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ABSTRACT

. An antithrombogenic materiai having 1‘1;8 sur-faée mod‘if'ied
by ion implantation is disclosed. This ant'ithr‘dmbogen"ic
material may, fdrjexamp1e; be a silicone material Which”haé its
_suH’ace' modifigd by 1"ntroduc‘ing functional groups on .'i';:s"_ surface
by 1ion irﬁplantz—iﬁion.- ‘ The niater'iaf exhibits irﬁpr_‘oved ~
compatibﬂ_ity' to bToc’:d‘ _d.l'l-e to introduction of the functional
groups by ion immantation and the doping effec'tlof the ,"irnpla_'n‘t.ed

ealiements.
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Antithrombogenic Material
BACKGROUND OF THE INVENTION

This invention reJaﬁes to an éntithrombogenié material
employed 1in artificial 'biocompétib1e' materiaj, sdch as~ an
artificial blood vessel, or 1in medical-equipmeﬁt broﬁghtinto
contact with blood. ’

Recently, with the progress in medical techno'l-ogy, evq‘lution
6f aftifi¢1a1 or prosthetic~organs‘having'the functioh éihi]ér
to that'of a 1ivihg body 1S Drégressing; ?or examp]e,:a medical
Qe‘quipmen’c‘through which-the blood fro,m the 'l1'V'ing body is. caused
to flow transient]y;"SUCh'aé an artificia] dia]ysié sysfem,-or
.artificfal ofgéns, such as artificia1 b1ood'veése1 dr’artif1¢1a1'
heart, are beTng put to.pfactica1 usage. .
Among'the érdpert{es'required of ﬁhese media],equipﬁent and
 artificia1‘ organs are biocompatibility and,‘ above ‘ alil,
antithrombbgénic, ' es'pec‘iaﬂy at t.he .p‘ort'fions thereof di_rept]y
con'tac‘ied _\h‘th fhe bic}od. Shoﬁt:ﬂdh the Tartif'i-ciaf materié1 ‘é.xhjib'it
,iow antithfombogenic | -in these poftjons, p1ate1ets'tend to be
accumulated to coagulate the blood to form biood,c1bts, that is'
thrombus, whi;:h inhibits 'bT.oc')_.d stream or which 1s mov-ed with thé
' bjood strearri to cause cerebral thrombosis, myocardial ,infa'rct'io'n
or pu1m‘onéry' ."infarfct.ion. " Thius the formation  01’ blood clots
fepresents a serious probﬂem to thé\human‘body.

Qndér these ,éircumstanCes, varioﬁs antithrbmbogenic
materié1‘have'been evbivéd, such as po?yurefhaﬁémsi1icbne block

polymers, heparinated high mo‘lepu‘-l-ar' materials, hydroxy ethyl
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methaeryTate—styreeexblock polymer, urokinase immobilized high
pofymer.maﬁerial or plasma treated high molecular material, for
use in various fields of appIicatfons;

However, the first to fourth of these antﬁthromeogenid
material are prepared by chemical synthesis through various 'st‘eps
such as material refining or separation- for synthes‘is wilth
resulting incoeVeniences in produetﬁvity, equipmeht investments
and costs. - . '

The fifth mater1a1 whi ch may be produced by physwca’l

| processes has a drawback that 1.1: presents a non- homoge;neous |
treatment surface. | ‘ ‘

In short, the conventional antithrombogen'ic' materials
1ea'v.e much to be des:ired -in that the manufacture process 1S
coelpﬁeated or . the 'prod‘uct ef a uniform quality eranaOt be
produced without‘coﬁsiderab}e difficu]tiesl -
OBJECTAND.SUMMARY~OFTHE INVENTION ‘ |

Iﬁ 1s .therefore an object of the present 1invention to
provide.aa antirhrombogenic ~material which may be produCed by
a  'sime1e | tecenique' ~ and which  exhibits superier
\antithrombogeaic. ‘

- The an‘t"i'jthreme.e-gen'ic . material of the presentﬂ 1nvent1 on
1s charactem zZed 1n that - 1ts surface has been mod'af'aed by 1on
1mp1antat1on and in that it cons1sts ef a silicone material which
has its surface modified by 1ntroduc1ng funct1ena1 groups on 1ts

surface by ion implantation. With the. antithrombogenic
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material of the present 1invention, compatibility to blood may be
markedly improved by the 1introduction of the functional groups by
jon implantation and by the doping effect of the implanted elements.
SUMMARY OF THE INVENTION

The present 1invention seeks to overcome the disadvantages of
the prior art associated with Antithrombogenicity Material.

According to one aspect of the 1nvention, a biocompatible
antithrombogenic device 1s provided. The device comprises a
silicone material having an external surface; and ions selected from
the group consisting of H*, He*, Ne*, Na+, 0¥, K+, Art+ and mixtures
thereof 1implanted on the surface of the silicone material 1in
sufficient quantity to substantially suppress platelet accumulation
when exposed to blood.

According to another aspect of the 1i1nvention a biocompatib1e
antithrombogenic device comprises: a silicone material having an
external surface; and functional groups selected from the group
consisting of Si10H, SiH, CHz, CO, NH2, CO; H and mixtures thereof
generated by jon impantation on the external surface of the silicone
material 1in sufficient quantity to substantially suppress platelet
accumulation when exposed to blood.

The “Summary of the Invention” does not necessarily disclose
all the 1inventive features. The 1invention may reside 1in a sub-

combination of the disclosed features.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the FT-IR-ART spectrum on the silicone surface
layer implanted with 1ions.

Figs. 2A and 2B are charts showing the degree of platelet
accumulation on the main organs of rats supplied with ion-implanted
samples and on the samples 1in terms of the count ratio as measured
with a scintillation counter.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors have conducted eager searches for
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accomplishing the above object and reached the conclusion that 1ion
implantation 1s highly effective in improving antithrombogenicity.

The antithrombogenic material of the present invention has
been fulfilled on the basis of the above finding and s
characterized in that the material has 1its surface modified by ijon
implantation.

Although there 1s no Timitation to the artificial materials
employed 1n the present 1invention, high molecular material, above
all a silicone material 1s most preferred, and an antithrombogenic
material having superior compatibility with blood may be produced by

modifying the silicone material through

3A
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ion imp1antatibn.

_A'lthough fhe- ion species sué‘h as 02"",' H'*'* and °N2+ _. are
preferred for ihp]antation, such'ions as Het, c*, N7, o™, Ne+,
nat, Art or k' may also be emp]oYea; - . -

Although the amdunt of ions impianted and the energy for
acceleration may be _opt'ima'!'ly rS-e1'ec‘ted in dependence upon the
- usage or the species of the ions; they are usué]]& selected to
be in the range of about 1x10'% to 3x1017'cmf2 and in.the range
) of.tens to hundreds of\keVs,_respectfve1y. .

The: 'possib‘le reason for the improved antithr’ombogenicify '
due to *i'é'n implantation 1is the introduqt’ioﬁ of a various
funcﬁ'iona1 grbups in'toi.\ the artificial material, _'sdch as the
silicone materﬁél‘, by the irradiation of the 1ion beams.  The
foﬂowi‘ng’ Tab]é -1 -shows the species of functional groups
_generated~in the silicone as'a result of ﬁhe ionimp]antation.
Although OH .g'j.roups are .producéd by 1’mp1’.a‘ntat"io\'n° of ariy* ion
.speCies,-it ié not ciéar-if this is directly related with the
‘ahtithrombdgen%c._ '

‘ATthough t he 'dopi'ng ef_feét of t-he implanted é’lements 'may be
taken 1into 'consideration,-,it may be presumed that fthe'
introduction of the ;;-:Uperficia'l "fur'\ct‘iwoh-a] groups and the doping

are operating synergistically.
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Table 1

l ion species ;‘ introduced functional groups l
- - . _ e
H SiOH, L
] He | SiOH, siH . J
ct J SiOH, SiH, >C=0
NT | Si0H, SiH, | amine ,-'I
ot | SiOH, SiH, >C=0
Ne*t SiOH, siH, | J
Na*t SOH, SiH, CH, | carboxylate
N, SiOH, SiH, CH, | amine
057" SiOH, SiH, CH, | >C=0 o
K* SiOH, ~  CH, | 1560cm™'
Art 'Si0H, SiH, CH, '
- i . ]

The present "ih\'/.'e'ht_ion will be'e-xmained on. the_. ..b:as'isf ‘o.f
conoréte experiménta1_resu1ts. ~ : \ .
In the present éxperimeht'.H%vi02+ and N2  Wéfé amp]anted'
in a s111cone 1ntended for med1oa1 use. to test the.oompat1b111ty

thereof with the b]ood

Sample

A si1icohe'éheet formédical uée; pfoduced by'the Toshiba -
Silicone Co. Ltd., was'"us'e'd as the.-'matefi:al.l to be modiﬁedby ion
implantation. ' '

This silicone sheet has been prepared by thermally
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vulcanization cure of a po1ymer having a siloxane 11nkage S1eO
in its main chain and side methy'l chains CH,, as shown in the

following struciufa1'formu1a, {n~£he_presence of a Pt cataTyet:

‘Ion Implantation

\ Using a'.zoo KV ion impl-entation um’-t_, prepared by- R'ikjaga,ku
Kenkyusho, H™, '02"' and _N-2+‘ ions were“imp]anted‘ et an acceileration
energy of 150 :kev. .The ien beam current of not mere than 1
.uA/em was used to suppress.a temperature rise in the samp?e.

~ The amount of 1ons 1mp1anted was 2x1017 cm® and that of 0, + or N + 1on

implanted was 1x10% cm™

Chemical Properties of ion Implantation Samples

The \s‘amp'le-s- irf'ad-i'ated w1th the 'ion. beam .under"goe_s‘ a variety
ef ‘ph.y_sicaT' end Ch‘emica‘l 'chenge'.s‘. | By Q’ay of 'physieaﬁ and
chemical e-vah;:ati on, measurfemenfl;s were made of nthe .Tamounts‘ of
decomposition of the si'l.oxan‘e' h"nkages and methyf gr'ou‘ps- as well
as the superf1c1a1 functlona'f ~groupe by the Fourier Traneform
Inf rared Spectrometry Attenuated Total Reflection (FT- IR-—ATR)
'method '
Fi1g. 1 shows a spectrum by FT IR—ATR of a samp1e 1ntowh1ch,

ions have not been 1mp1anted and a sample. 1nto wh1ch i0Ns have

been-1mp1anted for the wavelength range~0f 1300 to 4000,cm =
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As manbeseeh'frcm Fig. 1, various functional'groupS'may
be observed to have been produced on‘the surface layers of the
samp1es in which;icnshave been implanted. Above ai],OngcUp
was y'i_e'lded as _a.. result of 'H"' i.m-p'l-antaticn, OH and SfIH '\g‘rcups
ahd amine Were1produced as a result of N2+.imp1antaticc'andOH,
CH,, SiH and carbcny1 groups were produced as'a resu1t of 02+

imp1antaticn. 'Most outstand1ng were the.y1e1d1ng of the- am1ne
-and carbcnyi groups by N2 ' 1mp1antat1on ~02 1mp1antatncn,
respectively; .
EQa1uatioc b Antithfohbc-enicit of the Jon-Implanted Sam-Tes'

A rat was used as a \Taborato'fy‘ anima'I After p'late1ets
“marked _with a radioactive ,isctope (In~111 tropo]one) were'
1’ntravenous1'y adm‘inisteredtc the .~ra-t under anesthet’ization the
1on—1mp1anted samcle was 1ntroduced into the sucer1or vena cava
v1a'cohmon.carot1d and reta1ned there for-two_days,

The rat‘ was. then k.ﬂ'led:by 1033 of -blcod_ on heparin
administration_and'the.icn-impiantedisamp1e;asGWe1T as the main
organs, were extra’cted.. " Using a sc.‘intiﬂatfcn ccun'fer?‘ the
rad‘? cactivity, i.e. fhe counc'rati'c with respect to blood :per-
unit weight, was measured of these sampies.andthe main’organs'
and the state of accumu]atzon (formation ‘ of blood clots) was
observed. Mark'tng of the r'at S p]ate'lets by In- ”1 tr0p01one

was performed in accordance W1th the Dewangee et al’s methcd

(M.K. Dewanjee, s A. Rao, J.A. Rosemark S. chowdhury, P. D1d1he1m,
Rad1o1ogy, 145-149, 1982). |

Figs. _2A' and 2B show the 'ccu‘nt -ratic of the In-111-

trocolone~p1ate)et samples and the'ofgans n rats.nbtaSUpb1ied
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with artificial blood vessel samples in the blood, rats supplied
with artificial blood samples nbt implanted with ions, and rats
supplied with artificja? blood vessel samples implanted with
1ons, with respect to the samples and the organs.

With the rats supplied with artificial blood vesse? samples
not implanted with ions, platelet accumulation in the superior
vena cava, hearts, samples, kidneys and livers was increased
acutely as compared to that with the rats not supplied with the
artificial blood vessel samples.

Conversely, with rats supplied with blood vesse] sémp]es N
which HT jons were imp1ahted, platelet accumu]ation on the sample
surface was decreased. markedly. The‘. same decreasing tendency was
also noticed at the superior vena cava, hearts, Kidneys and
livers. . .

With rats supp]ied.with artificia] blood vesse] samples 1in
which N2+ 1ons were imp]anted, platelet aCCumu1ation was
decreased at the superior Venalcava, samp1eé, hearts, kidneys
and livers, whereas, with fats supplied with artifi01a1 b1ood
vessel samples 1in whi'ch 02+ ions were _imD]anted, b]ate1ét
accumulation was'deCreased mark'ed1y m samp1e‘s and sup'eri'or vena
cava and decreased in the héarts; kidneys and livers.

It may be seen from above that, with-artificia] blood vessel
samples implanted with‘various 10N species, p1ate1et accumulation
18 markedly decreased on thé 'samp1e surface with HY don

implantation while it is markedly decreased not only on the
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sample but also in-the sup-e'r'ior vena‘oava with 02"" implantation.
when platelet accumu1ationts deoreased on'the SampTe surface,
1t . tends to-be decreased in heaots,‘kidneys or-1iQers as we11,
whereas, when platelet aooumulation is deCreased on the sample
.\,su rface and in the sUperio.r' vena cava, it is similarly decreased
in the main organst | -
Among the effects ofﬂtetention of an artificial material in
a 'I'IV‘I ng body are the format‘loo of thrombus on the art1f1c1a1
material itself and p1ate1et aocumu'lat1on in the .lj-ntr'af.‘l'ler.

organs.

The platel et accumul at1 on on biood vesse1 of H" imp] antation samme and‘ |
N, implantation samp'le are at the same 'Ieve] Platelet accumulation on
Tiver of H* ~_'~|mpfl antation sample is more suppressed than that of N°. Th:'is is
because platel et 15 less damaged by H" implantation samp'le than -by‘ N*
implantation samp]é W1th H*1mp1antat1on thrombus on the samp]e surface

1s suppressed | and p'late1et aocumu]ates on the biood vessel waﬂ
However, as comparedeto the artificial b1ood vessel sample in

which N2+ ibnsare im.ofanted,. p1'at.e-’1et accumulation on the o1ood
vessel wa11..occurs to the ‘same extent, whereas. platelet
accumu1ation onfthedTiVer °¢¢Ur3\tQ a Tesser_extent.. It.may‘be'
seen that«p]ateﬁet-aooumdiation On-the 1nttafi1er-organs'may be
‘decreased due: to-the 1esser damage 1nf11cted on the p1ate1ets by
| contaot.W1th the art1ftc1a1 b1ood vessel samp1es It may also
be seen that the more the extent of suppresswn of - p‘late'let J
'accumu'lat1 on on the samp]e surface, ' the more the- extent of
suppress1on of p1ate‘let accumu]at'lon on the 11ver and the 1esser
the extent of damages mfh.cted on the p1ate'!ets ‘ Among_the ion
speo‘l es employed in the present_ e-xpemments,- 02 ions _are_' most
-effeotive\on‘SUppfessing pTatelet acoumU1ation.

It is seen from above that'the'antithrombogenioity matéria]

3 9
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of the present invention exhibits superior COmpatib‘ijity to b:]ood
and affects the spleen, kidnef or 1‘ iver to a mar'-ked1y. lesser
~extent. This means that the damages d"one to the platelets within
the 1living body have been decreaséd, which is of critica]
‘sigﬁificance in ﬁot disturbingthe Tiving body system. .

The.antithrombogenic material of*thé present'invention
1s manufactured ib'y a surff:ace, treatfnent toec‘hnique 'un:de'r‘ ther‘ma'l]y‘
unha]anced’conditions withoutemp1o}ing dhe@i031 synthesis,.so
that no éomp1icated proceS$ 1S necéssitated. with obvious
-advantages;1n“bfodUCtiv1ty. .

. ‘As comparéd to the.manufacture by b]asmaprocessing,'the
direét_ effeCt ‘is‘ achieved, wh;‘i'le. the ’.'um‘formity and -
controllability .a'r-e é]so exceﬂent, si‘nce the intéract'ion between
the 1on beam ahd.theso]id materia]'isresorted to.

As .compared to various 'conv.~entiona1 .ant'i‘thrombogeni-c
materia]s., ~ the 'antithrom'bo'genié - materials of the pre's‘en\t
' 1’n\'zént1‘oh‘may. -be"rﬁanufacture‘d easily by surfface modification, and
.a.ntithrqmbogen'ic?-"ity mfa.y_be .advantageous‘]'y improved b.y' appl i'cat"ion

"to existing medica1-app1iancés;

10
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A biocompatible antithrombogenic device comprising:

a silicone material having an external surface; and

ions selected from the group consisting of H', He", Ne*, Na', O,", K*, Ar” and
mixtures thereof implanted on the surface of the silicone material 1n sufficient

quantity to substantially suppress platelet accumulation when exposed to blood.

2. A biocompatible antithrombogenic device comprising:

a silicone material having an external surface; and

functional groups selected from the group consisting of S10H, S1H, CH,, CO,
NH,, CO, H and mixtures thereof generated on the external surface of the silicone
material by ion implantation in sufficient quantity to substantially suppress platelet

accumulation when exposed to blood.

3. The antithrombogenic device according to claim 2 wherein the functional groups

are selected from the group consisting of CO, NH, and mixtures thereof.

4. The antithrombogenic device according to claim 1 wherein the ions are selected

from the group consisting of H', O," and mixtures thereof.

5. The antithrombogenic device material according to claim 2 wherein the silicone

material is a polymer having the formula

P
Sli"-O
CH;

6. The antithrombogenic device according to claim 4 wherein the 1ons are O,  and

wherein CO functional groups are present on the silicone material surface.

7. The antithrombogenic device according to claim 4 wherein the ions are H" and

wherein SiOH functional groups are present on the silicone material surface.

11
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8. The antithrombogenic device according to claim 2 wherein the functional groups
are NH,, SiOH or SiH and further comprising N," ions implanted on the silicone

matenrial surftace.

9. The antithrombogenic device according to claim 1 wherein the ions are He" and

wherein on the silicone material surface SiOH or SiH functional groups are present.

10. The antithrombogenic device according to claim 2 wherein the functional groups
are SiOH, SiH or CO and further comprising C* ions implanted on the silicone

material surface.

11. The antithrombogenic device according to claim 1 wherein the ions are Ne™ and

wherein SiOH and SiH functional groups are present on the silicone material surface.

12. The antithrombogenic device according to claim 1 wherein the 1ons are Na" and

wherein SiOH, SiH, CH, and CO, H functional groups are present on the silicone

material surtace.

13. The antithrombogenic device according to claim 1 wherein the 1ons are K" and

wherein SiOH and CH, functional groups are present on the silicone material surface.

14. The antithrombogenic device according to claim 1 wherein the ions are Ar’ and
wherein SiOH, SiH and CH, functional groups are present on the silicone material

surface.

15. The antithrombogenic device of claim 1 wherein the concentration of 10ns
implanted on the silicone material surface is approximately between 1x1 0'% and

3x10'" per cm”.

12
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