United States Patent

(19]

Green et al.

US005814666A

Patent Number:
Date of Patent:

5,814,666
Sep. 29, 1998

(11]
[45]

[54]

[75]

(73]

ENCAPSULATED AND NON-
ENCAPSULATED NITRIC OXIDE
GENERATORS USED AS ANTIMICROBIAL
AGENTS
Inventors: Shawn J. Green, Vienna, Va.; Larry
K. Keefer, Bethesda, Md.
Assignees: The United States as represented by
the Department of Health and
Human Services, Washington, D.C.;
Entremed, Inc., Rockville, Md.
Appl. No.: 428,632
Filed: Apr. 24, 1995
Related U.S. Application Data
Continuation-in-part of Ser. No. 319,744, Oct. 7, 1994,
abandoned, which is a continuation-in-part of Ser. No.
133,601, Oct. 7, 1993, abandoned, which is a continuation-
in-part of Ser. No. 867,759, Apr. 13, 1992, abandoned.
Int. CL® oo A61K 31/13; A61K 9/127
US. ClL e 514/611; 424/450
Field of Search ...........c.c....c......... 514/611; 424/450
References Cited
U.S. PATENT DOCUMENTS
4,781,871 11/1988 West, Il et al. ..cccccevvevevceennee 264/4.3
4,837,028  1/1989 Allen ..cccoeveveeuercverenercrcereeenens 424/45
4,885,173 12/1989 Stanley et al. ......... 424/440
4,895,719  1/1990 Radhakrishnan et al. . ... 514/18
4,900,719 2/1990 Means et al. .......... .. 514/611
4,954,526  9/1990 Keefer ........ ... 514/611
5,002,964  3/1991 LoSCAlZO ..oovevevrereveererinrerrennnens 514/91
5,025,001  6/1991 Loscalzo et al. .. .. 514/423
5,039,705 8/1991 Keefer et al. ...... .. 514/427
5,059,712 10/1991 Griffith ....... ... 562/560
5,091,576  2/1992 Burger ... ... 564/367
5,116,861  5/1992 Goto et al. ..... .. 514/400
5,155,137 10/1992 Keefer et al. .. .. 514/611
5,185,376  2/1993 Diodati et al. ..... .. 514/611
5,187,183  2/1993 Loscalzo et al. .. .. 514/400
5,208,233  5/1993 Keefer et al. ...ccoevevereerereerennnne 514/611
5,212,204 5/1993 Keefer et al. ...ccocvevererrereerennnne 514/611
5,250,550 10/1993 Keefer et al. .. .. 514/611
5,317,040 5/1994 Goldman ........ ... 514/634
5,366,997 11/1994 Keefer et al. .. .. 514/611
5,374,710 12/1994 Tsien et al. .ccooovevvvevecvcrunnenne 534/552
5,389,675 2/1995 Christodoulou et al. ............... 514/492
5,396,882  3/1995 Zapol ... . 128/200.14
5,405,919  4/1995 Keefer et al. ...coovevererrereerennene 515/377
5,428,070 6/1995 Cooke et al. ...... .. 514/557
5,525,357 6/1996 Keefer et al. ...... .. 424/486
5,576,350 11/1996 Wang ............. ... 514/565
5,583,101 12/1996 Stamler et al. ....ccccoevevreveeveeennnn. 514/2
5,622,994  4/1997 Carney et al. ..... .. 514/643
5,663,364  9/1997 Griffith et al. .....cceeevecunnnne. 548/335.5

FOREIGN PATENT DOCUMENTS

WO 90/09785  9/1990  WIPO .
WO 91/04022  4/1991 WIPO .
WO 91/05551  5/1991  WIPO .
WO 92/05149  4/1992 WIPO .

OTHER PUBLICATIONS

Alston, T.A., et al., “Generation of Nitric Oxide by Enzy-
matic Oxidation of N-Hydroxy—N—Nitrosamines,” J. Bio.
Chem., vol. 260, No. 7, pp. 4069-4074 (1985).

CA 117(16): 157681e: “Liposome Containing Nitroglyc-
erin,” JP 04, 145, 020 (May 19, 1992).

Drago et al., “The Reaction of Nitrogen (II) Oxide with
Various Primary and Secondary Amines,” J. of Am. Chem.
Soc., vol. 83, pp. 1819-1822 (1961).

Drago, “Reactions of Nitrogen (IT) Oxide,” Free Radicals in
Inorganic Chemistry, Advances in Chemistry Series, No. 36
(American Chemical Society: Washington, D.C., 1962), pp.
143-149.

Drago, “N-Nitrosohydrooxylamine—N-sulfonates by Met-
athesis,” Inorganic Syntheses, vol. V, pp. 120122 (1957).
Garg et al,, “Nitric Oxide—Generating Vasodilators Inhibit
Mitogenesis and Proliferation of Balb/C3T3 Fibroblasts by
a Cyclic GMP-Independent Mechanism,” Biochem. and
Biophys. Res. Comm., vol. 171, pp. 474-479 (1990).
Hansen et al., “N—Nitrosation of Secondary Amines by
Nitric Oxide Via the ‘Drago Complex’,” N-Nitroso Com-
pounds: Occurrence and Biological Effects (Bartsch et al.,
eds.) IARC Scientific Publication No. 41(Int’l Agency for
Research on Cancer: Lyon, 1982), pp. 21-29.

Hibbs, J.B., et al., “Nitric Oxide: A Cytotoxic Activated
Macrophage Effector Molecule,” Biochem. Biophys. Res.
Commun., vol. 157, No. 1, pp. 87-94 (1988).

Holford et al., “Understanding the Dose—Effect Relation-
ship: Clinical Application of Pharmacokinetic—Pharmaco-
dynamic Models,” Clinical Pharmacokinetics, vol. 6, pp.
429-453 (1981).

Howard-Flanders, “Effect of Nitric Oxide on the Radiosen-
sitivity of Bacteria,” Nature, vol. 180, pp. 1191-1192
(1957).

Hrabie, J. A., et al., “New Nitric Oxide—Releasing Zwitte-
rions Derived From Polyamines,” Journal of Organic Chem-
istry, vol. 58, pp. 1472-1476 (1993).

Ignarro et al., “Mechanism of Vascular Smooth Muscle
Relaxation by Organic Nitrates, Nitrities, Nitroprusside and
Nitric Oxide: Evidence for the Involvment of S—Nitrosothi-
ols as Active Intermediates,” J. Pharmacol. Exp. Ther., vol.
218, pp. 739-749 (1981).

Ignarro et al., “The Pharmacological and Physiological Role
of Cyclic GMP in Vascular Smooth Muscle Relaxation,”
Annu. Rev Pharmacol. Toxicol., vol. 25, pp. 171-191 (1985).

(List continued on next page.)

Primary Examiner—Deborah C. Lambkin
Attorney, Agent, or Firm— eydig, Voit & Mayer, Ltd.

[57] ABSTRACT

This invention relates to compositions capable of releasing
nitric oxide and therapeutic methods of use thereof for the
treatment of microorganism-related disease states. The com-
position comprises one or more nitric oxide generators,
preferably encapsulated in vesicles, such as liposomes. The
compositions are used therapeutically by administration to
humans and animals via different routes for the treatment of
infectious diseases caused by pathogenic microbes.

26 Claims, No Drawings



