United States Patent [

Guire

(111 Patent Number:
451 Date of Patent:

4,973,493
Nov. 27, 1990

[54] METHOD OF IMPROVING THE
BIOCOMPATIBILITY OF SOLID SURFACES

(75] Inventor: Patrick E. Guire, Eden Prairie, Minn.

[73] Assignee: Bio-Metric Systems, Inc., Eden
Prairie, Minn.

[21] Appl No.: 108,765
[22] Filed: Oct. 15, 1987

Related U.S. Application Data

[63]  Continuation-in-part of Ser. No. 428,074, Sep. 29, 1982,
Pat. No. 4,722,906, and Ser. No. 920,567, Oct. 17, 1986,

abandoned.
[51] Imt. CLS ... AO0IN 1/02; A61K 1/02;
. . A61F 2/54
[52] US. Cl e evecsnneeen 427/2; 623/66;
623/901; 435/181; 436/905
[58] Field of Search ................... 623/1, 6, 11, 66, 901;
427/2; 435/181; 436/532, 525, 905
[56] References Cited
U.S. PATENT DOCUMENTS
3,808,113 4/1974 Okamura et al. .............. 204/159.12
3,826,678 7/1974 Hoffman et al. .. 117/81
3,955,012 5/1976 Okamura et al. ....cceocvvrneneee. 42772
3,959,078 5/1976 Guire 195/63
4,007,089 2/1977 Smith, III .....oeeerreererrcrerinnens 195/68
4,240,163 12/1980 Galin . 3/13
4,311,573 1/1982 Mayhan et al. ................ 204/159.15
4,378,224 3/1983 Nimni et al. ... 8/94
4,378,435 3/1983 Takagiet al. ..ccooveevenennnnenn. 435/180
4,419,444 12/1983 Quash 435/7
4,434,150 2/1984 Azad et al. ......... eeresereereerenes 424/1.1
4,451,568 5/1984 Schneider et al. .................. 435/181
4,500,676 2/1985 Balazs et al. ...... . 525/54.2
4,526,714 7/1985 Feijen et al. ... .. 260/112
4,526,909  7/1985 ULiSt .ovvererervenreercnrecvenveeernenne 523/115
4,530,974 7/1985 Munro et al. .. .. 525/329.4
4,536,179 8/1985 Anderson et al. ... 604/266
4,589,881 5/1986 Pierschbacher ... e 623/11
4,589,964 5/1986 Mayhan et al. .... .. 522/85
4,595,632 6/1986 Mayhan et al. ......ccovveurunnen. 428/409
4,605,413 8/1986 Urry et al. .
4,663,233  5/1987 BEAVETS .cocvrveirrcncreereriaens 428/412
4,687,808 8/1987 Jarrett et al. .
4,715,858 12/1987 Lindstrom .......... erreveersinsrennans 623/5
4,716,122 12/1987 Scheefers ......ccorvrenicencnns 436/532
4,722,906 2/1988 Guire ... .. 436/501
4,828,563 5/1989 Miiller-Lierheim .................. 623/66

OTHER PUBLICATIONS

Price list from Biotechnology Research Enterprises,

S.A. Pty. Ltd., dated Nov., 1985, entitled “Photobiotin

Acetate”. .

P. Guire et al.,, “Photochemical Coupling of Enzymes

to Mammalian Cells”, Pharmacological Research Com-

munications, vol. 9:131-141, (1977).

P. Guire et al., “Stepwise-Cross-linking Reagents for

Photocoupling of Enzymes and Lectins to Mammalian
_ Cells”, Glycoconjugate Research, vol. I1:1051-1054,

(1979).

P. Guire, “Stepwise Thermophotochemical Cross-link-

ing for Enzyme Stabilization and Immobilization”, En-
zyme Engineering, vol. 3:63-70, (1978). '

P. Guire, “Photochemical Immobilization of Enzymes
and Other Biochemicals”, Methods in Enzymology,
vol. XLIV:280-288, (ed. Klaus Mosbach 1976).

Ebert et al., “The Anticoagulant Activity of Deriva-
tized and Immobilized Heparins”, Biomaterials: Interfa-
cial Phenomena and Applications, Cooper et al., Eds.
Am. Chem. Soc., pp. 161-176, (1982).

Larsson et al., “Covalent Binding of Proteins to Grafted
Plastic Surfaces Suitable for Immunoassays”, 98 J. Im-
muno. Methods, 129-135, (1987).

Engbers et al., “An In Vitro Study of the Adhesion of
Blood Platelets onto Vascular Catheters. Part 1.7, 21
Journal of Biomedical Materials Research, pp. 613-627,
(1987).

Evangelista et al., “Coating of Two Polyether-polyure-
thanes and Polyetheylene with a Heparin-Poly-(Vinyl
Alcohol) Hydrogel”, 7 Biomaterials, pp. 206-211,
(1986).

Heyman et al., “Heparinized Polyurethanes: In Vitro
and In Vivo Studies”, 19 Journal of Biomedical Materi-
als Research, pp. 419-436, (1985).

Palatianos et al., “Extracorporeal Left Ventricular As-
sistance with Prostacyclin and Heparinized Centrifugal
Pump”, 35 The Annals of Thoracic Surgery, pp.
504-515, (1983).

Larm et al.,, “A New Non-Thrombogenic Surface Pre-
pared by Selective Covalent Binding of Heparin Via a
Modified Reducing Terminal Residue”, 11 Biomat.
Med. Dev. Art. Org., pp. 161-173, (1983).

Hoffman et al., “A New Method for Covalent Coupling
of Heparin and Other Glycosaminoglycans to Sub-
stances Containing Primary Amino Group”, 117 Carbo-
hydrate Research, pp. 328-331, (1983).

(List continued on next page.)

Primary Examiner—Randall L. Green

Assistant Examiner—Paul Prebilic

Attorney, Agent, or Firm—James R. Haller; Bauman,
Mary P.; Gregory P. Kaihoi

[57] ABSTRACT

A method for modifying the solid surface to improve its
biocompatibility is disclosed. The method employs mol-
ecules of a biocompatible agent and a chemical linking
moiety possessing a photochemically reactive group
capable upon activation of covalently bonding to the
solid surface and possessing a different reactive group
as capable upon activation of covalently bonding to
separate molecules of the biocompatible agent. The
method comprises applying stimulus to sequentially
activate the groups and covalently bind the different
reactive group of the linking moiety to the molecules of
the biocompatible agent-and to photochemically cova-
lently bind the linking moiety to the solid surface with
a sufficient population density to enable the molecules
of the biocompatible agent to effectively shield the solid
surface and to provide a biocompatible surface.
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