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ATTORNEYS FOR PLAINTIEFS UNITHER PHARMA, INC., THE BOARD
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New YORK MEDICAL COLLEGE

UNITED STATES DISTRICT COURT

SOUTHERN DISTRICT OF CALIFORNIA

UNITHER PHARMA, INC., THE BOARD OF ) Case 119)2 ev U .]-'29 H ’ «POR’

TRUSTEES OF LELAND STANFORD

JUNIOR UNIVERSITY, and NEW YORK COMPLAINT FOR PATENT
MEDICAL COLLEGE INFRINGEMENT AND DEMAND FOR
JURY TRIAL
Plaintiffs,
v,

REAL HEALTH LABORATORIES, INC., and
JOHN F. DULLEA,

Defendants.

Plaintiffs Unither Pharma, Inc., The Board of Trustees of Leland Stanford Junior
University, and New York Medical College hereby allege as follows:

THE PARTIES

1. Unither Pharma, Inc. (“Unither Pharma”) is incorporated under the laws of the State
of California, and has a regular and established place of business at 1404 Old Country Road,
Belmont, California 94002. Unither Pharma is the successor in interest of Cooke Pharma, Inc.
(“Cooke Pharma™), which was incorporated under the laws of the State of California and located

at the same address.

ORIGINAL

INFRINGEMENT AND DEMAND FOR

COMPLAINT FOR PATENT
\ JURY TRIAL
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2. The Board of Trustees of Leland Stanford Junior University (“Stanford”) is a body

having corporate powers under the laws of the State of California with a location in Stanford,
California.

3. New York Medical College (“NYMC"”) is a body having corporate powers under
the laws of the State of New York with a location in Valhalla, New York.

4. Upon information and belief, Real Health Laboratories, Inc. (“Real Health”) 1s a
corporation incorporated under the laws of the State of California, and has a regular and
established place of business at 1424 30th Street #B1, San Diego, California 92154.

5. Upon information and belief, John Dullea is presently, and has been at all times
since 1999, the Chief Executive Officer of Real Health and has his office at 1424 30th Street
#B1, San Diego, California 92154,

JURISDICTION AND VENUE

6.  This Court has subject matter jurisdiction of this action under 28 U.S.C. § 1338(a)
in which the district courts have original and exclusive jurisdiction of any civil action for patent
infringement.

7. This Court has personal jurisdiction over defendants because defendant Real Health
is located in and is doing business in this judicial district and defendant John Dullea works at
Real Health in this judicial district.

8. Venue is proper in this Court under 28 U.S.C. §§ 1391 and 1400 because
defendants reside in this judicial district.

AVERMENT OF FOUNDATION FACTS

9. Stanford is the assignee of named inventors of certain patents relating to the use of
L-argiine in treating vascular disorders and improving vascular function and physical
performance. These patents include U.S. Patent No. 6,117,872 issued September 12, 2000 (“the
‘872 patent” attached as Exhibit A hereto).

10.  NYMC is the assignee of named inventors of certain patents relating, inter alia, to
the use of L-arginine in treating high vascular resistance disorders. These patents include U.S.

Patent No. 5,217,997 issued June 8, 1993 (“the ‘997 patent” attached as Exhibit B hereto).
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11. Stanford and Cooke Pharma entered into an agreement under which Stanford
granted Cooke Pharma an exclusive license under the 872 patent in the manufacturing, use and
sale of amino acid based dictary supplements, health supplements, other food products, and/or
pharmaceuticals to enhance aerobic capacity by modulating the level of endogenous nitric oxide
in the vascular system, excluding gene therapy. Under the same agreement, Stanford provided
Cooke Pharma with a right to institute actions and recover damages for infringement of the '872
patent and the right to join Stanford as a plaintiff in any such action. Unither Pharma is the
successor in interest to all rights granted by Stanford to Cooke Pharma under that agreement.

12.  NYMC and Ceoke Pharma entered into an agreement under which NYMC granted
Cooke Pharma an exclusive worldwide license under the *997 patent in the manufacturing, use
and sale of amino acid based functional foods, dietary supplements, medical foods or
pharmaceuticals. Under the same agreement, NYMC provided Cooke Pharma with a right to
institute actions and recover damages for infringement of the "997 patent and the right to join
NYMC as a plaintiff in any such action. Unither Pharma is the successor in interest to all rights
granted by NYMC to Cooke Pharma under that agreement.

13. Upon information and belief, the methods claimed in the *997 and 872 patents
include treatment of human erectile dysfunction caused by high vascular resistance in the
vasculature of the sex organs and enhancement of blood flow to improve physical performance,
including physical performance of the sex organs.

14.  Unither Pharma manufactures and sells products containing L-arginine designed to
improve vascular health and to improve human sexual performance and treat erectile dysfunction
covered by the "997 and ’872 patents.

5. Upon information and belief, Defendant Real Health competes with Unither Pharma
and sells at least six products, The CardioFitness Formula, The VasoRect Formula, The VasoRect
SE Formula (recently renamed The VasoRect Plus Formula), The VasoRect Ultra Formula and The
Sexual Health Formula that contain L-arginine as the primary active ingredient.

16. Defendant Real Health advertises, inter alia, that its L-Arginine-based products

improve vascular health and support healthy erectile functioning and blood pressure.
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17.  On information and belief, defendant John Dullea owns a significant fraction of the
capital stock of Defendant Real Health .

18.  Upon information and belief, Defendant John Dullea, in his capacity as Chief
Executive Officer and as a major stockholder has substantial control over the actions of Defendant
Real Health.

COUNT 1 - INFRINGEMENT OF THE ‘997 PATENT

19. Each allegation contained in paragraphs 1-18 above is incorporated herein by
reference.

20. Defendant Real Health is currently and has been inducing and/or contributing to the
infringement of the claims of the *997 patent by making, using, selling, offering to sell and/or
importing its products containing L-arginine without the consent of Unither Pharma.

21. Defendant Real Health will continue to induce and/or contribute to the infringement
of the claims of the 997 patent unless enjoined by this court.

22. Defendant Real Health has had actual notice that the use of 1ts products are covered
by the claims of the *997 patent since at least January 20, 2000 (Letter to Real Health attached
hereto as Exhibit C).

23. Defendant Real Health has willfully and deliberately induced and/or contributed to
the infringement of the claims of the 997 patent with full knowledge and wanton disregard of
Plaintiffs’ rights thereunder, rendering this an “exceptional” case within the meaning of 35
U.S.C. § 285.

COUNT 2 - INFRINGEMENT OF THE ‘872 PATENT

24.  Each allegation contained in paragraphs 1-18 above is incorporated herein by
reference.

25.  Defendant Real Health is currently and has been inducing and/or contributing to the
infringement of the claims of the ‘872 patent by making, using, selling, offering to sell and/or
importing its products containing L-arginine without the consent of Unither Pharma.

26.  Defendant Real Health will continue to induce and/or contribute to the infringement

of the claims of the ‘872 patent unless enjoined by this court.
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COUNT 3 — INDUCEMENT OF INFRINGEMENT OF THE ‘997 PATENT

27. Each allegation contained in paragraphs 1-18 above is incorporated herein by
reference.

28. Defendant John Dullea, with knowledge of the claims of the *997 patent, is
currently and has been inducing Defendant Rea! Health to infringe and/or induce and/or
contribute to the infringement of the claims of the ‘997 patent by actively and knowingly causing
Defendant Real Health to make, use, sell, offer to sell and/or import products containing L-
arginine without the consent of Unither Pharma.

29. Defendant John Duliea will continue to induce Real Health or others to infringe
and/or induce or contribute to the infringement of the claims of the ‘997 patent unless enjoined
by this court.

30. Defendant John Dullea has had actual notice that the use of Real Health products
are covered by the claims of the ‘997 patent since at least January 20, 2000 (Letter to Real
Health attached hereto as Exhibit C).

31.  Defendant John Dullea has willfully and deliberately induced Defendant Real
Health to induce and/or contribute to the infringement of the claims of the ‘397 patent with full
knowledge and wanton disregard of Plaintiffs’ rights thereunder, rendering this an “exceptional”
case within the meaning of 35 U.S.C. § 285.

COUNT 4 - INDUCEMENT OF INFRINGEMENT OF THE ‘872 PATENT

32. Each allegation contained in paragraphs 1-18 above is incorporated herein by
reference.

33, Defendant John Dullea, with knowledge of the claims of the ‘872 patent, is
currently and has been inducing Defendant Real Health to infringe and/or induce and/or
coniribute to the infringement of the claims of the ‘872 patent by actively and knowingly causing
Defendant Real Health to make, use, sell, offer to sell and/or import products containing L-
arginine without the consent of Unither Pharma.

34.  Defendant John Dullea will continue to induce Real Health or others to infringe

and/or induce or contribute to the infringement of the claims of the ‘872 patent unless enjoined
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by this court.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs request the following relief:

a. That this Court adjudge and declare that defendants Real Health and John Dullea
have induced and/or contributed to the infringement of the '997 patent;

b. That this Court preliminarily enjoin defendant Real Health, and its officers,
directors, employees, agents, Licensees, servants, successors and assigns, and any and all persons
acting in privity or in concert with them, and John Dullea from infringing, actively inducing
infringement or contributing to infringement of the '997 patent;

C. That this Court permanently enjoin defendant Real Health, and its officers,
directors, employees, agents, licensees, servants, successors and assigns, and any and all persons
acting 1n privity or in concert with them, and John Dullea from infringing, actively inducing
infringement or contributing to infringement of the '997 patent;

d. That this Court award to plaintiffs damages adequate to compensate them for
defendants Real Health’s and John Dullea’s acts of inducement of infringement of the '997 patent
complained of herein, together with interest thereon;

€. That this Court award treble damages against defendants Real Health and John
Dullea for their willful inducement of infringement of the '997 patent;

f. That this Court adjudge and declare that defendants Real Health and John Dullea
have induced and/or contributed to the infringement of the '872 patent;

g That this Court preliminarily enjoin defendant Real Health, and its officers,
directors, employees, agents, licensees, servants, successors and assigns, and any and all persons
acting in privity or in concert with them, and John Dullea from infringing, actively inducing
infringement or contributing to infringement of the '872 patent;

h. That this Court permanently enjoin defendant Real Health, and its officers,
directors, employees, agents, licensees, servants, successors and assigns, and any and all persons
acting in privity or in concert with them, and John Duliea from infringing, actively inducing

infringement or contributing to infringement of the '872 patent;
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L. That this Court award to plaintiffs damages adequate to compensate them for
defendants Real Health’s, and John Dullea’s acts of inducement of infringement of the '872 patent
complained of herein, together with interest thereon;

J). That this Court order defendants Real Health and John Dullea to pay plaintiffs
their reasonable attorneys' fees of this action;

k. That this Court order defendants Real Health and John Dullea to pay plaintiffs any
and all costs of this action; and,

1. That this Court grant to plaintiffs such other and further relief as it may deem just

and equitable.

Date: January 18, 2002 Foley & Lardner

By: /<pn—urfS /A
Kenneth S. Klein

Attorneys For Plaintiffs Unither Pharma,
Stanford, and NYMC
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bronchial asthma in 8 mammal by administering to a
mammalian organism in need of such prevention or
treatment a sufficient amount of L-arginine to prevent
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1

USE OF L-ARGININE IN THE TREATMENT OF
HYPERTENSION AND OTHER VASCULAR
DISORDERS

This spplication is a continuation of application Ser.
No. 07/513,895, filed Apr. 24, 1990 now abandoned,
which i a continuation-in-part of U.S. Ser. No.
07/462,638, filed Jan. 9, 1990, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of using
L-arginine or pharmaceutically acceptable salts thereof
in the treatment of hypertension and other high vascu-
lar resistance disorders. High vascular resistance disor-
ders include primary or secondary vasospasm, angina
pectoris, cercbral ischemia and preeclampsia of preg-
nancy. The present invention is also concerned witk a
method of preventing or treating bronchial asthma
using L-arginine or a pharmaceutically acceptable salt
thereof.

2. Description of the Prior At

The disposition of hypertensive patients to develop
vascular disease which leads to increased mortality
from stroke and myocardial infarction is a major prob-
lem in the western world, The development of hyper.
tension can relate 1o abnormalities in the production or
activities of vasoactive substances. Alteration in the

responsiveness to both vasoconstrictors and vasodilat- 30

ors has been well documented in spontaneous hyperten-
sive rats, the most frequently used animal mode! for the
study of human essential hypertension. Thus, an in-
crease in the contractile response of vascular smooth
muscle of spontaneous hypertensive rats to vasocon-
strictors such as norepinephrine as noted by Lais et al,
“Mechanism of Vascular Hyperresponsiveness in the
Spontaneously Hypertensive Rat”, Cir. Res., 36/37:
Suppl. 1, 1-216 to 1-222 (1975), and 2 decrease in the
Telaxant response to vasodilators such as acetylcholine,
nitrovasodilators, prostaglandin and other arachidonic
acid metabolites as noted by Pinto et a), “Arachidonic
Acid-Induced Endothelial-Dependent Relaxations of
Canine Coronary Arteries: Contribution of a Cyto-
chrome P-450-Dependent Pathway", J Pharmacol. Exp.
Therap., 240, 856-863 (1987) and Luscher et al, *Endo-
thelium-Dependent Responses in Carotid and Renal
Arteries of Normotensive and Hypertensive Rats”,
Hypertension, 11, 573-578 (1988), may contribute over-
all to the development of high blood pressure.

It has also been demonstrated that cytochrome P-450-
arachidonate metabolism is increased in the kidney of
young spontaneous hypertensive rats and a selective
reduction in the formation of these metabolites via in-
duction of heme degradation with SnCly caused s
marked decrease in blood pressure as noted by Sacer-
doti et al, “Treatment with Tin Prevents the Develop-
ment of Hypertension in Spontaneously Hypertensive
Rats”, Science, 243, 388-390 (1989). Martasck et al,
“Heme Arginate Lowers Blood Pressure in Spontane-
ous Hypertensive Rats”, Clin. Res, 37, 553A (1989) also
noted that other heme oxygenase inducers such as heme
arginate have been demonstrated to be an inducer of
heme oxygenase causing reduction of renal P-450 and a
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decrease in blood pressure in young spontaneous hyper- 65

tensive rats. The blood pressure lowering effect of heme
arginate could be attributed to the hems component.
The heme effect may be due to an induction of heme

2

oxygenase, since it is blocked by an inhibitor of heme
Oxygenase.

The relaxation of vascular smooth muscle in response
to many substances is typically endothelinm-dependent
and mediated by endothelium-derived relaxing factors
as noted by Furchgott et al, *The Role of Endothelium
in the Responses of Vascular Smooth Muscle to
Drugs”, Ann. Rev. Pharmacol Toxicol, 24, 175-197
(1984). One of the endothelium-derived relaxing factors
has been recently identified as nitric oxide by Palmer et
al, “Vascular Endothelial Cells Synthesize Nitric Oxide
from L-arginine”, Nawre, 333, 664-666 (1988); and
Ignarro et al, “Endothelium-Derived Nitric Oxide: Ac-
tions and Properties”, FASER J, 3, 31-36 (1989). Nitric
axide elicits vasodilation by increasing the formation of
c-GMP following direct interaction with the heme
compenent of soluble guanylate cyclase (Ignarro et al,
supra).

An increase in hepatic and renal cytochrome P-450
content and its related drug metabolizing enzyme sys-
tems has been demonstrated in spontaneous hyperten-
sive rats as noted by Merrick et al, “Alterations in He-
patic Microsomal Drug Metabolism and Cytochrome
P450 Proteins in Spontaneously Hypertensive Rats”,
Pharmacol, 30, 129-135 (1985) and Sacerdoti et al,
“Renal Cytochrome P450-Dependent Metabolism of
Arachidonic Acid in Spontaneously Hypertensive
Rats”, Biochem. Pharmacal., 37, 521-527 (1988). More
recently Sacerdoti et al demonstrated that abnormalities
of renal function in young spontaneous hypertensive
rats may be & functional expression of an alteration in
renal cytochrome P-450-dependent metabolism of ar-
achidonic acid. Cytochrome P-450 levels are regulated
by the availability of cellular heme which in tumn is
controlled by the levels of heme oxygensse which is the
controlling enzyme in the metabolism of heme to biliru-
bin. Induction of heme oxygenase by heavy metals such
as SnCl; results in a depletion of renal cytochrome
P-450 as described by Kappas et al, “Contro} of Heme
Metabolism with Synthetic Metalloprophyrins”, J.
Clin. Invest, 71, 335-339 (1986} and Simionatto et al,
“Studies on the Mechanism of Sn-Protoporphyrin Sup-
pression and Hyperbilirubinemia: Inhibition of Heme
Oxidation and Bilirubin Production”, J. Clin. Invess., 75,
513-521 (1985),

Furthermore, it has recently been demonstrated by
Escalante et al, “19($)Hydroxyeicosatetraenoic Acid is
& Potent Stimulatior of Renal Na+.K+-ATPase”, Bio-
chem. Biophys Res. Commun, 152, 1269-1273 {1988)
and Escalante et al, “Vasoactivity of 20-Hydrox-
yeicosatetraenoic Acid is Dependent on Metabolism by
Cyclooxygenase™, J. Pharmacol Exp. Therap, 248,
229-232 (1989) that arachidonic acid metabolites of
cytochrome P-450 w/er-1 hydroxylases, 19(S}-HETE
(hydroxyeicosatctragencic acid) and 20-HETE is a
potent renal Na+-K+-ATPase stimulator and 20-
HETE is a vasoconstrictor,

An acute attack of acute intermittent porphyria, a
disease caused by inborn efrors of porphyrin metabo-
lism, is a life threatening condition, often characterized
by agonizing abdominal pain, paresis and frequently
accompanied by hypertension. The exact pathogenesis
of hypertension in an acute porphyric attack is not wall
understood. Currently, hemin in the form of heme argi-
nate is used in Europe in the treatment of acute attacks
of acute intermittent porphyria $o 28 to normalize the
levels of “free” heme and thereby decrease the induced
levels of delta-aminotevulinic acid synthetase, an en-
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zyme under negative feedback control by unbound or
“free” heme. Kordac et al, “Changes of Myocardisl
Functions in Acvte Hepatic Porphyriss. Role of Heme
Arginate Administration”, Ann Med, 21, 273-276
(1989) disclosed the use of heme arginate in the treat-
ment of acute hepatic porphyria. Heme arginate was
administered to those patients because it was speculated
that acute hypoxia occurs in a porphyrin crisis due to
lack of heme. The arginate was used as a way to solubi-
lize the heme for administration 1o the patient.

It has long been thought thar the source of nitric
oxide and other nir,r’oso species in animal tissues is L-
arginine. Indeed, t studies have demonstrated that
cultured endothelfal cells transform L-arginine to the

nitroso species, thus supporting the suggestion that !

L-arginine is a physiological precursor of endothelium-
derived nitric acid. Ignarro et al, supra.

Rees et al, “Role of Endothelium-derived Nitric
Oxide in the Regulation of Blood Pressure”, Proc. Natl
Acad. Sci USA, 86, 3375-3378 (1989) used N-
monomethyl-L-arginine 1o investigate the role of nitric
oxide in the regulation of blood pressure in the angsthe-
tized rabbit. The authors concluded that N-monometh-
yl-L-arginine caused & dose-dependent increase in mean
arterial blood pressure. It was also determined that the
administration of L-arginine abolished the inhibition of
N-monomethyl-L-arginine within fifteen minutes. Their
findings further suggested that there is a continuous
utilization of L-arginine for the enzymatic formation of
nitric oxide by resistance arteries and provides the first
evidence that nitric oxide formation contributes to the
regulation of blood pressure. No studies were under-
taken to test whether the administration of L-arginine
could affect blood pressure and the authors specifically
stated that they did not believe that L-arginine directly
affected blood pressure.

All investigations into the action of nitric oxide and
L-arginine ended there, There nevertheless remained a
long-felt need in the art for a way of treating a variety
of vascular diseases including hypertension. In addition,
there remains a long-felt need in the art for a way to
prevent or freat bronchial esthma which involves the
narrowing of large and small airways due 10 spasm of
bronchial smooth muscle.

SUMMARY OF THE INVENTION

Surprisingly, the present inventors now find that the
levorotatory form of arginine is usefu) in the treatment
of high vascular resistance disorders including hyper-
tension, primary or secondary vasospasm, angina pecto-
ris, cerebral ischemia and preeclampsia of pregnancy in
2 mammalian organistn, such as & human.

In one aspect, the present invention thus provides a
method for treating hypertension in a mammalian or-
ganism by sdministering 10 2 mammalian organism in
need of such treatment a sufficient amount of L-arginine
or pharmaceutically acceptable salt thereof to treat
hypertension.

In another aspect, the invention thus provides a
method for treating vasospasm in 8 mammalian organ-
ism in need of such treatment a sufficient amount of
L-arginine or pharmaceutically acceptable salt thereof
to treat vasospasm,

In a further aspect, the present invention provides a
method for treating angina pectoris in a mammalian
organism by administering to 2 mammalian organism in
need of such treatment a sufficient amount of L-arginine
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or pharmaceutically acceptable salt thereof to treat
angina pectoris.

In yet another aspect, the present invention provides
a method for treating cerebral ischemi in 2 memmalian
organism by administering to a mammalian Organism in
need of such treatment a sufficient amount of L-arginine
or pharmaceutically scceptable salt thereof to treat
cercbral ischetnia.

In 2p additional aspect, the present invention pro-
vides a method for treating preeclampsia in s mamma-
lian organism by administering to & mammalian orgen-
ism in need of such treatment & sufficient amount of
L-arginine or pharmaceutically acceptable salt thereof
to treat preeclampsia. )

A further embodiment of the present irveation in-
volves & method for treating bronchial asthma in a
mammalian organism by administering to 4 mammalian
organism in need of such treatment g sufficient amount
of Learginine or pharmaccutically acceptable salt
thereof 10 treat bronchial asthma.

Other objects and advantages of the present invention
will be apparent from the following description.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1is a bar chart showing that L-arginine caused
a dose-dependent decrease in blood pressure of sponta-
neous hypotensive rats. )

FIG. 2 is & bar chant showing that D-arginine at a
dose of 80 and 100 mg/kg did not effect the biood pres-
sure of spontaneous hypotensive rats.

FIG. 3 is & graph of the long-term effect of heme
arginate on systolic blood pressure when 45-weck-old
sponteneous hypertensive rats were injected with heme
arginate (15 mg/kg) for four consecutive days and the
control spoataneous hypertensive rats were injected
only with the vehicle.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
Arginine, 2-amino-S-guanidinovaleric acid, is a basic
amino acid with a positively charged guanidinium
group. The IUPAC abbreviation is Arg. Arginine can
be depicted as follows:

H
|
HzN-(I:-'-NH-C'Hz—CHz-CHz"?—COO‘
NH; NH;y
+ +

Arginine is considered to be a semi-essential amino
acid. It can be synthesized in animal tissues at a rate
sufficient for maintenance in the adult but not rapidly
enough to support growth in the young animal. It is
thys an essential amino acid for growth but not for
maintenance.

In the mammalian body, arginine takes part in the
formation of urez yielding omithine. Arginine may be
synthesized in the mammaltan body from alpha-ketoglu-
taric acid, glutamic acid or proline.

L-arginine car be used in the treatment of & number
of high vascular resistaice disorders including hyper-
tension, primary or secondary vasospasm, angina pecto-
tis, cerebral ischemia and preeclampsia of pregnancy
(toxemia). Each of those high vascular resistance disor-
ders are well-known in the art.

Hypertension is characterized by persistently high
arteriz| blood pressure. Various criteria for its threshold
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have been suggested ranging from 140 mm Hg systolic ~ geous if the specific salt form selected allowed a pH
and 90 mm Hg diastolic to as high as 200 mm Hg sys-  close to neutral. . .
tolic and 110 mm Hg diastolic. Hypertension may have Heme-L-arginate is a pharmacological agent with the
no known cause (essential or idiopathic hypertension)  ability to induce heme oxygenase. It is a stable com-
or be associated with other primary diseases (secondary 5 pound bonding one molecule of heme to three mole-
hypertension). cules of arginine and forms a high spin-type compound.

Vasospasm refers to a spasm of the blood vessels,  The half-life of heme arginate in humans is 10.8::0.6
resulting in a decrease in their caliber. Primary vaso-  hours with a volume of distribution of 33.720.34 llte.r.
spasm can be described as a cold sensitivity of the Ray- The precise amount of L-arginine su:mblc for use in
naud’s type without an underlying disease. Secondary 10 the practice of the present invention will vary depend-
vasospasm generally refers 1o cold sensitivity of the  ing on the condition for which the drug is administered,
Raynaud's type secondary to an associsted disease such  the size and kind of the mammal, as well as the specific
as lupus, scleroderma, certain medication, chronic arte-  form, i.e., salt, selected. Generally speaking, L-arginine
rial disesse, dysprotenemins and the like. is intended for administration to humans.

Angina pectoris is a paroxysmal thoracic pain ofien- 15 The typical effective smount of L-arginine or phar-
times accompanied by a feeling of suffocation and im-  maceutically acceptable salt thereof to reduce vascular
pending death, due, most ofien, 10 anoxia of the myo-  resistance would be in the range of about 1 mg to sbowt
cardium and precipitated by effort or excitement, 1500 mg per day, more preferably, sbout 10 mg to about

Cersbral ischemis is a deficiency of blood in the 400 mg. The preferred amount of L-arginine for use in
brair, due to functional constriction or actual obstruc- 20 the treatment of hypertension is about 1 mg to about

tion of & blood vessel. 1500 mg per day, more preferably, about 10:mg to about
Precclampsia is a toxemia of late pregnancy charac- 400 mg. Likewise, the typical effective amount of L-
terized by hypertension, edema and proteinuria. arginine or pharmaceutically acceptable salt thereof 10

Bronchial gsthma is a reversible obstructive lung  prevent or treat bronchial asthma would be in the range
disorder characterized by increased responsiveness of 25 of about 1 mg to about 1500 mg per day, more prefera-
the airways. Bronchial asthma attacks are characterized  bly about 10 mg to 400 mg per day. Padiatric composi-
by narrowing of large and small airways due tospasm of  tions would typically contain proportionally less of the
bronchial smooth muscle, edema and inflammation of  active ingredient. ‘
the bronchial mucosa and production of tenacious mu- L-arginine ot a salt thereof may be administered to a
cus. The role of inflammation in the perpetnation of the 30 mammalian organism by ary route of administration.
abnormal airway responses (late-phase reaction) is only  Suitable routes would, of course, include oral, paren-
now being appreciated. Airways obstruction causes  teral, topical, and the like. The oral dossge form is
hypoventilation in some Jung areas, and continued  preferred.
blood flow to these area leads to a ventilation/perfusion Preferably, the L-arginine is formulated with any
imbalance resulting in hypoxema. Arterial hypoxemia is 35 suitable nontoxic pharmaceutically acceptable inert
almost always present in attacks severe enough fo re-  carrier material. Such carrier materials are well known
quire medical attention. Hyperventilation occurs early  to those skilled in the art of pharmaceutical formula-
in the attack. As the attack progresses, the patient’s  tions. For those not skilled in the ani, reference is made
capacity to compensate by hyperventilation of unob-  to the text entitled, “REMINGTON'S PHARMA.
structed areas of the lung is fusther impaired by more 40 CEUTICAL SCIENCES”.

extensive airways narrowing and muscular fatigue. Ar- In a typical preparation for oral administration, e.g.,
terial hypoxema worsens and can lead to respiratory  tablet or capsule, the active ingredient, i.¢., L-arginine,
acidosis. may be combined with any oral nontoxic pharmaceuti-

In sddition to L-arginine, any salt of L-arginine is  cally acceptable inart carrier such s lactose, starch
suitable in the practice of the prasent invention. Such 45 (pharmaceutical grade), dicalcium phosphate, calcium
salts include 2,4-bisglyco-deuteroporphyrin L-arginate,  sulfate, kaolin, mannitol and powdered sugar. Addition-
2 A-sulfonedeuteraporphyrin L.arginate, heme-L-argi-  ally, when required, suitable binders, lubricants, disinte-
nate, L-arginine hydrochloride and the like. L-arginine  grating agents and coloring agents may be inciuded.
hydrochloride is the preferred salt in the practice of the  Typical binders include starch, gelatin, sugars such as
present invention. 50 sucrose, molasses and lactose, natural and synthetic

Additional suitable anions for such a salt of L-argi-  gums such as acacia, sodium alginate, extract of Irish
nine include bromide, fluoride, iodide, borate, hypobro-  moss, carboxymethyleellulose, methylceliulose, polyvi-
mite, hypochlorite, nitrite, nitrate, hyponitrite, sulfate,  nylpyrrolidone, polyethylene glycol, ethyicellulose and
disulfate, sulfite, sulfonate, phosphate, diphosphate,  waxes. Typical lubricants for use in these dosage forms
phosphite, phosphonate, diphosphonate, perchlorate, 55 can include, without limitation, boric acid, sodium ben-
perchiorite, oxalate, malonate, succinate, lactate, car-  zoate, sodium acetate, sodium chloride, Jeucine and
bonate, bicarbonate, acetate, benzoate, citrate, tosylate,  polyethylene glycol Suitable disintegrators can in-
permanganate, manganate, propanolate, propanoste,  clude, without limitation, starch, methylcellulose, agar,
cthandicate, butanoate, propoxide, chromate, dichro-  bentonite, celiulose, wood products, alginic acid, guar
mate, selenate, orthosilicate, metasilicate, pertechne- 6 gum, citrus pulp, carboxymethyleellulose and sodium
tate, technetate, dimethanolate, dimethoxide, thiocya-  laury! sulfate.
nate, cyanate, isocyansie, 14-cyclohexanedithiolate, If desired, a conventional pharmaceutically accept-
oxidcbutanoate, 3-sulfidocyclobutane-1-sulfonate, 2-{(2-  able dye can be incorporated into the dosage unit form,
carboxylatoethyl)}-cyclohexanecarboxylate, 2-amino-4- i, any of the standard FD&C dyes. Sweetening and
(methylhio)-butanoate and the like. The suitable cation 65 flavoring agents and preservatives can also be included,
for most salts is hydrogen, however, other cations such  particularly when 2 liquid dossge form is formulateg,
as sodium, potassium and the like would be acceptable  ¢.g., an elixir, suspension or syrup. Also, when the dos-
in the preparation of such a salt. It would be advanta-  age form is a capsule, it may contain, in addition to

A
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materials of the above type, a liquid carrier such as a
fatty oil. Various other materials may be present as
coatings or to otherwise modify the physical form of
the dosage unit. For instance, tablets, pills, or capsules
may be coated with shellac, sugar or both. Such compoe-
sitions should preferably contain at least 0.1% of active
components; generally, the sctive ingredients will be
between about 2% to about 60% of the weight of the
unit.

Likewise, injectable (injectable, intramuscular, intre-
peritoneal and the like) and topical, especially the
newer topical “patch™ forms of L-arginine, may be
prepared by any method known in the art.

The L-arginine may also be formulated as a long-
acting preparation 1o minimize the intervals between

sdministration, Such long-acting formulations would be

applicable with virtually all known routes of adminis-
tration and such preparations may be formulated by
techniques known in the art.

The mechanism of the blood pressure lowering effect
of L-arginine is still unclear. However, while not wish-
ing to be bound by any theory, the observation that
spontaneous hypertensive rats have a diminished endo-
thelial-dependent relaxation response and that L-argi-
nine may be the physiological precursor of the most
powerful endothelial-derived releasing factor, nitric
oxide, may suggest that administration of L-arginine to
spontaneous hyperntensive rats increases the formation
of nitric oxide and contributes t0 an overall decrease in
peripheral vascalar resistance, and therefore causes a
reduction in blood pressure. It is also possible that there
is a direct effect on renal hemodynamics. Likewise,
with respect to bronchial asthma, it is speculated that
the administration of L-arginine results in the relaxation
of bronchial smooth muscle.

While the present invention is described above in
connection with preferred or illustrative embodiments,
those embodiments are not intended to be exhaustive or

i
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limiting of the invention. Rather, the invention is in- 40

tended to cover all alternatives, modifications and
equivalents included within its spirit and scope, as de-
fined by the appended claims.

EXAMPLE 1
Administration of L-arginine Hydrochloride

Male spontaneous hypertensive rats and Wistar
Kyoto rats were purchased from Charles River (Wil-

45

arginine administration. Blood pressure was measured
with anesthesis, using a pletysmograph.

Results arc expressed as the means =SEM. A two-
way analysis of variance was performed to compare
blood values between control, L-arginine and D-argi-
nine treated spontaneous hypertensive rats. Specific
differences between groups were tested by the New-
man-Keuls test. The null hypothesis was rejected when
the p value was less than 0.05.

The blood pressure of 7-week-old spontaneous hy-
pertensive rats and Wistar Kyoto rats was monitored
before and after administration of L- and D-arginine. As
seen in FIG. 1, L-arginine caused a dose-dependent
decrease in blood pressure of 7-week-cld spontaneous
hypertensive rats. At a dose as low as 16 mg/kg body
weight, L-arginine Jowered blood pressure by 10 mm
Hg (p=7T). The maximal effect of L-arginine, 8 decrease
of 30 mm Hg, was achieved st 100 mg/kg body weight.
Higher doses of L-arginine did not Jower blood pres-
sure further.

The effect of D-arginine on blood pressure of 7-week-
old spontaneous hypertensive rats is shown in FIG. 2.
D.arginine administered at a dose of 80 and 100 mg/kg
body weight for four days had no effect on blood pres-
sure of spontaneous hypertensive rats. Furthermore,
D-erginine did not alter blood pressure at concentra-
tions lower than 80 mg/kg body weight. Neither L-
arginine nor D-arginine had any effect on blood pres-
sure of the age-matched Wistar Kyoto rats. For exam-
ple, blood pressure of 7-week-old Wistar Kyoto rats .
remained unchanged following four days of treatment
with L-arginine (50 mg/kg body weight), 122.3£1.3
mm Hg vs. 124.521.7 mm Hg for control and treated,
respectively, n=13.

The results described in this sudy clearly demon-
strate that L-arginine is & potent remedy in reducing
blood pressure of young spontaneous hypertensive rats.
Overall, a twenty percent (20%) reduction (30 mmHg)
of blood pressure was achieved at the maximal dose,
whereas no effect was documented in normotensive
rats. The L-srginine effect may be mediated via genera.
tion of nitric oxide which elicits vasodilation and conse-
quently lowers blood pressure.

EXAMPLE 2
Administration of Heme-L-arginate

Five-week-old male spontanecus hypertensive rats
and normotensive Wister Kyoto rats were purchases

mington, Mass.) and were fed and housed under identi- 5 from Charles River (Wilmington, Mass.) and were fed

cal conditions for at least five days before use. The rats
were caged in groups of three with food and water ad
libitum under an artificial light-dark cycle of twelve
hours, -

L- and D-arginine bydrochloride were obtained from
Aldrich (Milwaukee, Wis.). Forty-five-day-old sponta-
peous hypertensive rats were injected with L-arginine
hydrochloride, 5, 16, 50, 80, 100 and 500 mg/kg body
weight, or D-arginine-hydrochloride, 80 and 100

54

mg/kg body weight, intraperitoneally, in a final volume g

of 1.0 ml buffered saline for four consecutive days. The
control spontancous hypertensive rats and Wistar
Kyoto rats were injected with saline. Forty-five day old
Wistar Kyoto strain rats were injected with 50 mg/kg

body weight of L-arginine hydrochloride for four days. 65

Each group consisted of four or five experimental ani-
mals. Blood pressure from the tail was measured before
the first injection and twenty-four hours sfter the last

and housed under identical conditions. Both spontanc-
ous hypertensive rats and Wister Kyoto rats weighed
the same at the beginning of the study, 116.3+12.5 g
and 12061120 g, respectively. Forty-five-day-old
spontaneous hypertensive rats and Wister Kyoto rats
were injected with heme-L-arginate obtained from
Leiras-Medica, Finland at 15 or 30 mg/kg body weight
intraperitoneally in & final volume of 1.0 m! saline for
four consecutive days. The dilution was made just be.
fore injection, The control spontaneous hypertensive
rats and Wister Kyoto rats were injected with saline.
Blood pressure from the tail was measured without
anesthesia using a plethysmograph before and 23 hours
after the last heme arginate administration.

Contro! and treated 2nimals were sacrificed in pairs at
intervals of %, 7 and 24 hours after the last heme-L.grgi-
nate administration. One kidney from each rat and parts
of the liver were immediately frozen in liquid nitrogen

A
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for RNA extraction. The remaining control and treated
animals were killed 24 hours after the heme-L-arginate
treatment. The livers and kidney were perfused with
cold saline. Groups of control and treated animals were
retaited for study of the long-term effect on blood pres- 5
sure after heme-L-arginate treatment at age 45 to 48
days; blood pressure was measured once a week from 7
to 13 weeks of age.

Asseen in Table 1, administration of heme-L-arginate
resulted in a marked decresse in blood pressure in 7-
week-old spontaneous hypertensive rats  (SHR),
whereas no significant changes in blood pressure were
monitored in age-matched normotensive Wistar Kyoto
(WKY). The effect of heme-L-arginate could be de-
tected following the first day of its administration. The
meximal effect was achicved by the fourth day of treat-
ment, but started to increase after cessation of heme-L-
arginate administration as noted in FIG. 3. Systolic
blood pressure was megsured by tail cuff plethysmo-
graph before and 24 hours after the last ingestion and
then every other week. Results are the means +8D,
n=3 in each group; ***p<0.001, **p<00], and
*p<0.05. Furthermore, the heme-L-arginate effect on
blood pressire was also evident in 22-week-old sponta-
neous hypertensive rats. As seen in Table 2, administra-
tion of heme-L-arginate at 15 mg and 30 mg/kg body
weight for 4 days decreased blood pressure by 7 and 12
mmig, respectively. Although the heme-L-arginate
effect on blood pressure in older spontaneous hyperten.
sive rats was much lower than in younger spontaneous
hypertensive rats, i.e., a decresse of blood pressure of 7
mm Hg vs. 26 mmHg for 20- and T-week-old spontane-
ous hypertensive rats, respectively, it was significantly
different from the controls as noted in Table 2.

Applicants further examined whether the effect is due
to heme or to the arginine component of heme arginate.
In separate experiments, applicants treated T-week-old
spontaneous hypertensive rats with heme-L.arginate,
hemix alone and L-arginine alone at the same dose (15
mg/kg body weight). As seen in Table 3, both heme and
L-arginine significantly reduced blood pressure in 7-
week-old spontaneous hypertensive rats by 14.3 and 9.7
mmHg, respectively. At the same period, blood pres-
sure in contro] spontancous hypertensive rats increased 45
by 7.7 mmHg. However, the effect of heme-L-arginate
on blood pressure had a much greater decrease of 21.8
mmHg, which is the sum of the heme and arginine
effects as noted in Table 3. Interestingly, when 7-week-
old spontaneous hypertensive rats were trested with s
heme-L-atginate and an inhibitor of heme oxygenase,
ZnDPBG (Zn-24-deuteropophyrin IX bis glycol),
blood pressure decreased by only 14 mmHg. The heme
oxygenase inhibitor alone did not have sny effect on
blood pressure as seen in Table 3.

Administration of heme-L-arginate (15 mg/kg body
weight for 4 days) resulted in a marked decrease in
blood pressure from 156.32-4.7 to 129.82:4.5 mm Hg
{p <0.001), whereas blood pressure in spoataneous hy-
pertensive rats receiving the vehicle control was not 60
affected. In contrast, administration of heme-L-arginate
of its vehicle to age-matched Wistes Kyoto rats did not
influence blood pressure, 119.5+33 mm Hg vs.
121.02.1 mmHg, respectively.

Applicants also studied the effect of heme-L-arginate, 65
8 potent inducer of heme oxygenase, on microsomal
cytochrome P-450 levels in spontaneous hypertensive
ats at 7 weeks of age.

10
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Heme oxygenase activity was increased in both he-
pauc and renal microsomes of spontaneous hyperten-
sive rats and Wister Kyoto rats by two 1o four fold
following tréatment with heme-L-arginate. The in-
crease in heme oxygenase activity was associated with s
parallel decrease in cytochrome P-450 content and in
the activity of cytochrome P-450 w/w-1 arachidonate
hydroxylases in kidneys of spontaneous hypertensive
rats. Expression of the heme oxygenase gene following
administration of heme-L-arginate was examined by
Northern blot hybridization. Maximal increase of heme
oxygenase mRNA occurred 5 to 7 hours after the last
injection of heme-L-arginate and returned 10 control
levels after 24 hours.

While not wishing to be bound by any theory, Appli-
cants postulate that heme-L-arginate treatment resulted
in induction of heme oxygenase which consequently led
to a diminution of ¢ytochrome P-450 especially the
arachidonate w/w-1 hydroxylases leading to a marked
decrease in 19-HETE end 20-HETE. The effect of
heme-L-arginate on blood pressure may be mediated via
these biochemical events as both 19-HETE and 20-
HETE produced by the kidney may promate hyperten-
sion by causing vasoconstriction and sodium retention.

TABLE 1
Effect of Heme-L-Arginate on Systolic Blood Pressure
T-week-cld SHR and WKY
_Sysiolic blood pressure
Control Treated
{mmHg) (mmHg)
SHR. 156.3 + 4.7 129.8 % 4.5¢
(n = B)
WKY 1195+ 33 1210+ 2.1

(o= 8)

Systolic blood pressure was measured by tail cuff ple-
tysmograph 23 hours after the last heme-L-arginate
administration (15 mg/kg body weight/day for 4 con-

secutive days, 1.p.); resolts are means 8D * indicates
significance from control, p<0.001.
TABLE 2
Systolic Blood Pressure in 32-Week-Old SHR

Beforg treatment Afier treatment
Heme-L-arginate dose {mmHg) {mmHg)
15 mg/kg 193321 157.5 & 1.3
=4
30 mg/kg 198.1 % 4.8 1857 % 42*
=23

Heme-L-arginate was given 1o 22-week-old spontane-
ous hypertensive rats (SHR) for 4 consecutive days.
Systolic blood pressure was measured by tail cuff ple-
5 tysmograph before and 20 hours after the last injection.
Rcsults are the means +5D; * indicates significance
from control, p<0.005 and ** indicates significance
from control, p<0.05.

TABLE 3
Systolic Blood Pressure in 1-Week-Old SHR

Before treatment After treatment

{mmHg) {mmHg)
Control 1584 + 4.1 1660 + 2.7
Heme-L-arginare 1543 £ 19 132.5 = 1.3+
(15 mg hemip, 16 mg
L-arginine per kg)
Hemin {15 mg/kg) 1565 + 3.3 1422 = 24°
L-arginine (16 mg/kg) 1541 + 45 1444 = 30°
Heme-Learginate + 160.4 x 3.8 1463 + 2b6*

A
1O



Case 3:02-cv-00129-W-NLS5 floggment 1 Filed 0%18/02 Page 21 of 40
n

TABLE 3-continued §. The method as claimed in claim 1, wherein the high

vascular resisiance disorder is cerebral ischemia.

Systolic Blood Pressure in ]-Week-Old SHR 6. The method as claimed in claim 1, wherein the high
Before wrediment  Afer treatment vascular resisiance disorder is preeclampsia.
{mmHg) {mmHg) 5 7. The method as claimed in claim 1, wherein L-argi-
ZaDPBG (7 mg/kg) nineis present in an amount from about I mg to 1500 mg
ZnDPBG (7 mp/kg) 140 3 40 169.) # 2.5 per day.

§. The method as claimed in claim 7, wherein L-argi-
Systolic blood pressure was measured by tail cuff ple-  nine is present in an amount from about 10mg to 400 mg
tysmograph before and 23 hours afier the last injection, 10 per day, , . .
Results are the same +:SD, n=5 in each group; signifi- 9 The method as claimed in claim 1, wherein L-argi-
cance from contro) spontaneous hypertensive rats after  Tine is present along with a pharmaceutically sccept-
4 days of treatment with the vehicle (166.0+2.7),  4ble carrier,

*p.<0.005. 10. The method as claimed mclmm 1, whcr‘ein L.
While the invention has now been described with 15 arginine is in the form of _L-nrsgnmc pydroch]och.
reference to several preferred embodiments, those 11. The method s claimed in claim 1, wherein L-

g , X . < inine i for oral administration,
skilled in the art will appreciate that various substiry-  Arginine is adapted ximed in clai .
tions, omissions, modifications, and changes may be 12 Th.c fl?’:glsld t::I o8 t:gle‘:‘ t;laun tll,lewhercm L-
made without departing from the scope or spirit , 3L & whersin L.
thereof. Accordingly, it is intended that the foregoing . !

description be considered merely exemplary of the in- “%1 ;un .;.hl: ﬁ:lfot;m;dém ‘;‘:‘::lm 1. wherein L-
vention and not a limitation thereof. . '

Al A ‘
We claim: arginine is in parenteral form

. . . 15. The method as claimed in claim 1, wherein L.
L. A method for treating a high vascular resistance arginine is sujtable for intraperitoneal administration.
disorder in a mammal, said method comprising adminis-

h ‘ T 16. A method for treating hypertension in 8 mammal,
tering to a mammalian organism in need of such treat-  gid method comprising administering to » mamemalian
ment a sufficient amount of L-arginine or pharmaceuti-  oroanism in need of such trestment sbout ! mg to 1500
cally acceptable sait thereof 10 treat a high vascular g of L-arginine or pharmaceutically acceptable salt

resistance disorder. 30 thereof,
2. The method as claimed in claim 1, wherein the high 17. The method as claimed in claim 16, wherein L.
vascular resistance disorder is hypertension, arginine is snjtable for oral administration.

3. The method as claimed in claim 1, wherein the high 16. The méthod as claimed in claim 16, wherein L-
vascular resistance disorder is primary or secondary  arginine is suitable for parenteral administration.
vasospasm. 15 19. The method as claimed in claim 16, wherein L-

4. The method as claimed in claim 1, wherein the high  arginine is in the form of L-arginine hydrochioride.
vascular resistance disorder is angina pectoris. v
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[57] ABSTRACT

NO precursars are administered at ¢levated levels in addi-
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formance. Particularly, L-arginine and L-lysine by enhanc-
ing endothelial NO production can provide for greater
aerobic capacity and improved exercise performance.

14 Claims, 7 Drawing Sheets



Case 3:02-cv-00129-W-NLS Document 1 Filed 01718/02 Page 24 of 40

6,117,872

Sheet 1 of 7

Sep. 12, 2000

U.S. Patent

——

MIOM DIqOIdY

Bip

‘Ajroedes diqolae

VN1+3

+q

L
1

LSId

81010

0oL

uo ONdJdd 3Jo uoniqiyui jo 33333

VYN1+d 4+H
} } oy
(03]
09
oL
(0,1
06
001
oLL
oclL
ploysaIy] slqolaeuwy

Bxyujiuw

I oandig

VNT+d +H

2
¥

i\

Xewrzo A



Case 3:02-cv-00129-W-NLS Document 1 Filed 01/28/02 Page 25 of 40

6,117,872

Sheet 2 of 7

Sep. 12, 2000

U.S. Patent

"ONdY Jo uoniqrguy I3y pue alxojayg IpIXQ

-d VNT1+4

ISPIAXD [esEq  ISDI@  [Eseq
H L

SININ JO UOIIdNPOIg ONUIYSAQ

+d

aspIaxa  |eseq
1

-y

*Z 2an3igy



Case 3:02-cv-00129-W-NLS Document 1 Filed 01718/02 Page 26 of 40
U.S. Patent Sep. 12, 2000 Sheet 3 of 7 6,117,872

—E
o
g
¥k
]
3
§ <
§ 3
+
'g m
L3
- :
L ¥+
()
=i
L R T T I B
L{e] 5 N 'O_. @ O <
indinQ serpre) Jo o

Figure 3. Blood Flow to the Hind limbs of Mice Before and After Inhibition of EDNO.



Case 3:02-cv-00129-W-NLS Document 1 Filed 01418/02 Page 27 of 40

U.S. Patent Sep. 12, 2000 Sheet 4 of 7 6,117,872
0
I -
;I.IJ
o)
| L
o
w
T
-« L- +
W
=
O
,__‘ T
- 0
+
e W
28228328288
o~ o R~
0 (w) ®3s1gv
IS (=]
oogetesstetotete A
a&s"&a‘kaa. gm -;,.
-t
g E
L &
T &)
[
¥ 9]
z¥ 3
, | g &
- L]
o rP <
u =
8 & % 2 8 2 R 8§ 2 ©
= (bxuwreolw) Ly ®
I [-3)
AN W L L W N ot
. RRRAERHK g @
"L’A‘A".’A’A’A fu '-Q'
= p
(o) o
= L]
5 %
L™ ]
« ; 3
;LU t
3 =
g 5
yryr 7y r oy vy v yrg ﬁJ v
v
S £ 288 4% 8 8 8 k
~— - - 50
T (Byunuon) xewzon i
B



Case 3:02-cv-00129-W-NLS Document 1 Filed 01/18/02 Page 28 of 40
U.S. Patent Sep. 12, 2000 Sheet 5 of 7 6,117,872

Response to ACh
Ach (Log M)

UoNIRBIIU0IBId JO %

9
Figure 5. Vascular Function in Normal and Hypercholesterolemic Mice.



Case 3:02-cv-00129-W-NLS Document 1 Filed 01718/02 Page 29 of 40
U.S. Patent Sep. 12, 2000 Sheet 6 of 7 6,117,872

o B RN R PV SO S |

E-

E+
Systemic Nitric Oxide Production Following Exercise after L-arginine.

- -
8 88 8888 °
(Biusnd) eugupeein/ON
O
v
|
=
£
=



Case 3:02-cv-00129-W-NLS Document 1 Filed 01A48/02 Page 30 of 40

U.S. Patent Sep. 12, 2000 Sheet 7 of 7 6,117,872
o
- - w
we -
o
M 2%
e &
S 2 5 8 8 2 8
) (Byunuz o) 1y

= (Bpunuzop)xewop

Figure 7. Aerobic Capacity of Mice on L-arginine.



Case 3:02-cv-00129-W-NLS Document 1 Filed 01/48/02 Page 31 of 40

6,117,872

1
ENHANCEMENT OF EXERCISE
PERFORMANCE BY AUGMENTING
ENDOGENOUS NITRIC OXIDE
PRODUCTION OR ACTIVITY

This invention was made with Governmem support
under contracts HI.58638 and HI.02660 awarded by the
National Institutes of Health. The Government has certain
rights in this invention.

BACKGROUND OF THE INVENTION

Aerobic exercise capacity is partly limited by vascular
transport of oxygen and nutricats to end organs such as the
heart and skeletal muscles. Vascular transport is, in tum,
partly regulated by the elaboration of endothelial-derived
nitric oxide (EDNO). Administration of physiologically
acceptable compounds which enhance the elaboration of
endagenous nitric axide by the hast allow for greater vas-
cular transport and enhanced aerobic performance.
Alternatively, compounds, or combinations of compounds,
may be administered 10 ephance nitric oxide production,
particularly i conjunction with the administration of a nitric
oxide precursor to enhance acrobic performance.

Exercise capacity is limited by the rate by which oxygen
can be taken up by a host (Schaible T F, Scheuer J: Cardiac
adaptations to chronic exercise. Progress in Cardiovascular
Disease 1985; 27:297-324; Wasserman K: Coupling of
external to cellular respiration during exercise: the wisdom
of the body revisiled. American Journal of Physiolegy 1994,
266:E519-E539). In a generally healthy host, the rate of
oxygen uptake, termed maximal velocity of oxygen uptake
{VO,max), is moslly imited by the oxygen transport capac-
ity which is determined by the vascular conduction and
distribution of blood flow (Barclay J X, Stainsby W N: The
sole of blood flow in limiting maximal metabolic rate in
muscle. Medicine and Science in Sports and Exercise 1975,
7:116-119; di Prampero P E: An analysis of the factors
limiting maximal oxygen consumption in healthy subjects.
Chest 1992; 101:1888-1918). Therefore, the normal mecha-
nisms which regulate blond flow during exercisc can be
limiling (v aerobic exercise capacity. Furlhermore, when
these mechanisms are deranged, aerobic capacity may be
further limited.

The production of nitric oxide by the endothelium
(EDNO) contributes significantly 1o blood flow regulation
and aerobic capacity during exercise (Maxwell A ],
Schaubie E, Bernstein D, Cooke I P: Limb blood flow during,
exercise is dependent upon mifric oxide. Circulation 1998;,
Accepted for publication). This has been shown by the
following series of experiments in the animal model.
Administration of an inhibitor of the synthesis of EDNQ
acutely reduces aerobic capacity as measured by the
VO,max, the anaerobic threshold, running distance before
exhaustion and aerobic work, as shown herein.

There are a significant number of cardiovascular
disorders, where the individuals’ ambulatory abilitics are
extensively impaired. These include individuals who suffer
severe fatigue with exercise, which condition frequently is
associated with heart failure. These disorders also include
atherosclerosis affecting the coronary or limb arteries which
can be manifested by angina (chest pain) or intermitient
claudication (leg pain) with walking. Enhancing aerobic
capacity to enhance performance wonld be of great advan-
lage to these paticnts.

The use of L-arginine for prophylaxis and therapy in the
case of atherosclerosis is taught in U.S. Pat. No. 5,5,428,
070.
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2
SUMMARY OF THE INVENTION

Physical capacity of individuals involved in muscular
exertion is improved by administration of high levels of
basic amino acids in addition to the diet normal for the
individual. The basic amino acids are adminisiered priot to
the anticipated muscular exertion, particularly in association
with substances which are antioxidants or other substances
which enhance vascular nitric oxide synthesis or activily 1o
cause vasodilation of vessels supplying exercising skeletal
muscles and thereby enhance acrobic capacity.

BRIEF DESCRIPIION OF THE DRAWINGS

FIG. 1 has a series of graphs of various aspects of aerobic
capacity showing the effect of inhibition of endothelial-
derived nitric oxide (EDNO) on aerobic capacity;

FIG. 2 is a bar graph comparing NO/creatinine production
with different mice under different conditions after exercise;

FIG. 3 is a bar graph showing the changes in blood flow
to the hind limbs of different mice before and after inhibition
of EDNQ;

FIG. 4 is a series of bar graphs showing the effect of
cholesterol levels in animal models on aerabic capacity;

FIG:. 5 is a graph of the change in vascular function in
normal and hypercholesterolemic mice;

FIG. 6 is a bar graph showing systemic nilric oxide
production following exercise after L-arginine administra-
lion; and

FIG. 7 has two bar graphs comparing acrobic capacity of
mice on L-arginine.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

In accordance with the subject invention, exercise and
athletic performance, aerobic capacity and muscular output
are improved by administering high levels of the basic
amino acids, [.-arginine and 1.-lysine, individually or
combined, to individuals, including humans and race
animals, prior (o physical exertion. The individuals may be
hypocholesierolemic, normocholesterolemic or
hypercholesterolemic, where normocholesterolemic falls for
total plasma cholesterol level approximately between about
120-240 mg/dL cholesterol.

The physical exertion will usually involve the expenditure
rate of at least about 100 Watts, usually at least about 200
Watls, during the course of the activity, which may be as
short as a few seconds, as in a 100 meter race, or 4s long as
a few hours, as in a marathon. Thus, the subject invention
when involving performance in athletic prowess or physical
effort, will require a minimum expenditure of energy in
order to warrant the intake of the NO precursor amino acid.

The normal individual in the normal diet ingests about
1-6 grams of arginine per day and abom 1,5-7 grams of
lysine per day. For the purpose of this invention, within 48
hours prior to the physical excrijon, preferably within about
24 hours prior to the physical exertion, and more preferably
within about 6 hours of the physical exertion, at least about
a total of 2 g, more usually at least abowt 3 g, preferably at
least about 4 g, more preferably about a total of 49 g of
basic amine acid, usually not more than about 12 g, will be
administered orally as a bolus or in multiple doses, usually
not more than about 6 doses, preferably not more than about
4 doses. By comparison, for race animals, the basic amino
acids will be administered at at least about 60 mg/kg/day.
The ratio of arginine to lysine would generally be in the

A0
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range of about 0-1:1-0, more usually in the range of about
0.2-1:0.8-0. While there is no maximwn amount of the
basic amino acids which may be employed, nomally the
total dosage per day will be under about 16 g, more usually
under about 12 g, with individual dosages usually being in
the range of 2-6 g.

While for the most part, the amino acids will be admin-
istered as monomers, they may also be administered as
oligomers, generally having fewer than 10 units, more
usually fewer than 8 units, and preferably having from about
2-6 units.

The administration of the basic amino acids may be a
single adminisiration, a few adminisirations, generally not
more than about 8 over a period of 1-2 days, or may be
administcred on a daily basis. The particular regimen will
depend upon the individual, the purpose for taking the basic
amino acids for exercise performance enhancement, and
whatever other aspects are involved. Sinee the basic amino
acid will be taken 1o improve aerobic performance, it will
generally be taken within one day of the activity and may be
taken within 6 h of the activity, particularly within 3 h of the
activity.

Desirably, the formulation which is employed for the
basic amino acids will include other additives, particularly
antioxidants, which prolong the half-life of EDNO, such as
vitamins A, C and E; cysteine, glutathione or plant-based
antioxidants; or other factors which may enhance EDNO
synthesis of activity, including folic acid; bioptecins, such as
tetrahydrobiopterin, methyhetrahydrobtopterin, sepiapterin,

B complex vilamins, specifically, B, and B, ,, flavinoids, e.g. 3

resveratrol, and carotenoids, ¢.g. lycopene, phytoestrogens,
where these agents may be used individually or in
combination, generally not more than about 5 of the mem-
bers being used in combination, more usually not more than
about 3. In addition, ageats which may improve skeletal
muscle metabolism may be employed, including L-camitine
(0-500 mg), L-creatine (020 g) and L-taurine (0-8 g).
The amounts of the individual components described
above will generally be at or about the levels normalty
described for these compositions as the required daily dose,
usually in the range of about 0.001 g to 2 g, where additives
such as vitamin C or vitamin A may be at the upper level,
while other additives will generally be below about 0.5 g,
mote usually below about 0.1 g. The formulation may be in
solid or liquid form and may include tablets, capsules,
powders, and the like. These particular formulations will
usually include various excipients, as well as other conven-
tional additives lor improving disintegration, slow release,
absorption, stability, and the like. Desicably, the subject
compositions will be mcluded in a food substance, which
may be either liquid or solid. Thus, the subject composition
may be included in a drink, particularly a soft drink which
may comprise electrolyies, flavorings, sweeteners, or other
componenis to enhance the organoleptic propertics of the
drink, such as evidenced by Gatorade®. Alternatively, the
subject formulations may be introduced into various solid
foods, particularly health foods which arc low in cholesterol,
such as cereals, health bars, including fruit bars, and the like.
The dosages would depend upon the desired dosage and
frequency with which the particular dietary supplemem or
food would be taken, Generally, there would be al least 2 g
of the amino acids, preferably at least about 3 g, and not
more than about 12 g, usually not more thao about 6 g in the
food supplement for a single administration. Of particular
interest in solid foods are health bars, includiog fruit bars
such as a date bar, fig bar, apricot bar, etc., and granola bars,
grains, such as granola, cornflakes, wheat flakes, etc.
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The following examples are offered by way of illustration

and not by way of limitation.
EXAMPLE 1

The production of nitric oxide by the endothelium
{EDNO) contributes significantly to blood flow regulation
and aerobic capacity during exercise. This has been shown
by the following series of experiments in an animal model.
Administration of an inhibitor of the synthesis of EDNO
acutely reduces acrobic capacity as measured by the
VO,max, the anaerobic threshold, running distance before
exhaustion and aerobic work
FIG. 1. Effcet of inhibition of EDNO on acrobic capacity.
Individual and average maximal oxygen uptake (VO,max),
anaerobic threshold, mnning distance to exhaustion, and
aerobic work capacity (area under VO,-lime curve) of
healthy mice (E*) and the same mice after three days of
L-nitroarginine administered in the drinking water
(E*LNA), * p<0.05).

Eight week old female wild type and apoE deficient {E7)
C57BL./6) mice (Jackson Laboratories, Bar Harbor, Me. and
DCM) were entered into experimental protocols after a 1
week period of acclimation. In order to determine the effects
of EDNO irhibition on acrobic capacity, a set of mice
underwent the following treadmill studics. Eight week old
wild type (E’; n=9) and E~ mice (p=9) were kept scdentary
for 4 weeks. At twelve weeks of age, each mouse was
treadmill-tested to measure indices defining exercise capac-
ity. The wild type mice were then administered [.-w-
nitroarginine (LNA, Sigma Chemical Co., St. Touis) in the
drinking water (6 mg/100 cc; E*LNA). ‘This dose of LNA s
similar to that shown to atltenuate basal urinary nitratc
excretion (Bfiger, et al: Long-term administration of
[.-arginine, L-NAME, and the exogenous NO donor molsi-
domine modulates urinary nitrate and cGMP exeretion in
rats. Cardiovasc Res 1994; 28:494-9) and similar molar
doses of L-nitroarginine methyl ester bave been shown to
suppress the release of EDNO and the excretion of cGMP
and nifrate in other animal models (Torok and Gerova:
Vascular responses after long-term inhibition of nitric oxide
synthesis in newborn dogs. Physiol Res 1996; 45:323-8).
After 4 days, the mice underweat a second treadmill testing.
Mice were sacrificed in random order following treadmill
testing by overdose of methoxyflurane (Pitman-Moore,
Mundelein, 111} inhalation anesthesia.

Indices of Exercise Capacity

Maximal oxygen uptake (VO,max) is defined as the
plateau in VO, despite increasing work intensity.

The anaerobic threshold (AT) is an independent measure
of acrobic capacity expressed in units of VO, For each
mouse the AT was delermined from computer analysis
(conlirmed by blinded observer) of VCO,/VO, plois by the
V-slope method of Beaver (Beaver, et al.; A new method for
detecting anacrobic threshold by gas exchange. J App!
Physiol 1986; 60:2020-7), In situations when the slope of
V(C0,/VO, did nol increase al higher work rates, the
VO,max was taken as the AT.

The distance run 1o exhaustion (DIST,) is taken as an
approximale measurc of overall work performance and is the
total distance run.

Aerobic work capacity {(AWC) was determined by the
summation of minwte oxygen uptake above basal rate over
the course of treadmill running until exhaustion. This was
multiplied by the constant 20 J/ml(}, to convert oxygen
uptake to aerobic work (Harpur: The ral as a model for
physical fitness, Comp. Biochem. Physiol. 1980,
66A:553-574, Wasserman, et al.: Principles of Exercise
Testing and Interpretation. 1994; 479),

B
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Treadmill Testing

Al the time of treadmill testing, each mouse was placed on
a treadmill at a constant 8% angle enclosed by a metabolic
chamber capable of measuring oxygen and carbon dioxide
outflow once every minute (Model CI-2, Columbus
Instruments). Alter a 15 minute period of acclimation, basal
measurements were oblained over 7 minutes. The treadmill
was then started at 10 m/min and the speed was incremen-
tally increased 1 m/min every minute until the mouse
reached exhaustion. Exhaustion was defined as spending
time on the shocker plate without attempting 1o re-engage
the treadmill. Data on oxygen uptake (VO,), carbon dioxide
output (VCQ,), respiratory quotient (RQ), and distance run
to exhaustion (DIST,) were collected and stored on hard
disk (Oxymax software, Columbus Instruments).

EXAMPLE 2

In this study the reduction of EDNO production was
confimmed by a significanily reduced urinary excretion of
nitrates following exercise. Measurement of urinary nitrate
excretion normalized 1o creatinine is used as a measure of
systemic nitric oxide production duriog exercise (Bode-Bo
sger S M, Bosger R H, Schrosder P, Frilich J C: Exercise
increases systemic niiric oxide production in men. Journal
of Cardiovascular Risk 1994; 1:173-178). The significance
of this obscrvation was extended to the regulation of limb
blood flow using a fluorescent microsphere experiment.
FIG. 2. Systemic Production of Nitric Oxide Before and
After Inhibition of EDNO. Healthy mice (E+) increase nitric
oxide production from hasal levels following treadmill exer-
cise as measured by increased urinary excretion of nitrates,
This increase is completely suppressed by administration of
L-nitroarginine for 3 days (E+LNA), Hypercholesterolemic
mice (E-) demonstrate a reduced nitrate excretion as well.
* p<0.0G5 vs. E+,

Mice were placed in metabolic chambers for basal and
post-exercise urinary nitrate collection (Bode-Boger, et al.:
L-arginine infusion decreases peripheral arterial resistance
and inhibits platelet aggregation in healthy subjects. Clin Sci
(Colch) 1994; 87:303-10). For the basal state, mice were
confined to cages for greater than 24 hours and for the
post-exercise stale, mice were treadmill exercised over 22
minutes to a final weadmill speed of 32 m/min. Metabolic
chambers were constructed as described previcusly
(Maxwell, et al: Hypercholesterolemia impairs cxercise
capacily: Role of nitric oxidc. American Journal of Physi-
ology 1998, submitted for publication:). Urine was collected
in fest tubes containing 100 pt of isopropyl alcohol sub-
merged in ice water for the duration of the 5 hour collection
period. Urine was centrifuged at 4,000 rpm for 5 min and the
supcrnatant was collected, diluied 1:9 in distilled water and
stored at -80° C. for measwrement of nitrogen oxides (NO,)
and creatinine,

NO, in the urine was measured with a commercially
available chemiluminescence apparatus {model 2108,
Dasibi Corp., Glendale, Calif) as previously described
(Tsao, ct al.: Enhanced endothelial adhesiveness in hyperc-
holesterolemia is attenuated by L-arginine. Circulation
1994; 89:2176-82). The samples (50 ul) were injected into
boiling acidic vanadium (III) chloride. This technique uti-
lizes acidic vanadium (IIT) chloride at 98° C. to reduce both
NO.™ and NO,™ 10 NO, which is then detected by the
chemiluminescence apparatus after reacting with ozone.
Signals from the detector were analyzed by computerized
integration of curve areas. Standard curves for NaNQ,/
NaNOQ, were linear over the range of 50 pM to 10 oM. Urine
creatining was measured by the modified method of Siot
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developed by Sigma Diagnostics (Heinegard and Tider-

strom: Determination of serum creatinine by a direct colo-

rimetric method. Clin Chim Acta 1973; 43:303).
EXAMPLE 3

Animals administered EDNO inhibitor demonstrate

reduced blood flow to the exercising limbs as measured by
fluorescent microspheres injected into the ascending aorta
during maximal exertion. These data indicate that in the
normal host EDNO production is critical 1o limb blood flow
and acrobic capacity during exercise.
FIG. 3. Blood Flow to the Hind limbs of Mice Before and
After Inhibition of EDNO. Healthy mice (E+) increase blood
flow 1o the hind limbs from basal levels during treadmill
exercise as measured by percent of total cardiac output, This
increase in blood flow during exercise is suppressed by
adminisiration of L-nitroarginine for 3 days (E+LNA),
Hypercholesterolemic mice demonstrate reduced limb blood
flow during exercise as well § p<0.05 vs. basal,

Io order to determine blood flow disiribution during
exercise, an additional set of mice underwent a microsphere
study. Eight week old wild type mice and E™ mice {n=8)
were kept sedentary for 4 weeks. Al twelve weeks of age, the
wild type mice were divided into 2 groups; one receiving
regular water (E*; n=8) and one administered LNA in the
drinking water (6 mg/100 cc) for 4 days (E'LNA; n=8).
Cach mouse underwent treadmill testing to determine
V0,,,..,- The aorta was then surgically cannulated and, after
overnight recovery, the mice underwent a microsphere
delivery study (described below). Mice were sacrificed
following microsphere delivery by overdose of methoxyflu-
rane inhalation anesthesia. The hindlimb muscles were col-
lecled and weighed for determination of microsphere den-
sity.

Regional blood flow to hindlimb muscles was determined
as a percentage of cardiac output using a modification of
previously described techniques (Musch, et al.. Effects of
high-intensity sprint training on skeletal muscle blood flow
in rats. Journal of Applied Physiology 1991; 71:1387-1395;
Barbee, el al.: Microsphere and dilution techniques for the
determination of blood flows and volumes in concious mice.
American Journal of Physiology 1992; 263:RT28-R733).
Surgical Preparation;

Mice were anesthetized using isofluorane (Ohmeda
Caribe, Guayama, PR) inhalation. An incision was made in
the ventral midline of the neck. After the carotid sheath was
exposed, the carotid artery was separated from the oeurovas-
cular bundle and secured by two 4-0 silk sutures. An
incision was made in the carotid and a 30 ¢m length of PE10
tubing (Beckton Dickinson, Sparks Md.) tapered at ane end
by gentle stretch was filled with heparin (100 U/ml, Elkins-
Sinn, Cherry Hill, N.J), introduced into the carotid artery
&nd advanced lo the ascending aorta just distal 1o the aortic
valve, The incision was oversewn and the tubing was
tunneled subcutaneously 1o a pouch under the skin on the
back. The mice were then given a single dosc of ampicillin
(100 mg/kg diluted in saline 10 mg/ml, i.p.). Afier overnight
recovery, the mice were assessed for running ability. Mice
that could not attain 80% VO,max as determined previously
were eliminated from the study.

Treadmill exercise protocol;

The instrumented mice were placed on a treadmill in a
mefabolic chamber in random order. The tubing was fed
through a hole tn the chamber and the caratid artery tubing
was connected to a pressure transducer for continuous heart
rate and blood pressure measurement. After 20 minutes of
acclimation and oxygen uptake analysis, blue-green micro-

p

QA



Case 3:02-cv-00129-W-NLS Document 1 Filed 01718/02 Page 34 of 40

6,117,872

7

spheres were injected into the carolid tubing and infused
with normal saline for regional blood flow determination a1
rest. An equal volume of blue-green microspheres was
injected into a teference vial for a “100% of flow” control.
The treadmill was Lhen started at 10 m/min and increased 1
m/min/min while following the oxygen uptake curve. As the
oxygen uptake curve began to plateau, yellow-green micro-
spheres were injected into the carotid cannula and infused
with normal saline. An equal velume of yellow-green micro-
spheres was injected into a reference vial. Following the
completion of the yellow-green microsphere infusion mice
were sacrificed by methoxyflurane overdose. The
gastrocnemivus, quadriceps and both kidneys were removed,
were dissected free of fat and connective tissue, blotted dry,
weighed and placed in sample vials for flvorimetric deter-
mination.

Microsphere protocol;

Blue-green and yeliow-green fluorescently labeled micro-
spheres (15 um dia., Molecular Probes, OR) were diluted Lo
20,000 microspheres per 20 ul of saline. At the time of
injection, the microsphere solution was vortexed for 5
minutes. Microspheres (20 ul) were drawn inte a microin-
jector syringe and transferred to the carotid artery tubing.
The cannula was connected to a glass syringe mounted in an
injector pump and filled with saline which was used to flush
the carotid canaula (100 ul over 30 sec).

Fluorimetric determination of microsphere number;

Tissues and reference samples were digosted n 2N KOH
in methano] overnight in a shaker bath at 40° C. The samples
were centrifuged at 3,000 g and the supematant was
removed to the level of the tissue plug. The tissue plug was
resuspended twice in distilled water with 0.5% Tween80
(Fisher Scientific, NJ), centrifuged and the supernatant was
decanted. ‘The plug was then resuspended in methanol,
centrifuged and decanted. The remaining methanol was
removed by evaporative drying. The remaining microsphere
residue was dissolved in 2 ml of 2-ethoxysthyl acelate
{Arcon Organics, NJ) and measured by fluorimetery (Model
LS50B; Perkin-Elmes, Norwalk, Conn.) using the recom-
mended extinction and emission frequencies for micro-
sphere fluorescence (A, of 425 and 3, of 468 for blue-
green and A, of 490 and A, of 505 for yellow-green).

Regtonal blood flow for resting and exercise slates was
calculated from fluorescent intensily as the percent of cac-
diac output to the tissue (%CO);

BCot, mFL AWty cpage WILY S 15,

where ft, ; is the lluotescent intensity of the lissue sample
residue from mouse 1 during state s {resting or exercise} and
Jrs,; is the fluorescent intensity of the reference sample
residue. Variahility in fluorescent intensity due to variation
in tissue weight collected is removed by normalizing the
tissue weight Wt to the average tissue weight of all
animals WTt

average’

EXAMPLE 4

The significance of the above findings is demonstrated in
the hypercholesterolemic paradigm whereby EDNO synthe-
sis and activity is deranged (Freiman P C, Mitchell G G,
Heistad D D, Amsirong M L, Harrison D) G: Atherosclerosis
impairs endothelivm-dependent vascular relaxation to ace-
tylcholine and thrombin in primates. Circ Res 1980,
58:783-9; Jayakody R L, Senarate M P, Thomson AB R,
Kappagoda C T0 Cholestero! feeding impairs endothelium-
dependent relaxation in rabbit aorta. Canadian Journal of
Pharmacology 1985; 63:1206-1209). In hypercholester-
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olemic animals (both diet-induced and genetically prone
caused by an apoE deficiency), aerobic exercise capacity has
been shown 1o be inversely related 1o serum cholesterol level
(Maxwell A I, Niebauer J, Lin P 8, Tsao P 8, Bemstein D,
Cooke J P: Hypercholesterolemia impairs exercise capacily:
Role of nitric oxide. American Journal of Physiology 1998,
submitted for publication).

F1G. 4. Effect of Cholesterol on Aerobic Capacily. Four
groups of mice differing in average total scrum cholesterol
(TSC) level; (E+CHOW: pormal mice fed a chow diet;
TSC=153 mg/di, E+TH: normal mice fed a high fat diey,
TSC=306, E-CHOW: apoE deficient mice fed a chow diet;
TSC=1325 and E-WD: apoL deficient mice fed a high fat
diet; TSC=2134). Mice were treadmill tested lo determine
indices of aerobic capacity (maximal oxygen uptake;
V0, max, anactobic theeshold;, AT, and change in distance
run lo exhaustion from study start (AEDISTe). *p<0.05,**
p<0.01 vs. E+CHOW.

Wild type mice (n=25) and apoE mice {n=25) were
randomly selected at 8 weeks of age to undergo treadimill
testing and urinary nitrate measurement. Mice from both
colonies were then randomized into 2 dietary groups. One
group of wild type mice (E*CHOW, n=49) were led regular
mouse chow (0.022% cholesterol {29 ppm}, 11% total fat by
weight {4.3% monounsatusated fatty acids, 3.7% saturated
fatty acids, 2.5% linoleic acid, 0.2% linolinic acid, 0.2%
omega-3-fatty acid and 0.03% arachidonic acid}, Purina,
Richmond, Ind.} and a second group (E*TH, n=22) received
a high cholesteroVhigh fa1 modified Thomas-Hanroft diet
(L3% cholesterol, 15% fat from cocoa butter, Dyets,
Bethlehem, Pa.j (Paigen, et al.: Atherosclerosis susceptibil-
ity differences among progenitors of recombinant inbred
strains of mice. Arteriosclerosis 1990; 10:316-323). One
group of apoE mice (ETCHOW, n=23) received regular
mouse chow whereas the other apoE group (E- WD, n=10)
recetved a Westemn-iype diet (0.15% cholesterol, 21% fai
[rom butterfat, Dyets) (Nakashima, et al.: ApoE-defictent
mice develop lesions of all phases of atherosclerosts
throughout the arterial tree. Arteriosclerosis and Thrombosis
1994; 14:133-140). The high cholesterol diets were selected
tased on the ability of the mice to tolerate dietary cholesterol
loads as previously reported (Paigen, et al.: Atherosclerosis
susceptibility differences among progenitors of recombinant
inbred strains of mice. Arteriosclerosis 1990, 1(:316-323).
Tollowing either 4 weeks (E*CIHHOW,; na32, E*THI; n=22,
E-CHOW, n=14, E"WD; a=10} or 12 weeks (E*CHOW,
n=17, EXCHOW; n=9) of dictary intcrvention, sclecled mice
underwent treadmill-tesling and urinary nitrate measure-
ment. Mice were sacrificed in random order following
treadmill testing by overdose of methoxyflurane (Pitman-
Moore, Mundelein, [11.) inhalation anesthesia. The thoracic
avrta was harvesied for studies of vascular reectivily and the
infrarenal abdominal aorta was harvested for studies of
stimulated nitric oxide production,

EXAMPLE 5

The obscrved reduction in cxercise capacity in hypercho-
lesterolemic animals is associated with an endothelium-
dependent vasodilator dysfunction as demonstrated by a
reduced vasodilatory response to acetylcholine of aortae
from hypercholesterolemic mice (FIG. 8). Furthermore, the
post-exercise urinary nitrate excretion and limb bloed flow
of hypercholesterolemic animals is reduced (FIGS. 2 and 3).
These data support a strong relationship of cholestero] level
with endothelial function, EDNO activity, limb blood flow
and aerobic capacity.

FIG. 5. Vascular Function in Normal and Hypercholester-
olemic Mice. Response of murine aortae to increasing doses
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of acetylcholine. Groups of mice differ in total serum
cholesterol level as described in FIG. 4. open circles;
E+CHOW, closed circles; E+TH, open diamonds;
E-CHOW, closed diamonds; E-WD.

One 7 mm segment of thoracic aora (measwred proximal
[rom (he diaphragm) was dissecied free of connective Lissue
and immediately placed in cold physiologic saline solution
(PSS) that was composed of the following (mM): NaCl, 118;
KCl, 4.7, CaCl,, 2.5, MgS0,, 1.2; KH,FO,, 1.2, NaHCO,,
25; Na,EDTA, 0.026, dextrose, 11.1; L-arginine, 0.1. Aortic
segments were quickly mounted on wire stirrups, hung from
force transducers and submerged in oxygeoated PSS at 37°
C. Over the course of 60 minutes, the segments were
progressively stretched to the optimum point of their length-
tension relationship (determined previously to be 3 g).
Subsequently, the concentration of norepinephrine inducing
half-maximal response (ECs) was determined by exposing
the segments to increasing concentrations of norepinephrine
(in hall-log increments from 107 10 107* M). Once a
maximal response was obtained, the segments were washed
repeatedly with fresh PSS for 60 minutes until the tension
returned to the previous baseline value. Responses to the
vasodilating agents, nitroglycerine (TNG) and acetylcholine
(ACh), were studied after precontracting the segments with
the ECsq concentration of norepinephrine. Afler a stable
contraction was obtained, the segments were cxposed to
increasing doses of vasodilator.

EXAMPLE 6

Supplementation of healthy animals with L-arginine (6%
in drinking water) for 4 to 8 wecks was shown te increase
urinary nilrale excretion and aerobic capacity as measured
by VO,max, anacrobic threshold, and running distance
before exhaustion (FIGS. 6 and 7). L-arginine increased
VO,max 9% over control, increased anacrobic threshold
12% over control, and increased running distance to exhaus-
tion 61% over controls. Supplementation with the optical
isomer of L-arginine, D-arginine, which cannot be directly
converted to nitric oxide, did not result in this improvement.

In the hypercholesterolemic animal model, L-arginine

supplementation restored to normal posi-exercise wrinary
nitrate cxcretion and acrobic capacity (FIGS. 6 and 7).
Supplementation of L-arginine reversed the 11% decline in
VO,max and the 23% reduction in running distance.
D-arginine was able 1o partly reverse this dysfunction per-
haps through the hepatic conversion to L-arginine.
FIG. 6. Systemic Nitric Oxide Production Following Exer-
cise alter L-arginine. Normal (E+) and hypercholesterolemic
mice {E-) demonstrate an increase in wrinary mirate excre-
tion following L-arginine supplementation (L) but not fol-
lowing D-arginine administration (D). * p<0.05 vs. controls
(N).

Eight week old E* and E™ mice divided into 6 groups
{Table 1); two supplemented with L-arginine (6 g/100 ml
drinking water, LC*; n=16 and LE"-; p=16); two adminis-
tered D-arginine (the optical isomer of L-arginine which is
not a substrate for nitric oxide synthase, 6 ¢/100 m! drinking
water, DE*; n=8 and DE™-; n=8); and two received reguilar
drinking water (NE*; n=27 and NE~; n=24). The mice were
kept sedentary for 4 to 8 weeks. At 12 to 16 weeks of age,
the mice were treadmill-lested in random order by an
invesligator blinded to the identity of ils group to measure
indices defining exercise capacity. Because this study was
designed to determine the effect of chronic enhancement of
EDNQ production rather than an acute effect of arginine, all
water boitles containing arginine were replaced with regular
water 48 hours before treadmill-testing. Urine was collected
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after treadmill exercise for determination of vascular nitric
oxide production. Mice were sacrificed following treadmill
testing by overdose of methoxyflurane (Pitman-Moore,
Mundelein, 111.) inhalation anesthesia.

EXAMPFLE 7
FIG. 7. Aerobic Capacity of Mice on L-arginine. Normal
(E+) and hypercholesterolemic mice (E-) demonsirate an
increase in oxygen uplake (VO,max) and anaerobic thresh-
old (All) following 1.-arginine supplementation (L) but not
following D-arginine administration (D). * p<0.05 vs. con-
trols (N).

Ancther method of enhancing nitric oxide activily and
performance is by pharmacologically enhancing consitutive
nitric oxide synthase (cNOS) expansion. One way to do this
is to provide a ¢cNOS inhibitor during training 10 upregulate
¢NOS expression, followed by withdrawal of the antagonist
prior to the exercise lest. This has been shown in the
following experiment. Twelve week old wild type mice were
administered either L-pitroarginine in the drinking water (6
mg/100 ml) or regular water over the course of 4 4 week
period. During this time some of the mice from bolbh groups
were trained (1 hour twice daily, 5 days/weekx4 weeks)., At
the end of the training period (he drinking water with
L-npitroarginine was replaced with regular drinking water.
Three days later, all mice were exercise tested to obtain
measures of 2erobic capacity. Mice receiving regular drink-
ing water increased their VO2max to 124212 mlO2/min/kg
(sedenary controls were 109 mO2/min/kg). The mice that
received L-nitroarginine during training increased their
VO2max to 134+12 m]02/min/kg (p<0.05). This enhanced
effect from chronic NOS inhibition may be duve 1o an
upregulation of NOS enzyme level. In order to demonstrate
this, the gastrocnemius muscles of the mice were analysed
for ¢NOS conient. Muscle tissue homogenales were pre-
pared for Western Blot analysis using mouse anti-human
cNOS 1gGt monoclonal anitbody. Using this method cNOS
pratein concentration was found to be elevated in muscle
tissue of the exercising mice. However, the message was
significantly more elevated in the mice treated with
L-pitroarginine.

Therefore, chronic use of NOS inhibitors during training,
followed by withdrawal during the exercisc test, is another
method to enhance EDNO production. Several compounds
exist which block NOS activity including L-nilroarginine,
L-NG-aitroarginine methy! ester (L-NAME), and asymmel-
tic dimethylarginine (ADMA) or other L-arginine denva-
tive. During training & pharmacologic agent is administered
in amounts (o inhibil npitric oxide production. This is Tol-
lowed by a period free of inhibitor, during which period a
compound to enhance nitric oxide production is adminis-
tered. An example of this would be the chronic use of an
inhibitory L-arginine derivative during athletic training for
an athletic event. Three 1o 7 days before the athietic event,
the inhibitor would be discontioued and the EDNO enhanc-
ing agent administration begua.

In summary, augmentation of the EDNQ production has
been shown to enhance acrobic capacity in bealthy animals
and in an animal model of hypecholesterolemia.

Perhaps the best documented method of enhancing acro-
bic exercise performance is by exercise training (Blomgvist
C G, Salin B: Cardivvascular adaptations to physical train-
ing. Annual Review of Physiology 1983; 45:169-89). Exer-
cise training in the form of ranning and marching daity for
2 months has been shown to increase VO,max by 6% in
healthy young men (Frick M H, Sjogren A -L, Perasaio J:
Cardiovascutar dimensions and moderate physical training
in young men. J Appl Physio! 1970; 29:452-455). Fourteen
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weeks of ergometer training 34 min/day, 3 d/wk increased
VO,max by 31% (Stein R A, Michielle D, Diamond J, al. e:
The cardiac response to exercise traininig: echocardio-
graphic analysis at rest and during exercise. Am J Cardiol
1980; 46:219-225). In animals, administration of L-arginine
to healtby mice for 4 weeks had an affect on aerobic capacity
that was equal to that of 4 weeks of treadmill exercise
traiping (2 hours/day, 6 days/week) in these animals
(Niebauer J, Maxwell AJ, Lin P S, Wang D, Hydari S, Tsao
P 8, Cooke J P: Chronic exercise {raining attgnuates athero-
genests in hypercholesterolemic mice. Circulation 1998; in
preparation.).

Few studies have been reported demonstrating enhance-
ment of aerobic performance by nutdent or pharmacologic
manipulation. Oral supplementation with creatine has been
shown to increase the running time 1o exhaustion by 13%
(Bosco C, Tihanyi J, Puespk J, Kovacs 1, Gabossy A, Colli
R, Pulvirenti G, Tranquilli C, Foti C, Viru M, Viru A: Effect
of oral creatine supplementation on jumping and running
performance. fnt J Sporis Med 1997; 18:369-72). Biochemi-
cal sludies in rats suggest that this effect is the result of
improved buffering capacity within skeletal muscle which
results in ephancement of both aerobic and anaerobic
metabolism. Inhaled albuterol has been shown to increase
riding time in competitive cyclists (Bedi I F, Gong H, Jr.,
Horvath § M: Cobancement of exercise performance with
inhaled albuterol. Can J Sport Sci 1988; 13:144-8).
VO, max also increased with albuterol usc although this was
not statistically significant. There is no data available com-
paring manipulation of the nifric oxide system with these
other methods.

It is evident from the above results that by nsing a nitric
oxide precursor, as exemplilied by L-arginine, in the absence
of atherosclerosis, but even in the presence of elevated

cholestero! levels, substantially enhanced exercisc capacity 3

can be achieved. The results support the conclusion that
elevated levels of NQ precursors administered to normoc-
holesterolemic and hypercholesterolemic individuals pro-
vide a positive benefit for the exercise capacity of the
individual. By providing for easy means to administer the
NO precursors, individuals can have substantially enhanced
excreise performance.

All publications and patent applications cited in this
specification are herein incorporated by reference as if each
individual publication or patent application were specifically
and individually indicated (o be incorporated by reference.

Although the foregoing invention has been described in
some detail by way of illustration and example [or purposcs
of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of
this invention that certain changes and modifications may be
made thereto without departing from the spirit or scope of
the appended claims,

What is claimed is:

1. A method for enhancing physical performance of a
mammal prior to said physical performance, said method
comprising;
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administering to said mammal prior fo said physical
performance as the aclive ingredicot an amino acid
composition consisting of at least one aminc acid
selected the group consisting of arginine and lysine of
at least about 60 mg/kg/day within 24 h of said physical
performance.

2. A method according to claim 1, wherein said mammal
is normocholesteralemic.

3. A method according to claim 1, wherein said maramal
is hypercholesterolemic.

4. Amethod according to claim 1, wherein an antioxidant
is administered to said mammal in an amount to enhance the
endothelial NO.

5. A method according to claim 1, wherein said admin-
stering comprises the inclusion of an agent further enbanc-
ing EDNO syathesis.

6. A method according (o claim 1, wherein said admin-
istering is as a bealth bar, grain or drink.

7. A method for enhancing human physical performance
prior 1o said physical performance, said method comprising:

administering 1o said buman within 6 h prior to said

physical performance as the active ingredicnt an amino
acid composition consisting of at least one amino acid
sclected from the group consisting of arginine and
lysine of at least about 2 g per day in combination with
an agent enhancing ENDO syathesis, as a bealth bar,
grain or drink,

8. A method according to claim 7, wherein said agent
compriscs at lcast one of Visamin A, Vilamin C, Vitamin E,
selenium, carotenoid, flavanoid, L-camitine, E-creatine, and
L-tavrine.

Y. A method according to claim 7, wherein said agent is
at teast one of falic acid and biopterin,

10. A method according to claim 7, wherein said admin-
istering of said arginine and lysine is from about 2 to 12 g
per day within 24 hours of said physical exertion.

11. A method for enhancing physical performance of a
mammal prior 1o physical exertion, said method comprising:

at least about 3 days prior to said physical exertion,

administering 1o said mammal an NOS inhibitor Tor
inhibiting NOS; and

within about 3 days prior to said physical excrtion,

discontinuing the NOS inhibitor, and administering to
said mammal an agen enhancing EDNO synihesis.

12. A method enhancing human physical performance
prior to said physical performance, said method comprising:

administering o said human prior W said physical per-
formance as the active ingredient an amino acid composition
consisting of at least one amino acid selected from the group
consisting of arginine and lysine of at least about 2 g per day
within 24 h of said physical performance.

13. A method according 1o claim 12, wherein said human
is normocholesterolemic.

14. A method according 1o claim 12, wherein said human
is hypercholesterolemic.



Case 3:02-cv-00129-W-NLS Document1 Filed 01/18/02 Page 37 of 40

EXHIBIT C



_Case 3:02-cv-00129-W-NLS Document 1 Filed 01/18/02 Page 38 of 40

2¢( RAE-VENTER LAW GROLP B

iliownal proparty Yo

January 20, 2000

VIA czmnm-nnmmczmmwsm

Real Hulth Laborasoties, Inc.
1426 3o* Strest, #B1
San Disgo, CA 92354 -

Gemlemen:

[ 3en dereliectial peopasty counsel for Cooke Pharms. Yiour advertisement cancerning the uss of arginine
for improving cardiovascular astivity was given to me by my client.

As you are prabably aware, John Cooke, MLD., Pr.D., the founder of Cooke Pharma, hagbeen and -
contienes 1 be & pionoer in the use of enhancnd |evals of arginine for & wide variety of indications associated with
vasculss function, Cooke Phayma is presently selling its “Heart Healthy Bar®" cootaining srginine for uses
sssocisted with vaseular fumetion in & brosd spectram of applicatisas. Cocke Phareua and Dr. Johw Cagke have
completsd o sumbar of elinical sudies b damonstrate the effectivencis of enhumced levels of arpusine for its effest
in  mumber of situations associated with vaséular fanction. Dr. Cooks and Dr. Andrew Maxwall. a principal in
Cooke Pharma, and thelr associates, have berm the authots of nierous seticles on the mechanism and efMlicacy of
arginine co improve vascular fimetion.

Cooke Pharma is the exclusive worldwida Lcenses of Latters Patent from The Leland Buanford Ir.

_ University and the Medlzal Collegs of New Yerk snd bas filed in in it own narse applicetians for Lettery Patent, all

memﬁwwarwn Ty in the
United $tates, we are providing you with copies of the issued Unitad Rtates Lattwrs Patzat for which Caoke Pharon
has exclusive fights, so that you may momitor your activities in the sale aod advectising of yorur arginine-containing
products, both 49 w your products and the manner in which you encoursge your uters to use your products.

Sincerely youss, i
L Rwlmd. D,
Altornay at Law

BIR:mef

Encly: US. Porers Nox.: 5,217,997
5428070
5,852,052
5,861,168
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TO: REPORT ON THE
Commissioner of Patents and Trademarks FILING OR DETERMINATION OF AN
Washington, D.C, 20231 ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. 814; 35 U.S.C. 290) you are hereby advised
that a court action has been filed on the following patent(s) in the U.S. District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT

02cv129H (POR) 1/18/02 United States District Court, Southern District of California
PLAINTIFF DEFENDANT
Unither Pharma Inc Real Health Laboratories

PATENT NO. DATE OF PATENT PATENTEE

1.5,217,997 Jun 8, 1993 Richard D Levere
2.6117872 Sep 12 2000 Andrew J Maxwell
3.
4.
5

In the above-entitled case, the following patent(s) have been included:

DATE INCLUDED INCLUDED BY
Amendment D Answer [] Cross Bill D Other Pleading
PATENT NO. DATE OF PATENT PATENTEE
1
2
3
4
5

In the above-entitled case, the following decision has been rendered or judgment issued:

DECISION/JUDGMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1 - Upen initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action, mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy
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