Polymer(Korea) Vol. 19, No. 1, pp 117-126(1995)

SRB5o7 £9Y TEARDD YA ES) Jae
3

%
ARoistn 0RO, et e

A0 7 z -7 A F
at
(1994 10¥ 7¢ A=)

Interactions of Polymer Surfaces Containing Functional Groups
with Blood Components

Hee Won Jung, Jin Ho Lee*, and Inn-Kyu Kang'

Dept.of Polymer Science, Kyungpook National University, Taegu 702-701, Korea
*Dept. of Macromolecular Science, Han Nam University, 133 Ojeong Dong,
Daedeog Ku, Taejeon 300791, Korea
(Received October 7, 1994)

£ ¢ ZHEd YEE I2 DA Mo olad4hg IR E A7|Y JRELEH o}
APAE AU AA F47] B olu|Er|2 b2 H@ssh 4 #5772 =HE FEdE
Beo] FHEAL electron spectroscopy for chemical analysis (ESCA), Fourier-transform attenu-
ated total reflectance infrared spectroscopy (FT-ATRIR), H&Z+&237|2 #3sluct. #5717
= Egogdn gggede) 45248 AR Zd PE-COOH e ¥3ohizga
Fawe BYE I e FAFAYE o|AIZth 28iy PE-OH ¥ PE-CONH,=
PES} 8|3t A2 4o 43S 45 AFHh 83, PE-OH4 oA = blood monc-
nuclear cellse] & stoizte 457 A=A

Abstract : Polyethylene films were treated by corona discharge, followed by acrylic acid
(-COOH )grafting. The films with different functional groups were prepared by a substitution
reaction of carboxylic acid groups to hydroxyl (-CH,OH)or amide (-CONH, )groups. Sur-
face characterization of the prepared films was carried out by electron spectroscopy for
chemical analysis (ESCA), Fourier-transform attenuated total reflectance infrared spec-
troscopy (FT-ATRIR) and contact angle goniometer. The interactions of different func-
tional group-grafted polyethylene surfaces with blood components were investigated to
evaluate the influence of functional groups on blood compatibility. As a result, PE-
COOH surface strongly stimulated the activation of plasma proteins and platelets com-
pared to PE surface, resulting in an increased thrombus formation. However, the
activation of plasma proteins and platelets on PE-OH and PE-CONH, surfaces was
almost the same as that on PE surface. Meanwhile, blood mononuclear cells adhered on
PE-OH surfaces were less activated than those on the others.

Keywords : polyethylene, corona discharge, functional groups, blood compatibility.
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HEo=

EEHUY @“31?;.“30] ’Sélﬁ] STEn AF3AE
7F Y1) FFeHA HH i o] mEA A
SR F&stan, A-gulASo| B4ssiy
A&sA Bane] Ja 4 43 JIYPH 1 A
By PATZE F4ste) Fodo| gment3t 1
B FEAGE Z= nEAE 47 S8 A7
A 7Ydglel A A7t Ho fith & §W A
AR, AFA /A58 78,0 gdst, 2
#4742 Aee P2 5& 2= Fdo] FEHY S
veRd Zlolghe 7Hystel] dFtiAdo] ol it

T, S8k FHdE B 21 e AT
WAL e FAEHAE v FUAYH et
a-helix, fB-sheet = random coil +Z& e}
W10 gargl chwide] e} (conformation)
oo M 9 gA4sle) 24 IdFE A= A
o2 4HA Yot Fdol HsE W uezt
7} FA%E W DEARTG FRHFYo| fFst
ohe Bu'7} oy §UE BN TY FE
SRS} FAE £ F4AVE e ARE WA
oz FAXFPAYE v o= ofF glot

B ApoAes 38ty 727t of¢ gest =
AagS z2tn A g Egdddd (PE)E 7]
Az A3y, olE FHY 38 FRE £
#ol A 28] e 7|AFH FUT TE
atasv| g 72b7 £dla ol W79 Y
Bajo] 434S At FEAAY nEze] A
7l Bed 712 HRE AFsuz 3
o},
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X}, o} B4 QB JunseiAl AEE 50T
A BeE

2351e] AM28lg 2™ rhodamine 6Gx
9 triton X-1002 SigmaAl (US.A)S AEE
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I E A3ttt PCl (Fluka Chem., Japan),
NH,OH (Katayama Chem., Japan) ¥ LiAlH,
(Janssen Chimica, France)%® AJeFgS IUE
AMREIE T, FRAAGEE (Shinyo Pure Chem.,
Japan)3} QU4tbE-golo]l Az AL disndi-
um hydrogen phosphate (Wako Pure Chem.,
Japan), potassium dihydrogen phosphate
(Kanto Chem., Japan), NaCl, KCl 5% 134
kg Iz ALSTh TY ABUE L 2L
U= 5% 13AYE 2 E ARESISH
Faupd e 9 Y zHEE. Hoh
& qH3A @2 AUz EPoldd 4§ (A,
250~300um)2 geF3lslo 2 RE] A guto} A
&gtk PE"E (100x130mm)E Triton X-
100 (0.1mL)& #¢sl= 2H55 (200mL)o] ¥
3 25978 olgdle 308 B A
1 & ofHE (200mL) 3} UﬂEP—"— (200mL) & A
#ale] 3087 259 A & HFHOE AgE
2 Mol 4847t AFAZ gk =2 P
A& o] &3 PERESY Zu/ZE disixe o7l
2% up gloy g AHed gy 2ol
PEAEE Iz P AU Algdiel &3 ¥
I HAz"E 3718 20L/min®] £ 2 AlSHA F
Az e Rtk AR Al g Aol § 1.5mm
2 85l A|8E 1.0cm/secE YA ol F
ART BAGl WFo2RE ZZHS YA
21t} (WA2e, 100KHzolA 30watt). 2
A A PEUES 3713004 3083t B3 &
10v/v% O}ﬂa*} 8ol (60mL)ol]l Wi 70°C
oA 6087 2tTE FHAZCH WMEFTE F
Ee FR50l Brol AT T A 0wtk

triton X-100 $~glo Yo 3087 280 A&
syt HEH oz YEL FHF ¥ 257

ARSI oF 01T ] WEL BN 24417 04 A
%28}t PE Bdo] a8t ZEH ot3d ke E9l
& Fourier-transform attenuated total reflec-
tance infrared spectroscopy (FT-ATRIR) %

electron spectroscopy for chemical analysis
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I3 B5717 =Y o ¥
(ESCA) & ol &3t yslint.

Rhodamine 6Gx 4mg& <l4hgh&Qo0 4mlo)
=olil o] AL WAl 100mLE F&3le] wahalo)
benzene-rhodamine $&9%& o} dye reagent
2 A183}3tt. Dye reagent= 486nmoiA FHuj
FEEE Ueted 989 w9 F359%9 B
AZTEH AATAE sk olag Ao a8t
ZEH PEE dye reagento] Yol 7122479
rhodamineo] FE& AT 5 UEE 2417 2
A&t 1% 22lZE PEE Sojll 9%
Aoz AMAg & Hada Fo} 9= dye rea-
gent® TSl FVEES ZYstn Ak dye
reagent®] FHEo}e] Rol2 Re| TTtEE of
g 2 & ALk

A7) £9]. Fig. 1o JeR) bleigo]
olzgstel aelzER Zlog#dl (PE-COOH)
& 10wt% PCly olHZ glo] Yol A0y
17 We g doto PERE Hw9) 7122Ap)
(-COOH)& -COCIz wte & ¢a3ltn s ¥3)

T8 Foll HEAA opnl=r] (-CONHy) 2 A
stk 8t o| RS 0.5% LiAlH, os =g
7 HFA|A -CH,NH, 2 v} gk st
3hE 3919 -COCLE 89A)9] LiAlH, & o] -&3}0]
-CH,OHZ A%ttt 71 gAd ) vhgale
FT-ATRIR (Midak FT-IR, ZnSe crystal) %

°/° SOH
CORONA . 0 v He
B v BE e BE T B
"’ mx l
10% I 4,0 | CHyacH
70T, 1 KR |
CHyNH, CONH, eoo O00H
CHNH, ; ;
? 0.$ % LIAIH, NH,OH 10 % PCIy
Z xr..uun% RT. L KR RT. u«:%
PE-CH,NH, PE-OONH, PE-COOH

RT.. 4 HR l 0.5 % LiAlH,
CHOH
%
27
PEOH

Fig. 1. Schematic diagram of the functional group-
grafted PE surfaces by corona discharge treatment
followed by graft copolymerization and subsequent
substitution reactions.
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ESCA (ESCALAB MK I, V.G. Scientific Co.,

UK.)Z A
A&7 2%, FH/HR PES) HANLS 28
7] 98] 7t WESS] e Be (F5ul)e W

g A Evgo) °]—r—‘C =g HEL)
(Model 100-0, Rame-Hart, Inc, US.A)g =
getRct. 24 A5tk YR & vHEo] 53] o] &
4 F 2 HFYS EHEZ (water contact
angle) © 2 Al23}9c}.

¥AY4. 3x3cm =7|9 PE 2 gstus7|7t
=30¥ PE EEE AAIZASN 2240 37
T F2z AAIBAIE £ 7+ GmL)E

AlE9]el oF 308Xt FEAA UEFHE
At 2 ¥ EE AAT F 10%9 FI4E
?‘5}%‘5 Y 200p4LE HEH U8y 18
M CaCl, 8 50uLE ddo Yol &3
3?— LA FF EHE S-S Feict o
GAIZkel At & SR/ SmLE =Yste] EHE
Heg 5 ]’\]7] 2T EEHE o] &3l EAL
g & 37 ELHB|IE FT8Hol Yo 1Y
Bt 3’—7§§P5‘ FHE 7o FAMEEIT QL
=331 glassAt
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£ 7R AFdazsle FAES
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Plasma recalcification time (PRT). €9
off thall FA4AHE 10% sl PEEigEoz
platelet rich plasma (PRP)& 41 4 &EAlo)
Al Btttz Afgel ARgETh AlAIEA (R
73 dcm, ¥=9] : 1.5cm)d)] /i@ PE "©E (3x
3cm)S HEAF| T Z2HS$ 3mLE £¢3%d 30

H BHE BEAFS PRT A& ojd By

g el mel AAsen 2+ AgE 434
Alste] 1 W& PRTRE AMg8lqit.
#4549 43, /N3 PE 288 A7 1.6cmE %
A A2}t 24 well culture disholl YUt Z3A]
87} & dishE& 37°C9 &2F0l Y11 75 200
vLE 9ol 3087 MY 21 & F/RTE
AAstL e o2 €42 PRP 100p4LE ¥

mz rsL' Hm

119



of AP Bt FAEIATE A4tk EA S |
of 7IHA & 13
TEAo R FAYLTS 1A
el wit FAR MR (SEM, Model
S2000, Shimadzu Co., Japan) o g @33
Blood Mononuclear Cells (BMC)$ A3
AlX% A 60mLE AHEste] Hanks Balanced
Salts (HBS, Irvine Scientific Co., U.S.A.) £
60mL%} E3slch. 15ml 589 Y4 FEel
Ficoll-Paque (Sigma, Cat. No. 1383) 3mL& ¥
2 ZHBSZ &% €9 9mLE Yol v|FH 9
3 H¥TE 2AA sHth. AEA & 1800rpm
oA 2087 Y4t FHe FhZe w2A 3
4 BMCe} g4z EFFTE A¥ol=2 FH3}
o 50mL FBo| At} thA] HBS 45mLE ¥
o] 3]X4A1z] & 1800rpmolA] 1087t 43ttt
S50l ¥4%¥ BMCE W¥HZ=Z #3ste] RPMI
1640 medium (Sigma, Cat. No. P1390)ol] &et
A7 BHLRUS 2wty gol A ALE
3tk 71 PER &S vl #8471 & BMC
getl S 500uL ol 37TColA LA Fo
. olgj 7] BMC?9 $%%= 3.
37 x.10°/mL ©|¢lth. Incubation & FEL A
o] HBSZ 33 Zx 2t BMCE
}. oju HBEES FAErAHoE FEA FA
BMC7} #35z) oo oz 43 B Utk
oz #Ek. 223 BMCO FEi= hemocy-
tometerE o] &35t ZAAY
BMCe] eistd #Ze 93

d

incubation 3}%3

2 AellMe EdEd 2EE T2 WA
2j3le] ofaEhE TSI E A7) 3Ekge)] 9
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8l 2EEEF ojma4te] FtEEAE &
ofol=7, opu| iy 747t Hehstry. wF
W77t EUE Eelodd gdy a4
o] Az2EE 2AEI SEteagel @
o MA= YFS vES UG
F3}AE7)9 £4. Fig. 1o vepd np9} o)
2 gHEge] 100% Y=Yk std PE-COOH
¢ 7}282x)7] ®z= PE-CH,0H, PE-CONH,
3 PE-CH,NH, 9] 7} #st#s 159 ¥=9 2
A #@ch. WA PERHS -COOHS) 5% & ol
Re g Fasit. B ApdAe 2y WAz
2ol of3f etz olmH4te] g AB4EH
ol 2sf Agatgirt.® Table 1ol PELES
Y FAH s F7) 5o 3087 $H5H S
) BT AR ¥ T d o5 FHAHES A
AFozsle] ofad4srs 2t 2E Al S W 28t
TeEH olag4te) & Jshligich 1 ZE
PEZHe] A4 #4822 7.0nmol/cm? o]
1, o}=mE A 3.3umol/em? o1¢lt}. Ikada £'6
€ PE ¥&¢& ol= Zef=rt S ul 44
she= AU T4tglEe] %27} 0.35nmol/cm?® 2h31
2 39 PEFHA YA AAsE
9] e ol Zetzvld o A4 A4t g
29 FERTH 200 ¥ o)tk & o)y mu'
g AtaEepzolo)] os) A4E Zel et 2
B RS 5 (2.4nmol/cm?) HThE oF 3uj
2 z+8 Jehiu ok PES®H mpabslEo] &
2ajoll s 2719 i) AY4GE1 o] 5o o}
ag4y agtzeZFE AT 71 EE
Holl 2t EY olm@ ko] 0|2 YaEakg

2

7]

12 A
ox fun i
Mr & oo

Table 1. Concentration of Peroxide and Carboxylic
Acid Groups Generated on PE Film Surfaces

Concentration of Concentration of

Peroxide® Acrylic acid®
(zmol/em? )

3.3+0.4

(nmol/crn2 )
7.0+0.6

2 Measured by DPPH method.'®
® Measured by dye-interaction method.?”
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Binding energy(eV)

Fig. 2. ESCA carbon 1S core level scan spectra of
functional group-grafted PE surfaces: (a) PE-
COOH, (b) PE-CONH,, (c¢) PE-OH, and (d) PE-
CH,NH,.
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Eql ' Hzo) g4uag RE &
sl o 72 EA]7]E At AL 33ty
718 7zt PERWH] B42 ESCAQ carbon 1S
core level spectraz #}3tIch’ |RPERAS]
ESCA carbon 1S ~¥E# 2 Fig. 20 JelNS
th. PE-COOH (a)8] 7t22A)7)e] 7]915h=
28%eVe] =177t PE-CH,OH (c)ollA= &

E2|H #1197 A1z 19959 1¢¥

Zrolxl . 24l A7) o 7118 = 286.6eVE] I
az} 7} 3A F7HIAT. o] A& -COOHS #e
¥o] -OHZ HEHJUSE AlARTh. & Aol
H~— FEHog -COOH7} Foldil 2o
-OH=z #ge ¥HE Wel4 PE-CH,0HZ §7
sttt Fig. 29 (b)ollAl Jehl niejge)
289eV o] m 37} AlE}R|a1 288eVAA] AR E I
27k A depged olR& 0=C-N-o 7|93}
£ ZAolth. 28 B g 2 EA7Y Ao ikl
olj=7|2 ARHANSE ¢ 4 Uch @A 2"HE
# (d)ellAle 0=C-N-of 7|9l3l= 288eVe] 7
=7 239 EY (b)ol wlsf gasta C-Ceol 719
3t 285eVel ZE7h £7lsled -CONH,9 9%
7} -CH,NH, 2 #25A&& ¢ 5 ek (d)
o A% HEHOoZ -CONH,7} dopdli vz
7} -CH,NH, 2 #g= ot PE-CH,NH, & &
7|5kt
PES] E4&£Z42 24 A 95.5°& JeRY
of 244 BHYL & 4 AUtk (Table 2). 27
U Zzug gaAd s 3staEr|E =43
Egd 3 22.8~34.8° 9] J¥E7+E Uehllo 25
Hrdoz vHdSE ¢+ AAT
i}t}ﬂz—ﬂs} Qg Bxatg. gA 1@
g Hiol o] FY3 PERWe -COOH %
-CONH, & A9 22 258 =4 + e
-COOHY Y#EE& -CH,0HZ XgA)7] HEH=
dg 4 Yck. 2#vt -CONH, 9 -CH,NH, =
o A& vy WA vebgth metA 2 @
71 AdEHe 4uAngg zA) 96

mlo o

o

as

Table 2. Water Contact Angles of PE Surfaces
with Different Functional Groups

Substrate Contact angle® (°)
PE 95.5+2.5
PE-COOH 22.8+1.7
PE-OH 34.8+2.1
PE-CONH, 232421
PE-CH,NH, 28.4+2.7

® Measured by a sessile droplet method.

121



PE-CH,NH, & #j¢/3} PE-COOH, PE-CONH,
% PE-CH,0HE 7|d2 AFsle] BHY L]
4324-& A Btk Fig. 3 sas7|E
zt= PERWY A& HEAZ S uf AP 8-
o ¥ vepd Aot} EAHPFAITI0] Loy
of we} &irgol Vet dA4S RE VIREY
ol A FU3A ez k. PEE 7|Ee g
29 10% & 7eiste] ¥lwdg uf PE-OH ¥
PE-CONH, ol 49] 8A489%-& PESE A9 ]
g A= E Jelz it ¥hde] PE-COOH=
205 5-‘?‘45{ PEE’_C} ok7]- l{g_o_ goﬂgﬂé}%
EplTh @HEA S o7 A= SuA=
1z, aAS F 539 A2V BoE
@Z* ‘i‘ a‘ﬁ]ﬂ 2FAZ o] A
L @ , HET g g
o] Ao o
AgHe @"ﬂ“%l’ ?JZ}%% g8t S’J
e As7|E 2= PEZWo] @
AlZ132 fibrin networko] dA2 '-[H AL A
ZA4ste] Fig. 4o Uehigich. @
Hollxe] Thild g31x) 7k oF 505~661%9] H
& JeEliSE PEAE 58428 YERiSICH
et Rs71E 22 %= PES vlwstey 2 uf of
o=y} a2 EY A9 PRT7E tia 2A el
o Fl2 Byl 28lZER AL 28 BA
UEldth BHo §0)&& W Mg AT
Aol fEidiths B17 glou B oA o)
o} At e 275 JEpiTH mhEbA] ol 29 F
F (247, 7128A17]) 9 olg°] ZEH
e F9 4 %% ne g AXA H7t
7} AEHAR oL & Ao R AZtEd. 3 PER
Hell 244717} U= 73%% PES} 2 Ao]&
Wz gttt v Bde A E
glass®} HlJT'-BH B & zolg vehf gt
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ghgo] A4 g el 843 XA Ao
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Fig. 3. Thrombus formation on functional group-
grafted PE surfaces as a function of incubation
time: () Glass, (V) PE-COOH, (@) PE, (¥v) PE
-OH, and ([J) PE-CONH,.
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Fig. 4. Plasma recalcification time of functional
group-grafted PE surfaces.

2 Azter.s

Fig. 50l PEEWol ¥48¢ 10~120% 7+
A&7 2 A28 Bawe) A8 AR A
& Yepd Aotk HAFLAY e HI3AZ
o] Zejol wet F7Fsln 1208 Fole WA
Aol Ax @ago] Yol AL FeBs 2
FE e UMY €48 JAAFE vlusy]
918} PRPS} 2182 HEAZHS 120mino 2 ho]
SEM#EE st 1 ZAHE Fig. 60 JehgS
t}. PE-COOHe| M @4B7)2)e) &3lo] £Eg
A Jepc. PE-CONH, ol @Ama =47}
vlawd A1 PE-OHolME 3= B3-S
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=313 PEEHS buk3e) & SEMo 2 #E3}3
oy Hlmd FYF FHelth. 23y PE-OH
o] 3% g furt vepta el o] AL 3
He] BE U F£H 7|QJEhE ZegE F5E ¥
FAA2AE 2 olf7F BEaA ¥4

27 (monocytes)} ¢1u}7 (lymphocytes) 2}
Z+2 blood mononuclear cells& 23+ WA
24 Pl £AshaA RS RANE )
e Ao ¥HA ANE HAWEINE R
FdA BMCE AFAIFIZ FE3ANH Z3e
o] BAE ZAE] Fig. 701 YehiAth. 7129
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(d)

Fig. 5. SEM photographs of platelets adhered on PE surfaces after (a) 10min, (b) 30min, (c) 60min, and (d)
120min incubation.

Z7tstaitt. PE-OHE 2417} o] Follx Y8t &
=2 F&gol F7Rieyv PE-COOH, PE-
CONH,; % PEd|AiE Holde 77t vehtA]
orortt. Horbett52° 2 hydroxyethyl methacry-
latelethylmethacrylate copolymers& 71& =2 3%
mouse ST3 cells®] FAAHL Pty 359
z24 2 FA7 AxFEe] F43% 988 3o
T BudtEch Fig. 79 PE-OHelA HEFAI7HS]
Z7ket @A BMCel A&&o] A& 3713 A2
PEZHY 447] (-OH)9} BMC2} So|d 433
£ojl 713 Aoz Azt 9 Fig. 8ol 7N
A PEEWo| BMCE SAI7F AEFAZE WY HF
B A ¥eo] SEMARE JGeRUT HEAE Fol
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(d)
Fig. 6. SEM photographs of platelets adhered on functional group-grafted PE surfaces after 120min incub:

tion:(a) PE, (b) PE-COCH, (c¢) PE-OH, and (d) PE-CONH,,.
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15p4m A& 98 w= B JHZ A5
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Fig. 89] PE @ PE-CONH,dAl= d&d o+
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2 7 AT ¥EE Jehz oz PE-OHO
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Fig. 7. Adhesion of blood mononuclear cells on
functional group-grafted PE surfaces as a function
of contact time:(QO) PE, (@) PE-COCH, (V) PE-
OH, and (¥) PE-CONH,.
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=sisch. BHel =Y #5717 Wy rol
X TS in vitro VWS B Lwugich.

gahide] €43l PE-COOHA 2159
il PE-CONH,elA= JA=HAY. 23y PE-
OHellA= PES 34 273z &43te Jet
Wit shE @ame] BA4s= PE-COOHA
AatA A3t 1 PE-CONH, 2 PE-OHojM &
Hlw#d AA Yebgth. Mononuclear cells& PE-
OHZJell A H3to] golstAl dojtont EAsh=
Aol Ay E=] edgket. 22ivk PE-COOH ¥ PE-
CONH, el M= 843171 £x1= 0t
2= PE-COOH& @thilgA| 9l EinAe &

(d)

Fig. 8. SEM photographs of blood mononuclear cells adhered on functional group-grafted PE surfaces after
5hr incubation:(a) PE, (b) PE-COOH, (c) PE-OH, and (d) PE-CONH,.
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SEDR

AdsE XA AdUHeg PE-OH % PE-
CONH, 2t} & ZHYAYE o7IAH A4
¥9) blood mononuclear cells& PE-OHA}Y| &
Z & 8457t AAES FAIZE A AEe
FZ AR A B8R AL st Aoz Ay
Hrt.

A3e 2: B =22 IFHEAE 1994EE
AAHEGPH] AP (FAHIF 1941-1100-024-
2)0l 2J3)] o]Fo)Z Ao oo FA=YHLIT}.
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