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stressors that generate harnful free radicals enploy

the anti oxi dant co-enzyne, glutathione (GSH). GSH is

important in maintaining the structural integrity of

cell and organell e nmenbranes and in the synthesis of
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(1985). Stinulation of GSH synthesis in rat renal

epithelial cells and stomach cells has been found to

rotect the cells fromthe toxic effects of

cycl ophospham de and serotonin, respectively.
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as sho in Fig,. 1. Al substrate-|level reactant.s...
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20 Biosynthesis of glutathione (GSH) involves two sequential reactions that

utilize ATP and that are catalyzed by the enzymes y-glutamylcysteine synthetase
and glutathione synthetase (GSH-synthetase) using the three precursor amino
acids L-glutamic acid, L-cysteine, and glycine, as shown in Fig. 1.
All substrate-level reactants occur at near enzyme-saturating
25  concentrations in vivo with the exception of L-cysteine, whose cellular
concentration is exceedingly low. Therefore, the first reaction in which L-
cysteine is required, i.e., the synthesis of y-L-glutamyl-L-cysteine, is the rate-
limiting step of glutathione biosynthesis. Thus, the availability of intracellular
L-cysteine is a critical factor in the overall biosynthesis of GSH, are sufficient
30  stores of ATP.
In the synthesis of ATP via the nucleotide salvage pathway, the
nucleotide precursors that may be present in the tissue are converted to AMP and

further phosphorylated to ATP. Adenosine is directly phosphorylated to AMP,
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20 Many conditions produce hypoxia. Such conditions include acute or

19}

chronic ischemia when blood flow to the tissue is reduced due to coronary artery
disease or peripheral vascular disease where the artery is partially blocked by
atherosclerotic plaques. In U.S. Pat. No. 4,719,201, it is disclosed that when
ATP is hydrolyzed to AMP in cardiac muscle during ischemia, the AMP is
25  further metabolized to adenosine, inosine and hypoxanthine, which are lost from
the cell upon reperfusion. In the absence of AMP, rephosphorylation to ADP
and ATP cannot take place. Since the precursors were washed from the cell, the
nucleotide salvage pathway is not available to replenish ATP levels. It is
disclosed that when ribose is administered via intravenous perfusion into a heart
30  recovering from ischemia, recovery of ATP levels is enhanced.
Transient hypoxia frequency occurs in individuals undergoing anesthesia
and/or surgical procedures in which blood flow to a tissue is temporarily
interrupted. Peripheral vascular disease can be mimicked in intermittent

claudication where temporary arterial spasm causes similar symptoms. Finally,
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20Bi 0d199153 aﬁﬂ@ Mbml@d ngs. MRgesl g 1F5rse($992)N Y. ( 1982) at
pages 223- A’ “Blaustein et al, G'rculation , 80,

1449 (19883s bqqn@ypg@muh@iglehvery of L-cysteine to mammalian cells
can elevate GSH levels by supplying this biochemical GSH precursor to the cell.

However, cysteine itself is neurotoxic when administered to mammals, and is
rapidly degraded. In previous studies, it was shown that N-acetyl-L-cysteine, L-
25  2-oxothiazolidine-4-carboxylate, as well as 2(R,S)-n-propyl-, 2(R,S)-n-pentyl
and 2(R,S)-methyl-thiazolidine-4R-carboxylate can protect mice from
heptatotoxic dosages of acetaminophen. See H.T. Nagasawa et al., J. Med.
Chem., 27, 591 (1984) and A. Meister et al., U.S. Pat. No. 4,335,210. L-2-
Oxothiazolidine-4-carboxylate is converted to L-cysteine via the enzyme 5-oxo-
30 L-prolinase. As depicted in Fig. 2, compounds of formula 1, e.g., wherein
R=CHj, function as prodrug forms of L-cysteine (2), liberating this sulthydryl
amino aciuc by nonenzymatic ring opening and hydrolysis. However, the

dissociation to yield L-cysteine necessarily releases an equimolar amount of the



Pat hol ogy of Oxygen, A.P. Autor, ed., Academ c Press,
N. Y. (1982) at pages 127-128; J . Vina et al., Brit. J

WO 2060535968, 421 (1992); CD. Spies et al., CriPCT/U82005/041458
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GSH stores in mammalian tissues subjected to hypoxic conditions in which the

ATP stores necessary to drive the biosynthesis of GSH and its precursors are

depleted.
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and renal toxicity. A M Lucus, Toxicol. Pathol . 28,
697 (2000). R bCys can also protect the | arge and
wapmblos3sonel agai nst radiation injury. See M PPCIZHSZD$/041458

et

al.. Pis. Colon Rectum 38, 716 (1995). These

protective effects are believed to be due to the

st

i mul ati on of GSISLMDB@(R]YKBETH}E IV IERTED v at es

intracellul ar GSH. However., a ne@P%fx st.s for

to rest JE RBFSCREPHIREOR PFAYifes e

§ agifl%ﬂillé]g ened

”H'Egﬁ&lt %ﬂ %@éﬁﬁ h§pRlE L RBELHIYHAN &mﬁiﬁﬁﬂé AdMifisteRing an

bi

P stores necessary to drive the
esfpoti veesneund bf CSnpothdi affoprde (lesor s ar e

depl et ed. SUMMARY OF THE I&I}/ﬁl\l‘l’l ON The present
i nvention provides a ne d'to treat a mamal

t hreat ened by, or

ct ed Wi th a hypoxic condition

(hypoxi a) conprisjng admi nistering an ef f@axive anount

of a conpound of Sfor mul
phar maceutical |y Wa l e salt thereof, effective to

(la): (R bCys) or a

counteract the eff s of said hypoxia in the

ti

ssue(s) of said majmmal . The present invention al so

provi des the use of la—coppound of formula I(a) or a
salt thereof to prepare a nedi canent useful to treat a
mammal , such as a hujma threatened by or afflicted

W
al

th a hypoxic condifi ono(hypOX| a). Al though depressed
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Although depressed glutathione levels have been imp 1cated In a number
of hypoxic conditions, as discussed above, the use of RibCys or its salts to
prevent, counteract or otherwise treat such conditions has not been reported. It is
believed that simply administering a GSH precursor such as cysteine will not be
as effective in many instances of hypoxia, when the depletion of ATP stores
contributes to inhibition to the biosynthesis of GSH. As well as functioning as a
prodrug for cysteine, administration of effective amounts of RibCys can deliver
amounts of ribose to ATP-depleted tissues that stimulate the in vivo synthesis of
ATP and that also can stimulate the synthesis of NADPH (nicotinamide adenine
dinucleotide phosphate, reduced). This coenzyme supplies the electrons to
glutathione reductase, which in turn recycles oxidized GSH via GSSG, to free
GSH, which resumes its protective role as a cofactor for antioxidant enzymes in

the cell. Optionally, compound (Ia) can be administered with an additional

amount of free ribose. Optionally, a medicament containing compound I(a) can
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20 meana cond1t10n in which oxygen in one or more tissues of a mammal is
Jowered below physiologic levels, e.g., to a less than optimal level. Hypoxia
also includes conditions in which oxygen levels are lowered in tissues due to
stress such as aerobic exercise, physical weight pressure, anesthesia, surgery,
anemia, acute respiratory distress syndrome, chronic illness, chronic fatigue

25  syndrome, trauma, burns, skin ulcers, cachexia due to cancer and other catabolic
states and the like. Hypoxia also includes “ischemia” or “ischemic conditions”
in which tissues are oxygen-deprived due to reduction in blood flow, as due to
constriction in, or blockage of, a blood vessel. Ischemia and/or ischemic
conditions include those caused by coronary artery disease, cardiomyopathy,

30 including alcoholic cardiomyopathy, angioplasty, stenting, heart surgery such as
bypass surgery or heart repair surgery (“open-heart surgery”), organ
transplantation, prolonged weight pressure on tissues (pressure ulcers or
bedsores), ischemia-reperfusion injury which can cause damage to transplanted

organs or tissue, and the like. The present invention is effective to treat the GSH
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(1. rﬂ»o)se mhm@, 60-40td efnyeteing tem) ad leuman. SeeRdbdiabsrts,
To XAI%IC&HCGI‘ S., 1_4_1,5%3 (%6&4)( b%%éls) of 2L g/kg%lie}?s vBérQ (r)épsorf&i t§
protect mice against acetaminophen hepatic and renal toxicity by A.M. Lucas et

al., Toxicol. Pathol., 20, 697 (2000). Doses of 1 g/kg RibCys were reported to

25  protect mice against irradiation-induced bowel injury (see J.K. Rowe et al., Dis.
Colon Rectum, 36, 681 (1993). I.E. Fuher (U.S. Patent No. 4,719,201) reported
that doses of ribose of about 3 g/day for at least 5 days effectively restored and

maintained ATP levels in dogs subjected to ischemia (heart attack model), doses
that delivered about 550-700 mg/kg of ribose to an 30 kg dog.

30 In clinical practice, these compounds, and the pharmaceutically
acceptable salts thereof, can be administered in the form of a pharmaceutical unit
dosage form comprising the active ingredient in combination with a
pharmaceutically acceptable carrier, which can be a solid, semi-solid, or liquid

diluent. A unit dosage of the compound can also be administered without a
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Phar maceuti cal Sciences, Mck Publishing Co., Easton,
Pa. For parenteral admlmstratlon suitable pharmaceutical carriers can

include water, saline, dextrose, Hank's solution, Ringer's solution, glycerol, and
the like. Parenteral compositions can be in the form of suspensions, solutions,
emulsions, and the like. Parenteral administration is usually by injection or

25 infusion which can be subcutaneous, intramuscular, or intravenous.

Example 1
2(R,S)-D-ribo-1',2',3"' 4'-Tetrahydroxybutylthiazolidine-4(R)-carboxylic
Acid (RibCys).
30 This compound was synthesized using ribose (Rib) as described by R.
Bognar et al., Z. Liebigs Ann. Chem., 738, 68 (1970), the disclosure of which is

incorporated by reference herein. The product was collected to give 4.71 g
(92.2% vyield) of pale yellow material, mp 149°-151° C. dec. [a]p> -103.1°
(c=0.52, H,0); IR (KBr) v3220 (br, OH, COO), 1610 cm’ (COO).
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TABLE 1

Increased Glutathione [GSH] Content of Rat Hepatocytes after Incubation with
L-Cysteine Prodrugs

[GSH] £ SE [GSH] Rel. to
Cysteine Prodrug Conc. (mM) (nmmol/10° cells) Controls
Control (none) - 35.4%0.75 1
RibCys (Ia) 1.0 61.2+1.52 1.7
N-Acetyl-L- 2.5 45.8 £1.27 1.3

cysteine (NAC)

As can be seen from Table 1, RibCys elevated GSH levels about 1.7-fold
relative to controls in these hepatocytes. N-Acetyl-L-cysteine (NAC), the drug
presently used for the clinical treatment of acetaminophen overdoses, also raised
GSH levels by 30% in this system, but required 2.5 times the concentration of

the thiazolidine prodrugs for comparable elevation. (See L. F. Prescott et al.,



Exper. Cell Res., 74, 450 (1972). After final plating,
the hepatocytes were maintained in culture for 24 hr

W@eRi06/053507 use. Only primary cultures were usedPCT/US2005/041458

t hroughout the studies. Thé&0hepat ocytes were incubated
with cysteine prodrugs NAC and (la) for a 4-hr period,
an®raf Med. J.ey00%d (1679y@liJaLayerbsrg etz drlin. hevestl11s 980

were rinsed with cold p at e- fered s
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be fmethefﬂ-oy@té[ﬁé)blevﬂd,edﬁlyb@/maebmm ecbd@sH. | evel s about
1.7-fold relative to controls in these hepatocytes.

N- Acetyl -L-cysteine (NAC), the drug presently used for
the clinical treatnment of gogjgmnophen overdoses,
also raised GSH | evels by 30%1in this system but

r eqmhibéidrPEfedt ioffiBntititeine Snlfente{BSO) onfGSH Elevation Elicited by
L-Cysteine Prodrugs in Rat Hepatocytes

Prodrug BSO [GSH] + SE [GSH]
(1.0 mM) (0.2 mM) (nmol/10% cells)  Rel. to Controls.
None (Control) - 354+0.78 1.0
None + 18.4+£2.08 0.5
RibCys (1a) + 16.2 +3.60 0.5
N-Acetyl-L-cysteine + 25.5+1.59 0.7
Example 3

RibCys Elevates GSH in Heart and Muscle Tissue
As reported by J.C. Roberts et al., Toxicol. Lett., 59, 245 (1991), RibCys
successfully elevated glutathione (GSH) levels in numerous organs of tumor-
bearing CDF1 mice. GSH content was assayed 1, 2, 4, 8 and 16 h after RibCys
administration (8 mmol/kg, 1.p.); various organs achieved maximal GSH content
at different time points. GSH in the liver was elevated 1.5-fold compared to
untreafed controls at the 16-h time point. Kidney GSH also was maximal at 16 h

and achieved 1.6-times control values. GSH in muscle achieved 2.5 times the



the thiazolidine prodrugs for conparable el evation.
(See L. F. Prescott et al.,Brit. Med. J ., 2, 1097

W@ 1®303359B. J. Lautenburg et al., J. din. |nveSL/US2003041458
980 (1983) and G B. Corcoran et al., J . Pharnacol.
Exp. Ther. , 232, 864 (1985)). That GSH bi osynt hesis
Wasevelsi ifdbidtd dntiyals, ividdleahd Bladddr wassldiatediehfald) and the heart
precursor L-cysteine, fromthe prao
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None + 18.4 + 2. 08 (la) + 16.2 3.60 0.5
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T RATELoK LR oL LB COE e ey of
ATP levels and cardiac function in a given human subject can be readily
established via empirical studies including known assays for ATP levels, cardiac
function and the like.

20 Although the studies of the examples of U.S. Pat. No. 4,605,644 were
directed at enhancing the energetic recovery following ischemia of the heart with
solutions containing free ribose, the present method employing the
cysteine/ribose pro-drug RibCys is also expected to be applicable to any tissue or
organ that has suffered hypoxia, such as an ischemic insult where antioxidant

25  augmentation and ATP recovery would be helpful. These situations include but
are not limited to: myocardial infarction, stroke, organ transplant with organ
preservation, neonatal support, multi-organ system failures, shock and trauma
resulting in compromised circulation, and the like. Often, even uncomplicated
general anesthesia can result in some degree of hypoxia and the accompanying

30  invasive medical procedure can lead to the build-up of free radicals in the
traumatized tissue. Likewise, acrobic exercise in convalescent or healthy
individuals can lead to ATP depletion and the build-up of free radicals from
environmental oxidants. Therefore, the present invention provides a method

whereby hypoxic tissue can be treated so as to quickly regain and maintain



adm nistration (8 mol /kg, i.p.); various organs

achi eved maxi mal GSH content at different tine points.
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untreated controls at the 18-h tine point. Kidney GSH

al so was maxi mal at 16 h and achieved 1.6-tines
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to 1.2-fold increase in GSH content. GSH in inpl ant ed
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body wei ght. The appropriate dose for the optina
recovery of ATP |levels and cardiac function in a given
human subj ect can be readily established via enpirica
studi es including known assays for ATP |l evels, cardiac
function and the |ike. Al though the studies of the
exanples of U S. Pat. No. 4,605,644 were directed at
enhanci ng the energetic recovery follow ng i schem a of
the heart with solutions containing free ribose, the
present method enpl oying the cysteine/ribose pro-drug
Ri bCys is al so expected to be applicable to any tissue
or organ that has suffered hypoxia, such as an
ischem c insult where anti oxi dant



augnent ati on and ATP recovery woul d be hel pful. These
situations include but are not limted to: nyocardi a
WO njoatsishon, stroke, organ transplant w th or geeT/US2005/041458
preservation, neonatal suppdrt, multi-organ system
failures, shock and trauma resulting in conprom sed
circulation, and the like. Oten, even unconplicated
general anesthesia can result in sone degree of
hypoxi a and t he acconpanyi ng i nvasi ve nedi ca
prBHaduSeCIeAIMEREY: t 0 the build-up of free radicals in
the traumati zed tissue. Likew se, aerobic exercise in
conval escent or healthy individuals can | ead to ATP
deapl et iThe vaadf Rih€yboi 4 phampachtifallyaceeptibiasadt thereehto prepare a
envi ronnment al .oxjdants. Therefore, the
R T oA i RO RRe ey R RS2 teuclpam e
b%&tﬁtﬁﬁh@ v B%s IPrahh§idxYa m@GaimmaNntreaRhad aithywnffiitied
A l evel s, both to inprove tissue survival and to
hasithen hyperde aondiisai | y recovery. Al publications,
patents and patent applications are incorporated
herein by reference. Wiile in the foregoing
speci f itetisenf d4is] vheeit the hypres ib dentodsiseticainguyit.
relation to certain preferred enbodi nents thereof, and
many details have been set forth for purposes of
i 19 ust rEfei @B of dlAim/® vheleth BPRREERL idsalttihp®aucididutirghdant
the art that the invention is susceptible to
adtigeno WEgand B SRS AP RMAPT ¥BFP&i n of the details
descri bed herein may be varied considerably w thout
departing fromthe basic principles of the
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h tical .ah It & f
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i NafefaRRnOALNidahen, AddRytauRl o3 isehehibhepegfusioat hi one
| evel s so as to treat hypoxia in a nmanmal threatened

with, or afflicted with, a hypoxic condition. 2. The

use of "ﬁleﬂ{s@oﬁlg‘(ﬂg¥ SiBreh e Iﬁw R dud tcﬂé&?ae%@geﬁﬁ‘,tpr}]lésical body

i SChem ¢ i nsu The use of aim 2 wherein
i sedightipredsusyudepti¢esniprstdbie acsurival prycedvae tbugiu pgbnapary
orgap transpl antation, angi oplasty or stenting. 4. The
us‘g’S CE‘P%ipﬁYséc FUPHoL ¢ Oqlés)léﬁgﬁ'sﬁ cinsult is due to
cardi ovascul ar
6. A therapeutic method comprising treating a mammal subject to hypoxia with
an amount of 2(R,S)-D-ribo-(1',2',3',4'-tetrahydroxybutyl)thiazolidine-4(R)-
carboxylic acid (RibCys) or a pharmaceutically acceptable salt thereof effective to

maintain, restore or increase both the ATP levels and the glutathione (GSH) levels

in said tissue.
7. The method of claim 6 wherein the mammal is a human.

8. The method of claims 6 or 7 wherein the RibCys is administered orally.



di sease, cardi onyopat hy, nyocardi al stunning,
peri pheral vascul ar di sease, intermttent
Ww@b@aasssat i on, tachycardia or ischem a-reperf uBCDNS2085/041458

The use of claim1 whereinlthe hypoxia is due to an

aest hesi a, physical body wei ght pressure, septicem a,

stroke, a surgical procedure, burn, pul nonary

dysfunction, physical exertion or chronic iIIness 6.

A therapeutic nmethod conpri sing treatlng a mal

SLH)J ect hednﬁlyfpb&ﬁcéalmsﬁwrﬂﬁﬁ’}ﬁﬁ%ﬂle RgpCys s admimistercd
g%s |bo (r,2',3 ,4" -tetrahydroxybutyl)thiazolid
? car boxylic aci d (Ri bCys) or a

pharnaceutlcally acceptabl e salt thereof effective to

oL S5 S0 R SRTR BB IR D, o

nqhﬁg&r@gnem}al m 6 wherein the mamual is a human. 8.
The nethod of clainms 6 or 7 wherein the R bCys is
adm nistered orally.9. The nethod of clainms 6 or 7

whey el {Hﬁ eg'get@cp SRail 63\(%'7'\%(3?&1? E}ﬁqnﬂﬁﬁﬁm% &l dr¥will 18-

The "nme alm erein the RbCys i$
adsubjeceties Bchemmb imuBnousl y or intraperitoneally. 11.
The nethod of clainms 6 or 7 wherein the mammal was, is
or wll be subjected to ischema insult. 12. The

nmeihod e edtBdddAdaivhEr ®héeit g tidssSis@atdsovascular tissue.
cardi ovascul ar tissue. 13. The nethod of claim 12
wherein the tissue is nyocardial tissue. 14. The

me{fod ’gk(e d—ﬁétﬁ(gd]?)ﬁéllalwﬁ @h&eﬁ%&ﬂsﬁ@ﬁ@ﬁ@/&aﬂd‘iﬁ Hduel S
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produc art surgery, organ transplantation,
angloplasty or stentlng 15. The net hod of cIa|n114

t h (
per Thsmathes R b p e PSR UGS Bl i
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car di ovascul ar di sease, cardi onyopat hy, myocardi a
stunni ng, peripheral vascul ar disease, intermttent

cl pydi catd Dhnod SEOYGAT FRerbih thRMENS Sol0EREE fitiaiMirectly into

a chamber of the heart or is infused intravenously.

16.  The method of claim 11 wherein the ischemia is due to cardiovascular
disease, cardiomyopathy, myocardial stunning, peripheral vascular disease,

intermittent claudication, tachycardia or ischemia-reperfusion.

17.  The method of claims 6 or 7 wherein the hypoxia is due to an aesthesia,
physical body weight pressure, septicemia, stroke, a surgical procedure, burn,

pulmonary dysfunction, physical exertion or chronic illness.

18.  The method of claim 17 wherein the body weight pressure causes pressure

ulcers.

19. The method of claim 17 wherein the chronic illness is due to viral infection.



17. The nmethod of clains 6 or 7 wherein the hypoxia is
due to an aesthesia, physical body wei ght pressure,

W@ ewbhios®wni a, stroke, a surgical procedure, burPCT/US2005/041458
pul monary dysfunction, phydfcal exertion or chronic
illness. 18. The nmethod of claim 17 wherein the body
wei ght pressure causes pressure ulcers. 19. The nethod
of claim 17 wherein the chronic illness is due to
viral infection.20. The nethod of claim19 wherein the
vi ral infection is due to HCW, H'V or EBV. 21. The

of()gggt Inae[t f1c§ gim 19 \glgegelhﬁﬂﬁe AR éc oh#é %l%;t@rﬁql\é[@uﬁIV or

mh@mejn t he chronlc illness is cancer. 23. A

t herapeutic nmethod conprising adm nistering R bCys to
a manmal in an effective anpbunt to increase the
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cysteine are elevated in the tissue of the nmanma
duinfengott he hypoxi ¢ event. 24. The nethod of claim 23
wherein the manmmal is a human. 25. The net hod of
claims 6, 7, 23 or 24 wherein R bCys is adm ni stered
i mm dogagrethbd abaaiin 10whaeih 5l drenisillngé.is Tawenet hod
of claim 23 wherein the R bCys or salt thereof is
adm nistered at least five mnutes prior to the

ocgurr eq %réﬂeuﬁ@ BB S fri S e MminAterind RebOR tbadn/hmal in an
clainms 6, 7, or 24 wherein the R bCys or salt
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24, The method of claim 23 wherein the mammal is a human.

25.  The method of claims 6, 7, 23 or 24 wherein RibCys is administered in a
dosage of about 10 to 150 grams.

26.  The method of claim 23 wherein the RibCys or salt thereof is administered

at least five minutes prior to the occurrence of the hypoxic event.

27. The method of claims 6, 7, 23 or 24 wherein the RibCys or salt thereof'is
administered in a liquid vehicle comprising an amount of free ribose effective to

inhibit in vitro dissociation of RibCys prior to administration.



