decrease in nitric oxide production
leading to increases in neutrophil adhesion. The cardioprotective effect of the
compound of the subject invention can be blocked by aminoguanidine, a selective
inhibitor of inducible nitric oxide synthase (NOS). Administration of the drug .

PCT/US99/19063



10

15

20

25

30

PCT/US99/19063

WO 00/11010

1

blocked the delayed cardioprotective effect of L34 in dogs suggesting a nitric oxide-
finked mechanism of action for the subject compound.

Neutrophils are instrumental in the damaging inflammatory response which
occurs in post-ischemic tissues. Neutrophils are called to the ischemic site by C5a
and 5b (complement fragments), cytokines and chemokines which are chemotactic
for the cell. Activated neutrophils attach to endothelial cells and diapedes across the
endothelial barrier where they kill myocytes. Attachment and diapedesis of

inflammatory neutrophils across the endothelial barrier are dependent upon the

upregulation of adhesion molecules on both' the endothelial surface and the
neutrophil. Cytokines such as IL-6 produced by ischemic tissues have been shown
to be crucial to the upregulation of adhesion molecules. The compound of the
subject invention is unique in that at protective levels it does not induce pro-
inflammatory cytokines or fever yet is effective in ameliorating damage due to
ischemia/reperfusion injury. It is understood that closely related compounds
possessing fatty acid residues of similar chain lengths would be expected to display
like biological activities. '

In the clinical situation, ischemic events occur which are anticipated or
unexpected. Planned surgeries causing ischemic events include coronary artery
bypass surgery, heart valve replacement, cardiac angioplasty, ventricular septal
Tepairs, surgery with major vessel cross-clamping, plastic .surgery, skin flap

" translocation, myoplasty, organ or tissue transplant, aortic aneurysm repair or bowel

resection. Tissues can be deprived of oxygen during unplanned events such as
myocardial infarction, stroke, drowning, bowel infarct and traumatic amputation and
reattachment. Unexpectedly, the | phosphoglycolipid compound of the subject
invention provides both acute protection as well as delayed protection to ischemic
tissues. Further, duration of the acute protective effect can be extended by infusion

* of the drug following a bolus dose.

The compound of the subject invention provides a protective effect to
ischemic tissues within minutes of administration of the compound to a patient. For
example, administration of the compound of the subject invention to test animals 10
min before cardiac ischemia induced protection shown by reduced infarct size and
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stunning in treated animals. This immediate or acute protective effect dissipates or
wanesintime. A delayed protective effect however becomes apparent approximately
24 h after administration of the drug. Delayed protection was evident in dogs and
rabbits when animals were treated with the compound of the subject invention 24 h
before cardiacischemia as illustrated by reduced infarct size and stunning. Protection
provided by the compound of the ;libject invention to ischemic tissues is biphasic

~ offering two distinct periods of protection, an acute period of protection and a

delayed period of protection. It has been found that the acute protective effect of
L34 can be extended for at least 3 h by infusion of the drug immediately following
bolus dosing allowing a clinician to bridge the gap between acute and delayed periods
of protection. The compound of the subject invention is advantageous in that it can
be used successfully in emergency and trauma situations where it is not possible to
dose well in advance of an oxygen depriving event. Further, the delayed protective

~ effect provided by the compound makes the drug useful in situations where the

ischemic events may occur even a day following admini_straiion of a single dose.
In méthods for protecting against ischemic damage, the compound of the
subject invention can be formulated with a pharmaceutically acceptable carrier for
injection, inhalation or intranasal, rectal or vaginal instillation or ingestion. Asused
herein, "pharmaceutically acceptable carrier” ni_eans a medium which does not
interfere with the biological activity of the active ingredient and is not toxic to the

_ pauent to whom it is administered. Pharmaceutically acceptable carriers include oil-

in-water or water-in-oil emulsions, aqueous compositions with or without inclusion
of organic co-solvents suitable for intravenous (IV) use, liposomes or surfactant
mntaininé vesicles, microbeads and microsomes, powders, tablets, capsules,
suppositories or aqueous suspensions and aerosols. _ _

| Formulations of the compound of the subject invention that can be
administered parenterally, i.e. intraperitoneally, subcutaneously, intramuscularly or
intravenously include the following preferred carriers. An example of a preferred
carrier for intravenous use_includes a mixture of 10% USP ethanol, 40% USP
propylene glycol or polyethylene glycol 600 and the balance USP Water for Injection
(WED). Other acceptable carriers include 10% USP ethanol and USP WFTL, 0.01-
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0.1% triethanolamine in USP WFI; or 0.01-0.1% dipalmitoy! diphosphatidyicholine;
and 1-10% squalene or parenteral vegetable oil-in-water emulsion. Pharmaceutically
acceptable parenteral solvents are such as to provide a solution or dispersion which

. may be filtered through a 0.22 micron filter without removing the active ingredient.

Examples of preferred carriers for subcutaneous or intramuscular use include
phosphate buffered saline (PBS) solution, 5% dextrose in WFI and 0.01-0.1 %
triethanolamine in 5% dextrose or 0.9% sodium chloride in USP WFI, oralto2or
1 to 4 mixture of 10% USP ethanol, 40% propylene giycol and the balance an
acceptable isotonic solution such as 5% dextrose or 0.9% sodium chloride and 1 to
10% squalene or parenteral vegetable oil-in-water emulsions.

Examples of carriers for administration via mucosal surfaces depend upon the
particular. route. When administered orally, examples ir_xc‘lude pharmaceutical grades
of mannitol, starch, lactose, magnesium stearate, sodium saccharide, cellulose,
magnesium carbonate and the like, with mannitol being preferred. When administered
intranasally, polyethylene glycol, phospholipids, glycols and glycolipids, sucrose,
and/or methylcellulosé, powder suspensions with or without bulking agents such as
lactose and preservatives such as benzalkonium chloride, EDTA, may beused. Ina
particularly preferred embodiment, the phospholipid 1,2 dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC) is a suitablé isotonic aqueous carrier at 0.01-0.1% for
mtranasal administration of the compdund of the subject invention at a concentration

‘of 0.1 to 3.0 mg/ml. When administered by inhalation, suitable carriers are

polyéthylene glycol or glycols, DPPC, methylcellulose, dispensing agents, and
preservatives, with polyethylene gljrcols and DPPC being preferred.

The compound of the subject invention is administered to an individual in "an
effective amount* to améliorate or protect from ischemia/reperfusioninjury. Asused
herein, “an effective amount" is that amount which shows a response over and above
the vehicle or ﬁegaﬁve controls. The precise dosage of the compound of the subject
invention to be administered to a patient will depend the route of administration, the
pharmaceutical combosition, and the patient. For example, when administered
intravenously, to pigs to reduce infarct size after left anterior descending artery
dcclusion, the amount of compound used is ﬁfqm 1 to about 1000 micrograms/kg,
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preferably from about 10 to about 300 mierograms/k_g, and most preferably from
about 35 to about 100 micrograms per kilogram of body weight.

Following are examples which illustrate procedures for practicing the
invention. All percentages are by weight and all solvent mixture proportions are by
volume unless otherwise noted. '

Example 1-Preparation of the Novel Phosphoglycolipid (1.34).

- Preparation of 2-Deoxy-6-0-[2-deoxy-4-O-phosphono-3-O-[(R)-3-
tetradeczmoyloxytetradecanoyl]—2-[(R)—3-octadecanoquxyte&adeeanoylanﬁno]-ﬁ-D-
glucopyranosyl}-2-[(R)-3-hexadecanoyloxytetradecanoylamino]-D-glicopyranose
Triethylammonium Salt (Compound 1)

Q) A solution of benzyl 2-amino-2-de0xy-4,6-0-isopropylidéne—p-D—
glucopyranoside (compound 2, 0432 g, 140 mmol) and (R)-3-
hexadecanoyloxytetradecanoic acid (0.70 g, 1.54 mmol) in CH,C, was treated with
EDC-Mel (0.62 g, 2.10 mmol) and stirred for 16 h at room temperature. The
reaction mixture was concentrated and the resulting residue purified by flash
chromatography onsilica gel (gradient elution, 35-45% EtOAc-hexanes) to give 0.89
g (85%) of benzyl 2-deoxy-4,6-O-isopropylidene-2-[(R)-3-
hexadecanoyloxytetradecanoylamino])-8-D-glucopyranoside (compound 3) as an

'amorphous solid: "HNMR (CDC1,) 6 0.88 (~t, 611), 1.1-1.7 (m, 46H), 1.44 (s, 3H),

153 (s, 3H), 2.25 (¢, 2H, J=7.5 Hz), 2.42 (m, AB type, 2H), 3.30 (td, 1H, J=10, 5
Hz), 3.51 (m, 1H), 3.61 (~t, 1H, .I=9"Hz), 3.75-4.0 (m, 3H), 4.58 (d, 1H, /~11.8
Hz), 4.69 (d, 1H, J=8.3 Hz), 4.8 (d, 1H, J=11.8 Hz), 5.06 (m, 1H), 5.97 (d, 1K
J=6.0 Hz), 7.33 (s, SH). |

(2)  Asolution of the compound 3 (0.74 g, 0.99 mmol), DMAP (0.012 g,
0.01 mmol) and pyridine (0.20 m, 2.5 mmol) in CH,CL, (6 ml) was treated with
2,2,2-trichloroethyl chloroformate (0.15 ml, 1.1 mmol) and stirred at ambient
temperature for 3 h, The reaction mixture was concentrated and the resulting residue
taken up in 80% aqueous AcOH (15 ml) and heated at 60°C for 1 h. Volatiles were
removed under reduced pressure to give a syrup which was purified by flash
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chromatography (gradient elution, 50-55% EtOAc-hexanes) to give 0.71 g (81%)
of benzyl 2-deoxy-2-[(R)-3-hexadecanoyloxytetradecanoylamino}-3-0-(2,2,2-
trichloroethoxycarbonyl)-B-D-glucopyranoside (compound 4) as a colorless
amorphous solid: *H NMR (CDCL,) & 0.87 (~t, 6H), 1.1-1.15 (m, 46H), 2.22 (t, 2H,
J=1.5Hz), 2.29 (dd, 1H partly obscured by proceeding triplet, /=14.7, 5 Hz), 2.43
(dd, 1H, /~=14.7, 5 Hz), 3.00 (br s, 2H), 3.45 (m, 1H), 3.75-4.15 (m, 4H), 4.55 (d,

‘1H, /<12 Hz), 4.7-4.9 (m, 4H), 5.0-5.15 (m, 2H), 6.34 (d, 1H, J=8.4 Hz), 7.28 (br

s, SH). _
(3) To a solution of 2-(trimethylsilyl)ethyl 2-amino-2-deoxy-4,6-O-
isopropylidene-B-D-glucopyranoside (compound 5, 6.46 g, 20.2 mmol) in CHCl,
(300 ml) was added 1 N aqueous NaHCO; (300 ml) and 2,2,2-trichioroethyl
chloroformate (8.5 g, 40 mmol). The resulting mixture was stirred vigorously for
3 h at room temperature. The organic layer was separated, dried (Na,SO,) and
concentrated to give a colorless syrup. Flash chromatography on silica gel (gradient
elution, 30~40% EtOAc-hexanes) afforded 9.6 g (96%) of 2-(trimethylsilyl)ethyl 2-
deoxy-4,6-O-isopropylidine-2-(2,2,2-trichloroethoxycarbonylamino)-f-D-
glucopyranoside (compound 6) as a colorless solid: mp 69-70°C; *H NMR (CDCl,)
80.0 (s, 9 H), 0.94 (m, 2 H), 1.44 and 1.52 (2s, 6 H), 2.94 (br s, 1 H), 3.23-3.37 (m,

2H), 3.48-3.62 (m, 2 H), 3.79 (t, 1 H, J= ~10.5 Hz), 3.88-4.08 (mm, 3 H), 4.65 (d,
1H, /=83 Hz), 4.74 (m, 2 H), 5.39 (d, 1 H, J=7.4 Hz).

"~ (4 A solution of compound 6 (7.5 g 152 mmol), (R)-3-
tetradecanoyloxytetradecanoic acid (7.58 g, 16.7 mmol) and 4-pyrrolidinopyridine
(0.25 g, 1.7mmol) in CH,Cl, (95 ml) was treated with 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide methiodide (EDC-Mel; 4.94 g, 16.7 mmot) and stirred for 16 h at
room temperature. The reaction mixture was filtered through a short pad of
CELITE®, concentrated, and the resulting residue was heated at 60°C in 90%
aqueous AcOH (100 mi) for 1 h. The mixture was concentrated and residual AcOH
and water were removed by azeotroping with toluene (2 x 150 mil). The crude diol
was purified by flash chromatography on silica gel (gradient elution, 30~40% EtOAc-
hexanes) to give 11.8 g (83%) of 2—(t1imethylsﬂyl)ethyl 2-deoxy-3-0O-[(R)-3-
tetradecanoyloxytetradecanoyl]}-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-

PCT/US99/19063



- 10

15

20

25

30

WO 00/11010 PCT/US99/19063

16

glucopyranoside (compound 7) as an amorphous solid: 'H NMR (CDCl,) & 0.0 (s,
9H), 0.9 (m, 8 H), 1.1-1.7 (m, 42 H), 2.30 (t, 2 H, /~7.4 Hz), 2.52 (m, 2 H), 3.36-
3.72 (m, 4 H), 3.78-4.03 (m, 3 H), 4.57 (d, 1 H,/~83Hz),4.65(d, 1 H, /<11 Hz),
4.77 (d, 1 H, /=11 Hz), 5.0-5.15 (m, 2 H), 5.20 (d, 1 H, J=7.4 Hz).

(5) A solution of compound 7 (10.9 g, 12 mmol) and pyridine (2 ml, 25
mmol) in CH,Cl, (125 mi) at 0°C was treated dropwisé over 15 min with a solution
of2,2,2-trichloro- 1,1-dimethylethyl chloroformate (3.17 g, 13.2 mmol) in CH,Cl, (25
ml). The reaction mixture was allowed to warm slowly to ambient temperature over
3.5h. 4-Pyrrolidinopyridine (0.89 g, 6.0 mmol), N, N-diisopropylethylamine (10.5 ml,
60 mmol) and diphenyl chiorophosphate (3.7 ml, 18 mmol) were added sequentially
and the resulting mixture was stirred for 5 h at room temperature: The reaction
mixture was diluted with CH,Cl, (500 ml), washed with cold 7.5% aqueous HC1 @
X 250 ml), water (250 ml), saturated aqueous NaHCO, (250 ml), dried (Na,SO,),
and then concentrated. The residue obtained was purified by flash chromatography
on silica gel eluting with 12.5% EtOAc-hexanes to give 15.1 g (95%) of 2-
(trimethylsilyl)ethyl 2-deoxy-4-O-diphenylphosphono-3-0-[(R)-3-
tetradecanoyloxytetradecanoyl]-6-0-(2,2,2-trichloro-1, 1-dimethylethoxycarbonyl)-2-
(2,2,2-trichlorethoxycarbonylamino)--D-glucopyranoside (compound 8) asa viscous
oil: *H NMR (CDCL,) 8 0.0 (s, 9 H), 0.8-1.0 (m, 8 H), 1.1-1.65 (m, 42 H), 1.83 and
1.90 (25, 6 H), 2.15-2.45 (m, 4 H), 3.34 (q, 1 H, /= ~8 Hz), 3.37 (m, 1 H), 3.81 (m,

'1H),3.95 (m, 1 H), 427 (44, 1 H, J=12, 5 Hz), 4.34 (d, 1 H, J=12 Hz), 4.58 (4,

1H, /=12 Hz), 4.66 (q, 1 H, J= ~9 Hz), 4.86 (d, 1 H, /=12 Hz), 5.03 (d, 1 H, /7.9
Hz), 5.21 (m, 1 H), 5.54-5.70 (m, 2 H), 7.2-7.8 (m, 10 H).

(6) A solution of the compound 8 (6.5 g, 4.84 mmol) and
dichloromethyl methyl ether (2.18 mi, 24.2 mmol) in CHCl, (60 ml) at 0°C was
treated with ZnCl, (1.0 M in ether; 2.41 ml, 2.41 mmol) and then allowed to warm
slowly and stir at room temperature overnight. The reaction mixture was diluted with
EtOAc, washed with saturated aq. NaHCO,, dried (N2,SO,) and then concentrated.
The light yellow oil obtained was purified by flash chromatography on sifica gel
eluting with 10% EtOAc-hexanes to give 5.4 g (88%) of 2-deoxy-4-O-
diphenylphosphono-3-O-[(R)-3-tetradecanoyloxytetradecanoyl]-6-0-(2,2,2-trichloro-
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1, 1-dimethylethoxycarbonyl)-z-(z,z,2-tr';chloroethoxycarbonylamino)-a—n-
glucbpyranosyl chloride (compound 9) as an amorphous solid: *H NMR (CDCL,) §
0.88 (~t, 6H), 1.1-1.6 (m, 42H), 1.78 (s, 3H), 1.88 (s, 3H), 2.18 (1, 2H, /=7.6 Hz),
2.34-2.52 (m, 2H), 4.2-4.4 (m, 4H), 4.70 (d, 1H, J=12 Hz), 4.73 (d, 1H /=12 Hz),

4.83 (~q, 1H, J=9 Hz), 5.09 (m, 1H), 5.51 (~t, 1H, /=10 Hz), 5.79 (d, 1H, J=8.0

Hz), 6.26 (d, 1H, J=3.6 Hz), 7.1-7.4 (m, 10H).

(7) A solution of the compound 4 (1.40 g, 1.54 mmol) and compound 9
(2.33 g, 1.85 mmol) in 1,2-dichloroethane (18.5 ml) was stirred with powdered 4A
molecular sieves (1+g) for 1 h and then treated with AgOTf (1.43 g, 5.55 mmol) in
one portion. The reaction was stirred at room temperature for 4 h shielded from
light. An additional equivalent of AgOTf (0.475 g, 1.85 mmol) was then added and
the reaction mixture was stirred overnight at ambient temperature. The reSulting
slurry was filtered and concentrated to give a nearly colorless oil. Flash
chromatography on silica gel (gradient elution, 20-25% EtOAc-hexanes) afforded
2.40 g (73%) of benzyl 2-deoxy-6-0-[2-deoxy-4-O-diphenylphosphono-3-0-[(R)-3-
tetradecanoyloxytetradecanoyl]-6-0-(2,2,2-trichloro-1, 1-dimethylethoxycarbonyl-2-
(2,2,2-trichloroethoxycarbonylamino)-8-D-glucopyranosyl]-3-0-(2,2,2-
trichloroethoxycarbonyl)-2-[(R)-3-hexadecanoyloxytetradecanoylamino}-8-D-

~ glucopyranoside (compound 10) as a colorless solid: mp 95-97° C; *HNMR (CDCL)

8 0.88 (t, 12H, J=Hz), 1.1-1.65 (m, 88H), 1.84 (s, 3H), 1.90 (s, 3H), 2.15-2.47 (m,

"'8H), 3.06 (br s, 1H), 3.37-3.55 (m, 2H), 3.63-3.83 (m, 3H), 3.88 (dd, 1H, J=12, 3.5

Hz), 4.17 (dd, 1H, /=12, 2.5 Hz), 4.24 (dd, 1H, /=11, 5Hz), 4.38 (d, 1H, /~11 Hz),
4.55-4.95 (m, 8H), 5.00 (m, 1H), 5.05-5.25 (m, 2H), 5.49 (~t, 1H, J=0 Hz), 5.89 (d,
1H, J/=8.2 Hz), 5.93 (d, 1H, J=6.6 Hz).

_ (8) A stirred solution of the compound 10 (11.7 g, 5.53 mmol) in AcOH
(250 mi) at 60°C was treated with zinc dust (27.1 g, 0.415 mol) in three equal
portions over 1 h. The reaction mixture was filtered through a bed of CELITE® and
concentrated. The resulting residue was dissolved in EtOAc (500 mi), washed with
1 M aq. HC1 (500 mi) and saturated aq. NaHHCO, (500 ml), dried (N2,SO,) and then
concentrated. A solution of the crude triol obtained and (R)-3-
octadecanoyloxytetradecanoic acid (3.1 g, 6.08 mmol) in CH,C1, (60 ml) was treated
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. with 2-ethoxy-1-ethoxycarbonyl-1,2-dibydroquincline (EEDQ, 2.26 g, 9.12 mmol)

and stirred for 16 h at room temperature. The reaction mixture was concentrated in
vacuo and the residue obtained was purified by flash chromatography on silica gel
eluting with EtOAc-CHCl,-AcOH (10:90:5) to give 6.4 g (56%) of benzyl 2-deoxy-
6-0-[2-deoxy-4-0-diphenylphosphono-3-O-[(R)-3-tetradecanoyloxytetradecanoyl]-
2-[(R)-3-octadecanoyloxytetradecanoylamino]-8-D-glucopyranosyl}-2-[(R)-3-
hexadecanoyloxytetradecanoylamino]-B-D-glucopyranoside (compound 11) as a
colorless syrup.

(9) A solution of the compound 11 (6.3 g, 3.07 inmol) in a mixture of
AcOH (25 mi) and THF (250 ml) was hydrogenated in the presence of palladium
black (3.5 g) at room temperature and 65 psig for 18 h. - After removal of the catalyst
by filtration, platinum oxide (3.0 g) was added and the hydrogenolysis was continued
under the same conditions for 24 h.  The catalyst was collected, rinsed with CHCl,,

~and the combined filtrate and rinsings were concentrated. Flash chromatography on

silica gel eluting with chloroform-methanol-water-triethylamine (90:10:1:1) afforded
3.9 g of material which was dissolved in cold 2:1 CHCl,-MeOH (500 mf) and washed
with cold 0.1 N aq. HCI (200 ml). The lower organic layer was filtered through No.

4 Whatman filter paper and concentrated in vacuo to give 3.6 g (65%) of the free

acid. A portion of the free acid was lyophilized from 2%-aq. triethylamine to give
pure 2-deoxy-6-0-[2-deoxy-4-O-phosphono-3-0O-[(R)-3-

. ‘tetradecanoyloxytetradecanoyl]-2-{(R)-3-octadecanoyloxytetradecanoylamino]-8-D-

glucopyranosyl}-2-[(R)-3-hexadecanoyloxytetradecanoylamino]-D-glucopyranose
triethylammonium salt (compound 1) as a white solid: mp 174-175"C (dec); IR (film)
3306, 2920, 2851, 1732, 1652, 1552, 1467, 1378, 1308, 1178, 1060, 953, 845, 721
cm; *HNMR (CDCl,-CD,0D) & 0.88 (~t, 18H), 1.15-1.7 (m, 147H), 2.25-2.7 (m,
12H), 3.07 (q, 6H, J=7.4 H2), 3.22-4.3 (m, 12H), 4.69 (d, 1H, J/=8.0 Hz), 5.05-5.25
(m, 5H), 6.69 (d, 1H, /=8.5 Hz), 7.41 (4, 1H, J=8.5 Hz); “C NMR (CDCL) &
174.0, 173.4, 170.8, 170.5, 100.1, 91.4, 75.7, 72.7, 71.8, 71.1, 71.0, 70.6, 61.0,
54.9, 54.0, 45.6, 41.7, 41.1, 39.3, 34.5, 32.0, 29.8, 29.5, 294, 25.4, 25.1, 22.7,
14.2, 8.6, '
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| Anal. Caled. for CoH,06N;0,,P - SH,0: C, 64.67; H, 10.95; N, 2.09; P, 1.54,
Found: C, 64.58; H, 10.63; N, 2.12; P, 1.58.

Example 2- Cardioprotective effect of 1.34 on infarct size in the dog.

Pretreatment of dogs with the compound of the subject invention prior to

ischemia/reperfusion significantly reduced infarct size when compared to controls.

Animals treated with .34 either 10 min or 24 h prior to a one hour left ‘anterior

_ descending coronary artery (LAD) occlusion and -3 h of reperfusion showed a

reduced infarct size as expressed as a percentage of the area at risk. Further,
administration of aminoguanidine, a selective inhibitor of inducible nitric oxide

. synthase, blocked the delayed cardioprotective effect of L34 observed in treated

Adult mongrel dogs of either sex, weighing 19.0-30.0 kg were fasted

. overnight, anaesthetized with intravenous sodium barbital (200 mg/kg) and sodium

pentobarbital (15 mg/kg), and ventilated with foom air supplemented with 100%
oxygen at an end expiratory pressure of 5-7 cm H,O to prevent atelectasis. Arterial
blood pH PO, and PCO, were monitored at selected intervals by an automatic blood

gas system and maintained within a normal physiological range (pH 7.35-7.45, PO,

10.6-16.0 kPa, PCO, 3,3-4.7 kPa) by adjusting the respiratory rate and oxygen flow
and by an infusion of 1.5% sodium bicarbonate when necessary. Body temperature

" was maintained at 38 = 1°C by using a heating pad.

A double pressure-transducer-tipped catheter was inserted into the aorta and
left ventricle via the left carotid artery for measurements of aortic and left ventricular
pressure. Left ventricular dP/dt was determined by electronic differentiation of the
left ventricular pressure pulse. ' | '

A left thoracotomy was performed at the fifth intercostal space. The lung
was retracted, the pericardium incised, and the heart suspended in a cradle. A 10-15

. mm segment of the left anterior descending coronary artery (LAD) was dissected

from surrounding tissue. A calibrated electromagnetic flow probe was placed around
the LAD to determine coronary blood flow. The left atrial appendage was cannulated

- for radioactive microsphere injections to determine regional myocardial blood flow
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to the ischemic and normal areas during reperfusion. Electrodes were attached to the
left atrial appendage to pace the heart at 150 beats/min with an electronic stimulator
(Grass SD9) when the heart rate dropped below 140 beats/min.

Animals were randomly assigned to five groups; those receiving 35 pgfkg
drug 24 h intravenously before occlusion (24 h), those receiving 35 pg/kg drug 24
h before occlusion and 30 mg/kg aminoguanadine subcutaneously 60 min before
occlusion, those receiving 70 pg/kg drug 10 min before occlusion (10 min), those
receiving 30 mg/kg aminoguanidine 60 min before occl_usion and vehicle controls.

- Hemodynamic variables were monitored and recorded throughout the experiment.

The phosphoglycolipid of the subject invention, L34, formulated in 40% propylene
glycoland 10% ethahol (EtOH) in Water for Injection (WFT) was diluted one to one
in 5% dextrose in water (D5SW) and injected as an intravenous bolus 24 ki or 10 min
before the experiment. The control group was treated with an equivalent volume of
vehicle (40% propylene glycol, 10% EtOH in WFI diluted in DSW). All dogs were
subjected to a 60 min period of LAD occlusion followed by 3 h of reperfusion.
Regional myocardial blood flow was measured by the radioactive microsphere
technique. Microspheres were injected at 5 min and 30 min of coronary artery
occlusion, as well as at the end of the reperfusion period. Carbonized plastic

- microspheres (15 pm diameter, New England Nuclear) labeled with *'C, 'Ru, or

*Nb were suspended in isotonic saline with 0.01% Tween 80 added to prevent

‘aggregation. The microspheres were ultrasonicated for 5 min and vortexed for
-another 5 min before administration. One ml of the microsphere suspension (2-4 X

10° spheres) was given via the left atxia_l catheter and flushed by 5 ml of saline. A

--reference blood flow sample was withdrawn from the femoral artery at a constant rate

of 6.6 ml/min immediately before microsphere injection.

At the end of the reperfusion, f:he LAD was cannulated and 10 ml of Patent
Blue dye and 10 ml of saline were injected at equal pressure in the left atrium and
LAD, respectively, to determine anatomic area at risk (AAR) and the non-ischemic
area. The heart was then fibrillated electrically (20 V, 250 Hz square wave pulses
applied directly to the left ventricle) and removed immediately. The left ventricle was
dissected and sliced into serial transverse sections 6-7 mm in width, from apex to
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base. The non-stained ischemic area and the blue stained normal area were separated
and both regions incubated at 37°C for 30 min in 1% 2,3,5-triphenyltetrazolium
chioride (TTC) in 0.1 M phosphate buffer adjusted to pH 7.4 TTC stains the non-

infarcted myocardium a brick red color indicating the presence of a formazin

precipitate that results from the reduction of TTC by dehydrogenase enzyme present
in viable tissue. Area at risk was expressed as percentage of the left ventricle and
infarcted tissue was expressed as a percentage of area at risk. The weights of left
ventricle, area at risk, and infarcted tissue were meas.ured_ by a gravimetric method.

Transmural tissue slices were sectioned into subepicardium, mid-myocardium,
and subendocardium of non-ischemic (three pieces) and ischemic regions (five pieces)
and the tissue samples weighed (0.3-0.8 g). Transmural pieces were obtained from
the center of the ischemic area and were at least 1 cm from the perfusion boundaries
as indicated by the Patent Blue dye. All samples_jwere counted ina gimma counter
to determine the activity of each isotope in each sample. The activity of each isotope
was also determined in the reference blood flow samples. Myocardial blood flow was
calculated by using a preprogrammed computer to obtain the true activity of each
isotope in individual samples, and tissue blood flow was calculated from the equation
Q.=Q; X C,/C, where Q,, is myocardial blood flow(ml/min/g). Q, is the rate of
withdrawal of the reference blood flow (6.6 ml/min), C, is the activity of the reference
blood flow sample (count/min), and C,, is the activity of the tissue sample (counts

"/min/g). Transmural blood flow was calculated as the weighted average of the three

layers in each region. ‘The resuits are summarized in Table 1 below.
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Table 1
Group N IS/AAR(%) Transmural Collateral
_ . , (Blood Flow) mV/min/g
L34 (24 h) 7 133222%* 0.06 = 0.01
(35 ng/ke) | .
L34 (10 min) 7 15.0%3.0%* 0.05 % 0.01
(70 ng/kg)
L34(24h)(35ughkg) 9 252+2.7% 0.06 + 0.01
+AG (30 mg/kg) - - :
AG (30 mg/kg) 7  224%28%  0.07£0.02
Vehicle 10 26.8+24% 0.07%0.01

Allvalmareﬂxemeun:i:standaxdmofthemean. ‘P(OOchontrolgmup
Abbreviations; IS=infarct size; AAR=area at risk.

Transmural collateral blood ﬂow expressed in ml/min/g were not mgmﬁcantly
different among treatment groups.

Vehicle infarct size average was 26.8 + 2.4%. Infarct size in animals
administered the compound of the subject invention either 10 min or 24 h before
occlusion were 15.0 = 3.0% and 13.3 + 2.2%, respectively. Pretreatment of dogs
with the compound ofthe subject invention prior to ischemia/reperfusion significantly

. reduced infarct size when compared to controls. Infarct size reduction in animals

administered the subject compound 24 h before occlusion was blocked by
aminoguanidine resulting in an average infarct size of 25.2 + 2.7%.

Example 3-Cardioprotective Effect of 1.34 on Infarct Size in Rabbits

Pretreatment of rabbits with the compound of the subject invention prior to
myocardial ischemia/reperfusion significantly reduced infarct size when compared
to vehicle controls. Animals treated with L34 24 h prior to a 30 min occlusion of the
first large anteriolateral branch of the circumflex artery, or the circumflex artery itself,
followed by 3 h of reperfusion showed a reduced infarct size expressed as a
percentage of the area at risk (IS/AAR%).
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Male New Zealand white rabbits weighing 2.5-3.5 kg were injected with
vehicle or L34 24 h before the experiment. L.34 was formulated in vehicle composed
of 40% propylene glycol, 10% ethanol in water. For the experiment, animals were
intramuscularly anesthetized with ketamine (35 mg/kg) and xylazine (5 mg/kg).
Tracheotomy was performed and the animals intubated with a cuffed endotracheal
tube (Portex, 4.0 mm internal diameter) and then mechanically ventilated with room
air on a positive pressure respirator (MD Industries, Mobile, AL). Ventilatory rate
was 27-35 breaths per min, and tidal volume was approximately 10-17 ml. The
respiratory rate was frequently adjusted as needed to maintain pO, greater than 100
mm Hg, pCO, at 35-45 mm Hg, and pH 7.35-7.45. After the left jugular vein was
isolated and cannulated with a polyethylene (PE) catheter, 0.9% sodium chloride
(0.15 ml/min) was continuously administered during the experiments. The carotid
artery was dissected out and a fluid-filled PE tube (PE-50) was placed in it and
connected immediately to a multichannel p'olygraph recorder via pressure transducer
for arterial pressure recording. The EKG was recorded throughout the experiment
via lead II of the standard elctrocardiogram. A left thoracotomy was performed
through the fourth intercostal space, and the pericardium was opened to expose the
heart. A silk thread was passed around the large marginal branch of the circumflex
artery midway between the atrioventricular groove and the apex with a taper needle,

-and the ends of the tie were threaded through small vinyl tube to form a snare. The
* first anteriolateral branch of the left circumflex coronary artery between the atrio-

ventricular groove and the apex of the heart was occluded by pulling the snare, which
was then fixed by clamping the tube with a mosquito hemostat. The rabbits were
given 500 units/kg sodium heparin to prevent thrombus formation around the snare.
Myocardial ischemia was confirmed by regional cyanosis, ST elevation and decreased
blood pressure. Reperfusion was confirmed by hyperemia over the surface after
releasing the snare. ' '

At the end of each experiment, the ligature around the large marginal branch
of the circumflex artery was retightened to reocclude the artery and approximately
4 ml of 10% Evans blue dye was injected into the jugular vein until the eyes turned
blue. The dye delineates the area of the myocardium at risk for infarction from the

PCT/US99/19063



10

15

20

25

30

WO 00/11010

24

perfused area (non risk area). The rabbits were sacrificed, and their hearts harvested -
and cut into six transverse slices of equal thickness. The area at risk was determined
by negative staining and calculated as a percentage of the portion of left ventricle

_containing the risk area (AAR/L'V%) and infarct size as a percentage of area at risk

(IS/AAR%). The slices were stained by incubation for 20 min in 1% triphenyl

 tetrazolium chioride in isotonic phosphate buffer pH 7.4. Viable myocardium stains

red while nonviable or infarcted tissue remains pale or colorless. Regions of infarcted
tissue and the risk zone were determined by computer morphometry using Bioquant
imaging software and the percentage of infarcted area and risk area calculated.

Figure 1 shows that animals treated with the compound of the subject
invention had an approximately 70% reduction in infarct size expressed as a
percentage of the area at risk when compared to controls. Figure 2 shows the impact
of L34 on infarct size in a dose response curve with greater than a 50% reduction in
infarct size observed at doses of 10 to 35 pg/kg.

Example 4-Cardioprotective effect of 134 on Infarct Size in Dogs with Drug

Infusion. _
Treatment of dogs with the compound of the subject invention (L.34) prior to

_ ischemia/reperfusion significantly reduced infarct size when compared to vehicle

controls. Animals treated with a bolus of L34 followed by continuous infusion of the

‘drug beginning 3 h prior to occlusion with administration continuing through 1 h of

ischemia and 1 h of 2 3 hreperfusion period showed a reduced infarct size expressed
as a ratio of area of necrosis (AN) relative to the area at risk (AR). Animals treated
with only a bolus of L34 3 hours before ischemia showed no protection.

Mongrel dogs weighing 16-24 kg were randomly assigned to one of four
groups: vehicle control; L34 high dose bolus plus infusion; L34 low dose bolus plus
infusion and L34 bolus only. Animals in the L34 high dose bolus plus infusion group
received an intravenous bolus injection of 70ug/kg L34 formulated in vehicle (40%
propylene glycol and 10% ethanol in water) and diluted in 5% dextrose in water to
a final volume of 10 ml immediately followed by 40 pg/kg/h infusion of the drug
beginning three hours prior to occlusion. The low dose bolus plus infusion group of
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dogs were bolus dosed with 35 pg/kg of drug followed immediately thereafter by

~ infusion of drug at a dose of 4.0 pg/kg/h. With both dosing protocols, infusion of the

drug continued through the 1 h occlusion and 1 h into the 3 h reperfusion. Animals
in the bolus only group were given a 70 ug/kg bolus dose of L34 3 h before
occlusion. Dogs assigned to the vehicle control group received a weight-adjusted
and diluted "dose” of vehicle.

- All dogs were anesthetized with pentobarbital sodium (30 mg/kg iv),
intubated, and ventilated with room air. The left jugular vein and left carotid artery
were cannulated for administration of fluids and drugs and to monitor heart rate and
arterial pressure, respectively. The heart was then exposed through a left lateral
thoracotomy and suspended in a pericardial cradle. A fluid-filled catheter was
positioned in the left atrium for later injection of radio labeled microspheres (**'Ce,
1BRy, or *Nb) for measurement of regional myocardial blood flow (RMBF). A
segment of the left anterior descending coronary artery (LAD) was isolated, usually
distal to its first major diagonal branch, as the site of later coronary occlusion.

After stabilization, animals underwent a 60 min period of occlusion. Heart
rate and arterial pressures were monitored at baseline, immediately before the
sustained occlusion, and at 10 min after the onset of occlusion. All dogs received a
prophylactic dose of lidocaine ( 1.5 mg/kg iv bolus), and the LAD was ligated. The
severity of ischemia was assessed in all dogs by measurement of RMBF at 10 min

after the onset of LAD occlusion.

At the end of 3 h reperfusion the LAD was reoccluded and UNISPERSE®
blue pigment ( 0.25-0.5 mi/kg) was injected into the coronary vasculature via the left
atrial catheter to delineate the in vivo boundaries of the occluded LAD bed, and, with
animals under deep anesthesia, cardiac arrest was produced by intracardiac injection
of KCI. The hearts were rapidly excised. The heart was sliced into serial transverse
sections from apex to base and incubated in TTC stain to detect viable and necrotic
tissue within the ischemic zone of myocardium. After fixation, tissue blocks were cut
from the center of the previously ischemic LAD bed and the remote, normally
perfised circumflex bed and divided into subendocardial and mid- and subepicardial
segments. RMBF was then quantified using standard methods.
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Figure 3 shows animals treated with a bolus of L34 followed by infusion with
the drug beginning 3 h prior to ischemia displayed a statistically significant reduction

_ininfarct size as reported as a ratio of area necrosis (AN) to area at risk (AR). Dogs

treated only with a bolus of L34 3 h prior to occlusion showed no reduction in infarct
size which when considered in light of the results presented in example 2 and 5
(below), suggest that the cardioprotective activity of 1.34 observed immediately after
bolus dosing (10 min) has dissipated by 3-h following bolus dosing. These data also
demonstrate the acute cardioprotective effect of the drug canbe sﬁsmined-for at least
3 h by infusing a treated animal with the drug immediately following bolus dosing.

Pretreatment of pigs with the compound of the subject invention prior to
ischemia/reperfusion significantly reduced infarct size when compared to controls.
Animals treated with L34 10 min prior to a 40 min left anterior descending coronary
artery (LAD) occlusion and 3 h of reperfiision showed a reduced infarct size as
expressed as a percentage of the area at risk in grams.

To assess the efficacy of L34 to reduce infarct size, nine pigs were assigned
in a non-blinded fashion to one of four groups: (1) control (n=2), (2) vehicle control
(n=4), (3) L34 (35 pg/kg) (n=2), (4) L34 (70 pg/kg) (n=1). L34 was formulated in
10% ethanol, 40% propylene glycol in Water for Injection. Blinded studies were

‘additionally conducted with eight pigs randomly assigned to one of two treatment

groups: (1) A (n=4), (2) B (n=4). Group A and B were either vehicle control orL34.
Vehicle or drug injection was diluted one to one with 5% dextrose in Water for
Injection prior to administration. o

Male pigs (15-20 kg) were anesthetized with ketamine (25 mg/kg, i.m.) and
sodium pentobarbital (10 mg/kg, i.v.), intubated and mechanically ventilated with
room air. Pigs were placed on a 37 °C circulating water heating pad. The left
carotid artery of each animal was cannulated with 5Fr Millar catheter for measuring
left ventricular pressure and the right carotid artery was cannulated with 24G LV.
catheter for sampling blood. A median stemotomy was performed and the
pericardium was incised. The left anterior descending artery was identified and a 4-O
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suture was placed just distal to the first diagonal branch. The ends of the suture were
passed through small plastic tubes to form a snare. '

- After the animals equilibrated, baseline hemodynamic and blood sample were
taken, L34 (35 pg/kg) was administered intravenously 10 min prior to coronary
artery occlusion. Myocardial regional ischemia was induced by pulling the ends of
the snare and tightening the snare using a hemostat.

Following 40 min of occlusion, the snare was released and the myocardium

. was reperfused for 3 h. The hemodynamic parameters at certain time points were

recorded and blood samples were collected.
At the end of the protocol, the coronary artery was reoccluded, 8 ml of'a 50%

solution of UNISPERSE® blue dye (Dupont, DE) was injected into the left atrium

and 0.8 ml of 1% triphenyitetrazolium chloride (TTC) was injected into the coronary
artery just distal to occluded point. The heart was excised and frozen at -70 °C
overnight, then was thawed and cut into 2 mm thick transverse slices with an electric
slicer (Rival, MO). Each slice was weighed and scanned to measure the area of
unstained tissue (the infarct area) and the tissue stained red by TTC dye (area at risk)
using a Power Mac 7300 computer (Apple, CA) and an HP ScanJet 5p Scanner
(Hewlett Packard, CA).

Figure 4 shows that treatment with the compound of the subject invention
gave a 46% reduction in infarct size expressed as % AN/AR in g when compared to

controls.
Example 6-Cardioprotective effect of .34 on Myocardial Stunning in Dogs.

The compound of the subject invention provided both an acute and delayed
protective effect against cardiac stunning in dogs. Pretreatment of dogs with the
compound of the subject invention 10 minutes and 24 hours prior to ischemia
produced significant improvement in the recovery of regional segment shortening
(%SS) in the ischemic-reperfused myocardium of anesthetized dogs subjected to a
multiple ischemia/reperfusion stunning protocol. Dogs were subjected to five 5-
minute periods of coronary artery occlusion interspersed with 10 minute periods of
reperfusion and finally followed by 2. hours of reperfusion. Regional systolic
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shortening in the subendocardium of the ischemic area was determined by
sonomicrometry by placing a set of piezoelectric crystals in the subendocardium
approximately 10-15 mm apart. Regional myocardial blood flow was determined by
the radioactive microsphere technique during the first 5.min occlusion period and at
the end of 2 h of reperfusion. Hemodynamics and blood gases were also measured
at various times throughout the experiment.  There was no significant differences
between the control and pretreated groups in body weight, left ventricular weight,

_ area at risk weight or the area at risk as a % of the left ventricle. Further, no

important differences were evident between the groups in regional myocardial or
transmural blood flows in the nonischemic or ischemic region during the first
occlusion period or at 2 hof reperfusion. All groups, therefore, were subjected to
similar degrees of ischemia during the first occlusion period and had similar reflows
during the reperfusion period. The mean arterial blood pressure and rate pressure-
product were significantly (p<0.05) higher at baseline in the dogs pretreated 10 min
prior to occlusion with L34 as compared to the control group, there were however
no significant differences between groups observed throughout the remainder of the
experimental protocol. In addition, the blood gases were not different between
groups. , '

Pretreatment with L34 10 min prior to the first occlusion period resulted in
a significantly greater recovery of regional wall motion (%SS) following the first,

‘'second and fourth occlusion periods and at all times sampled during the final 2 h

reperfusion period as compared to the control group (Figure 5). Similarly, 24 h
pretreatment with .34 also resulted in a significantly greater recovery of regional wall
motion (%SS) following the first and fourth occlusion period and at all times
measured during the final 2 hour reperfusion period as compared to the control group

(Figure 6).

Example 7- Effect of L34 on TNF-¢ and IL-S secretion in THP-1 cells.

The human myelomonocytic cell line THP-1 is commonly used for the analysis
of the proinflammatory status of various compounds. THP-1 cells (American Type
Culture Collections Cat. No. 202-TIB) were grown in RPMI- 1640, 10% heat

PCT/US99/19063



10

15

20

25

30

WO 00/11010 PCT/US99/19063

29

inactivated fetal bovine serum (FBS) and 2 X 10 M B-mercaptoethanol to a cell

density of between 4 X 10%ml and 7 X 10%/ml. Cells were removed from culture and
resuspended at 1 X 10° cells/ml in RPMI 1640 containing 5% fetal bovine serum.
Resuspended cells were then pipetted into sterile, disposable polystyrene 150 X 25
mm petri dishes and treated with the natural maturational agent le, 25-
dihyroxyvitamin D; at 1 X 107 M between 24 and 72 hours depending on the degree
of maturation desired. These maturationally “pretreated” cells were then washed 3
X in RPMI 1640 containing more than 2% but less than 10% fetal bovine serum.
After the third wash cells were re§uspended in RPMI 1640 containing 5% FBS plus
2% human AB sera (Irvine Scientific) at 5 X 10° cells/ml and transferred at 2 mi per
well in a tissue culture grade, flat bottom polystyrene 24 well plate. After incubation
with various concentrations of L34, culture supernatants were collected by
centrifugation at 4, 16 and 24 hours of drug éxposure, aliquoted and stored at -70°C
until tested for proinflammatory cytokines. Cytokine concentration in the THP-1
culture supernatants were quantified using standard human cytokine ELISA kits from

R&D Laboratories. The assays were performed according to manufacture’s

instructions. L34 did not induce detectable TNF~e or IL-8 secretion by THP-1 cells
at any concentration between 1 ng/ml and 10 pg/ml.

Example 8- Effect of 1.34 on the fever response in rabbits. |

The compound of the subject invention was evaluated for pyrogenicity using
a standard three rabbit USP pyrogen test INAMSA, Northwood OH) at dose levels
between 10 and 1000 pg/kg. Three rabbits were intravenously administered the
compound in 40% propylene glycol and 10% ethanol in water at varying doses
diluted one to one in D5SW prior to dosing. Each animal's body temperature was
monitored over the course of 4 h. Pyrogenic doses and borderline pyrogenic doses
were defined by established USP definitions. Any temperature decrease was recorded
asarise of zero. An individual rise in temperature of less than 0.5°F was considered
non-pyrogenic. A borderline pyrogenic dose was a dose where at least one of three
rabbits had a peak temperature rise of >0.5°C above baseline over three hours
postdosing.
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Results of this test are shown in Table 2. Desirably, the compound of the

subject invention was not pyrogenic at any of the doses tested.

Table 2.

’ Pyrogenicity of L34
L34 Dose pg/kg
10 20 30 40 60 80
Average Temperature Rise
10 0.14 0.17 0.17 000 010 0.13
L34 Dose pg/kg
120 160 240 360 480 500 1000
Average Temperature Rise |
15 " 023 017 000 030 006 012 0.0
It should be understood that the examples and embodiments described herein
are for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are to be included within
20 the spirit and purview of this application and the séope of the appended claims.
25

30
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1. A phosphoglycolipid having the following structirre:

i T

n-Cy3Hp, 0{ n-Cy Hyy o =<°
o n-C"H”
- nCysHy

or a pharmaceutically acceptable salt thereof.

2. A method for ameliorating organ or tissue injury in an animal caused by
reperfusion of blood flow to the organ or tissue follovﬁng aperiod of’ ischemiﬁ, which
method comprises administering to the animal an effective amount of a

| phosphoglycolipid having the followihg structure: | |

NH OH
o)
o .
n-Cy3Hazy 0=< n-Cy Has 0
_ . o
n-CioHas =< 7-CuiHas
n-CysHj,

or a pharmaceutically acceptable salt thereof.
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3. The method according to claim 2, wherein said phosphoglycolipid is
administered to said animal during the period from about 24 hours prior to onset of
ischemia, up to onset of ischemia.

4. The method according to claim 2, wherein said phosphoglycolipid is
administered to said animal during ischemia.

5. The method according to claim 2, wherein said phosphoglycolipid is
administered to said animal during reperfusion.

6. The method of claim 2, wherein said phosphoglycolipid is administered to
said animal parenterally or orally.

7. The method of claim 2, wherein said phosphoglycolipid is administered to
said animal intravenously. '

8. The method of claim 2, wherein said phosphoglycolipid is administered 1o
said animal as a bolus.

9. The method of claim 2, wherein said phosphoglycolipid is administered to
" said animal by infusion. '

10. The method of claim 2, wherein said phosphoglycolipid is administered
to said animal as a bolus followed by infusion.

11. The method of claim 2, wherein said phosphoglycolipid is administered
to said animal intravenously as a bolus followed by infusion.

12. The method of claim 2, wherein said phosphoglycolipid is administered
as a bolus to said animal in the amount of from about one to about 1000 micrograms
per kilogram of the body weight of said animal.
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13. The method of claim 2, whierein said phosphoglycolipid is administered
as a bolus to said animal in the amount of from about 10 to about 300 micrograms
per kilogram of the body weight of said animal.

14. The method of claim 2, wherein said phosphoglycolipid is administered
as a bolus to said animal in the amount of from about 35 to about 100 micrograms

per kilogram of the body weight of said animal.

15. The method of claim 2, wherein said ischemia followed by reperfusion

occurs during a medical procedure selected from the group consisting of surgery with

major blood vessel cross-clamping, cardiac surgical procedures, organ transplants,
tissue transplants, plastic surgery, myoplasty; skin flap translocation and bowel

resection.

16. The method of claim 2, wherein said ischemia followed by reperfusion
occurs during an event selected from the group consisting of myocardial infarction,
stroke, drowning, bowel infarction and traumatic limb amputation and reattachment.
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17. A pharmaceutical composition comprising a phosphoglycolipid having
2 the following structure: '

. "'Cx 1Hza
n-C 13H27 _ n-C 1 leg - 0o i
n-CnHas . =< "'Cqus
n-CysHa

or a phannaceuncally acceptable salt thereof, and a pharmaceutically acceptable

4 carrier.

1 18. The pharmaceutical composition of claim 17, wherein said
2 pharmaceutical carrier is selected from the group consisting of water for injection,
3 polyethylene glycol, propylene glycol and ethanol, oil-in-water emulsions, liposomes
4 and surfactant containing vesicles. '
1 19. The pharmaceutical composition of claim 17, wherein said
2 pharmaceutical carrier is propylene glycol and ethanol in water for injection.

20. The pharmaceutical composition of claim 17, wherein said
2 pharmaceutical carrier is 40% volume per volume propylene glycol and 10% volume

per volume ethanol in water for injection.

1 21. A method for extending the acute protective effect of a drug to organ or
2 tissue injury in an animal caused by reperfusion of blood flow to the organ or tissue
3 following a period of ischemia, the method comprising the steps of administering the
4 drug to the animal as 2 bolus followed by infusion of the drug.
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22. The method of claim 21, wherein said drug is a phospholipid having the
following structure: |

Q
NH OH
o
@) -
n-Ci3Hyy °=< n-CyHy - o
0
n-Cy7Has n-CuiHzs
n-CysHs) |

or a pharmaceutically acceptable salt thereof.

23. The method of claim 22, wherein said drug is administered as said bolus
in the amount of from about one to about 1000 micrograms per kilogram of the body
weight of said animal and by said infusion in the amount of from about 0.1 to about
400 micrograms per kilogram of body weight of said animal per hour.

" 24. The method of claim 22, wherein said drug is administered as said bolus
in the amount of from about 10 to about 300 micrograms per kilogram of the body
weight of said animal and by said infusion in the amount of from about 1 to about 100
micrograms per kilogram of body weight of said animal per hour.

25. The method of claim 22, wherein said drug is administered as said bolus
in the amount of from about 35 to about 100 micrograms per kilogram of the body
weight of said animal and by said infusion in the amount of from about 4 to about 40
micrograms per kilogram of body weight of said animal per hour.
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26. A method of inducing inducible nitric oxide synthase comprising
' administering to an animal capable of producing nitric oxide synthase an effective
- amount of a phosphoglycolipid having the following structure:

(HO);PO
HO
HO
O

n- Cl 1Hzs
"'C13H27 0 - n-CyyHys 0
' 8]
n-C"Hss n-Cy Hys
- nGysly
or a pharmaceutically acceptable salt thereof. '
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