Polymer(Korea) Vol. 21, No. 5, pp 709-717(1997)

239 dlanlE e 2E FTelSdaRe) EUAY 2 YR

AW AH-FAA - G0 F T & P
Ao sty vExlga, *AgAgand, gty ¢hststy, H*rgaoen sy
(19974 4% 104 A4

Surface Modifications of Polyurethane Containing Ester Groups in the
Side Chain and Their Blood Compatibility

Myung Seok Choi, Inn-Kyu Kang', Kyo Han Kim*, Young Moo Lee**, and Yong Kiel Sung***
Department of Polymer Science and *Department of Dental Materials,
Kyungpook National Univ., Taegu 702- 701, Korea
**Department of Industrial Chemistry, Hanyang Univ., Seoul 133- 791, Korea
***Department of Chemistry, Dongguk Univ., Seoul 100-715, Korea
(Received April 10, 1997)

2 of: Fed g gdZelE (PTMG) 2 didddedtiol A ohdo]| & (MDD 2 HE Zal 93
€ prepolymerE $AF ol dgrsiz 2 e zan ovo]lE (EDHMP) &2 Aled sl &
ol 2-s (PU) S #Asidct. PURES setd e Mastd e 71284)7] (PU-C),
Zgdgd LA = (PU-PEO), 2 #|9& (PU-C-Hep, PU-PEO-Hep) & =48t od o229 i
vitro N RIS 2B 3l 9ol 1A stE PU-C-Hep®} PU-PEO-Hepel 7#$ 1417t &
¢t A HESEE o AR 8ol A7t 38%, 35% 2 71 At wd = 143 #
Ao M ZEAfd7E $AIZH(PRT) o REEA 3 EEREelrd AIZFH(APTT) o] thE HWHE
o ZA veh @3dude) 845 dAEe 4 ¢ Aok &9 disd 3138 3He HAS
ade] e b BN RG JHez He ghe Jellli, olF Boe FA1E dxiEn
Aoz wEd Axel A

ABSTRACT: Polyetherurethane (PU) was synthesized by reaction of 4,4'-diphenylmethane
diisocyanate (MDI) and polytetramethylene glycol (PTMG) followed by chain extention reac-
tion with ethyl 2,2-dihydroxymethylpropionate (EDHMP). PU films were chemically modified
to obtain carboxylic acid-introduced PU (PU-C), polyoxyethylene-grafted PU (PU-PEQO) and
heparin-immobilized PU (PU-C-Hep, PU-PEO-Hep) and their m-wvitro blood compatibility
were examined. PU-C-Hep (38%) and PU-PEO-Hep (35%) showed relatively low thrombus
formation when they contacted with blood for 1h. Plasma recalcification time (PRT) and
activated partial thromboplastin time (APTT) were increased by heparin immobilization,
showing the suppression of the activation of plasma proteins. These results were consistent
with those obtained by the observation of scanning electron microscope (SEM).
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Scheme 1. Synthesis of ethyl 2 2-dihydroxyme-
thylpropionate.

phosphate anhydrous¥™ Wako}e] A£& iz
A& T}

EDHMP2| &A™ AttZal s =10 o BH& 600 ml.
& ¥a dihydroxymethyl-propionic acid 10 g&
=9l & p-toluenesulfonic acid 14.3g& il 80
TAlA 6417 F<t ﬂvow o~ 23 ghg-g 3}
AlZTh Bhe T § AR ofleheg AlAe
th&- NaHCO, §5§}—T—%—°“ 100 mL& o 3xA17]

I o doplHlojER FEaelrt. 9 vhg-& Scheme
1] ‘/}E}‘—H"”‘:} FEHE FF5T 5 0.1torr, 90T
AA AR A S el AA)] ethyl  2,2-
bishydroxymethylpropionate®& 4gich +&& <of
50% A t}.

Za|Relet (PU)2| 4. MDIg} PTMG 2] ]
& 23ty AA47]F &l DMFo =<2 3 di-n-
butyltin dilaurate® Zuf2 3sle] prepolymerE A
z3lgnh 1 & EDHMPE H7bshil Aleod & dhe
& Bl Z4o) dxe27]E e PUS %—“}i o}
PUe #H¢ Exjade Fe~8d £84%
o} &3t THFE &ujz2 AMg-stedd AFET =
Zai s (GPC, Millipore, Waters 150-C) &
At} (Scheme 2).

HFOIHE. PUZES 4N NaOH/MeOH (1:2v/v)
o EFGA 3087 2 10% PR F8
o 3Azt wWAlEl] HWHo| FEEAIZIE 9%
PU-C #&& AF3ln, WSCE Algsle] ol
ola)\=7]& zhe PEOS PU-CE ¥hgAl#A PU-
PEOE @4dstgch =3k PU-Co} PU-PEOE &9}
dxt w2 A1 PU-C-Hep ¥ PU-PEO-Hep &%
2z} A zskg tk (Scheme 3).

EoasT|e] Mk PU-C mHe 28479
A2 rhodamine&'® A}g-¥ 1, PU-PEO &9
7 .= pinhydring'® A}&3slg vy, 18la PU-C-

[‘J

\-ﬁ

i
P

r{m }m _1'[-

PL

Eag A21F A5E 1997d 94

ghel EWAE ¥ A

ocN-Or-CcH~O-Nco

PTMG (M : 1000) MDI

500(7l cat.
Lh
ocN@cnz@NﬂcoogCHZ)-oBgcNH—@—CH,—@-NCO

prepolymer

dofcH)-olH  +

+

¢y
HO-CH,CCHy-OH
¢=0
0
CH,CH,
EDHMP

"0"Cl5 h

o CH, Q
prepohmer-\CO CH,CCH OC\I-prepolvmer
C 0
o
ICH;CH;

PU

Scheme 2. Synthesis of polyetherurethane.
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Scheme 3. Surface modification of PU films.
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Figure 1. FTIR spectra of (a) dihydroxymethylpro-
pionic acid (DMPA) and (b) ethyl 2,2-dihydroxyme-
thylpropionate (EDHMP).

C
HO- C'-‘vi(

i3
H3-0H
o]

‘ém a
dLH
b
c d
1L 1 L 1 1 L il |L p—
5 4 3 2 1 0
ppm (9)
Figure 2. 'H-NMR spectrum of ethyl 2,2-dihydroxy-
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Table 1. Mechanical Properties of PU Film after
Alkali Treatment

Young's )

sample* modulus stress at brezzak strain at
(kgf/mm?) (kgf/mm?)  break(%)

PU-0 0.81+0.08 4.38+0.57 654+ 15

PU-2 0.77£0.07 4.34+0.45 608+17

PU-10 0.73+0.03 416081 601+18
PU-30 0.71+0.05 3.89+062 580+ 25
PU-60 0.54+0.06 3.17+0.51 543+11
PU-120 055+0.04 2.59+0.51 481 £35
PU-600  0.49+0.12 1.49+0.38 449+2]

* Sample was treated with 4N NaOH/MeOH (1 : 2 v/v) for dif-

ferent time in minute (n="5),

Table 2. Amount of Carboxylic Acid, PEQO, and
Heparin Immobilized on PU Films

amount of amount of
amount of PEO )
sample  carboxyl group b heparin
o, (nmol/cm®) 5
(nmol/cm?) (p/cm®)"
PU-C 53 - -
PU-PEC - 2.5 -
PU-C-Hep - - 16003
PU-PEQ-Hep - 1.3£0.05

“ Determined by rhodamine 6G method.
" Determined by ninhydrin method.
* Determined by toluidine blue method.
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Figure 3. ATR-FTIR spectra of (a) PU-C and (b)
PU-C-Hep.
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Table 3. Chemical Composition of the Modified
PU Surfaces Calculated from ESCA Survey Scan
Spectra

atomic percent (%)

sample

C 0 N S

PU 8362 148 158
PU-C 8011 1788 201
PU-PEO 7453 2240 307
PU-C-Hep 8484 1193 316 007
PU-PEO-Hep 8376 1268 350  0.06

Table 4. Water Contact Angle of PU and Surface
Modified PU Films

sample water contact angle ()’7’7
PU 75+2
PU-C 55=3
PU-PEO 54=4
PU-C-Hep 55+
_ PU-PEO-Hep 53+
“ Measured by water drop method.
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Figure 4. Thrombus formation on surface-modified
PU films as a function of incubation time.
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Figure 5. Plasma recaicification time of PU and mod-
ified PU films.
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Table 5. Activated Partial Thromboplastin Time
of PU and Surface-Modified PU Films

sample APTT (sec)
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PU 371
PU-C 32+1
PU-PEO 4242
PU-C-Hep 52+2
PU-PEO-Hep 56+ 1
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Figure 6. Adhesion of platelets on surface-modified
PU {films determined by lactate dehydrogenase {LDH)
method.
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