UNITED STATES DISTRICT COURT

FOR THE EASTERN DISTRICT OF PENNSYLVANIA - DESIGNATION FORM to be used by counsel to indicate the category of
the case of the purpose of assignment to the appropriate calendar.

Address of Plaintiff: 7006 Dorsam Way, Ambler, PA 19002

Address of Defendant: 31414 Chestnut Street, Philadelphia, Pennsylvania

Place of Accident, Incident or Transaction:

Does this case involve mulii-district litigation possibilities?
RELATED CASE, IF ANY

Case Number: ) Judge: Date Terminated:

Civil Cases are deemed related when yes is answered to any of the following questions:

1. is this case related to property included in an earlisr numbered suit pending or within one year previously terminated action in
this court? : Yes O No W

2.  Does this case involve the same issue of fact or grow out of the same transaction as a prior suit pending or within one year
previously terminated action in this court? Yes Ko W

3. Does this case involve the validity or infringement of a patent already in suit or any earlier numbered case pending or within
one year previously terminated action in this court? Yes O No M

CIViL: {Place ¥ in ONE CATEGORY ONLY)

A. Federal Question Cases. B. Diversity Jurisdiction Cases:

1, 1 Indemniity Contract, Marine Contract, and Alt Other Coniracts 1. 1 Insurance Contract and Other Confracts
2. O FELA ' 2. O Airplane Personal Injury

3. O Jones Act-Personal Injury 3. [0  Assault, Defamation

4. O Antitrust 4, O Marine Personal Injury

5. B paent 5. O Motor Vehicle Personal Injury

6. O Labor-Management Relations 6. O Other Personal Injury (Please Specify)
7. O Civil Rights 7. O Products Liabifity

8. [ Habeas Corpus 8. [l Products Liability - Asbestos

9. O securities Act(s) Cases 9, O Allother Diversity Cases

10, O 'Social Security Review Cases g Idea Misappropriation

11. O Al other Federal Question Cases
(Please specify)

ARBITRATION CERTIFICATION

|, Frederick A. Tecce, counsel of record do hereby certify:

u Pursuant fo Local Givil Rule 53,2, Section 3(c){2), that to the best of my knowledge and belief, the damages
recoverable in this civil action case exceed the sum of $150,000.00 exclusive of interest and cost.

H Relief other than monetary damages is sought.

Date: August 28, 2009 Frederick A. Tecce 47298

Attorney 1D, #
iii one vear previously terminated action in this court

Attorney-at Law
| cerify that, to my knowledge, the within case is not related to any case now pending or wi

except as noted above.
/ /6@ ce 47298
P

Date: August 28, 2009

Attorney-at Law Attorney LD, #
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA

CASE MANAGEMENT TRACK DESIGNATION FORM
BIOTECHNOLOGY, LLC ; CIVIL ACTION

v,
CIBA VISION CORP., ¢t al.
NO.

In accordance with the Civil Justice Expense and Delay Reduction Plan of this Coust, counsel for
plaintiff shall complete a Case management Track Designation Form in all civil cases at the time
of filing the complaint and serve a copy on all defendants. (See § 1:03 of the plan set forth on
the reverse side of this form.) In the event that a defendant does not agree with the plaintiff
regarding said designation, that defendant shall, with its first appearance, submit to the clerk of
court and serve on the plaintiff and all other parties, a case management track designation form
specifying the track to which that defendant believes the case should be assigned.

SELECT ONE OF THE FOLLOWING CASE MANAGEMENT TRACKS:

(2) Habeas Corpus — Cases brought under 28 U.S.C. §2241
through §2255. ¢ )

(t)  Social Security — Cases requesting review of a
decision of the Secretary of Health and Human Services
Denying plaintiff Social Security Benefits. { )

(c) Axbitration — Cases required to be designated for
arbitration under Local Civil Rule 8. ( )

(d)  Asbestos - Cases involving claims for personal
injury or property damage from exposure to
asbestos, ¢ )

(e) Special Management — Cases that do not fall into
tracks (a) through (d) that are commonly referred to
as complex and that need special or intense management
by the court. (See reverse side of this form for a
detailed explanation of special management cases.) ( )

(f) Standard Management — Cases that do not fall into any
X

one of the other tracks. )
August 28, 2009 <.;7 / %é&

’Attomey—at—lfw

Frederick A. Tecce
(Civ. 660) Attormey for Plaintiff
1792
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Section 1:03 - Assignment to a Management Track

(a) The clerk of court will assign cases to tracks (a) through (d) based
on the initial pleading.

(b)  In all cases not appropriate for assignment by the clerk of court to
tracks (z) through (d), the plaintiff shall submit to the clerk of court and serve with the complaint
on all defendants a case management track designation form specifying that the plaintiff believes
the case requires Standard Management or Special Management. In the event that a defendant
does not agree with the plaintiff regarding said designation, that defendant shall, with its first

* appearance, submit to the clerk of court and serve on the plaintiff and all other parties, a case

management track designation form specifying the track to which that defendant believes the
case should be assigned.

(c) The court may, on its own initiative or upon the request of any
party, change the track assignment of any case at any time.

(d)  Nothing in this Plan is intended to abrogate or limit a judicial
officer’s authority in any case pending before that judicial officer, to direct pretrial and trial
proceedings that are more stringent than those of the Plan and that are designed to accomplish
cost and delay reduction.

(¢)  Nothing in this Plan is intended to supersede Local Civil Rules 3 or
7, or the procedure for random assignment of Habeas Corpus and Social Security cases referred
to magistrate judges of the court.

SPECIAL MANAGEMENT CASE ASSIGNMENTS
(See § 1.02(e) Management Track Definitions of the
Civil Justice Expense and Delay Reduction Plan)

Special management cases will usually include that class of cases
commonly referred to as “complex litigation™ as that term has been used in the Manuals for
Complex Litigation. The first manual was prepared in 1969 and the Manual for Complex
Litigation Second, MCL 2d was prepared in 1985. This term is intended to include cases that
present unusual problems and require extraordinary treatment. See §0.1 of the first manual.
Cases may require special or intense management by the court due to one or more of the
following factors: (1) large number of parties; (2) large number of claims or defenses; (3)
complex factual issues; (4) large volume of evidence; (5) problems locating or preserving
evidence; (6) extensive discovery; (7) exceptionally long time needed to prepare for disposition;
(8) decision needed within an exceptionally short time; and (9) need to decide preliminary issues
before final disposition. It may include two or more related cases. Complex litigation typically
includes such cases as antitrust cases; cases involving a large number of parties or an
unincorporated association of large membership; cases involving requests for injunctive relief

~ affecting the operation of large business entities; patent cases; copyright and trademark cases;

common disaster cases such as those arising from aircraft crashes or marine disasters; actions
brought by individual stockholders; stockholder’s derivative and stockholder’s representative
actions; class actions or potential class actions; and other civil (and criminal) cases involving
unusual multiplicity or complexity of factual issues. See §0.22 of the first Manual for Complex
Litigation and Manual for Complex Litigation Second, Chapter 33. '
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA

BIOTECHNOLOGY, LLC

7006 Dorsam Way

Ambler, Pennsylvania 19002
Plaintiff,

VY.

CIBA VISION CORPORATION
11460 Johns Creek Parkway :
Duluth, Georgia 30097 :  CIVILACTION
Defendant :
NO: 09-CV-__
and

DREXEL UNIVERSITY :  JURY TRIAL DEMANDED
3141 Chestnut Street :
Philadelphia, Pennsylvania 19104

Defendant

and Involuntary Plaintiff.

COMPLAINT

COMES NOW, Plaintiff BioTechnology, LLC (“BioTechnology™), by and through its
undersigned counsel for its complaint against Defendant CIBA Vision Corporation (“CIBA™) and
Defendant/ Involuntary Plaintiff Drexel University (“Drexel”), and alleges as follows:

THE PARTIES

1. This is an action for patent infringement pursuant to 35 U.S.C. §§ 101, et seq.

2. Plaintiff BioTechnology is a Delaware limited liability corporation with an
address of 7006 Dorsam Way, Ambler, Pennsylvania 19002.

3. Upon information and belief, Defendant CIBA is a Delaware corporation having a
principal place of business at 11460 Johns Creek Parkway, Duluth, Georgia 30097,

4, Upon information and belief, Defendant/Involuntary Plaintiff Drexel is a private

university having a principal address of 3141 Chestnut Street, Philadelphia, Pennsylvania.



Drexel is a joint owner of the patents-in-suit in this action. Pursuant to FEDERAL RULE OF CIVIL
PROCEDURE 19(a), Drexel has been named as a defendant and involuntary plaintiff because it has
refused to join as a party plaintiff with BioTechnology, and because BioTechnology has separate
claims against Drexel resulting from its refusal, all of which are set forth below.

JURISDICTION AND VENUE

5. This action arises under the Patent Laws of the United States, Title 35, United
States Code § 101, ef seq. The Court's jurisdiction over this action is proper under 35 U.S.C.

§ 271 et seq., and 28 U.S.C. §§ 1331, 1338(a), and 1367(a).

6. Personal jurisdiction exists generally over CIBA because it has sufficient
minimum céntacts with the forum as a result of business conducted within the Commdnwealth of
Pennsylvania and this judicial district. Personal jurisdiction also exists specificaily over CIBA
beqause of its conduct in making, using, selling, offering for sale, and importing products that
practice or are manufactured by processes that practice the patents asserted herein, directly,
contributorily, and by inducement, within the United States, the Commonwealth of Pennsylvania
and this judicial district.

7. Upon information and belief, the accused products are also offered for sale

through the CIBA website at www.us.cibavision.com in the Commonwealth of Pennsylvania and

the Bastern District of Pennsylvania.

8. Personal jurisdiction exists generally over Drexel because it resides within the
district.

9. Venue is proper in this Court under 28 U.S.C. §§ 1391(b), (c), and (d), and 28

U.8.C. § 1400(b).
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FACTUAL BACKGROUND

10,  BioTechnology is a scientific research company located in Ambler, Pennsylvania.

11.  Ophthalmic Research Corporation (“ORC”) was a scientific research company
iocated in Philadelphia, Pennsylvania that operated during the early-1980s to mid-2000s.

12. On or about March 5, 1984, ORC and Drexel executed the Joint Research
Program Agreement (“Research Agreement”), which stated “all Inventions . . . shall be jointly

owned by Drexel and ORC, and each party shall have an equal, undivided, one-half interest . . .

. as well as in and to patent applications and patents thereon . . . .” The Research Agreement

defined “Inventions” as “any invention, discovery or improvement, whether or not patentable,

conceived solely or jointly by Drexel personnel . . . or jointly by Drexel personnel with one or

more personnel . .. of ORC ....” Atrue and correct copy of the Research Agreement is attached
hereto as Exhibit A.

13.  The Research Agreement resulted in issuance of U.S. Patent No. 5,080,924 (“the
‘924 Patent™); U.S. Patent No. 5,260,093 (“the ‘093 Patent”); U.S. Patent No. 5,326,584 (“the
‘584 Patent”); and U.S. Patent No. 5,578,079 (“the ‘079 Patent’;) (collectively the “Research
Patents™).

14,  Under Paragraph 7 of the Research Agreement, Drexel] agreed *“to cooperate fully
with ORC in the prosecution of patent applications on any such Inventions and in any litigation
involving any patent issued thereon,” and “to do everything considered by ORC to be
appropriate, desirable and necessary to assure to ORC the rights granted” under the Research
Agreement. ‘

15. On or about March 16, 2004, ORC merged into Bio-Cellular, LLC (“Bio-

Cellular™), a New Jersey limited liability company, and subsequently assigned all rights, title,
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and interest in the Research Patents, including the right o sue and recover for past infringement,
to BioTechnology.

16. On or about December 17, 2008, Bio-Cellular executed a nmunc pro tfunc
assignment of all rights, title and interest in the Research Patents, including the right to sue, and
recover for past infringement to BioTechnology.

17.  Onor about June 10, 2009, Bio-Cellular merged into BioTechnology.

18. On or about August 11, 2009, Bio-Cellular, as successor-in-interest to ORC,
assigned to BioTechnology all rights, title and interest in the Research Agreement and confirmed .
that any interests in the Research Patents were assigned to and in favor of BioTechnology.

19, Attorneys for BioTechnology conferenced with attorneys from Drexel on several
occasions from about May 19, 2009 to about July 6, 2009 in an attempt to convince Drexel to
honor its contractual obligations under the Research Agreement. The discussic;ns were not
successful. Drexel did not agree to unequivocally “cooperate fully ... in any litigation involving .
any patent,” as required by the Research Agreement.

20.  Despite its specific agreement that it would do so, Drexel still refuses to join as a
party plaintiff in this or any action enforcing the Research Patents. As a result, Drexel is named
as a defendant and involuntary plaintiff pursuant to FEDERAL RULE OF CIVIL PROCEDURE 19(a).

COUNTI
INFRINGEMENT OF THE CLAIMS OF U.S. PATENT NO. 5,080,924

21.  BioTechnology and Drexel are the owners of all rights, title, and interest in and
under the ‘924 Patent, titled “Method of Making Biocompatible, Surface Modified Materials,”
whicﬁ was duly and legally issued on January 14, 1992. A true and correct copy of the ‘924
Patent is attached hereto as Exhibit B.

22.  The 924 Patent was valid and enforceable during its term.



23.  Upon information and belief, CIBA had been infringing by practicing the methods
of the claims of the ‘924 Patent, without authority, by making, using, importing, selling, or
offering to sell in or into the United States, without authority, products that are covered by or are
manufactured by processes that are covered by, the claims of the ‘924 Patent, including
infringement under 35 U.S.C, § 271(g).

24, By practicing the methods of the claims of the ‘924 Patent, without authority,
and/or by making, using, importing, selling, and/or offering to sell in or into the United States,
without authority, products that practice or are manufactured by processes that practice the .
claims of the ‘924 Patent, CIBA had been inducing infringement of the claims of the ‘924 Patent
by others, pursuant to 35 U.S.C. § 271(b).

25, By practicing the methods of the claims of the ‘924 Patent, without authority, or
by making, using, importing, selling, and/or offering to sell in or into the United States, without
authority, products that practice or are manufactured by processes that practice the claims of the
‘924 Patent that are not staple articles of commerce haviﬁg a substantial non-infringement use,
CIBA had been contributing to the infringement of the claims of the ‘924 Patent by others,
pursuant to 35 U.S.C. § 271(c).

26.  As a direct and proximate result of CIBA’s acts of patent infringement, Plaintiff
ha.d been injured and sustained substantial damages in an amount not presently known but in no
event less than a reasonable royalty,

27.  Upon information and belief, CIBA’s infringement was willful so as to warrant
enhancement of damages awarded as a result of its infringement.

28.  All applicable marking requirements of 35 U.S.C. § 287 with respect to the 924

Patent had been complied with.



COUNTII
INFRINGEMENT OF THE CLAIMS OF U.S. PATENT NO. 5,260,093

29,  BioTechnology and Drexel are the owners of all rights, title, and interest in and
under the ‘093 Patent, titled “Method of Making Biocompatible, Surface Modified Materials,”
which was duly and legally issued on November 9, 1993, A true and correct copy of the ‘093
Patent is attached hereto as Exhibit C.

30.  The ‘093 Patent was valid and enforceable during its term.‘

31.  Upon information and belief, CIBA had been infringing by practicing the methods
of the ciaiins .of the ““093' Patent, without authoritsf; by méking, using, irrllporting, séiling, 01;
offering to sell in or into the United States, without authority, products that practice or are
manufactured by processes that practice the methods of the claims of the ‘093 Patent, including
infringement under 35 U.S.C. § 271(g).

32. By practicing the methods of the claims of the ‘093 Patent, without authority, or
by making, using, importing, selling, and/or offering to sell in or into the United States, without
authority, products that practice or are manufactured by processes that practice the claims of the
‘093 Patent, CIBA had been inducing infringement of the claims of the ‘093 Patent by others,
pursuant to-35 U.S.C. § 271(b).

33. By practicing the methods of the claims of the 093 Patent, without authority, or
by making, using, importing, selling, and/or offering to sell in or into the United States, without
authority, products that practice or are manufactured by processes that practice the claims of the
(93 Patent that are not staple articles of commerce having a substantial non-infringement use,
CIBA had been contributing to the infringement of the claims of the ‘093 Patent by others,

pursuant to 35 U.S.C. § 271(c).



34,  As a direct and proximate result of CIBA’s acts of patent infringement, Plaintiff
had been injured and sustained substantial damages in an amount not presently known but in no
event less than a reasonable royalty.

35,  Upon information and belief, CIBA’s infringement was willful so as to wayrant
enhancement of damages awarded as a result of its infringement.

36.  All applicable marking requirements of 35 U.S.C. § 287 with respect to the ‘093
Patent had been complied with.

ce COUNT I
INFRINGEMENT OF THE CLAIMS OF U.S. PATENT NO. 5.326,584

37.  Plaintiff BioTechnology and Drexel are the owners of all rights, title, and interest
in and under the ‘584 Patent titled “Biocompatible, Surface Modified Materials and Method of
Making The Same,” which was duly and legally issued on July 5, 1994. A true and correct copy
of the 584 Patent is attached hereto as Exhibit D.

38.  The ‘584 Patent was valid and enforceable during i;cs term.

39,  Upon information and belief, CIBA had been infringing by practicing the methods
of the claims of the ‘584 Patent, without authority, by making, using, importing, selling, or
offering to sell in or into the United States, without authority, products that practice or are
manufactured by processes that practice the claims of the ‘584 Patent, including infringement
under 35 U.S.C. § 271(g). |

40. By practicing the methods of the claims of the ‘584 Patent, without authority, or
by making, using, importing, selling, and/or offering to sell in or into the United States, without
authority, products that practice or are manufactured by processes that practice the claims of the
‘584 Patent, CIBA had been inducing infringement of the claims of the 584 Patent by others,

pursuant to 35 U.S.C. § 271(b).



41, By practicing the methods of the claims of the ‘584 Patent, without authority, or
by making, using, importing, selling, and/or offering to sell in or into the United States, without
authority, products that practice or are manufactured by processes that practice the claims of the
‘584 Patent that are not staple articles of commerce having a substantial non-infringement use,
CIBA had been contributing to the infringement of the claims of the ‘584 Patent by others,
pursuant to 35 U.8.C. § 271(c).

42.  As a direct and proximate result of CIBA’s acts of patent infringement, Plaintiff
had been injured and sustained substantial damages in an amount not presently known but in no
event less than a reasonable royalty.

43.  Upon information and belief, CIBA’S infringement was willful so as to warrant
enhancement of damages awarded as a result of its infringement.

44,  All applicable marking requirements of 35 U.S.C. § 287 with respect to the 584
Patent has been complied with.

COUNT IV
INFRINGEMENT OF THE CLAIMS OF U.S. PATENT NO. 5,578,079

45.  BioTechnology and Drexel are the owners of all rights, title, and interest in and

_ under the ‘079 Patent, titled “Biocompatible, Surface Modified Materials,” which was duly and

legally issued on November 26, 1996. A true and correct copy of the ‘079 Patent is aftached
hereto as Exhibit E.

46.  The ‘079 Patent is valid and enforceable.

47.  Upon information and belief, CIBA has been infringing by practicing the methods
of the claims of the ‘079 Patent, without authority, by making, using, importing, selling, and/or

offering to sell in or into the United States, without authority, products that practice or are



manufactured by processes that practice the claims of the ‘079 Patent, including infringement
under 35 U.S.C. § 271(g).

48. By practicing the methods of the claims of the ‘079 Patent, without authority, or
by making, using, importing, selling, and/or offering to sell in or into the United States, without
authority, products that practice or are manufactured by processes that practice the claims of the
‘079 Patent, CIBA has been inducing infringement of the claims of the ‘079 Patent by others,
pursuant to 35 U.S.C. § 271(b).

49, By practicing the methods of the claims of the ‘079 Patent, without authority,
and/or by making, using, importing, selling; and/or offering to sell in or into the United States,
without authority, products that practice or are manufactured by processes that practice the |
claims of the ‘079 Patent that are not staple articles of commerce having a substantial non-
infringement use, CIBA has been contributing to the infringement of the claims of the ‘079
Patent by others, pursuant to 35 U.S.C. § 271(c).

50. Asa direct and proximate result of CIBA’s acts of patent infringement, Plaintiff
has been injured and has sustained substantial damages in an amount not presently knowﬁ but no
event less than a reasonable royalty.

51. Upon information and belief, CIBA’s infringement has been willful so as to
warrant enhancement of damages awarded as a result of its infringement.

52. Al applicable marking requirements of 35 U.S.C. § 287 with respect to the “079
Patent had been complied with.

COUNT V

BREACH OF CONTRACT
(BIOTECHNOLOGY V. DREXEL)

53. The Research Agreement constitutes a contract between Drexel and



BioTechnology, who is the successor-in-interest of ORC’s rights under the Research Agreement.
54.  Drexel has breached and continues to breach the Research Agreement by its
continued refusal to cooperate with BioTechnology to prosecute and enforce the Research
Patents.
55.  The foregoing breach of contract constitutes material breaches that have caused
substantial damage to BioTechnology. BioTechnéIogy is entitled to a judgment against Drexel

for damages caused by Drexel’s refusal and continued breach of contract to cooperate with

. BioTechnology, including lost revenues from potential infringers by Drexel’s delay in enforcing .

the Research Patents.
56.  All conditions precedent by BioTechnology have been satisfied.

COUNT VI
SPECIFTIC PERFORMANCE OF CONTRACT
(BIOTECHNOLOGY V. DREXEL)

57.  As aresult of Drexel’s continued refusal to cooperate with BioTechnology as joint
owners to enforce the Research Patents, BioTechnology does not have an adequate remedy at
law. Accordingly, interest and justice dictate that specific performance of contract be granted.
Specifically, BioTechnology prays that Drexel be compelled to cooperate fully pursuant to tfxe
terms and conditions agreed upon in the Research Agreement and voluntarily assist
BioTechnology to enforce the Research Patents.

COUNT VII

RESCISSION ON CONTRACT
(BIOTECHNOLOGY V. DREXEL)

58, As aresult of Drexel’s continued refusal to cooperate with BioTechnology as joint
owners to enforce the Research Patents, BioTechnology does not have an adequate remedy at law

and such breaches by Drexel constitute material breaches of the Research Agreement.

-10 -
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Accordingly, interest and justice dictate that rescission of contract be granted. Specifically,
Biotechnology prays that it be excused from any further obligations under the Research
Agreement and that the Research Agreement be rescinded.

COUNT VIII

INJUNCTIVE RELIEF
(BIOTECHNOLOGY V. DREXEL)

59.  BioTechnology will suffer irreparable injury if Drexel is not preliminarily and
permanently enjoined because BioTechnology will continue to be deprived of licensing revenue
should Drexel enforce the Research Patents without conferring with BioTechnology.. Moreover,
because the Research Agreement specifically states that both BioTechnology and Drexel are joint
owners of the Research Patents, BioTechnology will be deprived of the opportunity to license
this technology to other potential licensees should Drexel license these patents independently.
At present, these damages are largely incalculable, and therefore BioTechnology has no adequate
remedy at law.

60.  The Research Foundation therefore requests that the Court enter preliminary and
permanent injunctions:

(1)  Enjoining Drexel and its agents, servants, employees, and representatives,
and all others acting in combination with them from licensing and/or
enforcing the Research Patents, except in this action; and

(2)  Requiring Drexel, and its agents, servants, employees, and representatives,
and all others acting in combination with them to return to BioTechnology
all documentation (including paper files and electronic storage media)
containing, evidencing, using, or incorporating the Research Patents,

WHEREFORE, Plaintiff Biotechnology, LLC respectfully requests that judgment be

entered in its favor and against Defendant CIBA Vision Corporation and Defendant/Involuntary

Plaintiff Drexel University and and that the Court grants the following relief to the Plaintiff:

S11 -



Declare that CIBA has infringed the claims of the ‘924 Patent, the ‘093 Patent, the
‘584 Patent, and the ‘079 Patent;

Tudgment for BicTechnology’s actual damages caused by CIBA’s patent
infringement but in no event iess than a reasonable royalty,

Injunctive relief, both preliminary and permanent, enjoining CIBA from direct
infringement, inducement of infringement, and contributory infringements of the
claims of the ‘924 Patent, the ‘093 Patent, the ‘584 Patent, and the ‘079 Patent.

Judgment that CIBA has willfully infringed the ‘924 Patent, the ‘093 Patent, the
584 Patent, and the ‘079 Patent and award BioTechnology treble damages as
provided in 35 U.S.C. § 284; ‘

Judgment that this is an exceptional case and award BioTechnology its expenses,
costs, and attorneys’ fees incurred in connection with this action pursuant to 35
U.S.C. § 285, including pre-judgment and post-judgment interest on any damages.

Judgment  that  Drexel breached the Research  Agreement;

Judgment that Drexel’s breach constituted a material breach of the Research
Agreement;

Judgment that the Research Agreement be rescinded and that BioTechnology be
excused from any further obligations under the Research Agreement;

Order that Drexel specifically perform its obligations to cooperate with
BioTechnology in enforcement of the Research Patents;

Injunctive relief, both preliminary and permanent:

(a) Enjoining Drexel and its agents, servants, employees, and representatives,
and all others acting in combination with them from licensing the
Research Patents, except in this action; and

(b) Requiring Drexel and its agents, servants, employees, and representatives,
and all others acting in combination with them to return to BioTechnology
all documentation (including paper files and electronic storage media)
containing, evidencing, using, or incorporating the Research Patents.

Judgment for BioTechnology’s actual damages caused by Drexel’s breach of
contract;
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L. Tudgment and award any such other and further relief as the Court desms just and

propet.
i Dated: August 28, 2009 Respectfylly submitted,
L
' Frederick A. Tecce
McShea\Tecce, P.C.
The Bell Atlantic Tower - 28th Floor
1717 Arch Street
Philadelphia, PA 19103
- 215.599.0800 Telephone
215.599.0888 Facsimile
Attorneys for Plaintiff
BioTechnology, LLC
Of Counsel:
Michael W. Shore
Texas Bar No. 18294915
Alfonso Garcia Chan
Texas Bar No. 24012408
Rajkumar Vinnakota
Texas Bar No, 24042337
Patrick Traister

I
! Texas Bar No, 24046991
| SHORE CHAN BRAGALONE LLP
! 901 Main Street, Suite 3300
‘ Dallas, Texas 75202
214.593.9110 Telephone

214.593.9111 Facsimile
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JOINT RESEARCH PROGRAM AGREEMENT
betweean
DREXEL UNIVERSITY
’ and
OPHTHALMIC RESEARCH CORPORATION

"THIS AGREEMENT sets forth the relationship between
Ophthalmie Research Corporation, 5001 Frankford Avenué, Phila-
delphla, Pennsylvania 19124 (hereinafter referred to as "ORC")
and Drexel University, 32nd and Chestnut Streets, Philadelphia,
Pennsylvanla 19104 (hereinafter referred to as "Drexel"), where-
by ORC and Drexel agree to enter into a Joint Research Program
for the purpose of conducting cooperative researcéh in medical
and related fields, particularly cophthalmology (hereinafter
referred to as "Program"), subject to the following terms ‘and
conditiong:

l, Scope of Work. Drexel agrees to provide person-
nel, facilities and eguipment as required to conduct the Pro-

gram.- - Drexel agrees to use its best effortsg, skill, knowledge

and experience to advance the objectivesz of the Program. Any
services Drexel plans on performing for other parties during the
term of thils Agreement which might directly or indirectly con-
flict with the interests of ORC shall be discussed with ORC and
the parties shall agree upon measures to avold conflict, includ-
ing where possible assignment of different personnel to projects
which directly or indirectly conflict with the interests of ORC,

2, Pericd of Performance, The Program shall commence
on or about January 1, 1984 and shall be renewed annually if
notice of termination has not been tendered in writing by either
party. ) ‘ '

3, Payments by ORC, ORC agrees to pay to Drexel the
funds required for each individual research project pursued
under the Program (hereinafter "Research Project")., Payment
will be made to Drexel in accordance with the payment schedule
stated in each specific Research Project Agreement which will
more fully define the Research Project(s). Any funds paid to
Drexel under each.specific Research Project Agreement which are
not used by Drexel in the course of the Research Project shall
be returned to ORC.

4, Confidential Information Exchange. ORC will pro-
vide certain information and technology to Drexel which relate




to the objectives of sach Research Project and which may pre-
viously have been conceived and/or developed by ORC (hereinafter
collectively referred to as "Confidential Information"), Drexel
agrees not to disclose any of this Confidential Information to
any persons not owing an obligation of secrecy to either Drexel
or ORC without written consent of ORC, which consent shall not
be unreasonably withheld. The Confidential Information shall
not include information whichs

(a) At the time it is so made available is a matter of
common knowledge and in the public domain: or

(b) After it is so made available becomes a matter of
commen knowledge and in the public domain other than through the
actions of Drexel; or

(c) Was already known to Drexel, as shown by written
records, at the time made available; or

(d) Was independently received by Drexel from a third
party, as evidenced by written records, having no legal duty to
ORC to hold such information in confidence,

&, Publication Rights. Drexel shall have the right
to publish the results of any Research Project provided Drexel
shall first have complied with the duty to (i) notify ORC of its
intent to publish, {(ii) furnish ORC with an advance copy of each

-manugcript at least sixty (60) days before it is submitted for
publigcation, (ili) assure ORC that the publication does not

contain any ORC Confidential Information, and {iv) delay publi-
cation upon request of ORC for at least six (6) months following
ORC's recelpt of such notification, It is understood that any
and all of the foregoing provisions may be waived by ORC in
writing and that ORC will not unreasonably withhold its consent.

6. Disclosures, "Invention" shall mean any inven-—
tion, discovery or improvement, whether or not patentable, con-

. ceived solely or jointly by Drexel personnel {(faculty,-students

and/or staff) or jointly by Drexel personnel with one or more
personnel (employees, officers andg/or consultants) of ORC during
the term of this Agreement and in the performance of services
nereunder, Drexel agrees to promptly notify ORC in writing of
all Inventions developed hereunder.

: 7, Patent Rights. All Inventions, as defined above,
made or conceived during the term of this Agreement, which re-
late to the subject of this Agreement and which result from or
arize out of the services performed by Drexel pursuant tc a




specific Research Project Agreement, shall be jointly owned by
Drexel and ORC, and each party shall have an equal, und1v1ded,
ohe-half interest in and to such Invention, as well as in and to
patent applications and patents thereon in all countries, unless
expressly waived by either party. As a matter of convenience,
ORC will file any and all patent applications on such Inven-
tions, prosecute said patent applications and chtain the patents
in the name of both parties. Any and all documents necessaty or
deslrable to carry out the provisions of this paragraph shall be
executed by Drexel and its personnel without charge, and Drexel
‘agrees to cooperate fully with ORC in the prosecution of patent
applications on any such Inventionsg and in any litigation in-
volving any patent issued therecon, To this end, Drexel and its
personnel agree to do everything considered by ORC to be appro-
‘priate, desirable and necessary to assure to ORC the rights
granted hereunder.

ORC ghall have the right of first refusal to obtain an
exc¢lusive license with the right to ¢grant sublicenses to
Drexel's interest in and to any Inventlon (including any patent
applications and any patents that may issue thereon), whether or
not any personnsl of ORC is a co-inventor. 1In consideration for
the exclusive license granted to ORC by Drexel relating to any
such Invention, ORC agrees fo pay to Drexel a royalty, nego-
tiated in good faith, of not less than one~fifth (1/53}) and not
more than one-third {(1/3}, of the net royalty income earned by
ORC on any such Invention, HNet income for the purposed of this
Agreement shall mean all royalty income less reasonable expenses

-borne by ORC in preparing, prosecuting and maintaining patent
applications and patents on said Invention. If ORC elects not
to obtain an exclusive license, Drexel shall grant ORC a fully
paid-up non-exclusive license of Drexel's lInterest in and to
such Inventions and any patents which may ilssue thereon and in
which ORC is not exclusively licensed,

Nothing contained in thils Paragraph 7 shall be deemed
to grant elther directly or by implication, estoppel, or other-
wide, any license under any patents or patent application aris-
ing out of any other invention of either party.

8, Confidential Information Developed, It is envi-

sioned that Drexel will develop confidential information as a
result of its research efforts under each Ressarch Project
_hgreement, Such Drexel~developed confidential information shall

be promptly ‘disclosed to ORC and shall become the property of
ORC and shall be considered CRC Confidential Information for the
purpose of this Agreement and subject to the provlslens of Para-
graph 4 hereof,




9. Indemnification. ORC agrees to indemnify, defend
and save harmless Drexel and Drexel personnel against any lia-
bility, inecluding costs and expenses, for violation of proprie-
tary rights, or right of privacy, arising out of ORC's publica-
tion, translationh, reproduction, delivery, performance, use or
disposition of any data or research results furnished under this
Agreement,’

: 10, Termination, Upon the occourrsence of a breach,
either party shall have the right to terminate this Agreement by
giving notice in writing to the other party that this Agreement
will be terminated and cancelled in thirty (30) days and speci-
fying the nature of the breach, During the thirty (30) day
period after the date of such notice, the party receiving such
notice shall have the privilege of maintaining this Agreement by
making good within the said thirty (30) days the breach on
account of which notice was given.

11, Bimilar Agreements. This Agreement shall not
prevent the partles from entering into similar Agreements with
others except as they are bound by the terms of this Agreement
and specific Research Project Agreements pursuant to this Agree-
ment. ‘

12, General Provisions., The rights and obligations
of Paragraphs 4, 8 and 2 shall survive and continue for a period
of three (3) yvears after any expiration or termination of this
Agreement and shall bind the parties and thelr legal representa-
tives, successors, heirs and assigns, ' The rights and obliga-
tions of Paragraph 7 shall survive and continue for the life of
the respective Patent Rights. Both parties agree to comply with
all applicable Federal, State and local laws, regulations and
ordinances, including but not limited to the Regulations of the
United States Department of Commerce relating to the Export of
Technical Data and agree to obtain the required government docu-
ments and approvals prior to any export of technical data dis-
closed by either party or the direct product related thereto.

13, Drexel's Freedom to Frovide Bervices, Drexel
represents and warrants that 1t Is under no obligation or re-
striction, nor will Drexel assume such obligaticn or restric-
tion, which would in any way interfere or be inconsistent with
the services to be furnished by Drexel under this Agreement.

14.,. Drexel's Agreement with Its Pergonnel. Drexel
will have an appropriate agreement with each of 1ts personnel or.
others whose services Drexel may reguire sufficient to enable
Drexel to comply with all terms of this Agreement.




15, Bole Agreement, This Agreement shall supersede
all prior agreements and understandings between the parties resg-
pecting the subject matter hereof., This Agreement may not be
changed or terminated orally by or on behalf of either party.

OPHTHALMIC RESEARCH CORPORATION

Date: Pebruary 16, 1984 @Z&Jé J%/%\

~bavid B. Soll, M.pBl
Title: President

DREXEL UNIVERSITY

Dates: j/j’/f}'{ y‘. Alvin N. Ward

Title: Vice.President & Treasurer
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571 : ABSTRACT

A method of permanently modifying the surface Df‘ a
substrate material so as 1o develop a microscopically
smooth, biocompatible surface thereon comprises cova-
lently grafting at Jesst & first biocompatible material,
preferably having pendant ferminal earboxylic asid or
aming gronps, e the surface of the substrate material by
radio frequency plasma-induced grafting. In addition, a
method of permanently modifying the surface of the
substrate material comprises cross<inking 8 second b
ocompatible maierial to the first biocompatible material
grafied to the substrate meierial using & cross-linking
agent. Further, 8 prosthesis vsed in mammals, including
an intraocular lens, comprises @ polymer core and at
leas!| a first biocompatible material, preferably having
pendant terminal carbaxylic acid or amine groups, co-
valently grafled to the pelymer core by radio frequency
plasma induction. The prosthesis used in mammals may
further comprise a second biocompatible material cross-
Hnked to the grafied first biocompatible materia! by a .
cross-linking agent.

23 Clakms, No Drawlngs



5,080,924

1

" METHOD OF MAKING BIOCOMPATIBLE,
SURFACE MODIFIED MATERIALS

. FIELD OF THE INVENTION

The preseat invention rélales (o methods of perma-
nently medifying the surface of materials by plasme.
induced and, where desired, posl-plasma reactions to
produce biocompatible, surfsce modified mealerials, In
saddition, the present invention relates to biocompatible,
surface modified prostheses and, in particular, to & bi-
ocompetible, surface modified intraccutar lens used in
marmmals,

BACKGROQUND OF THE INVENTION

Prosthetle devices or prostheses are commonly nsed
in medics! proccdures replacing or augmcntmg defec-
tive organs i mammals and humans, in particular, and
are humercus and diverse In structure and application.
Examples of prostheses include artificial*joints, valve
taplacements, skin grafis, vascular grafts, shunts, plates
and contact and intraccular lenses. Typically, pros-
thatic devices comprise natural and/or synthetic mate.
rials which are abrasive on the cellular level Varlous
prostheses in current use or in experimental use com-
prise metals, ceramics, silicone rubbers, polyesters,
polyurethanes and/or polysuifones. Synthetic poly.
mers, such as polymethylmethacrylate (PMMA) and
hydroxyethylmethacrylate (HEMA), for example, are

—
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preferted polymers for prosthetic use in general and .

contaet lenses and intragcular lenses in particnlar.
FMMA, for example, has several beneficial charac-
teristies for such prosthetic use, including eacellent
light tre.nsmlsslon, good optical clarity, resistance 10
flidd diffusion and in vivo deterioration, ease in process-
ing (injection molding or machining, for example) and
ease in implantation, such as an intraoculer lams, an
“artificial joint'and other implahtable prostheses. How-
ever, PMMA has several disadventages in prosthetic
use, including hydrophobic properties, a tendency to
attach 1o endothelia, general cellular adhesion and a
tendency to become encapsulated witk fibrous tissues,

Hydrophetile and/or abrasive prostheses, especlally ,

those which are Implanted, can cause lissue irritation,
cdema and scarring. For example, posterior lens capsule
opacification is a prevalent problem smong those pa
tlents who have received intraocular lens implants com-
prising FMMA and other hydrophobic materials.

1t is desirable 10 modify the surface propertios of such
hydrophobic and/or abrasive materials without chang-
ing the beneficial characteristics thereof, by developing
or erihancing surface hydrophilicity, thereby reducing
abrasiveness, discouraging tissue adhesion and Inhibit-
ing cellular growth, and by develaping a smooth sur-
face. Moreover, such surface modlfication should be
resistant 10 delerioratlon over time and should have no
adverse efiects an tissues and cells with which the sur-
face modified material comes in contact,

Those skilled in the art have long resognized the need
for biocompatibie, surface modified materials for use in
prasthetic devices and other materials. For example,
1.8, Pat, No. 3,961,379 discloses a biotmplantable de-
vice manufactured from & cross-linked, swallen, hydro-
philic polymer. These modified polymers must be solid
and must be’ swellable by fluid swelling substances,
Once swallen, the salid polymer iy polymerized with &

modnfymg substance by, for exemple, high snergy perii-
ole rediation,

V.S Pat, No. 4,189,364 discloses hydrophilic poly-
mers formed in situ by irradigting & mixture of hydroxy-
alky! mathacrylate end s cross-linking sgent. This pa.
tent discloses & process for forming hydzophijic poly-
mer articles or hydrophilie polymer coatings on other
substrates, such as glass or plestic, by polymerxzmg a
hydrophilic monomer system by high energy particu-
Iafe irradiation, such as aceelerated slectrons or nuclear
particles including newtrons, protons, alpha, beta and.
Jor pampia particles,

Radiation-induced grafting of acrylic acid onto other
polymer films is disciosed by Gazard, M. &! &, “Litho.
graphic Technique Using Radiatlon-Induced Grafting
of Acrvlic Acid Into Poly(Methyl Methagrylate)
Films," Polymer Engineering and Sclence, 216 (1980},
Gazard ef al, disclose that, under iomizing radiation,
polymers undergo changes in thelr properties, espe-
cially in their solubliity. Jonizing radiation of polymers
feads 10 the formation of frec radicals and other inter-
mediates, which may be used to inlliate the grafiing of
8 monomer to produce g grafted copolymer with prop-
erties different from those of the inltial polymer. For
example, irradinted PMMA, onto which acrylic actd 15
grafted produces & grafl copolymer which is Issoluble
in the solvents of PMMA, .

U.8. Pat. No. 2,99%,036 also discloses that an unsatu-
rated organic scid may be attached to'a shaped poly-
meric structure by onizing radistion, .

COther methods of altering the surface of polymeric
objects include exposing the surface of a polymeric
article to low temperature plasma or an elecirically
charged gaseous atrosphere, followed by contacting
the surface of the palymieric article with a surface medi-
fying compound as described, for.example, in UL, Pal.’
No. 4,344,981, This two-step method i generally calied
plasma-induced coating, Plasma induction hes been
described generally in U.5, Pat. No. 4,318,257, Yasuda,
“Plasmna for Modification of Polymers,” J. Macromol,
Sei. C. Chem., 2 10(3%:383 (1978), Mitwel, “Interfecial
Chemistry and Adhesion: Recent Developments and
Prospects,” Pure & Appl. Chem, S52:0235 (1980},
Akovall, G. and Hasircl, N., “Polymerization of Hex-
smethyldisiloxene by Plasma on Activated Charcoal:
Investigation of Parameters, J. Appl Folymer Scl,
29:2617 (1984) and Liu, W. T, ¢t al., "Polymethy! Meth-
acrylate Resisl Sensitivity Enhancement in X-Ray 1i-
thography by In Stiv Polymerization,” Appl. Phys, Lert.,
44,973 (1984), for example.

fonized vapor or plasma discharge s typical]y cre-
ated In 8 vacuum chember in which the object 1o be
modified it placed, The plasma discharge conditions the
surface by creating free radicals and/or fons. It is
known, for example, that cxposing the surfece of an
object to plasme discharge, such as an oxygen plasma,
enhances -the weitability or hydrophllicity of such a
surface. However, such weatment is only femporary.
U8 Pal. Nos. 3,925,178 3,944,709, 4,072,769

o 4,006,315 4,122,942; 4,123,308, 4,131,69); 4,137,365;

4,214,014 and 4,478,873 disclose examples of polymers
whose surface characteristics have been modified by &
plasmea discharge.

Plasma discharge treetment may also be used to pre-
pare an object for the attachment or grafting of a com-
pound or material to the plasma discharge ireated ab-’
ject. For example, & plasma discharge step may be used

. 1o condition the surface for grafting by creating free
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radiesls 1o which a compound or mesterial may be
grafied, Such compeunds or materials are generally
called surface modifiers. Knight, F. M. et al,, in "Sus-
face Modification of Intraccular Lenses to Reduce Core
neal Endothelial Damage,” Am. Intra-ocular Implants
Soe. &, §:123 (1979) disclose one example of a polymer
objeet having & surface modifier attached thereto using
garmnima irradietion and radjo frequency (RF) gas plasma
ireatment to generate free radicals on the surface of &
PMMA intracculzr lens followed by polymerizing hy-

- drophilic monomers, in partiewlar, HEMA and vinyl

pyrrolidonie, 85 & coeting on the surface of the Jens.
While the coated surfaces exhibited enhanced hydro-
philieity, the coated surfeces were tiot stable when
bolled to sterilize them, Surface modification by gamma
radiation followed by polymerization on the surface, on
the other hand, remained intact through several hours
of boiling. However, such coated PMMA surfaces were
damaging to rabbit endothelial cells and surfaces coated
with dissolvable coatings, such as polyvinyl acetate,
were preferred.

Another example of a surface treated palymer is dis-
closed in U8, Pat, No. 4,312,575, This patent discloses
& soft, highly oxygen permeable, hydrophobic poly-
merlc lens which has on its surface an ultra-thin, opth
cally clear, permeable barrier coating which is the reac.
tion product resulting from a giow discharge polymeris
zation process conducted in & hydrocarbon or haloge-
nated hydrocarbon geseous atmosphere., While the
plasma discharge progess, itself, results in a hydrophille
surface, subsequent expasure 1o & glow discharge atmo-
sphere of oxygen or ambient oxygen yields a still more
hydrophilic surface.

1.8, Pat. No. 4,409,258 discloses a method for render-
ing contact lenses hydrophilic by bombarding the Jens,
which may be PMMa or silicone, with a positive ion
beam generated by § plasms discharge, such as an oxy-
gen plasma. The lens is thereafter hydraied, preferably
at an elevated temperature, .

Esamples of surface treated polymeric Jenses for us
in humans are included in U.S. Pat. No, 3,880,818, This
pdtent discloses a soft contact lens that is flexible and
physiologically compatible, which is wade by manufac-
turing 8 hard, inflexlble prepolymer, such as a hard
acrylic acid-type polymer, and reacting the infiexible
prepolymer with an alcohol 10 esierily pendem car-
boxyl groups with alky] groups, hydroxy alkyl groups
or alkoxyalky) groups, containing no more than eleven
carbon atoms. :

1.8, Par, No. 4,143,949 discloses a discharge poly-
merization and cogting process for meking & hydro-
philic contact lens from an oxygen permeable, hydro-
phobie polymer. The hydrophobic Jens is placed in a
glow discharge apparaius cOnlaining an atmosphere
comprising & polymerizable organic monomer, such a5
hydroxyalky! acrylate or methacrylate, glynidy! meth-
scrylate, propylene oxide or N-vinyl-2-pyrrolidone,
where the glow discharge is used to polymerize the
monomer onto the surface of the contacs lens,

Cther examples of surface treated polymerlc objects
include U.S. Pat. Nos, 3,228,741; 3,925,178; 3,959,105;
3,985,697; 4,055,378; 4,277,595; 4,405,773; 4,430,458;
4,463,148; end 4,731,080, U.S, Pai, No. 4,731,080, for
example, discloses a coeted imraccular lens having a
hydrophobic cross-linked vinyl-centaining silicone pol-
ymer placed on the lens surface in solution.

1t would be desirable to have a biocampatible, surface
modified matarial and 2 method for producing the same,
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where the surface medificafion is substantially perme.
rend, results in a smooth surface on the callular level
end where the surface modified material may be used,
inter alis, as a prosthetic device in mammals,

BRIEF SUMMARY OF THE INVENTION

.According to the present invention, & method of.
permanent]y modifying the surface of & substrate mate-
rial 5o that the subsirate materia! develops & microscopi-
cally smooth, biocompatible surfaee comprises cove-
lently grafting at least a first biocompalible material
having pendant terminal carboxylic acid or amine
groups to the surfece of the substrate material by radio
frequency plasma-lnduced grafting. In addition, zccord-
ing to the presen! invention, a method of permanently
medifving the surface of a substrate material further
comprises cross-linking a second biocompatible mate-
rial to the first biocompatible material grafied to the
substrate material using & cross-linking agent.

In addition, the present invention is directed to a
method of permanently modifying the surface of & sub
strate material 50 that the substrate material develops a
microscopically smooth, blocompatible surface com-
prising covalently grafting s biocompatible, hydrophilic
or hydrophobic material 1o the surface of the substrate
material by radio frequency plasmasinduced grafting.

Further, the present invention is dirested to & pros-
thesis used in mammals comprising a polymer substrate
or core and &t least & first blocompatible material
grafted to the polymer core by plasma Induetion,

In nddition, a prosthesis vsed i mammals further
comprises a polymer core, & first biocompatible material
having pendant terminal carboxylic acid or amine
gtoups cavalently grafted to the polymer core by
plesmu Induction and & second biocompatible material
cross-linked to the grafied first biocompatit-le material
by a cross-linking agent,

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Although the methods of preparation of the invention
apply generally to the preparation of permanent surface
modification of many different materials, the methods
are desoribed and exemplified below with specific ex-
amples vsing polymeric intraocular lenses as prostheses
which mey be used in mammals, It will be understoad
by one skilled in the art that the methods af the present
invention muy be used 1o prepare psrmansntly modified
surfaces of other substrate materials, such as those prog-
{hestic materials identified above, Moreover, it will be
apparent to one skilled in the art thet the methods of the
present invention readily lend themselves to the prepa-
ration of materials having modified or enhanced surface
characteristlos having other vses.

According to the present inventlon, a first blocom-
potible material having pendant termingl carboxylic
acid or amine groups Is covalently grafled to the surface
of a substrate materia} by radio frequency plasma induc-
tion. Erxamples of substrate materials to which & bi
ocompatible material may be grafted include polymers,
such as silicone, polypropylene, polyester, polytetra-
flouroethylene, polyurethane, HEMA and PMMA.

Cenerally, the substrate material used in sccordance
with the present invention ts chosen dependent upon its
intended vse, For example, PMMA and HEMA are two
materials of choice for use in prosthetic devices in-
tended for implantation or other application in mam-
mals. However, in view of the present specification, one
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skilled in the art will sppreciate that eny orgente poly-
mer may be used as o subsirate material, as well as cers
tain cerainics and metals, Where an optically clear poly.
mer -for use in prosthetic davices for mammals is the
substrate raterial, it {s presently preferred that the poly-
mer eomprises PMMA, '

. The surface properties of the substrate material {viz:
hydrophobic for PMMA, for example) are modified by
grafilng a first biccompatible material having pendant
termingl carboxylic acid or amine groups to the surface
thereof. Once the substrate materia! surface has been
modified by covalently grafting the biccompatlbiz ma-
terial to the surface of the substrate material, the modi.
fied surface should have properties which are relatively
nontoxic and nonlrritating to Jiving tissues. In addition,
the modified surface should not adversely affect the
desired properties of the remainder of the substrate
material, such as structural integrity and optical clarity,
smong others.. In addition, the modified surface should
be microscopically smooth. As used herein, the tarm
“microscopically smooth” shall mean that the surface of
the miodified substrate should be featureless upon examl-
nation &1 an entirgement of about 10,000 x, Further, the
modified surface should be absent of erystallinity, cross-

. linked and thermally stable. Furiher, surface modifice-

tion of a subsirate matetial in accordance with the pres-
ent invention should result in a substrate material which
exhlbiis a reduced contact angle or wettability of the
polymier surface of less than about 30° to about 50°,
“Where the substrate material is intended for use in or
es a prosthetic device, such 2s an intraccular lens, the
surface modification of the present invention should not
adversely affect the transparency or ocular acuity of the
substrate material, Fusther, the first biocompatible ma.
terial to be grafted to the substrate surface preferably
comptises & waterial that is relatively easy 1o polymer-
ize in & gas plasma environment, Such materials include
unsatafated compounds or those compounds containing

. witrogen, silicone or halogen. Maierials that are rele-

tively difficult to polymerize in a gas plasma environ-
ment include saturaled compounds, cyclic compounds,

- corhpounds with e high molecular weight, such as pro-

feing, and those compounds containing oxygen.

Preferably, the first blocompatible material having
pendant 1etminal carboxylic acid or amine groups com-
prises ethylenediaming, polyacrylic acid, aliylamine
wnd/or diethylenetriamine. In one embodiment of the
present Invention where the substrate material is in-
tended for nse as an intracculer lems, it is presently
preferred that the first bioccompatible material com-
prises acrylic acid (which polymerizes to polyacrylic
acid [PAA]under plasma treatmant), One skilled in the
art’ will appreciate, however, that other suitable bi-
ocompatible meterials having the properties described
above may be used in accordance with the present in-
vention. - :

The first blocompatible material should be grafled to
the substrate material in & relatively vniform thickness
snd texture along the surface of the substrate material.
In addition, especially where it is desired to use the
substrase material as a prosthetic lens, it is preferred that
the first biscompaiible material i presens on the surface
of the subsirale material in & relatively small thickness
10 preven! interference with the optical clarity of the
lens, More preferably, the first blocompatible malerial is
present, in & monomolecular layer. In one embodiment
of the presen! invention, for example, a surface modified
substrate comprises = [irst biccompatible material
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grafted to the surface of a substrate material with a
biocompatible materiz] thickness of about 100 A.

Grafiing of the first biocompatible material according
to the present Invention is conducted using radio fre-
quency plasma-induced grafting, Other methods of
grafting, sugh as electronic or ultra-violet (UV) radia-
tion are not suitable where it is desived (as it {s here) to
modify only the surface ol the polymer material, For
example, where 1 prosthetic iens, such as a contact lens
or intraccular lans, is desired to be modified, modifica-
tion should be confined to the surface of the lens to
evoid sffecting the optical properties of the Jens. Radio
frequency plasma-induced grafting according 1o the
present invention svoids siruetural modifieation below
the ouwter-most surfece layer, and generally results in
more desirable optical properties.

Such gas plasme-induced grafting may be conducted
in & redio freqiency gas plasma reactor capable of gene
erating s freqvency of about 1 MHz to about 40 MHz,
The frequency generated by & typical commercial gas
plesma resctor is sbout 13.56 MHz, although one skilled
in the art will recognize that higher and lower frequen-
cles may be wsed to graft the blocompatible material to
the surface of the substrate materisl in a radio frequency
gas plasma reactor, depending on the subsirate material
and biocompetible material used, the relative zase or
difficulty in preparing the surface of the subsitate mate-

rial for grafting, the reiative ease or diffioulty of vapor-

izing or polymerizing the biccompatible material,
amang other faclors,

The first step of radio frequency plasma treatment
secording to this inventlon is the removal or etehing of
material from the sorface of the substrate materinl being
bombarded by the piasma. This process cleans the sub-
strate and produces active species on the surface so
treated, such as jons and free radicals, which can be
used for-inducing a graft reaction. .

Generally, the rate of material removal msy be con-
trofled relative 1o the rate of deposition of a graft poly-
mezr by the frequeney of the gas plasma, the power of
the gas plasma, the treatment time, the gas used in the
plasma, the gas pressure/concentration, and the lype of
bond desired on the treated substrate material surface,
depending on the periicular substrate material.

Flasma-induced grafting of the first biocompatible
material to the substrate material may be conducled In
radio frequency plasma reactors known in the art. The
Brenson mode] 3003-1813 is one example of = suitable
radio frequency gas plasma reactor which may be used
to create a sultable gas plasma atmosphere In whick a

scribed above may be vaporized and polymerized for
grafting. One skilled in the art will appreciate, however,
that other plasma reactors and apparatus may be used in
accordance with the present invention,

Preferably, the ambient ges used in the radio fre.
quency gas plasma-induced grefting is selected from the
group consisting of nitrogen, ammonia and argon. More
preferebly, the ‘gaz used in the radie frequency gas
plasma reaction Is argon. Argon is an inert gas which
ereates active sltes but does not produce new bonding
when applied 10 a substrate surface In n RF gas plasma
reactor, Oxygen, on the other hand, for example, tends
to produce peroxides In such plasma-induced grafting
reactions and fs, therefore, generally less desired. One
skilled in the art will undersiand, however, that other
suitable gases may be used in the plasma reaction in
sccardance with the present invention.
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Surface modification by plasma-induced gralting in
acpordance with the present invention essentially com-
prises two steps: (I} plasma trestment or preparation of
the subsirate surface; and (2} introduction of the mono-
mer of the first biscompatible material into the plesma 3
where the monomer becomss grafted to the substrate
surfice. As discussed above, the plasma treasment of the
substrate surface bresks surface bonds, generating ions
snd free radicals at the surface of the substrate materie!,
thus “activating™ the surface, Introduction of the mono- 10
mer into the radio frequency induced plasma causes the
monomer to resct with the substrare surface, polymer-
ize and become grafted to the substrate surface.

The length of time the first biocompatible material in
an induced plasma state should be dllowed to react with 13
the substrate material depends upon several factors,
including the plasma or radiation powes, tha radle fre-
guency, the fow concentration or pressure, the temper-
atire and the desired thickness of the grafted malerial, -
Preferably, the Tadistion power is about 10 watts to 20
about 200 watts, depending wpon the biocompatible
material. For example, where the biocompatible mate-

" rial comprises silazane, hexamethyidisiloxans, NVP

(discussed below) or PAA, it is presently preferred that
the radistion power is mbout 50 watts, Where the bi- 25
ocompatible laver material comprises HEMA (dis-
cussed . below), it is presently preferred that the radia-
tion power is about 10 watts to about 100 watts, In any
event, the reactor power used and the duration such
power jsused should be low and/ or short encugh soas 30
to not indeee thermal circulation end melt the substrate
material. For example, where the substrate meierial
comprises PMMA, the reaction conditions {l.e., power
ant duratlon) should not inerease the temperature of the
substrate material above dbout 40°~-45° C. One skilled in 35
the art may readily determine, in view of the plasma

- reastion variables described above, the desired plasma

radistion power 10 be used in sccorgdance with the pres
ent invention,

The plasme reaction is preferably conducted for a 40
period of time of abowt 1 minute {0 about 30 minutes. .
More preferably, the plasma reactlon is allowed to
ocewr for a perjod of time of about | minutes to about 30
minutes, The flow concentration or vapor pressure of
the plasma reactants in the reactor chamber should be 45
Jow enough 50 that the pamcular monomer of the bi-
ocompatible material vaporizes when introduced into
the yeactor, Preferably,.the vapor pressure is about 0.1
{07 to about 0.6 tom, More preferably, the vapor pres-
sure js.about 0.4 torr, . 50
* 'Fhe temperature in the plasma reaction should not be

-wllowed to approach those temperatures which may

demage the substrate material or the biocompatible
material, High radintion power snd any polymerization
reaction (i.e., polymerization which may occur when 55
the grafting reaction occurs; e.g. polymerization to
polyagrylic acid) tend to increase the temperature of the
plasma reaction. It is desirable, therefore, to malytain
the: temperature in the plasme reaction below the tem-

perature at which the substrate material and/or the &

graft material will be damaged, typncal[y below sbout
40°-50° C.

In view of this disclosure, one skilled in the art may
readily determine the reactants, time, pressure and tem-
perature conditions for & reaclion using given materials 65
without undue eaperimentation. For exemple, in one
embodiment of the presant invention, fiquid scrylic acid
liquid is introduced into & plasma reaclor chamber hav-
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ing a plasma-etched or trested body of PMMA where,
because of the low préssure within the chamber, the
acrylic acld vaporizes. The acrylic acld is exposed to 50
watts of redio frequency radiation al about 27.5° C. at 8
reactant or vapor pressure of about 0.4 torr,

in addition to the first biccompatible materials dis-
cussed above, it may be desired (o use other materials
which do not have pendant terminal carvoaylic aeid or
smine groups but which exhibit good biocompatibility
and exhibit the desired characteristics described sbove
for the first biocompatible materials (i.e., not adversely
affecting substrate, relatively easy to polymerize, ete.).
Examples of such biocompatible materials include the
brydrophiobic materials hexdmethyidisiloxane, stlazane,
and/or N-vinyl pyrrolidone (NVP) and the hydraphilie
material HEMA, although one skilled in the art will
recognize that other materials having the desired prop.
erties discussed above may be used in accordance with
this invention, The method and materals for grafting
such other biocompatible materials to a substrate mate-
riel are the same as those radio frequency plasma.
induced grafting methods and materals “deseribed
above, However, where biocompatible matérials which
do not have pendant carboxylic acid or amine groups.
are used in accordance with this invention, fariher sur-
face modification by ¢ross-linking a second biotompati-
ble material to the grafled materia} (discussed below) is
unaveliable,

Although not necassary, it may be desired in aceore
dance with the present Invention to further modify the
surface of  substrate material by cross-linking a second
biocompatible material to the grafied first biocompati-
ble material, One skilled in the art will recognize, for
example, that where PAA Is grafied to the surface of &
substrate materiel, pendant termina! carboxylic ecid
groups are avallable to resct, particularly via a cross-
linking agent, with 8 second biocompatible material.
Where the ‘grafted first tiocompatible matedal com-
prises ethylenediamine or allylamine, for example, pen-
dant amine groups are available to react with a second
biocompatible material,

The post-plasma cross-linking of a second b;ocompat-
ible material tg the grafted first biocompatible material
preferably occurs in a buffered solution where the
crcss-lmkmg reaction may occur for several minutes to
several hours and 1ypncally about 24 hours. Preferably,
the buffer solution comprises an agueous solution of
sodium bicarbonate or acetic acld hawng apH of about
3.

The second blocompatible material should be reac-

- tive with the cross-linking agent and, deperding upon

the intended wse of the substrete matersl, should be
chemically stable, nontoxic and non-irritating,

Preferably, the second blocompatible material com-
prises a potysaccharide, such as hyaluronic acld, hyalu- .
ronate, heparin, agarose or chondroltin sulfate, It is
presently preferred that the second bzocompa‘uble male-
rial comprises chondroitin sulfate. Omne skilled in the ant
will recognize, however, that the second biocompatible
maoterial moy comprise other chemicals and drugs,
which may be cross-linked to the grafted first biocom-
patible material using a cross-Hnking ageni in aceps-
dance with the present invention, It is believed that
examples of suiteble chemicals or drugs include metho-
trexate and other antimetabolic agents and immunosup-
pressars.

The cross- llnkmg agent must be capable of pttaching
{cross-linking) the second biccompatible materiaf 10 the
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pendani emine or carbaxylic soid groups on the grafied
first blocompetible material and must be incorparated
into the first and second blocompatlble cross-linked
matédals, The cross-linking agent, cepecially once in-
corporated into the cross-linked first and second bl
ocompatible matsiisls, should not adversely siTect the
biocompatibility of the' modified surface of the mubstrate
material and should not adversely uffect the charscteris-
tics af the substrate material, the grafted first biocom-
patible materia] or the cross-linked second biocompati-
ble material, Preferable cross-linking sgents in accor-
dance with the psesent invention include glutaralde-
hyde, bis(3,5-dibromosalicyl)fumarate,  I-ethyl-3-(3-
dimethylaminopropyl}-carbodiimide (EDC) and carbo-
diimide

In one embodiment of the present invention, the sur-
face modified substrate material {i.e,, the substrate mate-
ra! having a first biocompalible materia) grafted

" thereto), the oross-linking agent and the second biocom-

prtible materlal are combined in 2 neutral buffer solu.
tion (pH abowt 7), where crossdinking to the surface
modified substrdte can ocour.

In another embodiment of the present invention, the
eross-linking agent and the second biocompatible mate
rial are mixed together prior 1o the addition of the sur-
face modified substrate in & buffer solution, such as

. those buffer solutions described above,

Where it is desired to further modify the surface of a
substrate by cross-linking a second blocompatible mate-
rial 10 the grafted material in accordance with the pres-
ent invention, the substrate having its surface modified
by plasma-induced grafting should be relatively free
from any excess reagents used during the grafting pro-

cess, Geneially, excess reagents may be removed by 4

rinsing the surface modified substrate in distifled water,

Where the first blocompatible material is hydrophilic,
{he strface modified substrate material should exhibit a
greater hydrophilicity than the untreated substrate ma-
1erial. Hydrophilicity may be measured by wettability
or contact amgle. Wettability or surface energy is re-
lated to surface tension and is measured in dyne/em,
which s eastly conducted by submerging a testing sur-
face imo a solvent and removing the testing surface
from the solvent, The niore and faster the solvent beads
up on the surface of the substrate, as determined by the
dizmeter and volume of the beads or drops, the higher
the wettability value. )

The contect engle of » substrate is thet angle formed
when a drop of liquid is placed on the surface of the
substrate and may be measured withk a poniometer.
Where the intended use of the substrete Is in an aqueous

- environment, water ls the preferred liquid. 1f the drop

of liguld on the surface of the substrate is relatively flat,
the substrale may be said to be hydrophilic and the
contact angle is relatively low (Le., about 5*~30%). Can-
versely, if the Hquid drop is reiatively beadlike, the
substrale may be said to be loss hydrophilic and has a
relatively higher contlact angle (l.e., about 70°-310%).
For example, the contact angle of untveated PMMA is
about 77°, The centacl angle of PMMA treated in ace
cordance with the present invention with: (1) an argon
gas plasma is about 45' to about 65%; (2) a polyacrylic
acid praft is aboul 45" 1o about 35" (3) oxygen pgas
plasma treatment subsequent to grafting s aboul 30" to
pbout 557 (4} an aliyiaming graft is about 30" 10 about
40" end {5} CDS cross-linked to the PAA gralt is about
10* to sbout 15°, Prelerably, the contact angle of a
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material for,use in or as a prosthetic devies is aboui 45°
or less and more preferebly, aboet 15° or Jess.

Novel products having a permanently madified sure
face resulting from the methed af the present invention
deseribed sbove include prostheses for use in mammals
comprising & polymer substrate or core and a biocom-
petible material grafted thereto. For exzmple, one pres-
entdy preferred prosthesis for use In mammels comprises
a PMMA core having & modified surface comprising
PAA substantislly permanently grafted 1o the PMMA
surface, .

In addition, novel products having a permanently
modlified surfece using the method of the present inven;
tion include prostheses used in mammals comprising &
polymer core, a first biocompatible materdal grafted
thereto gnd & second biocompatible materia] cross-
linked to the grafied coating by r cross-linking agent. In
one embodiment of the present invention, for example,
a prosthesis used in mammuls comprises a PMMA core,
having & modified surface comprisinig PAA grafted 10
the PMMA surfaee and chondroitin sulfate ¢ross-linked
to the PAA using glutaraidehyde as the dross-linking
agent. :

Other noval products produced uvsing the methad of
the present invention include an intraocular lens having
& permaneitly modified, blocompatible surface, which
comprises & polymer lens body, such as PMMA, a first
biocompatibie material having pendant carboxylic acid
or amine groups, such s PAA or ethylenediamine
grafted to the surface of the lens body, and a second
biocompatible material, such as chondroitin sulfate
cross-linked 1o the grafted first blocompatible material
vie g cross-linking agent, such ss glutaraldehyde.

The invention will now be illustrated in further detall
by reference to the following specific, non-limiting
examples.

EXAMPLE |

An infraccular lens manufactured by CILCO (J-
FLEX posterior chamber.lens style SK-17 from PMMA
was positioned in a Branson model 3003-1813 radio
frequency ges plasma reactor. The pressure inside the
reactor was reduced to bess than about 0.10 torr and the
surface of the lens was subjected to an argon gas (Ar)
plasma at spproximately 40° C, at 50 watts for § min-
utes. Acrylic acid vapor was introduced inte the reactor
and was allowed to Teact for 5 minutes at about 0.3 torr,
Upon examination, the lens exhibited a wnlform surface
with & smooth texture and good biccompatibility in
animal testing {ne cellular or tlssue remnant adheslon)
with a contact angle of about 50%,

EXAMPLE 2

The progedures of Exemple 1 were followed, substi»
tuting ethytenedlamine (EDAM) for acrylic acid, The
resulting lens coating had a contact angle of 35°-45° and
exhibited & smooth microstructure upon SEM analysis,

EXAMPLE 3

The coated lens prepared in Example 2 was placed in
a vessel containing 2ml (25% solution) glutaraldehyde,
I.5 g chondroitin sulfate, 1 ml (25% solutien) poly-
acrylic acid and acetic acid suifficient to adjust pH to
about 3 (3-4ml). The mixture was brought 1o 100 m by
addition of distilled water, The mixture was allowed to
incubate al room temperature for 24 fours, rinsed with
distilled water and dried, Scanning electron micrograph
examination of the lens indicated that the surface had o
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thick film having & very coarse testure, The water

. comtact sngle was less than about 10°-15°% indicating

that chondroltin suifate had attsched to the surface, The
dry lens had a hezy appearance which disappeared apon
tmmersion in water. Lens clarity and acuity was not
significantly altered, as confirmed by spectroscopic
messyremeanis.

EXAMPLE 4

" Following the procedures of Example 3 & series of
fntraceuler lenses were trested. Table § indicates the
steps and/or materials uséd or present (indicated by a
"y} for each run and the resulting contact angles for
each lens.
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material to the surface of the substrate materis! by radio
frequency plasme induction, the blocampatible material
heving pendani terminal carboxylic acid or amine
Eroups.

2. The method according to claim 1, wherein the
grafting is induoed in a radio frequency plasma resctor
ﬁg{eradng a frequency of about ! MHz to about 40

2. .

3. The method according to claim 2, wherein the
frequency is about 13.56 MHz,

4. The'method according to claim 2, wherein gas is
present in the reactor, said gas being selected from the
group conslsting of nitrogen, eminonle and argon.

5, The melhod according 1o claim 4, wherein the gas

An intraocular lens mapufactured by CILCO from
PMMA as in Example [ was placed in a Branson mode!
30031813 radio frequency gas plasma reaclor. “The
pressure within the resctor was reduced 1o aboul G.1
torr and an argon gas plasma was created using about 50
watts radio frequency at 40° C, The plasma reaction
wes allowed 1o proceed for ebout 5 minutes, The
contac! sngle of ihe nom-treated PMMA intreccular

_Jens was about 70, and the contact angle of the argon

plasma trested lens was about 45°, The lens was put
back in {he seactor and vepor acrylic aeid was introe
duced into the chamber. The pressure was redoced to
about 0.3 torr and a portion of the acrylic acid was
jonized using 50 watts, The plasma reaction was al-
Jowed to continue for 3 minutés. The contact angle of
the acrylic acld modified surface (polyacrylic acid
gram treated lens was about 35°. The lens was placed
back into the reactor and treated with an oxygcn gas
plasma using 50 watls at abowt 0.2 torr for 1-3 minutes,
The contaet angle of the lens afier oxygen plasma {reat
ment was about 30°%,

EXAMELE 6

The lens prepared in Exemple 5 was placed in 2 so-
dium bicarbonate buiTer solution to which was added
$mg EDC and allowed to react for 120 minutes at 37° C,
In 2 second vessel, 1.5 g chondroitin sulfate and O.1 g
EDC wers mixed in distilled water for 120 minutes at
37" C, The chondroitin sulfate/EDC mixiure was sdded
to the lens solution and allowed to reect for 24 hours,

The present invention mey be embodied in olher
specific forms without departing from the spirit or es-
sential attributes thereof and, pecordingly, reference
should be made to the appended claims, rather than the
specification, as indicating the scope of (he invention,

We olaim:

1. A method of permanently modifying the surface of
a substrate matedal to produce a microscopically
smooth, biccompatible surface thereon, comprising
sovalently grefting a polymeric, first tiocompatible
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TABLE 1
) Coniact
! Bulfer GDA __CDS/ODA _ Rlme - Angle
Run Ar EDAM (3.4) PAA (3% (059 (19 ' CY)  (F/A)
1Y Y Yy Y ¥ Y L
A 4 Y Y Y Y Y /25
1Y Y Y Y Y Y 41/53
4 Y Y Y Y Y 41751
LIRS Y Y/3 Y Y Y - 35240
F w fresh)y prepared bom
. A = apged leny
Y = preséni or eonducted
EXAMPLE § is argon,

6. The method according to ¢laim 1, wherein the first
biocomnpetible material comprises ethylenediamine,
polyacrylic acid, dlethylenetriamine or allylamine,

7. The method sccording to claim 1, wherein the
substrate material is selected from the group consisting
of silicone, polyprapylene, polyester, polytetrafluoro-
ethylene, polyurethene, hydroxyethylmethacrylaie and
polymethyl-methacrylate. ’

8. The method according to olaim 1, o wherein the
surface of the substrate material is Further modified by
covalently cross-linking & second blocompatible mate-
rial to the grafied first biocompstible materisl using &
cross-Iinking pgent.

9. The method according to claim 8, whercin the
cross-linking agent is applied to the substrate material
surface prior 10 the applicatlon of the second biocom-
patible material.

10. The method according to claim 8, wherein the
second bmcumpar.ible wmaterla) comprises a polysaccha- -
ride.

11. The method according to claim 10, wherein the
polysaccharide is selected from the group consisting of
hyaluronic. acld, hyaluronste, sgarose and chondroitin
sulfate,

12. The method according to claim 10, wherein the
polysaccharide is chrondroitin sulfate,

13. The method according to claim 8, wherein the
cross-linking agent 15 selected from the group consisting

"of glutaraldehyde, bis(3,3-dibromosalicyl)fumarate, 1-

ethyl-3-(-dimethylaminopropyl)-carbodlimide and car- -
bodlimide,

14. The method according 1o claim 8, wherein the
eross-linking agent is glutaraldehyde.

15, The method eccording to claim &, wherein the
subgtrate material is rinsed with distilled water prior to
cross-linking the second biocompatible material to the
grafied first biccompatible material,

16, The method secording to claim 8, whereln the
eross-linking oceurs in the presence of a neutral buffer
solution.
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17, The method aceording to claim 1, wherein said

first bmcompatiblc material is polyadrylic acid, said

substrate is & polymsihyimethecrylate substrate, said
grafting s Induced by argon gas plasme at a frequency
of about 13.56 MHz; and afier said grafting. said sub- 5
sirate is rinsed with distiled watér, and glutara]dchyde
and chondroltin sulfate are appled ssqueriially in &

" neutral buffer solution to satd polyacrylic acid grafied

to said potymethylmethacrylaie substrate,

18, The method according to claim 1, wherein, prior
to madio frequency plasma Induction, the first biocom-
patible material is & monomer.

39, The method eccording to claim 18, wherein the
wonomer of the first biocompatible materia} is selected
from the group consisting of the manomers of ethylene-
diamine, po)yacrylic acid, diethylenetriamine and allyls
amine, -

20. A méthod of permanently modifying the surface
of & substrate material to produce a microscopically «

' ) i
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o
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smooth, biocompatible surface therson, comprising
covelently grafting a biocompatible, hydrophllic poly-
meric materiel 1o thie surface of the substrate material by
radio frequéncy plasms induetion.

21. The method aceording to clsim 20, wherein the
biccompatible, hydrophliic polymeric material com-
prises sthylenediamine, polyacrylic acid, hydroxyethyl.
methaerylate, diethylenetriamine or allylamine.

22, A method of permanently modifyirig the surface
of & substrate maierial to produce & microscopically
smooth, biocompatible surface thereon, camprising
cova]ently grafting a biocorhpatible, hydrophoble poly-
meric material to the surface of the substrate material by
radio fréquency pidsma induction.

23, The method actording to claim 22, wherein the
blocompatible, hydrophobic material comprises N

vinylpyrrolidone, stiazane and hexsmethyldisiloxane,
'R ¥ » ¥
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57 : ABSTRACT

A method of permanently modifying the surface of a
subsirate materiel so as to develop a microscopically
smooth, bjocompatible surface thercan comprises cova-
lently grafting & bidcompatible polymcnc materiz] to
the surface of the substrate material by radio frequency
plasma-induced grafiing, The biocompatible polymeric
material is preferably the same as the substrate materlal,
‘In eddition, 8 method of permanently moedifying the
surface of o substraie material comprises subjecting the
substrate surface to radio frequency plasma sufficient 10
raise the temperature. at the substrate maierial to just
above the glass transition temperature {Tg) of the sub-

- strate material for a time sufficlent to produce a micro-

scopically smooth, biocompatible surface on the sub-
strate materlal, Further, a prosthesis used in mammals,
including an intraccular Jens, comprises a polymeric
material core and e biocompatibie polymeric material
covalenily grafled to the polymer core by radio fre-
quency plesma induction,

13 Claims, No Drawings
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METHOD OF MAKING -BIOCOMPATIBLE,
SURFACE MODIFIED MATERIALS

CROSS-REFERENCE TO RELATED
APPLICATION
This is & continuation-in-part epplication of U.S, ps-
tent application Ser. Na. 07/342,270, filed Apr. 24,
1989, now U.S. Pat. No. 5,080,924,

FIELD OF THE INVENTION

The preserit Invention relates t6 methods of perma-
néntly modifying the surface of materisls by plasma-
induced and, where desired, postsplasma reactions to

produce biscompatible, surface modified materdals, In !

sddition, the preseit invention relates to biocompatible,
surface modifisd prostheses and, in particular, to & bi-
ocompeiible, surface modified intraocular lers used in
mamnmals,

BACKGROUND OF THE INVENTION

Prosthetic devices or prostheses are commonly used
in medical procedures replacing or augmenting defees
tive organs in mammais and humdns, in particular, and
are numerous and.diverse in strecture and application,
Examples of prostheses include artificial joints, valve
replacements, skin grafts, vascular grafts, shunts, plates
and contact and intraocular jenses. Typically, pros-

. thetic devices comprise natural and/or synihetic mats-

7ial which are abrasive on the cellular level. Various
prostheses in curient use or in experimental use com-
prise metals, ceramics, silicone rubbers, polyesters,

" polyurethanes and/or polysulfones, Synthetic poly-

mers, such es polymethylmethaorviate (PMMA) and
Irydroxysthylmethacrylate (HEMAY, Tor exsmple, are
preferred poiymers for prosthetic use in genersl and
coniact lenses and intraocular lenses in particular.
. PMMA, for example, has several beneficlal charag-
teristics for such prosthetic use, including exocellent
light transmission, good optical clarity, resistance to
finid diffusion and in vivo deterioration, ease in process-
ing (injection molding or machining, for example) and
east in .impiantation, such as an intraccular lens, an
ertifictal joint end other implantable prostheses.
Typicel lens prostheses, for example, are manufac.
wred by machining, which leaves circular lathe marks
or grooves visible at even relatively low magnification.
These machining remnamts render the lens unusable
until the surface is smoothed, typically by o mechanical
polishing process, However, the conventional polishing
process generally takes several days do complete, has a

- failure rate in excess of 30% and fhils to produce a

microscopicelly smooth surface,

Abrasive prostheses, espacially those which are im-
planted, can cause tissue irrhation, edema and scarring.
For example, posterior lens capsule opacification s a
prevalant problem among those patients who have re-
ceived intraogular lens implants comprising conven-
tlanally polished PMMA and other simblar materials.

14 is desirable to modify the surface properties of snch
abrasive matertals without changlng the beneficial char-
acteristics thereol by developing & smooth. suiface
thereby discouraging tissve adhesion and {nhibiting
cellular growth, Prostheses which do not promote tis-
sue adhesion and do not inhibit cellular growth and
which are not otherwise toxic to living systems may be
considered “biccompatible,” Surface modification to
develop a blocompatible surfece should be resistant to
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teterioration over time and should have no adverse
effects on tissues and calls with which the surface modi-
fied materlal comes in contaet.

Those skilled in the art have long recognized the need
for blocompatible, surface modified materials for nse in
prosthetic devices and other materials. For example,
.8, Pat, No. 3,961,379 discloses a bioimplantable de-
vice manufactured from & cross-linked, swollen, hydro-
philic polymer. These modified polymers must be solid
and must be swelleble by fluid swelling substances.
Onee swollen, the solid polymer is polymerized with &
‘madifying substance by, for example, high energy parti-
¢cle radiation. . '

U.S, Pat. No. 4,180,384 discloses hydrophilie poly-
mers formed in situ by irradiating & mixture of hydroxy..
ulkyl methacrylete and & cross-linking agent. This pa-
tent discloses 4 process for forming hydrophilic pely-
mer articles or hydrophilic polymer coatings on other
substrates, such as glass or plastic, by polymerizing &
kydrophille monomer system by high energy partiou-
Iate irradiation, such as accelerated elecirons or nuclear
particles including nentrons, protons, alphs, beta and-
for gamma particles.

Radiation-induced grafting of scrylic acid onto other
polymer films is disclosed by Gazard, M. et al,, “Litho-
graphic Technique Using Radiation-Induced Grafting
of Acrylic Acid Into Poly(Methyl Methacrylate)
Films," Polymer Engineering and Science, 20:16 (1980).
Gazard et al, dlsclose that, under jonizing radiation,
polymers undergo changes in their proporties, espe-
cially-in thelr solubillty. Ionizing radiation of polymers
Jeads to the formation of free radicals and other inter
medlates, which may be used to initiate the grafting of
a monomer 1o produce g grafted copolymer with prop-

- ertles different from those of the initial polymer. For

example, irradiated PMMA, onto which serylic acid is
grefied produces a grafl copolymer swhich is insoluble
in the solvents of PMMA., .

U.S. Pat, No, 2,999,036 also discioses that an unsatu-
reted organic acld may be attached 10 5 shaped poly-
merie structure by lonizing radiation.

Other-methods of altering the surface of polymeric
objects inclade exposing the surfece of 8 polymeric
article to low temperature plasma or an electrically
charped gaseous atmosphere, followed by contacting
the surface of the.polymierls article with & surface modi-
I'ying compound es desoribed, for exemple, in U8, Pai
No. 4,344,981, This two-step method Is generally called
plasma-induced costing. Plasma induction has been
described generally in U.S, Pat. No. 4,328,257, Yasuda,
“Plasma for Modification of Polymers™ J. Macramol.
Self. € Chem, 10(3):383 (1978}, Mittal, “Interfacial
Chemistry and Adhesiom: Recent Developments and
Prospects, Pure & Appl Chem., 52:1295 (1980),
Akovall, G. and Haslrel, M., *Polymerization of Hex-
amethyldisiloxane by Plasma on Activated Charcoal:
Investlgation of Parsmeters,” J. Appl Polymer Sei,
29:2617 (1984) and Liv, W. T. et al., "Polymethy] Meth-
acrylute Reslst Sensitivity Enhencement in X-Ray LI
thogrephy by In Situ Polymerization,” 4psl Phys. Lett,
44:973 (1984}, for example. .

Tonlzed vapor or plasma discharge is typically ore-
ated in o vacuum chamber in which the object to be
modified is placed. The plasma discharge conditions the
surface by creating free radicals and/or fons, It i
known; for example, that exposing the surface of an
object to plasma discharge, such as an oxygen plasma,
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enhances the wettsbility or hydrophilicity of such a
surface. However, such treatment is only temporary,
T8, Pal, Nos, 3,925,178 3,944,709, 4,072,768;
4,096,315, 4,122,942; 4,123,308 4,131,691; 4,137,365;

4,214,014 asd 4,478,873 disclose examples of polymers $

whose surface characteristios have been modified by a
plasina discharge.

Plasma discharge treatment may also be used to pre-
pire &n object for the attachment or grafting of a com-

pound or material to the plasma discharge treated ob- 10

jeet. For example, a plasma discharge step may be used
to condition the surface for grafiing by creating free
radicals to which a compound or material may be
grafted. Such compounds or materials are generally
called surface modifiers, Knight, P. M. et al,, in "“Sur-
face Modification of Intraocular Lenses to Reduce Cor-
nen] Endothelial Damage,” Am. Inra-ocular Fmplanes
Soc, J,, 5123 {1979) disclose ane exsmple of & palymer
object heving n surface modifier nitached thersto vsing
gamme irradiation and radio frequency (RF) gas plasime
treatment to generate free radicals on the surface of &
PMMA intraocular lens followed by polymerizing hy-
drophilic tonomers, in pacticular, HEMA and viny]
pyrrolidone, as a coating on the sirface of the lens.
While the coated surfaces exhibited enhanced hydro-
philicity, the coated surfaces were not stable when
boiled to stetilize them. Surface modification by gamma
radiasion followed by polymerization on the surface, on
the other hand, remained intact through several hours
of boillng, Howaver, such coated PMMA sarfaces were
damaging 1o rabblt endothelial cells and surfaces coated
with dissolvable coetings, such as polyvinyl acetate,
ware preferred,

Another-example of a surface treated polymer is dis-
closed §n U8, Pat, No. 4,312,575, This patent discloses
a soft, highly oxygen permeable, hydrophoble poly-
meric Jens which has on its surface an ultra-thin, opli-
calty clear, permeable barrier coating which is the reac-
tlon product resuling from a glow discharge polymeri-
zation process conducted in a hydrocarbon or haloge-
nated hydrocarbon gaseous atmosphere, While the
plasme discharge process, itself, results in a hydrophilic
surface, subsequent exposure 10 a glow discharge atmo-
sphere of oxygen or ambient oxygen yields a still more
hydrophilic surface.

V.8, Pat. No, 4,409,258 discloses a method for render-
Ing cantact lerses hydrophilic by bombarding the lens,
which may be PMMA or stlicone, with a positive jon
beam generated by a plasma discherge, such 25 an oxy-
gen plasma. The lens Is thereafier hydrated, preferably
at an elevated temperature, :

Examples of surface treated polymeric lenses for use
in humans are included in U,8."Pat. No. 3,880,818, This
paient discloses & soft confact lens that Is flexible and
physiologleally compatible, which is made by manufac-
turing a' hard, inflexible prepolymer, such as a hard
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acrylic aeld-type polymer, and reacting the inflexible -

prepolymer with an alcohol to esterify pendamt ear-
boxyl groups with alky! groups, hydroxy slkyl groups
or alkoxyalkyl groups, containing no more than eleven
carbon atoms,

U.S. Pat, No, 4,143,949 discloses a discharge poly-
merization and coating process for making a hydro-
philic contaet lens from an oxygen permeable, hydro-
phobic pelymer, The hydrophobic lens is placed in a
glow discharge apparatus conlaining an atmosphere
comprising a polymerizable organic monomer, such as
hydrexyalky) acrylate or methacrylate, glycidyl meth-

4]
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acrylate, propylene oxlde or Nevinyl-2-pyrrolidone,
where the glow discharge Is used to poiymerlze the
monomer onto the surface of the contact lens.

Other examples of surface treated polymeric objects
include U.S, Pat, Nos. 3,228,741; 3,925,178; 3,959,105
3,985,697, 4,055,378; 4,277,595; 4,405,773; 4,430,458;
4,463,148; rnd 4,731,080, U.S, Pat. No, 4,731,080, for
example, discloses a coated intraocular Jens having &
hydrophobic eross-linked vinyl-containing silicone poi-
ymer pleced on the lens surface in sokution.

1t would be desirable to have a blogompatible, surface
modified material and & method for producing the same,
where the suface medification is substantinlly perma-
nend, results in & smooth surface on the celluler level
&nd where the surface modlfied material may be used,
inter alin, es 8 prosthetic device in mammals. One sugh
method is disclosed in our co-pending U.S. patent appli-
cation Ser. No, 07/342,170, filed Apr. 24, 1989, the
disclosure of which is incarporated herein by reference.

BRIEF SUMMARY OF THE INVENTION
According to the present invention, & method of

permanently modifying the surface of a polymeric sub.+ + -

strate material so that the subsirate material develops a
microseopically smooth, biocompatible surface com-
prises covalently grafting o biocompatible polymeric
material ta the surface of the substrate material by radio
frequency plasma-induced grafting where the biocom-
patible polymeric material comprises substantially the
same material as the materlal forming the substrate.

In addition, the present invention is directed to a
method of permanently modifylng the surface of a sub-
strate material so that the substrate material develops a
microscopically smooth, blocompatible surface com-
prising subjecting the subsirate surface to radio fre-
quency plasma sufficien{ to' etch the substrate surface
and raise the temperature at the surface to s temperature
Just pbove the glass transition temperature (T,) of the
substrate material.

Further, the present invention is directed to & pros-
thesls nsed in mammels comprising a polymer sabstrate
or core and a biocompatible polymeric material grafiad
to the polymer core by plasma induction, the biccom-
patible polymer materlal comprising substantially the
same material as the material forming the substrate,

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Although the methods of preparation of the invention
apply generally to the preparation of permanent surface
modification of many different materials, the methods
are described and exemplified below with spesific ex-
amples using polymeric intraocular lenses as prostheses
which mey be used in maremals, It will be understood
by one skilled tn the art that the methods of the present
inventlon may be used to prepare permanent]y modified
surfaces of other substrate materials, such as those pros-
thestic materials identified above, Moreover, it will be
apparent to one skilled in the art thal the methods of the
present invention readily lend themselves to the prepa-
ration of materials having modified or enhanced surface
characteristics having other uses,

Agcording ta one embodiment of the present inven-
tion, s bivcompatible polymeric material is covalently
grafted to the surface of a substrale material by radio
frequency plasma induction, Examples of substrate ma-
terials to which a biccompatible materiai may be
grafted inciude polymers, such as silicone, polypropyl-
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ene, polyester, polytetraflnorodihylene, polyethylene
terephthalate, polyurethane, PMMA, polvacrylic acid,

.or palymers of HEMA, sthylenedlamine, diethylenetri-

amine, allylamine, hexamethyl-disiloxane, silazane and
N-vinyl-pyrralidone. 5
Generally, the substrate material used in aceordance
with ihe present lnventlan is chosen dependent upon s
intended use, For exahple, PMMA and HEMA are two
malerials of choice for use in prosthetic devices in-
tended for implantation or other application is mam- 10
rels, However, in view of the present specification, one
skilted In the art will eppreciste that any organic poly-

mer may be used as & subistrate material, as well gs cer-

tain ceramlics and nietals, Where an optically clear poly-
mer for use in prosthetic devices for mammals is the 15
substrate materisl, it is presently preferred that the poly-
mer comprises PMMA

The surface of the substrate material is modified by
grafting a blocompatible polymeric material to the sur-

face thereof. In some cases whete it is desired to have 20

only one materia] present, the first blocompatible poly-
merlc material is substantially the same as the material
forming the substrate. Once the substrate material sur-

‘face has been modified by covalently grafting the bi-

ocompatible material to the surface of the substrate 25
material, the modified surface should have propertles
which are relatively nontoxic and nonirritating to living
fissues, In addition, the modified surface should not
adversely affect the desited properties of the remainder

of the substrate material, such as structural inteprity and 30
oplical clarity, among others, In addition, the modified
surface should be microscopically smooth, As used
herein, the term “'microscopically smooth" shall mean
that the surface of the modified substrate should be
featureless npon examination at an enlargement of about 35
3,000 to about 10,000x. In additlon, where destred and
depending on the properties of the first biocompatible
polymeric material, the modified surface should be ab-
sent crystallinlty, cross-linked and thermally stabie,

“Where the substrate material is intended for use in or 40
as & prosthetlc device, such as an intraocular lens, the
surface modification of the present invention should not
adversely affect the transparency or ocular acuity of the
substrate material, Further, the first biocompatible ma-
tertal 1o be grafted to the substrate surface preferably 4
comprises a matérial that is refatively easy to polymer-
fze in a gas plasma enviranment. Such materials include
unsaturated compounds or those compounds containing
nitrogen, silicone or halogen. Materials that are rela-
tively difficult {o polymerize in 2 gas plesma environ- 50
ment nclude saturated compounds, oyclic compounds,
compounds with a high molecular weight, such as pro-
teins, and those compounds containing oxygen.

Expmples af presentty preferred biocompatible paly-
merlc material include polyacrylic acid, silicone, poiy-
propylene, polyester, polytetrafluorosthylene, polyeth-
viene terephlhaiate, polyurethane, polymethyimeth-
acrylate or polymers of ethylenediamine, diethylenetri-
amine, allylamine or hydroxzyethylmethacrylate,

The biocompatible polymerie material should be 60
prafted ta the substrate materlal In & relattvely uniform
thickness and texturz along the surface of the substrate
materfal, In .addition, especially where it is desired to
use the subsirate material as a prosthetic lens, it s pre.
ferrad that the biocompatible polymeric meaterial is 65
present on the surface of the substrate material in a
relatively smell thickness to prevent interference with
the optical clarity of the lens. More preferably, the

w

wr
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. biceompatible pelymeric material is present in & mono-
molecular layer: In one éembodiment of the present in-

vention, for example, & surface modified substrate com-
prises 8 biocompatible polymeric materiel grafted to the
surface of a substrate material with & bjocompatible
polymeric material thickness of about 100 A,

Grafilbg of the biocompatible polymeric matetlal
according 1o the present invention is conducted using
radio frequency plasma-induced grafting, Other meth.
ods of grafting, suchi as electronic or ultra-vioiet vy
radintion are not suitable where it is desired (as It s
here) to modify only the surface of the substrate mate-
tial, For example, where a prosthetic lens, such s 8
contact lens or Intraceular lens, is desired to be modi-
fied, modification should be confined to the surface-of
the lens to avold affecting the optical propesties of the
Iens. Radlo frequency plasma-induced grafting accord-
ing to the present Invention avaids structural modifica-
tion below the onter-most surface layer, and generally
results in more desirable optical properties.

Such gas plasma-induced grafting may be conducted
In & radio frequency ges plasma reactor capable of gen-
erating a frequency of about 1 MHz to sbout 40. MHz.
The fraquency generated by a typical commercial ges
plasmd reactor Is about 13,56 MHz, although one skilled
in the art will recognize that higher and lower frequen-
cies may be used to graft the biocampaiible polymeric

‘meterial to the surface of the substraie material In 8

redio frequency gas plasma reactor, depending on the
substrate material and biocompatible polymeric mate-
rial used, the relative ease Or difficulty in preparing the
surface of the substrate material for grafting, the rela-
tive sase or difficulty of vaporizing or palymerizing the
biocompatible materiel, among other factors.

The first- step of radio {requency plasma treatment
according to this invention is the removal or etching of
materie! from the surface of the substrate material being
bombarded by the plasma. This process cleans the sub-
strate and produces-active species on the surface so
treated, such as jons and free radicals, which can be
vsed.for inducing & graft reaction.

Generally, the raie of material removal may be cone
trolled relative to the rate of deposition of a graft poly.
mer by the frequency of the gas plasmp, the power of
the gas piasma, the trestment time, the gas used in the
plasma, the gas pressure/concentration, end the {ype of
bond desired on the treated subsirate material surface,
depending on the particular subsirate mnterial,

Piesma-induced grafting of the biocompatible poly-
meric material to the substrate material may be con-
ducted in radio frequency plasma reaciors known in the
art. The Branson model 3003-1813 is one example of a
sultable radlo frequency gas plasma reactor whick may
be nsed {0 create g suimble gas plasme atmosphere in
which = first blocompatlble materlel having the proper-
ties described above may be vaporzed and polymerized
for grefiing. One skilled in the srt will appreciate, how-
ever, that other plasma reactors and ‘appsratus may be
used in sccordence with the present invention,

Preferably, the .ambient gas used in the radio fre-
quency gas plasma-induced grafting is selected from the
group consisting of nitrogen, pmmonia and argon and
other noble gases. More pret‘erably, the gas used in the
radio frequency gas plesma reaction i argon, Argon is
an inart gas which creates mctive slles but does not

" produce new bonding when applied 1o a substrate sur-

face in 8 RF gas plasma reactor. Oxygen, on the other
hand, for example, tends 10 produce peroxides in such
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plasma-induced grafting reactions and s, therefore,
generally less desited. Where no biocompatible material
is to be grafted to the substrate surface (discussed be.
low) or where the presence of reective gas molecules on
the sobstrate surface is not desired, it is presently pre.
ferfred to use noble gas as ambient gas in the radio fre-
quency gas plasmia reactor, steh as argon, One skilléd in
thie art wili be readily able 1o determine In view of this
disclosure which sultable gases may be used in the
plesms reaction in accordance wlith the present inven-
tion,

0

Surface modification by plasma-induced grafting in

accordence with ane embodiment of the present invens
tion essentially comprises two steps: (1) plasme treat-
ment or preparation of the substrate surface; and (2)
introduction of the manomer of the biocompatible poly-
meric matertal into the plasma where the monomer
becomes grafted to the substrate surface, As discussad
above, the plasma treatment of the substrate surface
breaks sarface bonds, gencrating jons and free radicals
at the surface of the substrate material, thus “activat
Ing™ the surface. Introduction of tie monomer into the
radio frequency induced pldsiia cauvses the monamer to

wr

0

react with the substrate surface, polymerize and become -

prafied to the substrate surface,

"The length of time the blocompatible materisl in an
induced plasta state should be allowed {0 react with
the substrate materlal depends upon several factors,
including the plasma ar radintion power, the radio fre-
quency, the flow concentration or pressure, the temper-
ature and the desired thickness of the grafted material,
Preferably, the radistion power is about 10 walts to
about 200 watts, depending upon the biocompatible
masterlal. For example, where the blocompatible mate.
rial comprises silazane, hexamethyldisloxane, PMMA,
NVPor PAA, it Is presently preferred thet the radiation
power is about 50 watts, Where the biocompatible layer
material comprises HEMA {discussed below), it is pres-
ently preferred that the radiation power is about 10
watts 1o about 100 watis, In any event, excepl where
desired, the reactor power used and the duration such
power is used should be low and/or shart endugh so as
to not induce thermal circulation and melt the substrate
material. For example, where the substrate maierial
comprises PMMA, the reaction conditions {i.e, power
and duration) should not increase the temperature of the
substrate material above about 40°-45° C, One skilled in
the art may readily determine, ln view of the plasma
reaction varlables described sbove, the desired plasma
radiation power to be used in accordance with the pres-
ent {nvention.

The plasma reaction is preferably conducted for a
period of time of about 1 minute ¢ about 60 minutes,
More preferably, the plasmn reaction is nllowed to
oceuy for a period of time of abow 15 minutes to about
30 minutes, The flow concentratlon or vepor pressure
of the plasma reactants in the reactor chamber should
be low encogh so that ihe particilar monomer of the
biocompatible material vaporizes when introduced into
the reactor, Preferably, the vapor pressure {s about 0.1
torr to about 0.6 torr. More preferably, the vapor pres-
sure is about 0.4 forr.

The temperature in the piasma reaction should not be
allowed to approsch those iemperatures which may
damage the substrate material cr the biocompatible
material, High radiation power and any polymerization
reaction (l.e., polymerization which may eccur wher
the grafting reaction occurs; e.g. polymerization 1o
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potymethylmethacrylate) tend to increase the tempera-
ture of the plasms reaction, It is desirable, therefore, to
maintain the temperature in the plasme resetion below
the temperature at which the substrate material and/or
the grefl material will be damaged, typically below
about 40°-30" C,

in another embodiment of the pressmt invention
where no biocompatible material is graftzd to the sub.
strate, & microscopically smooth surfage is obtained by
plasme treatment of the substrate surfece sufficient to
etch the substrate surface and rajse the temperature st
the substrate surface to a lempersture just above the
gless transition temperature {Tg) of the substrate mate-
ral. While not wishing to be bound by any partienlar
thsory, the inventors belisve thal; plasma treatment to
Induce an increase in temperature causes a thermal an-
nealing af the surface of the substrate whereby irregular
surface Features (such as surface peaks, eic,)) relax, eve
ning out such irregularities, Where temperatures above
the glass (ransition temperature are desired, relatively
higher radiation power is preferred, For example, 1o
reech 8 surface temperature of about 105* C,, which is
the glass transition temperature of PMMA, radiation
power of gbout 100 1o about 120 watts Is preferred, One
skilled in the art may readily determine glass transtilon
temperature by reference to publicly available materials
characteristics tables and determine fhe temperature
obtainable at a'given wattage in a given reactor factor-

"ing in time, efficiency of the reaction chamber and the

surface area of the substrate, for exampie. The radiation
power used and the time the substrate is exposed to such
radiation should be such to avoid thermal circulation of
the substrate beneath the surface snd melting of the
substrate,

In view of this disclosure, one skilled iu the art may
readity determtine the reastants, time, pressure and tem-
perature conditions for & reaction using given materials
without undue experimeniation. For example, in one
embodiment of the present invention, methyl methacry-
late lignid Is introduced into a plasma reactor chamber
having a plasme-siched or treated body of PMMA
where, because of the low pressure within the chamber,
the methyl methacrylaie vaparizes. The methy] meth-
acrylate is exposed to about 50 to about 130 watts of
radio frequency radiation at about 27.5° C. at a reactant
or vapor pressure of about 0.4 10 abowt 0.5 Torr,

Novel products having s permanently modifted sur-
face resulting from the method of the present invention
include prostheses, such as an intraocular lens, for use in
mammals having & permanently modified, biocompati-
ble surface, which comprises & polymer Iens body and a
biocompatlble, polymeric material grafted thereto,
where the biocompatible, polymetic material comprises
substantially the same material a5 the material forming
the polymer Jens bedy, such as PMMA., :

In addlion, novel products produced using the
method of the present invention include prostheses for
use in mammals comprising a polymeric material sub-
strate having & permanently maodified surface where the
surface was modified by subjecting the substrate surface
1o radlo frequency ptasma sufficlent o raise the temper-
ature at the substrate surface to just mbove the glass
transitlon temperature.

The invention will now be illustraled in further detall
by reference to the following specific, non-limiting
examples,
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EXAMPLEI

An intraoculer fens manufaotured by CILCO from

PMMA was abraded using ! micron aluminum oxide
particles to produice grodves on the surfece of the lens 5
of i micron depth, Macroscopxca]]y, the lens had = hazy
appearance. The lens was clerned In a 1% sodium dode-
eyl sulfate (SDS) solution and then tharoughly rinsed in
deionized waler to remove any contamingnts that may
be present from the manufecturiig process or subse-
guent handiing, The lens was positioned fn a Branson
3000 Series radie frequency plesma reactor in & glass
treatment fixture, The préssure:inside the reactor was
reduced 10 less than about 0.1 Tofr for approximesely
10 ‘minutes, Argon gas (Ar) was then introduced at
approximately & psi and he pressure inside the regcter
was adjusted to 0.5 Torr for 10 minules to purge the

¢

§

" chamber with the argon gas. Rudlo frequency power

was then torned on to 120 watts while maintaining

. chamber pressure at 0.5 Torr, Treatment with the argon 20

gas plasma continued for dpproximately 60 minutes.
After this time, radio ffequency power was turped off
and the chamber was purged to normal atmospheric
pressure 10 open the chamber door. Magroscopically,

5,260,093

. meric materle} comprising the ssme materiel as the

10

polymeric substrate.

2. The method according to clalm 1, wheren the
gramng Is indueed in & radio frequancy piasmu resctor
genersting & freguency of abow! | MHz to about 40
MHz,

3. The method according to olaim 2, whereln the
frequency is about, 13,56 MHz,

4, The method accordlng to clsim 2, wherein gas is
present in the reactor, said ‘gas being selected from the
group consisting ol noble gases,

8, The method aceording to claim 4, wherein the gas
is argon,

6 The method according 1o claim 1, whersin the
biocompatible polymerio material comprises poly-
acrylic acid, silicone, polypropylene, polyester, polytet-
rafluoroethylene, polyethylene terephthaiate, polyure-
thang, polymethylmethacrylate or polymers of ethy)-
snediamine, diethylenetriamine, aliyiamine or hydroxy-
ethylmethacrylate,

7. A method of permanently modil‘ymg the surface of
a substrate polymeric material, comprising subjecting
the substrate surfece to radio frequency plasma suffi-
clent 10 raise {he temperature 4t the substrate surface to

the lens appeared clean and clear, Upon microscople 25 just above the glass transition temperature of the sub.

examination, some surface irtepularities or memory of
the initlal grooves was apparent,

EXAMPLEII

An intraocular lenis was treated hising the procedures 30
of Example 1. After toring off the radio frequency
power, the chamber was then pumped down to a pres-
sure of 0,1 Torr for approximately 5 minutes to evacu-
ate the chamber. Mathyimetbacrylate (MMA) mofio-
mer was then introduced into the reactor chamber at 35

~maximum flow rate (approzimately 0.8 Tort) and radio

frequency power was turned on te 70 watts for 30 min-
utes, After this time, MMA delivery was discontinued
and the radio frequency power was shut down. The
chamber was then purged (o normal atmospheric pres- 40
sure 10 open the chamber door. Macroscopically and
microscopleally, the lens was free of any surface irregu-
larities, surpassing the surface quality of the ariginal,
commerical lens,

The present inventlon may be embodied in other 4
speoifie’ forms without departing from the spirit or s
sentla] attrlbutes thersof-and, sccordingly, reference
should be made to the appended claims, rather than the
specification, as indicating the scope of the invention.

We claimy 50

1. A method of permanently modifying the surface of
& polymeric substrate material to produce 2 microscopi-
cally smooth, bigcompatible surface therecn, compris-
Ing covalently grafting a polymeric bictompatible ma-
terial 1o the syrface of the substrate material by radio 55
frequency plasma induction, the biccompatible poly~

Cr

65

strate material for & time sufficient to produce & micro-
scopleally smooth, blocompatible surface on the sub-
strate material.

B, The method accordmg to claim 7, wherein the
substrate material is selected Trom the group consisting
of polyacrylic acid, silicone, polypropylene, polyester,
polvietraflnoroethylene, polyethylens terephthalate,
polyurethane, polymethyimethacrylate and polymers of
ethylenediamine, disthyltriamine, allylamine or hydrox-
yethytmethacrylate.

9, The method according tc claim 7, whereln the
plasma Is generated in & radio frequency plasma reactor
generating 4 frequency of abowt 1 MHz to sbout 40
MHz,

10, The method according to claim 9, wherein gas is

present in the reactor, sald gas being selected from the

group consisting of noble gases,

11. The method according to claim f), wherein the-
redlo frequency piasme resctor rediates-at a power of
about 100 watts to about 200 watts,

12, The méthod according to clalm 7, further com-
prising covalemly grafting a polymeric biocompatible
malterial to the surface of the substrate material by radic
frequency plasma induction.

13. A methed of manufecturing & prosthesis compris-
ing providing a polymerle prosthesis core and cova-
tently grafting & polymeric biccompatible material to a
surface of the core by radlo frequency plasma induc-
tion, such that the prosthesis is provided with a micro-
scoptaal]y smaooth, blocomp&nble surface,
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I ABSTRACT

The present invention includes methods of permanently
modifying the surface of & substeate materis] so ny t0
develop 5 microscopically smooth, biocompatible sur-
face thereon. A portion of the substrate surface is fivat
removed, as by eiching, in & radia frequenc:y plasma
reactar using inert argon ges, A biocompatible poly-
meric material may be covalently grafted to the surface '
of the substrate materlal by radlo frequency plasma.
induced prafting. The biecompatitle polymeric mate-
rial iz preferably the seme as the substrate material but
may be different. Alternat|vely, afier stching, the sur-
face of & substrate materlgl may be subjected. to radio
frequency plasina sufficient to reise the temperature at
the subsirate surface to Just above the glass transition
temperatuce (Ty) of the substrate material for a time
sufficient to produce a microscopleally smooth, bi-

‘oeompstible surfrce on the substeate materiel, Further,

the present invention includes & prosthesis used in mem-

mals, including an intraccular lens, having a polymerie

material core and a biocompatible polymeric material-
covalently grafted to the polymer core by radlo fre-

quency plasma treatment,
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BIOCOMPATIBLE, SURFACE MODIFIED
MATERIALS AND METHOD OF MAKING THE
SAME

CROS8S-REFERENCE TO RELATED
APPLICATIONS

This s & continuaticn-in-part applization of our co.
pending U.S. patent application Ser, No. 07/820,169,
now 1.8, Pat. No, 5,260,093 filed Jan, 13, 1992, which
is a continuation-in part of application Ser., No,
07/342,270, filed Apr. 24, 1989 now US. Fat. No.
5,080,924,

FIELD OF THE INVENTION

‘The present Invention relates to methods of perma-
nently modifying the surfsce of matérlals by plaama-
induced and, where deslved, post-plasma reactions to
produce blocompatible, surféce modified materials, In
addition, the present Invention relates to biocompatible,
surface modified prostheses and, in particular, to & bi-

-ocompatible, surface modified intraocular iens used in

mammals, ,
BACKCOROUND OF THE INVENTION

Prosthetic devices or prostheses are commanly used
in megdical procedures to replace or angment defective
organs in mammpls and humans, Such prostheses are
numetrous and diverse in structure and applicetion, Ex-
amples of prostheses. include artificlal joints, valve re-
placéments, artificlal skin, vescnlar grafts, shunts, plates
and contact and intraceuflar lenses. Typical prosthetic
miterials include etals, cerantics, silicone rubbers,
polyesters, polyursthanes and/or polysulfones. Syn-
thetic polymers, such as polymethylmethacrylate
(PMIMA), silicone elastomers and polymers of hydroxy-
ethylmethacrylale (HHEMA), are preferred polymers for
prosthetic use in general and contact lenses and intraoo.
vlar lanses in particular,

PMMA has several beneficial charaoteristies for
prosthetie use,. including excellent light transmission
capability, good optical clarity, resistance to fluid diffu-
sion and in vivo deterioration, ease in processing (injec-
tion molding or machining, for example) and ease In
implintation, ' '

A problem with typice! priar prostheses, such as lens
prostheses; 13 that they are manufactured by machining
and also some by injection molding. In the former, the
machining process typleslly leaves circular lathe marks
or grooves visible at even relatiyely low magnifiestion,
These machining marks render the lens unusable until
the Jens surface is smoothed, typioally by & mechanlen

. polishing process, However, conventional polishing

processes generally take several deys 1o complate, have
faflure rates in excess of 30% and fail to produce a
microscopically smooth surface. The surfaces of injee-
tion molded lenses de not show machine lathe marks.
Howaever, thelr surfaces are slso not microscopically
smooth end reflect the sarface finish of the mold,
Also, typleal prosthetle devices comprise natural
and/or synthetic materials which are highly irregular
on the cellular level, These rough prostheses, especlally
those which are implanted, can cauge tissue irritation,
eell proliferation, edema and scarring, For example,
posterior lens capéule opacification i a prevalent prob-
lem smong those patients wha have recelved intraocu-
Jar lens implants comprising conventionally pollshed
PMMA and other similar materials, Fsendophakic pra-
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cipitates on the surfaces of an intraocular fens can be
indicative of microscopic surface irregularities,

It Is desirable 10 modify the surface properties of such
sbraslve materials wlthout changing the benefiolal char-
acteristios thereof by developing e microscopleally
smooth surface to discourage tissueadhesion and Inhibis
unwahted celiular growth, Prostheses which do not
promote tissue adhesion, which inhiblt celivlar growth,
and which ere not otherwise toxic to Hving systems may
be_considered “biocompatible.” The blocompatible
modified surface should be resistant to deterioration

-over time and should have no adverse effects on con-

tacting tlssues and cells,

‘Those skilled in the art have long recognized the nead
for blocompatible, surface modified materials for use in
prosthetic devices and other materials. For sxpmple,
U.S, Pat. Mo, 3,961,379 discloses o biolmplantable de-
vice inahufactured from a cross-linked, swollen, hydro-
philic polymer. These modified polymers must be solid
and must be sweliable by fluid swelling substances.
Onta swollen, the solld polvmer is polymerlzed with a
modifying substance by, for example, high energy parti-
cle radiation,

U.8, Pat. No. 4,189,364 discloses hydrophilic poly-
mers formed in sitv by Irradiating a mixture of hydroxy-
alkyl methacrylate and a-cross-linking agent. This pa-
terd discloses a process for forming hydrophilic poly-
mer articles or hydrophilic polymer coalings on other
substrates, such a5 glass or plastic, by polymaerizing 2
hydrophilic monomer system by high energy particu
late irradlation, such as acceletated elestrons of nuclear
particles including newirons, protons, alpha, beta and.
/or gamma particles,

Radiation-induced grafting of sorylic acid onto other
potymer films s discjosed by Gazard, M. et al,, *Litho-
graphic Technique Using Radiation-Induced Grafting
of Acrylic Acid Into Poly(Methyl Methacrylate)
Fllms,” Polymer Engineering and Setence, 20016 (1980).
Qazard et al, disclose thet, under ionizing radiation,
polymer properties, such as solubility, may be modifted.
Ionizing radiation of polymers Jeads to the formation of
free tadicels and other intermediates, which may be
used to initiate the grafting of' a monomer to produce a
grafted copolymer with properties different from thase
of the initial polyter. For example, e grafted copoly-
mer af irradiated PMMA and aoryle acid s insoluble in
solvents of PMMA,

118, Pat, No. 2,999,056 also discloses that an unsatu-
rated ofgenic acid may be attached to a shaped poly-
merle struciure by ionizing radiation.

Other methods of pltering the surface of polymeric
objects include exposing the surface of a polymeric

“article to low temperature plasma or an electrically

charged gaceous atmosphere, followed by contacling
the surface of the polymeric artiole with e surface modi-

* fying compound as described, for example, in U.S, Pat,

60

No, 4,344,981, This twosstep method Is generally called
plasma-induced coating. Plasmi induction has been
deseribed generslly in U.S. Pat. No. 4,328,257, Yasuda,
“Plasma for Modification of Polymers," J. Macromol
Sel, C. Chem, 10{3::383 (1978), Mittal, “Interfacial
Chemistry and Adhesion: Recent Developments and
Prospects,” Pure & Appl. Chem., 52: 1295 (1380) ,
Akovali, G, and Hasirci, N, “Polymerization of Hex-
amethyldisiloxane by Plasma on Activated Chercoal;
Investigation of Parameters,” J. Appl Polymer Scl,
29:2617 (1984) and Liy, W. T. et al., “Polymethy] Meth-
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acrvigte Resist Sensitivity Enhancement in X-Ray Ll-
{thography by In Situ Poiymerization,” Appl Phys Leti,
44:373 (10843, for example.

Tonized vapor or & plasma discharge is typlcally ore-
gted in n vacuwm chamber In whick the object to be

maodified is placsd, The plasma dlscharge conditions the

sirface of the object by oreating free radxcais and/or
fons, It is known, for example, that exposing the surface
of an abject to & plasma discharge, such as an oxygen
plasme, enhances the wettability or hydrophilicity of
such & surface, However, such treatment is only fempo-
rary, U.S, Pat. Nos, 3,925,178 3,944,70%; 4,072,769
4096,315; 4,122,942 4,023,308; 4,131,691; 4,137,365
4,214,014 and 4,478,873 disclose examples of polymers
whose surfage characieristics have been modified by =
plasma dlscharge.

. Plesma discharge treatment imay also be used to pre-
pare an object for the attachment or grafting of a com-
pound or materia) to the plasma discharge treated ob-

Jeet, For example, & plasma discharge siep miy be vsed
to condition the surface for grafting by creating free
rddlosls to which a compound or materdal may be
grafted. Such compounds or matsrials are generally
oalled surface modifiers, Knight, P.M. et al,, In *Surface
Modification of Intraocular Lenses to Reduce Corneal
Endothelial Damage, “4m, Inzrg-oculer Implants Soc.
Jo 51123 (1979) disciose one examople of B polymer ob-
Ject having a surface modifier attached thereto using
gamma irradiation and radio frequency (RF) gas plusima
treatment to genergie free radicals on the surface of a
PMMA intraocular lens followed by polymerizing hy-
drophilic monomers, in particular, HEMA. atd vinyl
pyrrofidone, as a coating on the surface of the Jens,
While the coated surfaces exhibited enhariced hydro-
phificity, the conted surfaces were not stable when ster-
llized by bolling. Swrface modification by pamma radia-
tion followed by polymerization on the surface, on the
other hand, remained intact through several hours of
boiling. However, such coated PMMA sutfaces were
damaging to rabbit endothelial cells and surfaces coated
with dissolvable coatings, such at polyvinyl acetate,
were preferred,

Another example of a surface treated polymer Is dis-
closed in U.8, Pat, No. 4,312,575, This patent discloses
a soft, highly oxygen permeable, hydrophobic poly-
meric lens which has a surface coating of an ultra-thin,
optically clear, permeable barrier. The coaling is the
teaction product resulting from a glow discharge poly-
merization process conducted In a hydrocarbon or halp-
genated hydrocarbon gaseous atmosphere. While the
plasme discharge process, Hself, results in a hydrophilic
surface, this patent discloses thal subsequen! exposure
to s giow discharge atmosphere of oxygen or amblem
oxygen yields a still more hydruphihc surface,

.S, Pat, No, 4,409,258 discloses s method for render-
ing comtact lenses hydrophilic by bombarding the lens
of PMMA or silicone, for example, with a positive jon
beam generated by a plasme discharge, such as an oxy-
gen plasma. The lens is thereafter hydrated, preferably
ot an elevated temperature,

Examples of surface treated polymerce lenses for use
ir humans are included in U.S. Pat, No, 3,880,818, This
patent dlscloses 2 soft eontaot lens thal is flexible and
physiologically compatible, The lens is made by manu-
faoturing & hard, inflexible prepolymer, suck gs & hard
acrylle ecld-type polymer, end rescting the inflexible
prepoiymer with an alechol to esterify pendant car-
boxy! groups with alkyl groups, hydroxy alkyl groups
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or aikoxyaikyl groups, containing no more than eleven
catbon atoms.

1.8, Pat. No. 4,143,949 discloses a discharge poly-
merization erd coating process for meking 2 hydro-
phillc contaet Jens from an oxygen permeable, hydro-
phobic poiymer. The hydrophobic lens I8 placed in &
glow dlscharge apparsius containing en atmosphere
comprising & polymerizable organic monomer, such as
hydroxysalkyl aeryiate or methacrylate, glyoldyl meth-
acrylate, propylene oxlde or Nevinyl-2-pyrrolidone
The glow discharge s used to poiymerize the monomasr
onto the surface of the contact lens. i

Other examples of surface trested polymeric objects
incinde U.S: Pat, Nos, 3,228,741; 3,959,105; 3,985,697
4,085,378; 4,277,595, 4,405,773 4,430,458; 4,463,148;
and 4,731,080, U.S, Pat, No. 4,731,080, for example,
discloses & coated intraocular lens having & hydropho-
ble cross-inked vmyl-cuntmnmg zilicone polymer
placed on the lens surface in solution,

It would be desirable to have a biocompatible, surface
modified materlal and a method for producing the same,
whereln the surface of the substrate mataria! Is cleaned,
and active speeles, such as ions and free radlcals, are
produced on the surface by a plasma treatment Lo en-
hance subsequent grafting of a polymeric biocompatible
material to the substrate surface to provide a substan-
tially permanent, smooth surface on & cellular level, A
method for grafting a polymeric biocompatible material
to the surface of & substrate is disclosed in our U.S.
Patet No, 5,080,924 and U.S. Pat. No. 5,260,093 the
disclosures of which are incorporated herein by refer-
ence, By pretreating the surface of the substrate mate-
rial, the smoothness of the subsirate and the grafted
surface may be improved.

BRIEF DESCRIPTION COF THE INVENTION

According to the present inventlon, a methed §s pro-
vided for permanently modifylng a surface of & poly-
meric substrate material so that the substrate material
develops r microseopically smooth, biocompatible sur-
face, The method comprises removing at least 8 portion
of the surface of the polymeric substrate material and
covalently grafting » blocompatible polymerlc material
ta the surface of the substrate material by radio fre-
guency plasma treatment. The blocompatible polymeric
material comprises substantially the same material as the
polymerle substrate,

Another aspect of the present invention is another
method for permanently modifying a surface of & sub-
sirate polymeric material. The method comprises the
steps of removing at least & portion of the surface of the
polymeric substrate material by subjecting the substrate
surface 1o inert gas radic frequency plasma sufficient to
raise the temperature at the substrate sutface to just
above the glass transition temperature of the substrate
material for & time sufficient $0 produee surface relax-
ation and a resulting mlcroscopically smooth, blocom-
patible surface on the substrate material,

Yet anather aspect of the present invention is & pros-
theses used in mammeals which has & permanently modi-
fied microscopleally smooth, biocompatible surface,
The prostheses comprises & polymeric material core
having an etched surface rnd & biocompatible material
grafted to the surface of 2 polymer core by radlo fre-
guency plasma treatment, The blocompatible potymeric
materlal comprises subsiantielly the same materisl o5 the
core.
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Another aspect of the present inveniion is en intrace-
ular lens having 8 permanently modified, smooth, bl-
ocompatible surface, The lens comprises 3 polymeric
materis] lens body having an etched surface and a bl
ocompatible polymerie material. The biocompatible
polymerlc material Is grafied to the surface of the lens
body and compsises substantlelly the same material as
the bedy. _ '

A further sspect of the present invention is a method
of'manufacturing a prostheses to provide the prostheses
with & micrescoplically smooth, biocompatible surface
without the use of mechanical polishing, The method
comprises the steps of etching a surface of & polymeric
prostheses core and covalently grafting & polymeric
biocoimpatible material to the surface of the core by

radio frequency plasma treatment,

BRIEF DESCRIPTION OF THE DRAWING

The foregoing summary, as well as the following
detailed desoription of the preferred embodiments, will
be better understood when read in conjunetion with the

" appended drawing. For the purpose of illustrating the

invention, there is shown in the drawing one embodi-
ment, it being understood, however, that the inventlon
is not limited o the specific method and instrumentality
disclosed. In the drewing:

FIG. 1is a graph of surface temperature of PMMA
substrates 3 a fonctlon of time at varlous radio fre-
guengy pawer lavels which shows the thermal anneal-
ing effect of argon plasma where the temperature of the
substrate surface increases with plasma power and can
be made to exceed the glass fransition temperature,
pecording to one embodiment of the present invention.

. DETAILED DESCRIPTION OF PREFERRED

EMBODIMENTS

Although the methods of modifying the surface of 2
polymeric substrate material according te the present
invention spply generaily to many different materials,
the methods are described and examples are given
below Tor polymerle intraocular lenses as prostheses
which mey be used in mammals, It will be understood
by one ol ordinary skill in the art that the methods of the
present invention may be used to prepare permanently
modified surfaces of other substrate materials, such as
those prosthestic materials identlfied above, Moreaver,
it will be apparent to an ordinary skilled artisan that the
methods of the present invention readily lend them-
sebves to the preparation of materials having modified
or enhanced surface charaoteristics hnving other uses.

Examples of potymeric substrate materials which are
useful in the present Invention include polymers, such as
silicone elastomers, polyprapylene, polyesters, such as
palyethylene tersphthalate, polytetrafluorosthylens,
polyurethane, cthylenediamine, PMMA, ethylenedi-
amine, polyacrylic acld, and polymers of HEMA, ethyi-
enedismine, diethylenetriamine, sliylamine hexamethyl-
disifoxane, silazune and N-vinyl pyrrolidone,

Generally, the substrate melerisl used in accordence
with the present invention is chosen dependent upon its
intended use: For example, PMMA, HEMA and sili-
cone are useful for making prosthetic devices intended
for implantation or other applications in memmals.
However, in view of the present specification, one of
ordinary sklil in the art will appreclate that any biocom-
pailble organlc polymer may be used as a substrale
material, as well as certain ceramics, Where an optleally
clear polymer for use in prosthetic devices for mammsls
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Is desired as the substrate materlal, {t is presently pre.
ferred that the polymer comprise PMMA or a silicone
elastomer,

Hecording to the method of the present inveniion, at
least & portion of the'surface of the poiymeric substrate
materlal is removed to clean the substrate and produce
active species on the polymer surface, such as fons and
free radicals, which can be used for inducing a grafted
reaction, Preferably, the removal of the portion of the
surface materiat is accomplished by inert gas étohing,
The eiching may be induced in a radlo frequency (RF)
plesma reaotor, such as are well known to those af
ordinary skifl in the art, The Branson Mode] 3003-1813
is one example of a suiteble radio frequency gas plasma
reactor which may be used to etch the surface of the
polymeric substrate material, One skilled in the art will
apprecinte, however, that other plasma resctors and
Bpparatus mey be used in accordance with the present
invention,

Generally, the rate of materia] removal is influanced
by the frequency or power of the gas plasmas, the treat-
ment time, the gas used In the plasmn reactor; the gas
pressure/concentration and the type of bond present on
the treated substrate matsrial surface, dépending on the
particular substrate material. For the. Branson Model
3003-1813 radio frequency plasme reacior, frequency is
kept at 13.56 MHz, which is suitabls for etching,

Preferably, the etching process includes injecting 2
noble or smbient gas into the reactor to create ions
which bombard the subsirate creatlng active sites on the
substrate surface, Nitrogen and ammonia gases are lso
believed to be useful in the redio frequency gas plasma
reaction when nitrogenous compounds are desired,
Preferably, the noble gas Is argon, which creates active
sites on the substrate surface but does not produce new
chemical groups when applied to the substrate surface
in a RF gas plasma reactof, Where no biocompatible
material is to be grafted to the substrate surface (dis-
cussed below) or where the presence of new chemical
groups on the substrate snrface is not deslred, it is pres.
ently preferred to use & noble gas,-such as argon, as the
RF gas in the plasma reactor, Oxygen, on the other
hand, for example, lends to produce peroxides in such
plasma-lnduced grafting reactions end 1s, therafors,
generally Jess stable chemically, One of ordingry skill in
the art will be readily able to determine in view of this
disclosure svitable gases which may be used in the
plesma reaction in accordeance with the present inven-
tion.

The substrate surface to be etched is first cleaned
with a mild soep solution, i.e., a 1% sodium decyl sul-
phate solution, and rinsed in deionized water 10 remove
any contaminants that may be present from the manu-
facturing processes and subsequent handling. The lens is
positioned in the radio frequency plasma reactor on a
glass or other suitable fixture, The pressure in the reac-
tor is reduced to less than about 0.05 to about 0.1 torr
for about 5 Lo pbout 10 minutes, Argon gas is introduced
into the chamber at a pressure of about 8 to ebowt 10 psi
and the pressure within the reaction chamber is adjusted
to abowt 0.3 to about 0.5 torr for about 5 1o sboul 10
minutes fo purge the chamber with the argon gas. Redio
frequency power was applled at about 50 to about 200
watts for about 30 to sbout 60 minutes while maintain-
ing the pressure level at about 0.3 10 about .5 torr. The
RF power supply is discontinved and the chamber is
maintained at & pressure of about 0.3 to about Q.5 torr
for about § to about i0 minutes. One of ordinary skill in
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the art would understand that the pressure levels,
power levels and times may vary based upon such vark
ables as the substrate material, different reectors, and
the choice of smbient gas,

Ii one embodimernt of the present method, after gich- §
ing of {he substrate surface, thie substrate surface may be
gubjectad to radio fraguency plasma sufficlent to ralse
the temperature at the subsirste surface to just above
the glass transition temperature of the substrate material
for & time sufficlent to produce a microscopically 10
sa;looth, biocompatible surface on the substrate mate-
ral.
While not wishing o be bound by any particular
theory, the inventors believe that plasma treatment to
induce an increase in lemperature cavses o thermal an- 15
nealing at the surface of the substrate whareby irregular
surface feptures (such as surface peaks, ete.) relax, eve-
ning out such irregularities.

FIG. 15 a graph of substrate surface temperature of
PMMA subsirates as s function of thme at severa] power 20
levels ranging from 30 to 150 watts. As shown in FIG,

1, the temperature of the substrate surface increases

duting plasma tredtinent. For example, at 150 watts of

powet, the témperature of the substrate climbs about
60" C. after 10 minutes of plasma treatment. 25
‘Where temperatures sbove the glass transition tem-
perature are detlred, relatively higher radlatlon power
is preferred. For example, to reach & surface temperas
ture of about 105° C., which is the glass transition tem-
perature of PMMA, radiation power of about 120 to
about 150 watts is preferred. One skilled in the art may

Ty
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.readily determine glass transition temperature by refer-

ence to publicly available materinl characteristio tables
and experimentally determine the temperature obtain-
able at a given watiage in a given reactor, Olher tem- 25
peratures can then be celonlared by factoring in time,
efficiency of the reaction chamber, the surface area of
the stbstrate and reactor power, for exampie. The radi
giion power used and the time the substrate is exposed

to such radistion should be such {o avold subsurfnce 40
thermal circulation and melting of the substrate.

_In an alternative embodiment, the method includes a
step of covalently grafting » poiymerie blocompatible
material 10 the surface of the substrate material by radio
frequency plasma treatment, Preferably, the biccompat- 45
ible polymeric material is introduced in the manomer
form and is selected from ethylenediamine, hexamethyl-
disiloxane, acrylic acid, diethylenetziamine, allylamine,
hydroxyethylmethacrylate, methylmothacrylate end
combinations thereol, for example. 50

The resulting blocompatible polymerle material is
preferably grafted to the substrate material In a rels-
tively uniform thickness and texture along the surface of
the substrate material, In addition, especially where it Is
desired to use the substrate material as a prosthetic lens,
It is preferrad that the blocompatible polymeric material
is present on the surface of the substrate materlal in a
relatively uniform, small thickness to prevent inferfer-
ence with the optical clarlty of the lens, More prefera-
bly, the blocompatible polymeric material is present in 60
few molecular layers. [n one embodiment of the present
invention, for example, & surface modifled substzate
comprises & blocompatible polymerle material grafled
ta the surface of & substrate mategial with a biocompati-
ble potymeric material thickness of about 100 A, 85

QGrafting of the blocompatible polymeric material
eccarding to the present invention is conducted using
radio frequency plasma-induced grafting, Other meth-

Lh
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ods of grafting, such as electran beam or wltrs-violet
(UV) radistion, are not sultable where it is desired to
modify only the surface of the substreie materis), For
example, where 8 prosthetic lens, such as a contact lens
or Intraccular Jens, §s desired to be modified, modifica-
tion should be confined to the surface of the lens to
avold affecting the opticel propertles of the lens. Radlo
frequency plasme-lnduced grafting according to the
present invention avolds struciura! modification below
the outer-most surface Jayer, and generally results in
more desirable optics] propertles.

Such gas plasma-induced grafting may be condueted
in & radlo frequency gas plasma reactor such as that
discussed above capable of generating a frequency of |
about I MHz 10 about 40 MHz. The fraquency gener-
ated by a typical commercial gas plasms reactor {s 13,56
MHz, although one skilied in the ard will recognize that
higher and lower frequencies may be used to graft the
blacompatible polymeric matedal to the surface of the
substrate material bn & radlo frequendy ges plasme reac-
tor, depénding on the substrate material and biocompat-
ible polymeric material sed, the relalive ease or diffi-
culty in preparing the surface of the substrate material
for grafting, the relative ease or difficulty of vaporizing

‘or polymerizing the blocompatible material, among

other factors,
The length of time the biocompatible maierlal in an

“induced plasme state should be allowed to react with

the substrate material depends upon several factors,
including the plasma or radiation power, the radio fre-
guency, the flow concentration or pressurs, the temper-
ature and the deslred thickness of the grafted material,
Preferably, the radiation power is about 10 watts to
about 200 watts, depending upon the biocompatible
material. For example, where the biocompatible mates
rial comprizes silazene, hexamethyldisllonane, MMA,
NVP or AA, it is presently preferred that the radiation
power is about 50 watts, Where 1he biocompatibie tayer
materia] comprises HEMA {disoussed below), it is pres-
ently preferred thel the radiation power is about 10 -
watts to about 200 watts.

In any event, except where desired, the reactor
power used and the duration during which such power
is used should be low and/or short enough so as to not
induce thermal circulstlon and melt the substrate sur-
face, For example, where the substrate material com-
prises PMMA, the reaction conditions (i.e., power and
duration) should not increase the temperature of the
substrate material above about 40°-60° C., One skilled in
the art may readily determine, in view of the plasma
reaction variables described above, the desired plasma
radiatlon power to be used in accordance with the pres-
ent invention,

The temperature In the plasma reaction should not be
allowed. to approach thoie temperatures which may-
strocturally damage the substrate material or the bi-
ccompatible material, High radiatlon power and any
polymerization resctioh (i.e., polymerization which
may occur when the grafting reaction nocurs; e.g.s pol- -
ymerization to polymethylmethacrylale) tend to in-
crease the temperature of the plasme reaction zone. Itie
desirable, therefore, to maintain the temperature in the
plasma reaction below the temperature at which the
gubstrate material snd/or the graft material will be dam-
aged, typleally below about 60°-80° C,

The flow concentration or, vapor pressure of the
plasma resctants in the repctor chamber should be low -
enough so that the particular monomer of the bicoom-
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patible material vdporizes when introduced into the
reactor. Preferably, the vapor pressuse {s about C.1 terr
to about 0.6 torr, More preferably, the vapor pressure is
about 0.4 torr,

The plasma reaction s preferably condicted for a
period of Hlme of about 1 minute to abouti 60 minutes.

Mare preferably, the plasma reaction Js allowed to

oconr for 8 period of time of about 15 minutes to about
30 minutes. The flow of biocompatible materia) into the
teaotor chamber may be continued for a period of time
after the RF power supply o the reagtor is terminated,
The continued supply of biocompatible material is be-
Heved to quench Jong-lived radicals that could be pres-
erit on some substrates,

In view of this discloaure, one skilled In the ast may
readily determine the reectants, {ime, pressure and tem-
perature conditions for a reaction uslng given materials
without undue experimentation, For exemple, In one
embodiment of the present invention, methyl methacry-
late liquid is introduced into a plasma reagtor chamber
having & plasme-etched or trested body of FMMA
where, because of the Jow pressure within the chember,
the methyl methacrylate vaporizes, The methy! meth-

- perylste is exposed to about 50 to about 150 watts of

radio frequency radiation at about 20°~30° C. where its
vapor pressire is about 0.4 to about 0.5 torr.

Where it is desired to heve no change in the substrate
surface chemistry, the biccompatible polymeric mate-
rial is substantially the same as the materla! forming the
substrate, Once the substrate materia! surface jias been
modified by covalently grafting the biocompatible ma-
terial to the surface of the substrate material, the modie
fied surface should have propertles which are relatively
nontoxic and nopfrritating to living tlssues. In addition,
the modified surface should not adversely affect the
desired properties of the remalnder of the substrate
matariel, sach as structural integrity and optical clazity,

" among others. In addhion, the modified surface should

be microscopleally smooth, As used herein, the term
“microscopically smooth® shall mean that the surface of
the modified substrate should be featureless upon exami-
nation ‘sl an enlargement of about 3,000 to about
10,000, e.g. by SEM microscopy. In addition, where
desired, end depending on the propertles of the biocom-
patible polymeric muterle), the modified surface should
show absenca of crystallinity, crosslinked and ther-
mally stable, The water contsct angle showld remain
substantially unchanged afier grafting of the bioconpat
ible material to the substrate surface.

Where the substrate material Is intended for use in oz
as a prosthetic device, such as an Intraocular lens, the
surface modification of the present invention should not
rdversely affect the sransparency or ogular acuity of the
substrate material. Further, the blocompatible material
to be prafied to the substrate surface preferably com.
prises & materlnl that is relatively easy to polymerize in
8 gas plasma environment, Such materials include ungat-
urated compounds or those compounds containing nl-
trogen, sllicone or halogen. Materlals that are relatively
difficult to polymerize in 2 gas plesma environment
Include polymers, cyelic compounds, compaunds with
& high molegular weight, natural polymers such as pro-
telns, and thase compounds with extremely high vapar
pressures,

Novel products having a permanently modified sur-
face resulting from the method of the present invention
include prostheses, such as an intrpocular lens, for use in
mammals having & permanently modified, blocompati-
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" ble surface, which comprises a polymer lens body and a

blocompatible, polymerls material grafted thersto,
where.the biocompatible, polymeric maierdal comprises
substantially the same material as the matarial forming
the polymer lens body, such azs PMMA,

In addition, novel products produced using the
method of the préesent invention Inciude prosthasas for
nse in mammals comprising & polymeric material sub-
sirate havlng & permanently modified surface where the
surface was modified by subjecting the substrate surface
to radio freguency plasma snfficient to raise the temper-
ature pt the substrate susface to' just above the glass
transition temperature, '

The inventlon will now be Hustrated in further detail
by reference to the foliowing specific, non-Jimiting
exgmples,

EXAMPLE I

An intraocular lens manufactured by Aleon/CILCO
fram PMMA was abraded using 1 micron aluminum
oxlde particles to produce grooves on the surface of the
lens of | micron depth, Macroscopically, the lens had a

_hazy appesrance. The lens was clezned In 2 1% sodium -

dodecyl sulfate (8DS) solution and then thoroughly
tinse n delonized water 10 remove any contaminants
that may be present from the manufaciuring process or
subsequent handling, The lens was positioned in & Bran-

- son 3000 Setles radio frequency plasma reacior in a

60
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glass treatment fxfure. The pressure inside the reactor
was reduged to less than abowt 0.1 torr for approxis
maiely 10 minutes, Argon gds (Ar) was then introduced
at approximately 8 psl and the pressure inside the reac-
tor was adjusted to 0.5 torr for 10 minutes o purge the
chamber with the ‘argon gas, Radio freguency power
was then turried on to 120 watts while maintaining
chamber pressure at 0,5 torr, Treatment with the argon
gas plasma continued for spproximately 60 minutes,
After this time, radio frequency power was turmned off
and the chember was purged to normel atmospheric
pressure Yo apen the chamber door. Macroscopically,
the lens eppeared clean mnd clear. Upon microscopic
expmination, some sucface irregularities or memory of
the initis] grooves was apparent,

EXAMPLE II

. Anintraocular lens was treated using the procedures
of Example I, After turning off the radio frequency
power, 1he chamber was then pumped down te a pres-
sure of 0.1 torr for approximately 5 minufes to ¢vacuate
the chamber, Methylmethacrylate (MMA) monomer
was then introduced into the reactor chamber at maxi-
mum flow rete (epproximately 0.8 toir) and radlo fre-
guency power was turned on to 70 watts for 30 minutes.
After this time, MMA delivery was discontinued and
the radio frequency power was shut down, The cham-
ber wes then purged 10 normal atmospheric pressure to
open the chamber door. Macroscopleslly and micro-
scapically, the lens wes free of any surface irregular-
ities, surpassing the surface quality of the origina), com-
mercial lens, '

EXAMPLE I1I

A PMMA square ssmpie manufactured by ICI
Amerloas, Inc. of Wilmington, Del. had a contact angle
of 78*, Afier abrading the sample using aluminum oxide
particles having an average diameter of | micron 1o
form 1 micron deep grooves an the sample surface, the
contadt mngle was reduced to 77°. The samipie was
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clearied with & 195 sodium decyl sulphate solution and
rinsed with deionized water. The serface of the sample
was etchad nsirig a Branson 3003-1812 RF plasme reac-
tor by raducing the pressure in the reactor to less than
gbout 0.1 torr for about 10 minutes and then purging the
reactor chamber with argon gas ai a pressure of 8 psi
and redusing the pressure to sbout G.5 torr for about 10
minutes. RF power was applied at about 100 watts for
about 30 minuces while the ergon pressure level was
maintained at about 0.5 torr. The power supply was
discontinued &nd the chamber evacuated to about 0.1
torr for about 5 minuies.

Mathylmethacrylate (MMA) mondmer was Intro:
duced into the reaotor to maintain the chamber pressure
at pbout 0.8 torr and the RF power was tumed on fo 50
watts. After 60 minutes, the MMA delivery and RF
power supply were discontinued, The chamber was
purged to normg] atmospheric pressure, The contact
angle ¢f the sample after plasma trestment was 79°,
witich is equal to the contact angle méasured prior to
{reatment, Therefore, the chiemica) nature of tha snrfece
of the ssmple was unchanged by grafiing the MMA
mionomer thereto, For purposes of comparison, an un-
treated Coopervision ™M PMMA intracoular lens has a
meesured contact angle of 74°,

TABLE I
. Cantaot
‘Treatmenl ) Anple
1CI-PMMA semple without plasma Lrealment ks
Adfter abrasion 77"
Afier plasma treatment it
Codpervision-PMMA Tems without plasma teegtment "W

The present invention mey be embodied in other
specific forms without departing from the spirit or es-
sertlal attributes therzof and, accordingly, reference
should be made to the appended claims, rather than the
specification, as indlcating the scope of the invention,

We clainu

1. A method of permanently motlifying u surface of a
polymeric substrate material to produce s microscopl
cally smooth, biccompatible surface thereon, compris-
ing the gteps oft

removing ot least & portion of the surface of the poly-

meric substrate material; and

covalently grafting = polymeric biocompatible mate-

rial to the polymerlo surface of the substrate mate-
rial by zadio freguenoy plasma treatment, the bi-
ocompatible polymerlc materlul comprising sub-
stentially the same material as the polymeric sub-
strate,

2. The method according 1o claim 1, wherein the
polymeric subsirate material Is selected from the group
consisting of polyacrylic acld, silicone elastamer, poly-
propylene, polyaster, polyethylene terephthelate, poly-
tetraflucroethylene, polynrethane and polymethyl-
methacrylate,

3, The method according to claim 1, wherein the
portion of the surface of the polymeric substrate mate-
rie] s removed by atching,

4, The method according 1o olaim 3, wherein the
eiching is induced in a radio frequency plasma reactor,

0

—
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8, The method according to claim 3, wherein the
etching is induced in a radio frequency plasma reactor
et # frequenoy of sbout 13.36 MHz,

6. The méthod eecording to cleim 4, wherein the
étching includes injecting & noble gas into the reactar.

7. The method acoording to claim & wherein the
noble gas {3 argon.

8. Thé method according o claim 1, wherein the
grafting is induced in a radio frequency plasma reastor
generating & frequency of about I MHz to sbout 40
MHz,

9. The method sccording to cliaim 1, wherein the
biocompatible polymerlc material grafted to the sub-
strate is selected from the group consisting of polymers
of ethyienediamine, hexameth yldisiloxane, acrylic acid,
diethylenetriamine, sllylamine, hydroxyethyimethacry-
late and methylmethacrylate.

10. A method of permanently modifving & surface of

" a polymcric substrate material, comprising the steps of;

20
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removing at least a portion of the surface of the poly-

meric substrate material; and

subjecting the substrate surfece to radlo frequenocy

plasms sufficient to ralse the temperature at the
substrate surface to just above the glass transitlon
temperature of the subsirate material surface fora
time sufficient to produce & mioroscopicelly
stooth, biocompatible surface on the substrate
material.

11, The method according to claim 18, wherein the .
polymeric substrate material is selected from the group
consisting of polyacrylic acid, silicone elastomery poly-
propylene, polyester, polyethylene terephthalate, poly-
tetrafluoroethylene, potyurethane and polymethyl-
methacrylate, ‘

12, The'method according to claim 10, wherein the
portion of the surface of the polymeric substrate mate-
rin] is removed by etching. ’

13, The method aceording to claim 12, whereln the
etohing is induced in & radio frequency plasma reactor
at & frequency of about 13.56 MHz.

14, The method according to clabm 13, wherein the
stching includes injecting & noble gas into the reactor,

16, The method according 1o claim 14, wheregin the
noble gas Is argon.

16. The method according to cleim 15, whersin the
radio frequency plasma reactor operates at a power of -
about 100 watts to about 200 watts.

17. The method zecording to claim 10, further com-
prising covalently grafting & polymeric blocompatible
material 10 the surfaoe of the polymeric substrate mate-
rial by radio frequency plesma treatment.

18, The method according to cleim 17, wherein the
grafiing s induced in & radio frequency plasma reactor
generating & frequengy of mbout 1 MHz to about 40
MHz.

19, A method of manufacturing a prosthesis compris-
ing the steps oft : :

etching 2 surfaoe of a polymeric presthesls core; and

covalently grafting a polymeric biocompatible mate-

tin] to a surface of the core by radlo frequency
plasma treatment, whersby the prosthesis is pro-
vided with a microscopically smooth, Yocompati-

ble surface, '
[ B » *
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[57) _ABSTRACT

A method of permanently modifying the surface of a sub-
stsate material 5o as to develop a microscopically smooth,
blacompatible surfaca thereon comprises covalently grafting
& biocompatibie polymeorle material to the surface of the
subsirate msleris] by redio frequency plasma-induced graft-
ing. The hiccompatlble polymeric materul is preferably the
same 65 the substrate meterial, In addition, & method of
permanently modifylng the surface of & substrate material
comprises subjecting the substeate surface to radio fre-
quenoy plasma sufficient to rajse the ternperatuce ) the
substrate matesial to just above the glass transition tempera-
wre (T,) of the substrate materiel for a time suffcient to
produce & microscopicelly smooth, bliocompatible surface
on the substrate materinl, Purther, & prosthesis used In
marmmals, including n Intraocular lens, comprises a poly-
meric matetial core and n blocompatible potymeric material
covalently grafied to the polymer core by radio frequency

- plaama induction,

6 Clalmis, No Drawings
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BIOCOMPATIBLE, SURFACE MODIFIED
MATERIALS

CROSS REFERENCE TO RELATED
AFPPLICATIONS

This application is a dlvision of U.S, patent application
Ser. No. 07/820,169, filed Jan, 13, 1982, now .8, Pat, No,
5,260,093, which was & continuation-in-part of U.S, patent
application Ser. No. 07/342,270, filed Apr. 24, 1983, now
jssucd as U.§, Pat. No. 5,080,924,

FIELD OF THE INVENTION

The present {nvention relates to metliods of permanenty
modifying the surface of materials by plasme-Induced end,
where desired, post-plasine rorctions to produce biocompat-
ible, susface modified materlals, In sddition, the present
invention relates io biocompatible, surface modfled pros-
theses and, in particular, to & biocompatible, sutface modi.
fied Intraocular lens used in mammals.

BACKGROUND OF THE INVENTION

Prosthetic devices or prostheses are commonly need in
medical procedurss replacing or augmenting defective
organs in mammals and humans, in particulas, and are
numerous and diverse in structure and  application,
Bxamples of prostheses include artificial joints, valve
replacements, gkin grafis, vascular grafta, shunts, plates and
comtget and intraocular lenses, Typically, prosthetic devices
comprise natural and/or synthetic matetials which are abra-
sive on the cellular level, Varlous prostheses in current use
or in experimental use comprise metals, ceramics, ailicons
rubbers, polycstets, polyurethanes and/or polysulfones. Syn-
" thetle polymers, such as polymethylmethacrylate (FMMA)
and hydroxyethylmethaorylate (HEMA), for example, ars
preferred polyimers for prosthetic use in general and contnct
lenses and intraconlar lenses in particalsr.

PMMA, for example, has several beneficial characteria-
tics for such prosthetic use, jnciuding excellent light trans-
mission, good optical clarity, reslstance to finid diffusion and
in vivo deterioration, ease in processing (injection molding
or machining, for example) and easc in implantation, such as
an intraecular lens, an artificial joint and othet implantable
prostheses.

Typlonl lens prostheses, for example, are manufsotured by
machining, which leaves circnlar lathe marks o1 grooves
visible at even relatively low magnification, These machin-
ing remnanty render the lens unusabls untll the surfece is
smoothed, typically by a mechanical polishing process.
. However, the conventional polishing process gencrally takes
several deys to complete, has a fadlure mate in excess of 30%
and fails to produce & microscopically smooth surface.

Abrasive prostheses, eapecially those which mre
implanted, can cause tissue irritation, edema and scarring,
For example, posterior lene capsule opacification is a preva-
lent problem among those pelients who have recelvod
intraccular lens implants compzrzing conventionally pol-
Ished PMMA and other similar materials.

It is desirable to modlfy the surface properties of such
abrasive materials without changing the beneficlal charac-
teristics thereof by developlng a smaoth surfaco thereby
dizgouraging tissue adhesion and inhiblling cellular growth,
Prostheses which do not promoote tissue adhesion and do not
juhiblt cellular growth and which are not othorwlse loxic to
living systemg may be consldered “blocompatible,” Surface
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modification to develop a biocompetible surface should be
resistant to deteroration over time and should have no
adverse offects on tissues and cells with which the surface
modified material comes in contast,

Those skilled In the art have long recognized the need for
blocompatible, surface modified matesials for use in pros-
thetic devices and other materiale, For example, 178, Pat.
No, 3,961,379 discloses & bioimplantable device manufae-
tured from a cross-tinked, swollen, hydrophillc polymer,
These modified polymers muslt be solid and must be
swellable by finid swelling substances. Onoe swollen, the
8olid polymer is polymarized with & modifying substance by,
for example, high snergy particle radlation,

U5, Pat. No. 4,189,364 discioses hydrophillc polymers
formed in sitw by ireadiating » mixtwe of hydroxyalky!
methacrylate and & cross-linking ogend, This patent disclozes
a process for forrning hydrophllic polymer articles or hydro-
philic polymer coatings on other substeates, such as glags or
plastis, by polymerizing a hydrophilic monetmer system by
high enorgy partlculate ircadintion, such as acceleraied ¢leo-
trons or nuglear particles including neotrons, protons, alphe,
beta end/or gamma particles,

Radiation-induced grafling of acrylle acid- omo other
polymer fitms is disclosed by Gezard, M, et al., “Litho-
graphic Technlque Using Radintion-Induced Grafting of
Aerylic Acid Into Poly(Methyl Methacrylate) Pilms,” Poly-
mer Engineering and Science, 20;16 (1980). Gazacd et al.
disclose that, under lonizing radiation, polymers undergo
chianges in thelr propertles, especially in thelr solubility,
Ionizing radiation of polymers ieads to the formation of free
radicals and other intermediates, which may be used to
inftiate the grafting of & monomer to produce a pgrafted
copolymer with properties different fromn those of the initial
polymet. For example, irradiated PMMA, onte which
serytio acid is grafted produces s graft copalymer which is
Ingoluble in the solvents of PMMA.,

U.S. Pat. No. 2,999,056 also diseloses that an unsaturated
organic actd may be attached 10 a shaped polymere stmucture
by icnizing radiation.

Other methods of altering the surface of polymeric objects
include exposing the surface of & polymerle ariicle to low
temperature ptasme or an electrically charged gascous atme-
sphere, followed by contacting the surface of the polymerio
article with a surface modifying compound as described, for
exampte, in U.S. Pat. No. 4,344,981, This two-step method
is gonerelly calied plasma-induced cealing. Plasma induc-
tlon hias been descrlbed generally in U.S. Pat. No. 4,328,257,
Yesuda, “Plasma for Modification of Polymers,” . Macro.
mol, Sci, €, Chem,, 10(3):383 (1978), Miutal, “Interfacial
Chemistry and Adheston: Recent Developments and Pros-
pects,” Pure & Appl. Chem, 52:1295 (1980), Akoveli, G, and
Haslrel, M., "Polymerization of Hexamethyldlsiloxane by
Plasma on Actlvated Charcoal: Investigalion of Parameters,”’
J. Appl. Polymer Sci., 2002617 (1984) and Liu, W. T, et al,,
“Polymethyl Methacrylate Resist Sensltivity Enhencement
in X-Ray Lithography by In Situ Polymedzetion” Appl
Phys, Leit,, 44:973 (1984), for example.

* Tondzed vapor or plasma discherge is typically created in
a vacuum chamber fu which the ebject to be modified is
placed. The plasmea discharge conditions the surface by
creating free radicals andfor jons. It is known, for example,
that exposing the surface of an object to plasma discharge,
such a5 an oxygen plasma, enhances the wettability or
hydrophilicity -of such a surface, However, such treatment is
orly temporary, U.S, Pat. Nos. 3,925,178; 3,944,709, 4,072,
769 4,096,315; 4,122,942; 4,123,308; 4,131,691, 4,137,
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365; 4,214,014 and 4,478,873 disclose examples of poly-
mers whose surface chiaraeteristies Rave been modifled by &
plasme discharge.

Plasma discharge treatment may also be used 10 prepare
an object for the attachment or grafting of & compound or
malerial to the plasma discharge treated objoct, For example,
a plasma discharge step may be used to condition the surface
for prafting by creating frée radicals iv which 2 compound
or material may be grafted, Sush compounds or materlals are
penerally celled surface modifiers, Xnight, B M. ef al,, in
“Surfape Modification of Intraccular Lenses to Reduce
Comezl Endothelinl Damage,” Am, Intra-ocular lmplants
Spe, J, 5:123 {1979) discloze onc exemple of a polymer
object having a sutface modifier attached thereto using
gamma irradiation and radio frequency (RP) gas plasma
{reatment to generate froe radicals on the surface of a PMMA
intraocular lens followed by polymerizing hydrophilic
monomers, in-parilcular, HEMA and vinyl pymolidone, as a
coating on the surfaee of the lens, While the coated surfaces

. exhibited enhanced hydrophilicity, the coated surfaces were
not stable when bolled to sterilize them: Surface-modifica-
tton by gamma radiation followed by polymerizalion on the
surface, on the other hand, remained intact throngh severel
hours of boiling. However, such coaled PMMA surfaces
were dameging to rabbil endothellnl celis and surfaces
coated with dissolvable coatings, such as polyvinyl acetate,
were preferred, .

Another example of a surface treated polymer is disclosed
in U.S. Pat. No, 4,312,575, Thls patent discloses a soft,
highly oxygen permesble, hydrophoblc polymeric lens
which has on its surface an ultra-thin, optically clear, per-
meable barrier coating which 15 the reaction product result-
ing from a glow discharge polymerization process con-
ducted in & hydrocarbon or helogenated hydrocerbon
gascous atmosphere, While the plasma discharge process,
jtself, results in a hydrophillc surface, subsequent exposure
to a plow discharge atmosphere of oxygen or ambient
oxygen yields a silll more hydrophilie surface,

1.8, Pat. Mo. 4,409,258 disclpses a method for rondering
contact lenses hydrophilic by bombarding the lens, which
may be PMMA or silicone, with & positive ion beam
generated by a plasme discharge, such a3 an oxygen plasma,
The lens is thersafter hydrated, preferably at an elevated
temperature. ‘

Exemples of surface treated polymerdc 1énses for use in
humans are included i U.S, Pat, No. 3,380,818, This patent
discloses & goft contact lens thet 18 fiexible and physiologi-
cally compatible, which is made by manufacturing & herd,
inflexlble prepolymer, such as a herd gerylic acid-type
polymes, and teacting the infexible prepolymer with an
alcohol to esterify pendant carboxyl groups with alkyl
groups, hydroxy alkyl graups or atkoxyalkyl groups, con-
talning no more than eleven carbon gtoms,

U.8. Pat, No. 4,143,949 discloses 2 discharge polymer-
ization and coating process for making a hydrophilic contact
lens from an oxygen permesble, hydrophoble polymer. The
hydrophobic lens is placed in & glow dischargs apparatus
comaining an atmosphers comprising a polymerizable
organic monomer, such as hydroxyalkyl acrylate or meth-
sorylate, glycidyl methacrylate, propylene oxide or N-vinyl-
2-pyrrolldone, where the glow discherge 1p nsed to poly-
merize the moenomer onte the surface of the contact lens,

Other examples of surface trzated polymeric objects
fnclude U.S, Pat Nos. 3,228,741; 3,925,178; 3,959,105
3,985,697; 4,035378; 4,271,395 4,405,773, 4,430,458,
4,463,148, and 4,731,080, U.S. Pat. No, 4,731,080, for
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example, discloses & cosled Intraoculer lens having a hydro-
phobic cross-Jinked vinyl-contdning silicone palymer
placed on the lens surface {n solution.

It would be desirable {o have a biocompatible, surface

‘modified materlal and & method for preducing the same,

where the surface modification is substantially permanent,
results in & smooth surface on the cellular level and where
the surface modified material may bs used, inter alia, as a
prosthetic device in marnrnals, One such method is disclosed
in U.8, Pat. No. 5,080,214, filed Apr, 24, 1989, the disclo-
sare of which is Incorporated herefn by refersnce.

BRIEF SUMMARY OF THE INVENTION

According to the present invention, & method of perma.
nently modifying the sutface of a polymeric substraie mate-
rial so that the substrate material develops a microscopically
smooth, blocompatible surface comprises covalently grafi-
ing a biocompatible polymeric matetial to the surfacs of the
substrate material by radio frequency plasma-induced graft-
ing where the biocompatible polymerde material comprises
substantially the same materizl as the material forming the
substrale,

Ir: addition, the present invention is diracted to & method
of permanently modifying the surface of & substrale material
50 that the substrate material develops a microscopleally
smooth, biccompatible surface comprising subjecting the
substrate surfacs to radio frequency plasma sutficient to steh
the substrate surface and raiss the lemperature &l the surface
to & temperature just above the glass transition temperature
(T,) of the substrate material,

Further, the present invention is dirscted to a prosthesis
used in maramals comprising a polymer subsitate or core
end a biocompatible polymetic materinl grafted to the poly-
mer core by plasma induotion, the biocompatible pelymer
materisl comprising substantially the same material a8 the
material forming the substirate.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Although the methods of preparation of the invention
apply generally o the prepacation of permanent surface
modificaticn of many differsnt materials, the methods are
described and exemplified below with specific exampies
using pelymeric Iniraocular lenses as prostheses which may
be used in mammals, It will be understoed by one skilled in
the axt thar the meathods of the present inventlon may be used
to prepare permanently modified surfaces of other substrate
mater{als, such as those prosthestic materials ldentified
above, Morgover, it will be apparent lo one skilled in the &l
that the methods of the present invention readily lend
themselves to the prepatation of malerials having modified
or enhanced surface cheracieristics having other uses.

According 1o one embodiment of the present invention, &
biocompatible polymeric material is covalently grafied to
the surface of 2 substratc materal by radio frequency plasma
induction, Bxamples of substrate materials to which 2 bio-
compatible material may bg grafied include polymers, such
ag silicone, polypropylene, polyester, polytetrafiuoroethyl-
ene, polyethylene {ercphthalate, polyurcthane, PMMA,
polyacrylic acid, or polymers of HEMA, ethylencdiamine,
diethylenctriamine, altylaming, hexomethyl-disiloxane, sila-
zanc and N-vinyl pymalidone,

Generally, the substrate materlal used in accordance with
the present invention is chosen dependent upen its intended
use, Por example, PMMA and HEMA ace two materials of
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choies for use in prosthetic devices intended for impianta-
Bon or ofhier applicsiion in mammals. However, in view of
the present specification, one skilied in the art will appre-
clate thal 2ny organic polymer may be used as a substraic
materigl, a5 well as certain ceramics and metals, Where an
optically clear polymer for use in prosthetic devices for
mammals is the subsirate material, it is presently preferred
that the polymer comprizes PMMA,

The surface of the sibsicate material iz modified by
grafiing a blocompatible polymerie material o the surface
theteof, In some cases where it is desired to have only one
matetial present, the first biocompatible polymeric material
is substantially the sams as the material forming the- sub-
strate. Once the substrate meterial surface bas been modifled
by covalemily grafiing the biocompatible material fo the
surface of the substrate material, the modified surface should
have properties which are refatively nontoxic and nonird-
tating to living tissues, In additon, the modified surface

" sheuld not adversely affect the destred propefiies of the

remainder of the substrate material, such as structural integ-
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rty and optical clarity, among others. In nddition, the -

modified surface should be microscopically smooth, As used
herein, the term “miccoscopically smooth™ shall mean that
the surface of the modified substrate shouid be featureless
upon examination at en enlargament of about 3,000 to abotxt
10,000%. Int addition, where desired and depending on the
propeities of the first biocompatible polymeric material, the
modified surface should be absent erystaliinity, cross-linked
and thermally stable.

Where the substrate material is intended for use in or as
a prosthetic device, snch as an intraocular lans, the surface
modification of the present invention should not adversely
affect the Iransparency or ocular actity of the substrate

.material, Further, the first biocompatible material 10 be

peafted to the subsirate sutface preferably comprises a
material that is relatively eagy fo polytnerize in a gas plasma
environment. Such matedals inclode ungnturated com-
pounds or those compounds conteining nitrogen, siticons or
halogen, Materials that are relatively difficult to polymerize
in a gas piasma environment include saturated compounds,
cyclic sompounds, compounds with a high molecular
weight, such as proteins, and thoss compounds containing
oxygen.

Examples of presently preferred hiocompatible polymeric
material include polyacrylic acid, silicone, polypropylene,
polyesier, polytetrafinoroethylene, polyethylene terephthin-

“late, polyurethane, polymethylmethacrylate or polymers of

etirylensdiamine,  diethylenetdamine,
hydroxyethylmethacrylate.

The blocompatibile polymeric materiel should be grafied
to the substrate material {n a relatively uniform thickness
and texture along the surface of the substrate material. In
addition, especially where it ls desired to use the substrate
material as a prosthetic lens, it is preferred that the blocom-
patible polymere materlal 15 present on the surface of the
substrate material in a relatively small thickness to prevent
interference with the optioal clarlty of the lens. More pref-
erably, the biocompatible polymeric matedal is present in a
monomolecular lgyer. In one smhodiment of the present
Inventlon, for example, a surface modificd aubstrate com-
prises a biogompatible polymede maierial grafted to the
surfage of & substrate material with a biocompatible poly-
meric material thickness of about 100 A,

Orafting of thie biocompatible polymeric material sceord-
ing to the present inventicn iz conducted using radlo fre-

allylamine or
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quency plasma-induced grafting, Other methods of grafting,

]

such as electronie or uifre-vicket (UY) radiation are not
suifable whers it s desired (as §i {s hiere) to modify only the
surface ol the subsirate mefedal, For example, where a
prosthetic lens, such as 8 contact lens or intraoculer lens, is
deslred to be modified, modification should be confined to
the surface of the lens to avoid affecling the optical prop-
ertles of the lens. Radlo frequency plasma-induced grafting
according to the present invention avoids atructural modi-
ficatfon below the outer-most surface layer, and generally
results in more dssirable optical propertics,

Such ges plasma-Induced grafting mey be conducled in &
radio frequency gas plasms reactor cepable of generating a
fraquency of sbout 1 MHz to about 40 MHz, The frequency
generated by a typical commercial gas plasma reactor is
about 13,56 MHz, elthough one skilled in the art will
recognize thal higher and lower frequencies may be used to
graft the biocompatible polymeric matetial to the surface of
the substrate materle] in a radio- frequency gas plasma
teactor, depending on the subsirate malerial and biocompat-
ible polymeric material used, the relative ease or diffipiity in
prepéring the surface of the substrate material for grafting,
the relative esse or difficulty of vaporizing or polymedeing
the biocompatitle material, ameng other factars.

The first step of radio frequency plasma treatment accord-
ing 1o this invention is the temoval or etching of material
from ihe surface of the subsirate material beirg bombarded
by the plasma, This process cloans the substrate and pro-
duces active species on fhe suzface so troated, such as ions
and frec radicals, which can be used for inducing & praft
reaction, .

Generally, the rate of material romoval may be controlled
relgtive to the rate of deposition of a graft polymer by the
frequency of the gas plasma, the power of the ges plasma,
the treatment time, the gas used in the plasme, the gas
pressurefconeentration, ard the type of bond desired on the
wrerted substrate material surface, dspending on the partiou-
lar substrate material,

Plasma-induced grafiing of the biocormpatible polymeric
materiaj to the substrate material may be conducted in radio
frequency plasma reactors known in the art, The Branson
model 3003-1813 is one example of a suliable radio fre-
quengy gas plasma reactor which may be used to create a
suitable gas plasma simosphere in which a first blocompat-
ible materdal having the propesties described above may be
vaporized and polymerized for grafting. One skilled in the
art will appreciate, however, that other plasma reactors and
apparates may be used in mecordance with the present
inventlon, -

Prefersbly, the amblent gas used in the radio frequency
gas plasma-nduced grafing is selected from the group
consisting of nlirogen, ammonia and argon and other noble
gases, More priferably, the gas used in the radio frequency
gae plasma reaction 1§ argon, Argon is an inert gas which
crentes actlve sites but does not produce new bonding when
applied to a substrate sucfece in a RF gas plasma reactor,
Oxygen, on the other hand, for cxample, tends to produce
peroxides in guch plasma-induced grafting reactions and is,
therefore, generally less desirad, Where no biocompatibie
meterial 8 to be grafled to the substrate surface (discussed
below) or where the presence of reactive gas molecules on
the substrate surface is not desired, it is presently preferred
to use noble gas as ambient gas In the radlo frequency pas
plasma reactor, sich as argon, One skilled in the art will be
readily able to determine in view of this disclosure which
sulleble gases may be used In the plasma reaction In accos-
dance with the present invention,
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Surface modification by plasma-induced grafiing in
accordance with one embodiment of the present invention
essentially comprises (wo steps: (I) plasma weatment or
preparation of the subsirate surfece; and (2) introduction of
the monomer of the biocompatible polymeric materlal into
the plasma where the monotner becomes grafted to lhe
substrate surface. As discussed above, the plasma treatment
of the substrate surfgce breaks surface boads, generating
ions and free radicals at the surface of the substrate matordal,

thus "activating” the sarface. Inirodugtion of the monomer

into the radio frequency induced plasma causss the mono-
mer to react with the substrate surface, polymerze and
become grafted to the substrate surface,

&

The jenglh of time the biocompatible material in an A

induced plasma state should be allowed to roagt with the
subsirate material depends upon several factors, including
the plasma or radintion power, the radio frequency, tho flow
conceniration or pressure, the tempesature and the desired
thicknass of the prafied materal, Preferably, the radiation
power {s gbout 10 watts 1o about 200 watts, dependlng upon
the blocompatible materisl, For example, where the blocom-
patible materinl comprises sflazane, hexamethyldisiloxane,

‘PMMA, NVP or FAA, it is presenfly preferred that the

radiation power s about 50 watts, Where the blocompatible
layer material comprises HEMA (discassed below), it is
presently preferred that the radiatfon power is ahout 10 walts
to about 100 watts, In any event, except where desired, the
tesotor power nsed and the duration such power is used
showld be low end/or short enough so s to not induce
thermal citculation and melt the subsieate material, For
exantple, where the substrate majerial comprisas PMMA,
the reaction conditions (i,e., power and duration) should not
Incrense the temperature of the substrate material above
pbout 40°-45° C, One skilled in the att may readily deter-
ming, In vlew of the plasma rcaction variabies described
above, the desired plasma radintion power to be used in
accordance-with the present fnvention.

The plesma reaction is preferably conducted for 8 period
of time of sbout 1 minute to sbout 60 minutes, More
preferahly, the plasma reaction i3 allowed o oceur for a
period of ime of sbout 15 minates to about 30 minutes, The
flow concentration or vapor pressure of the plasma reactanis
in the reactor chamber should be low snough so that the
partienlar monomer of the biocompatible material vaporizes
when introduced Into the remctor Preferably, the vapor
pressure is about 0.1 torr to about 0.6 torr. More prefersbly,
the vapor pressure is ghout 0.4 torr,

The temperature in the plasma reaction should not be

allowed to approach those temperarmies which may damage
the subatrate material or the Mocompatible materlal, High
radiation power and any polymerization reaction (l.e., poly-
merization which may occur when theé grafilng reaction
occurs; 6.2 "polymerization to polymethylmethacrylate)
tend to ircrease the temperature of the plasma reaction. It is
degirable, therefore, to malntain the temperature in the
plasme reaction below.the tempezamire at which the aub-
strate material andfor the grafl material will be damaged,

typieally below about 40°-50° C,

In another embodiment of the present invention whers no
blocompatible material is grafied to the substrate, & mierg-
seopicelly smooth surface is obtained by plasma treatment
of the substrate surface sufficient to etch the substrate
surface and raise the temperature et the subatrate surface to
8 femperature just above the glass transitlon temperature
(T,) of the substrate material. Whils not wishing to be bound
by any particular theory, the inventors believe that, plasma
treatment 10 induce an Increase in temperatire causes a
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thermal anneeling al the surface of the substrate Whereby
Irspguler surface features (such as surface peaks, efe.) ralax,
evening oul such imeguiarities, Where temperatures above
the: glass translticn temperature are desired, relalively higher
sadintlon power is preferred. For example, Lo reach a surface
temperature of about 105° C., which is the glass transition
temperaure of PMMA, radlation power of about 100 to
about 120 waits Is preferred, One skilled in the art may
rendily determine gless tranzllion temperature by reference
to publicly available materisls characteristics tables and
determine the temperature obtaingble st a glven waltage in
o given reactor factoring In time, eficlency of the rzaction
cherober aud the surface area of the substrate, for example.
The tndiatlon power uvsed and the time the subsirate 18
exposed to such radintion should be such to avold thermal
circulation of the substrate beneath the surfoce and melting
of the substrate, .

In viow of this disclosure, one skilled in the art may
roadily determine the reactants, time, pressure and tempera-
ture conditions for & reaction using glven materials without
undue experimentation. For example, In one embodiment of
the present invention, methyl methacrylaie Houid is intro-
dueed into a plasma reactor chamber having a plasma-siched
or treated body of PMMA where, because of the low
presaure within the chamber, the mothyl methacrylate vapor-
izes. Tho methyl methecrylate ¢ exposed 1o sbout 50 to
ghout 150 watts of radio frequency radiation at about 27.5°
C. at a renotant or vapor pressure of about 0.4 to about 0.5
To,

Novet products having a permanently modified surface
resulting from the method of the present inventlon include
prostheses, such as an intraocular lens, for use in mammals
having a permanently modified, blocompatible surfzee,
which compzises a polymer lens body and a biocompatible,
polymerle materlt] grafled thereto, where the biocompat-
inle, polymeric materla! comprises substantially the same
material as the material forming the polymer lens body, such
as PMMA,

In additicn, novel products produced using the method of
the present invontion include prostheses for use in mammals
comprising a polymetie material substrate having a perma-
nentty modified surface where the surface was modified by
subjecting the substrate surface to radle frequeney plasma
sufficient 10 raige the temparature at the substrate surface to
just above the glass transition temperature.

‘The invention wilt now be Rlustrated in further detall by
reference te the following specific, non-lmiting examples,

EXAMPLE [

Anintraecular lens manufactared by CILCQ from PMMA
was goraded using 1 micron auminum oxide particles to
produce grooves on the surface of the lens of | micron depth,
Mactascopically, the lens had 2 hazy appearance. The lens
was oleaned In 8 1% sedium dodecyl sulfate (SDS) solution
and then thoroughly rnsed in delonized water to remove any
contaminants that may be present from the manufacturing
process or subsequent handling, The lens was positioned in
& Branson 3000 Series radio frequency plasma regelor In
glass treatment fixture, The pressure inside the reactor was
reduced 1o less than about 0.1 Torr for approximately 10
mdmutes, Argon gas {Ar) was then intreduced at approxi-
mately 8 psl and the pressure inside the reactor was adjusted
to 0.5 Torr for 10 minuies to purge the chamber wilh the
argon gas, Radio frequency power was then turned on to 120
walts while maintaining chamber pressure at 0.3 Terr, Treat-



e e

5,578,079

9

ment with the argon gas plasine continued for approximately
60 minudes. Aftor this time, radic frequency power was
jurned off and the chamber was purged # nommal atmo-
splieric pressure to open the chamber door. Macroscopicelly,
the lens appeared clean and clear, {Jpon microscopic exami.
nation, gome susface iregularities or memory of the'inl(ial
Erooves was apparent,

EXAMPLE N

An intragoular lens was treated using the procedures of
Bxzample 1. After turning off the tadio frequency power, the
chamber was ther pumped down to a pressurs of 0,1 Torr for
approximhately 5 minutes to evacuate the chember, Methyl-
methacrylate {MMA) mondmer was then intreduced into the
reactor chamber at maximam fiow rate (approximately 0,8
Tore) and radlo frequency power was turied on to 70 watls
for 30 minutes. After this tme, MMA delivéry wis discon.
tinoed and the radio frequency powsr was shut down. The
chamber was then purged to fictmal almospherio pressure o
open the chember door. Macroscopioally and microscopi-

cally, the lens wai free of any surface ircegulatities, sur-

passing the surface quality of the originel, commerical lens.

The present invention may be embodied n other spacifie
forma withont departing from the spirit or easential attribiles
thereof and, accordingly, reference should be made to the

appended clalms, rather than the speclfication, as indicating

the scope of the invention.

We clalm;

1, A prosthesis for uge in mgmmals comprising a poly-
metic substrate meferial having a permianently modified
roicroscopically smooth, biocompatible surface thercon,
produced by covalently gralting a palymerde biccompatible

material to the surface of the substrate materlal by radlo”

frequency plasma induction, the biocompatible polyimerc
miterlal comprising substantially the same materisl 88 the
polymeric substeaté and being physically grafted by covelent
bonds to the substrate maleral, and the modifed micro-
scopleally smooth, biocompatible surface belng substan-
tally free of surface frregularitios af 8 magnification of at
least 3,000%, :

F)

5

10

2. The prosthesis according fo clalm 1, whereln the
blocompetible polymeric materal is selected from the group
consislirg of pelyacrylic acld, silicane, polypropylens, poly-
ester, potyletrafiuoroethiyicne, polysthylenc terephthalate,
polyurethine, polymethylmethacrylate and polymers of eth-
ylenedlamine, disthylenstriamine, aliylaming or hydroxy-
sthylmathaorylate, .

3. A prosthesis used in mdmmals heving & permanently
modiﬁ.cq, microscopicalfy smooth, biccompatible surfaoe
comprising:

{8) a polymerlc material core; and

{0) & blocompatible polymerie material covalently grafted
to the sutface of the polymeric materis! cors by radio
frequency plasma induction, the biocompatible paly-
merie material coraprising substantlally the same mate-
ral 88 the core.

4, 'The prosthesls sgcording 1o ¢laim 3, whereln the

potymeric material is selected from thé group consisting of
polyaerylic acld, sllicone, polypropylene, polyestar, polytet-

tafluoroethylene, polyethylene teraphthalate, polynrethane, -

polymethylmethecrylate, and polymers of ethylenediamine,
diethylonetrdamine, allylamine or hydroxyethyimethacry-
late,

5. An intrmocular Jens having & permanentty modlficd,.
emooth, biocompatible surface, comprising 8 polymeric
materdal lens body, and a biocompatible polymeric material,
said blocompatible polymeric matedal being covalently
grafted to the surface of the lens body by radio frequency
plasma induction and comprising substantinlly the same
materiel a3 the body,

6, The intraccular lens according to claim 5, wherein: the
hiocompatible polymeric material is selected from the grovp
consisting of polyacrylic acld, silicone, polyprapyiene, poly-
estor, polytetrafioroethylens, polyethylene tersphihinlate,
polyurethane, polymethylmethacrylate and polymers of eth-
yienediaming, disthylencidamine, allylamine or hydroxy-
sthylmethacrylate.

L



