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Antithrombogenic Polyetherurethaneurea with Heparin and/or Prostaglandin I
Immobilized in Hydrogels

Norihiro FUKUDOME

(Received September 26, 2007)

Abstract Polyetherurethaneurea (PEUU) with heparin and/or prostaglandin I, (PGI;) immabilized on crosslinked
polyacrylamide hydrogels were prepared by the addition of dry hydrogels to a PEUU dimethylformamide solution.
Tensile strength of the PEUU film was not weakened very much by the addition of the hydrogels. Immobilized heparin
was found to be continuously released from the PEUU matrix at 37°C in a physiological saline. Antithrombogenic
activity of PEUU with heparin and/or PGI, was evaluated by activated partial thromboplastin time (aPTT), whole blood
clotting time, and inhibition of platelet aggregation. The heparin-immobilized PEUU exhibited excellent anticoagulant

activity and the PGI,-immobilized PEUU completely inhibit platelet aggregation of human blood after sitting for at least 72

h in a physiological saline.
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Synthesis of polyetherurethaneurea(PEUU)
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Table 1 Preparation of Hydrogels with Heparin or PGI,

Sample Monomer (mg, (mmol)) Heparin PGl

No. “TiAm DMAPAA NMAA DMAA bisa (™8  (me)
377 a3

] (5.31) oog 0 mome
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2 wem @) (me M0 mem
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2 847 7.7 R
(9.95) (0.05)

8 986 77 none
(995  (0.05)

9 w 77 none none
(9.95) (0.05)
707 77

10 (9.95) 0.05) noae 1.0
847 7.7

11 (9.95) (0.05) none 1.0
986 17
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DMF 58 4.5 I —cn ki, chaehd
FAMEIZF Y A RHBENE, MEKBHF Xy
rOWESZO— B L, 24 BffE, PIERRT ST LI
Kok RO £ ROy )Lz 4#dEE S8/ PEUU
74 I LRENE.

2.4 ENAESSFOYRISRAFBE (aPTT)
DRE

S bR T 5 AF MR (Activated
partial thromboplastin time ; aPTT) (I, JfiL 5E 0D ¥ [ R
RIeOERBOEMEFRTHO, BEFRDOH A T5r—

FRIGASHAEE NN aPTT NEES NS,

Ttz b - 2fiEF T —FR (2 FUTFR
#) @ 9.1 Rk ZELHE (800rpm, 10min) T 5
kDb - mERGESH, HiZIhnEE LM
#E (4500rpm, 10min) L. M/MRANIZEEAEZTEN
IR WE /e (ppp) 6Nz, 2. 3 TR
S/l E M Ay FiC iR 10021 &
SO F % (HoechstfR B, ki FbL /=141
ESDIVTFRMEED ) NFEER) 10021 Z
. 3CC2H9BA>FaN~=FLERR.
0.05M-CaCl, & 1001 TNA S Z &EIC K DEBFRON
A — Rz MG =8 %, CaClL AN & & H
FTEHETORM (aPTT) 74 7OA—F—ZH 1
THE LTz

2.5 [MM/MRFFERLERED M

M/ AN 2 < TRMET 2 M E (& fu/h R MIE ; PRP)
ii/REEREEFETSME (37—5 >, bo>
E) MEMEN5 &f/MRAVERF - B L g
IZHEESEMLAVER L PRPDBRENY KT S.0F0.
2B 0D Y SE AR 1k 2 A1 (0 il 3R 0D Y K3 A
na.

¥l b2l EF b F— RO 91 B E =
458 (8001pm, 10min) L. PRP MG 5N/z. 2.
3Tl XN =ikl B Z A F 2 —7IZ PRP
2501 & MA.37CT 1 T > Fa— LR,
10unit/ml DI T—5 VFHK 501 ZHEMLT. €0
%, 10 0HoOBREOERLZHEL .

2.6 Z2MmFEREONE

E kiR, 622, 3 THMInsm
WRBRANH ZAFa—TFORICHEIERVEDIC
0.5ml ANUT, k2 MR T Z 2 F 2 —TICA
NFMZE =0 &L, ENMN6 30 BEICEHTTE
545 F T OIRFH 2 4 Mgk s IR & L7z,

2.7 ANYOBEESORE

2.7.1 HEBLU, EHEHR
EFNEYITUAZOTA F (CPC). #iLTF
Dy LM eZ2EERBEOb0EEHLE, 70O
—A Yy va EEEH L RHAETRS K-1000
REMEH L. 1 >77 b—4—dH L 8ER iR
D-2000 MEMH L7z, BHEBBIEH AT O rEHRER
S02T B AMM L /.

2.7.2 MEARZE

AN EEGETDHET I AF a— TR
BHEAZNAT, ZoPIKIBENZAN) 2OR
., 70—z oa2ERERWT, HERN



- 16 - fa# ThiE

HRIR T3 S AR

MifFEICi B H 5 AFa—7h £y EHkZ >
TN UL, ThZE CPCHRIEEESL. TOWR, £
WRe BN/ —CcPeiifsic ko@D KEZTO—1
% g AT R ClE L .

2.8 PEUWDIFIRYEEDAE
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AR EEAT S PEUU 8T — b E N7
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IRNEFEL, BRIz R W THEE U2 R
% Table 2 12T, NN X E2EHT S PEUU ilk
(Run No. 1, Run No. 2, Run No. 3, Run No, 4){&, ~/A
U > % & £78W PEUU #$} (Run No. 5)& LT
72 RERIEIZB W TS 60 BHEL L &L aPTT 2 KIS ITHE
ELTHBD., A/ ARBICHZD & N
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KIEEFEMMBE TCH AN 22 ROFIVER
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Table 2 aPTT of PEUU with Heparin-Immobilized
Hydrogels"

%, Hydrogels Compopent of Gel Hepadn s,

. (ng) Ohr  24hc 48k Tanr

1 Sample Mo.5 AAm 812 >60 >60 >60 >60
2 Sample No.6 AAm-DMAPAA 234 >60 >60 >60 >60
3 Sample No.7 NMAA 10.1 >60 >0l 260 =60
4 SampleNo§  DMAA 8.76 >60  >60 360 >80
5  Sample No.9 AAm none 41 39 35 38

a) Hydroge! / (Hydrogel + PEUU) = 10 wi%

3.2 PGl,[C&Bm/MEEESRRHE L AEDFH

PGL, 25 H T % PEUU 8 I— bk &N /- el B
H T AF a—T &AW TR IS £ SRR 72
PRP DBFBBOZEALZME L /2(Fig. 2). DT —
SR XA NU/MUBEEETL. BRENEGNE
El/MENBELTWSZ &&7RL, PRP DFiE4
#0%.PPP DFEMAEZE 100% & L TrL TS (Fig.
2 1@ Control }Z PEUU R ¥—Ha— hEN T
WA AT I AFAa—T ORRTHS).
Fio, Ptk DR L b/ iREESEH LD
kLA Table 3 12779 . PGLZA 19 5 PEUU alkt

Degree of inhibition (%) = X 100

A ; T% of Run No. 9 B ; T% of Run No. 6, 7, 8

100

Control

Light Transmission (%)

1 1
0 2 4 6 ]
Time (min)

Fig.2 Platelet aggregation curves for PRP exposed
to PEUU with PGl,-immabilized hydrogels

(Run No. 6, Run No, 7, Run No. 8){&, PGL, Z& X7z
PEUU #t ¥} (Run No. 9)& ks L T 72 Rl ICHB
Th i/ EEZZ2ICHIEL TH D, PGLARM
bz 0 & i MGR OIS HEE 2B L TS
ZENRbh D,
Table 3 Inhibition of Platelet Aggregation of
PEUU with PGI,-Immobilized Hydrogels”

R o, Componea POl Degeol b ()
No. ofGel  (ug)  obe  24be 48 T2
6 AAm 052 10 100 100 100
7 NMAA 034 100 100 100 100
8 SampleNo.12 DMAA 029 100 100 100 100
9  SampleNo9 AAm  none 0 0 0 0
a) Hydrogel / (Hydrogel + PEUU) = 10 wi%

Sample No.10
Sample No.11
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rE Nl 5 AF 1 — T EAWT Ll
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Table 4 Whole Blood Clotting Time of PEUU with

Heparin- and/or PGL-Immobilized Hydrogels”

e . ol Whole Blood Clotting
Hydrogels v Time (min)
No. (m)  (ug)
Ohr  24he  d48hr 720
10 Sample No.3 102 gome 45 45 45 i
1 Sample No.10 none 052 M4 12 12 12
12% SampleNoS+SampleNo.10 B18 D09 45  >45  »45 45
129 SampleNos+SampleNo.10 730 033 545 45 45 54§
14 Sample No.9 monc  none 1l 9 12 12

a) Hydrogel / (Hydrogel + PEUU) = 10 wi%  b) Sample No 5 / Sample No.10 =4/ 1 {wi / wi)
c) Sample No.5 / Sample No.10 = 1/ 1 {wt/ wt)

L. FRIMLE oM 2 7 E8E L2 RE Table 4
WZRT . AN 225479 % PEUU #EHRun No. 10,
Run No. 12, Run No. 13)i&, ~/SU 2 &2FERLN
PEUU id¥} (Run No. 11, Run No. 14)& B L T,
ROEMERFRFHZERL TS, TOZELD,
IR A AR L NGB DTG PEAL & 0 6 B % OTE ML
ICeFEL TWAB Z ENHRI NS,

ZN5 3 DOk ER O #s $ (Table 2, Table 3,
Table )& 0, ~N/SU > HB WL, PGLABEKTHS
TRK-100 # & FO7 )L &4 L T PEUU ICHFF L 724
BHE. invito ICBWW TAWTIMEEZBELTNWSZ
EMEHGMERS .

3.4 AR VOBHER)

125-200pg DN\ > 2k Fod )bz LTl
B¢ U 7= PEUU 7 4 W a5 DAN/SY) > D ik 38T
DWTHKH L=f5R% Fig. 312773, EROZF IO
HFA OB LD, SEEICAICHELEAN
N OEE, SE<HBLTHWS. £k A
R & RO )VENETICEEE PEUU 7 1 ) L
([HHFFE 72 B O (Heparin / PEUU mixture)lE, /3§
U OMNERR<B2TNWS. —4, hFF 4%
E/I—ELTHISNTS DMAPAA ZF O E R
0% )L %&£ L /= PEUU (Sample No.2)i. ~/81) >
DORHFEZEEMMATNS,

3.5 PEUUD3IIRYMBE

28D AAm RE/ I oL AMN FIRE
RO L &5 Bk L7z PEUU 7 4 LV ADIRS — T
TAEEZE Fig. 4 12177 E RO )L &0 #lFFE
5 Lk, SRV BERISLFARoTVS
N, FELWHE TRV, 4. EFPXEE Eo
FNERBEEESETH, dFEDEDSRWV., L
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Fig. 3 Release behavior of heparin from PEUU
with heparin-immobilized hydrogels at 37°C
in a physiological saline  ( [ ) Heparin/PEUU
mixture, ( 2 ) Sample No.1, ( O ) Sample No.3,
( @ )Sample No.4, ( A ) Sample No.2
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Fig. 4 Stress-strain curves of PEUU with hydrogels
( )JPEUU only, (- ---~ - )Run No.3,
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