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ABSTRACT: Our research group has investigated the blood compatibility of PU/PS IPN with
hydrophilic-hydrophobic microphase separated structure and PEO-grafted PU/PS IPN. In this
study, the effect of incorporation of ions into PU/PS IPN on blood compatibility was investi-
gated. Ionization was accomplished by quaternizing the tertiary amine of N-MDEA in PU
with y-propane sultone. The fractured surface and surface of PU/PS IPNs all exhibited
microphase separated structures with dispersed PS domains in the continuous PU matrix. Sul-
fonated PU/PS IPNs with ionic sulfonate group were more hydrophilic than the correspond-
ing nonionized materials. In the blood compatibility test, the amount of platelets adsorbed,
activated upon the PU/PS IPNs were reduced compared with PU and PS. Sulfonated PU/PS
IPNs with ionic sulfonate group showed enhanced blood compatibility compared with the cor-
responding nonionized PU/PS IPNs due to synergistic effect of microphase separated struc-
ture, mobility of PEO side chains and negatively charged sulfonate groups.

Keywords: IPN (interpenetrating polymer network), blood compatibility, phase separated struc-
ture, sulfonated PEQ.
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Table 1. The Component Ratio of PU/PS IPN

prepolymer chain extender T™P PU/PS N-MDEA sample
(mole) MDEA BD wi% wit% inPU name
6 - 3 2 50/50 0 IPNO
PU &6 15 15 2 50/50 29 IPN3
6 3 - 2 50/50 5.7 IPN6
chain extender PEO side
prepolymer PEQ side BD TMP P‘%ZU chain s::ie
chain wt% in PU
6 - 3 2 50/50 0 IPNO
PUg 6 15 15 2 55/45 200 IPN-g20
6 3 - 2 60/40 333  IPN-g33
PS styrene monomer DVB benzoin
387 1 1wt% of SM
R-Eig= 1
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3 293 A& Fotwy] 98, olde} ge
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Figure 1. Morphologies of the surfaces of the PU/PS
IPNs with varying N-MDEA composition of PU : (a)
IPNO, (b) IPNS, and (c) IPN6.

& ZH3d N-MDEALE 71470 PU/PS
IPNERS AFM ojv)xl& eyl N-MDEAS<)
Fol F71EFE 244 PS-rich B39 =37]7)
Hd AE 100nmoA 68nmz ZFirsy R¥e
LAt o= PU slmt2e] N-MDEA %o] =
7F&s5 PUS} PSo] 4440 gatslo] 7t 4o} &

Polymer(Korea) Vol. 23, No. 6, November 1999



£Z3d ZelddddAjol=s) etz EH PU/PS IPNS ARG e dF (1)

3}4do] 750} PS-rich #4439l 2717t Z4aske
Z3¢E Jehlle Rolat A€,

Fig. 29l PEO-grafted PU/PS IPNEW
AFM olulx& ¥ PEO ZAlEe o] F71gs
& 444 PS-rich 2449 =377t HB@AE
100 nmejjlA] PEO ZAl&Eo]l PURAZF 33 wt% <l
7A¢ 66nmz APt ol PU slm7zd
PEO ZAlge] o] F71845F PSe FHus Al
PS Ak&el $-54c] HolA7] o &ojt}. waiy A
2 £%7} A Hu 2z 4o &34 Fviz
A8 A4 PS-rich #4H}e] =27l Zasls A
olg} Az}

olg|¥ A7 E4& Axe] DMTANY ZAs
A A 5 AU Table 29 2z 479
PS-rich#44<] =ujQl BF A7]& image analyz-
erg o|&# &3¢ A4S Jeld Are] sgn
SEMAHIA A2 18 PS #44de] 27]9} vlms) £
o Ao Wl FHe PS B I 2 Wl
37} gk v

e FRH| =AM £4. Table 39] ESCAEN Z
g Yeilich. ®¥He] 14 $48 §3 09 Co
vl Bdo] EA3l= PUS PSe] =Au|E 73
Hd wige 50/5002 sigloy ¥HAe PURAYLS
63-84% 24 1442 PU7} Fdo] Bo| EA)3c}.
AL casting oA casting mold f-2l9}e
AUA Atolo] ofsf Hashs= de] ) PSSy
o} PU7L @o] EA&7] uj&ojg} Az}, waty
IPN-50;™ ¢} IPN-g-SO;~ 2] E%d] EAlshs 39
= ER9 PURAo| ¥7] dgd Was x4
A T o2 FET Bo] SAsAth 4¥An
& 29 N-MDEAY| o] 371845, graftde
PEO ZAk: %ol 371845 ¥4 PU 40| Z4
3 2% BAh ol 9A] AEE A= s
Aztel Espdol Frlsled ER AFA BRI
PSQ&el Z7ise Ag ¥y Fa Yo ady)
PEO ZAlze] agtzy o] F7lsh= IPN-g20,
IPN-g332 PU<| PSe] digd A& Yo] 50%
oA 55%, 60% = F7taA @) welA IPN-g20
2 e dAZ AT e ERY F o4

EA &84 A4 PSe H¥o] 7kl PU
9] ¢ 74asht IPN-g33L thA] PUS <o) 27}

#2|o] A23F A6 19999 114

Figure 2. Morphologies of the surfaces of the PEO-
grafted PU/PS IPNs with varying the amount of graft-
ed PEO side chain of PU: (a) IPNO, (b) IPN-g20, and
(c) IPN-g33.
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Table 2. Average Diameter of PS-rich Domain of
PU/PS IPN

bulk equiv. dia. surface equiv. dia.
sample
(nm) (nm)

IPNO 095.3+29.8 100.5+422
IPN3 73.7+£259 77.6+36.1
IPN6 57.3+20.6 68.1+28.3
IPNO 95.3+29.8 1005+422
IPN-g20 75.8+235 725+35.7
IPN-g33 645t15.1 66.4+34.4

Table 3. ESCA Data of PU/PS IPN Surfaces

0/C{(%) S/C(%) PU wt%
sample calc® exp. calc® exp. bulk surface®
IPNO 1602 359% - - 50 842
IPN3-S03™ 1647 3341 0196 0293 50 806
IPN6-SO;~ 1693 2810 0390 0589 50 773
IPNO 1602 3827 - - 50 842
IPN-g20-SO;~ 1865 2480 0.180 038 55 63.8
IPN-g33-SO,~ 2085 3341 0330 0815 60 777

“ Theoretically calculated by bulk composition.
% Caculated by oxygen ratio obtained from ESCA data.
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Figure 3. SEM photographs of human blood platelets
adhered onto surfaces (after 10 hrs incubation in PC,
x3000) : (a) PS, (b) PUO, and (c) IPNO.
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Figure 4. SEM photographs of human blood platelets
adhered onto the sulfonated PU (after 10 hrs incuba-
tion in PC, X 1000):(a) PUO, (b) PU3, (c) PUS6,
(d) PU3-S057, and (e) PU6-SO;™.

s

We Az A EAs e S4E e o]
. 28718 AL AE AR A4S ABUR7
37,2 ¥ £&79] Yadle) A71H v
2 A% YA Ag, BMEsts dezes
FRes 547 Y98 AR BYRE AN
= doels g $8d mdd o@ Jgels 47
%E}‘”—Zl

Fig. 5= £&3PU/PS IPNe] gdd] Hid &
4%e] SEMARIolth. PU/PS IPNe] 2% 94
E7l9] o) F7NU4E Yawe] Fo| gasv,
A5/ 254 BAREE TR g% ASE
o8| Fig. 4] PUS| wla} @awel 438 Folu}
WY REst 27 asigit. 2en &7 gl
IPNO, IPN3, IPN62] 7$ N-MDEA®] 9fo] %7}

931



‘)ﬂ-‘, -—s

19,m208 kY 1B1E3 9539-38 SE

o, 7
[ “
%

» - . | mlas ~ =

183m288kU 181E3 3715,/98 SE

245 qP] PS £4H43e] =717t FolAn wds|
A, g9 AFPE F7isle E3e] Alddyz|
= 723" 2o gawe] Fio] Zadhes 7
S Holu Ul

Fig. 6& £Z3PEO-grafted PUS] ¥H] A3}
¥ ¥4%9 SEMAIAe|t}. PEO ZAlEe %ol &

932

o4
.. “h'

10ym288kY 1B1E3 97895,98 SE

10um200kyY 1B1E3 92174-98 SE

Figure 5. SEM photographs of human blood platelets
adhered onto the sulfonated PU/PS IPN (after 10 hrs
incubation in PC, x1000):(a) IPNO, (b) IPN3, (c)
IPNS, (d) IPN3-S0;™, and (e) IPN6-SO;™.
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Figure 6. SEM photographs of human blood
platelegts adhered onto the sulfonated PEO-grafted
PU (after 10 hr incubation in PC, x 1000):(a) PUO,
(b) PU-g20, (c) PU-g33, (d) PU-g20-SO;, and (e)
PU-g33-S05™.
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Figure 7. SEM photographs of human blood platelets
adhered onto the sulfonated PEOQ-grafted PU/PS IPN
(after 10 hrs incubation in PC,x1000):(a) IPNO, (b)
IPN-g20, (c) IPN-g33, (d) IPN-g20-SO;~, and (e)
IPN-g33-S0;™.

A pasidch T SESPEO-grafted PU/PS
IPN9] 7$, PU/PS IPN| HA$A4/A254 o4
e 7z, gol& &&J|st 549 #54 PEO
Az Asage o8 g49 ¥ AL Y
Epdct. '

[R{_u

Ho
ek

a

1. M. D. Lelah and S. L. Cooper, “Polyurethanes in Medi-
cine”, CRC Press, Boca Raton, FL., 1986.

2. K. D. Park, T. Okano, C. Nojiri, and S. W. Kim, /[
Biomed. Mater. Res., 22, 977 (1988).

Polymer(Korea) Vol 23, No. 6, November 1999



10.

11.

12.

13.

sE59 ZaogdLAol=st azzed PU/PS IPNe) R dgAd B

. D. K Han, S. Y. Jeong, and Y. H. Kim, J Biomed.
Mater. Res.: Appl. Biomater., 23(A2), 211 (1989).

. G. H. Ryu, D. K Han, Y. H. Kim, and B. G. Min, Am.
Soc. Artif. Intern. Organs J., 38, 644 (1992).

. Y. Mori, S. Nagaoka, H. Takiuchi, T. Kikuchi, N. Nogu-
chi, H. Tanzawa, and Y. Noishiki, Am. Soc. Artif. In-
tern. Organs J., 28, 459 (1982)

. E. W. Merrill and E. W. Salzman, Am. Soc. Artif. In-
tern. Organs J., 6, 80 (1983).

. Y. Mori and S. Nagaoka, Trans. Am. Soc. Artif. Intern.
Organs., 28, 459 (1982).

. D. Knoll and ]. Hermans, J Biol. Chem., 258, 5710
(1983).

. S. W. Shalaby, A. S. Hoffman, B. D. Ratner, and T. A.

Horbett, “Polymer as Biomaterials”, p. 361, Plenum

Press, New York, 1984.

S. Nagaoka and A. Nagaoka, Biomaterials, 11, 119,

(1990).

M. D. Lelah, T. G. Grasel, and S. L. Cooper, /. Biomed.

Mater. Res., 20, 433 (1986).

T. Okano, M. Uruno, M. Shimada, 1. Shinohara, K

Kataoka, and Y.Sakurai, /. Biomed. Mater. Res., 20,

1035 (1986).

M. Shimada, M. Miyahara, H. Tahara, I. Shinohara, and

T. Okano, Polym. /., 15, 649 (1983).

Z2l0 A23W A6z 19994 11¢

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(1)

Y. C. Shin, D. K. Han, Y. H. Kim, and S. C. Kim, /.
Biomater. Sci. Polym. Edn, 6, 195 (1994).

Y. C. Shin, D. K. Han, Y. H Kim, and S. C. Kim, /.
Biomater. Sci. Polym. Edn, 6, 281 (1994).

H. W. Rho, M. J. Song, D. K. Han, D. S. Lee, J. H. Ahn,
and S. C. Kim, /. Biomater. Sci. Polymer Edn, accept-
ed .

M. D. Lelah, J. A. Pierce, L. K. Lambrecht, and S. L.
quper, J. Colloid Interface Sci., 104, 22 (1985).

T. G. Grasel and S. L. Cooper, /. Biomed. Mater. Res.,
23, 311 (1989).

D. K Han, S. Y. Jeong, K D. Ahn, Y. H. Kim, and B.
G. Min, /. Biomater. Sci. Polym. Edn, 4, 579 (1993).

J. Jozefonwicz and M. Jozefowicz, J Biomater. Sci.
Polym. Edn, 1, 147 (1990).

D. K .Han, K. D. Park, S. Y. Jeong, Y. H Kim, U. Y.
Kim, and B. G. Min, /. Biomed. Mater. Res., 27, 1063
(1993).

D. D. Perrin and D. R. Perrin, “Purification of Labora-
tory Chemicals”, 2nd ed., Pergamon Press, New York,
1980.

Y. S. Yoon and S. C. Kim, Polymer(Korea), 23(6). 916
(1999).

K. Kataocka, Y. Sakurai, A. Maruyama, and T.
Tsuruta, Polym. Mater. Sci. Eng., 53, 37 (1985).

935



