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Graft Copolymerization of Acrylates onto Collagen Membrane

and Permeation Behavior

Yoshiaki NakamMoTo, Harumi Kasamatsu, Junichi TaTsumi, and Shin-ichiro IsHipa

Abstract
Grafting of methyl methacrylate (MMA), 2-hydroxyethyl methacrylate (HEMA), methacrylic
acid (MAA) and glycidyl methacrylate {(GMA) onto calf hide collagen membrane was carried out
using ceric ion as a redox initiator. The epoxy group of GMA-grafted collagen membrane was

modified by hydrolysis, sulfonation, or aminolysis.

Membrane permeability of urea was increased by grafting of hydrophilic polymer such as
HEMA, MAA or sulfonated GMA-grafts, and vitamin B,, permeates easily in MAA-grafted

membrane.

It is thought that the collagen membranes modified by graft copolymerization can be applied

for dialysis.
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Table 1 Graft copolymerization of acrylate monomers on
collagen fiber

monomer grafting 9% grafting efficiency %
MMA 47 63
HEMA 292 94
MAA 91 91
GMA 479 92
AN 3 45

collagen fiber suspension : 10g/l, monomer : 0.5mol/l, CAN :
5% 107*mol/l, HNO; : 2%x10-*mol/1, 30°C, 3h.

— 176 —



RAR-EHR-RE-AB 27—4YCBANT 7ULE/ 2—D 777 FEALBEEEN 65

s o mel 77 PR 2—(8)
77 R RS e ()

X100
777 } &

_— 7?7%&£Uv—g@ %100
7727 REF ) 2e—+tRhER)=—(8)
140, 727 VE4nL %+ 213, GMA >
HEMA > MAA > MMA > AN »lETs D, GMA
RHEMA TIIBthEIS T/ ~—BE+EmME¥5 >
EIEN T 7 VEIBTIC I CETLI L LT
A, BOTHEEICEATS, 272777}
LOOBLLEE LN, ZEAERER) v— %R L%
W, —H, AN TR 777, 757 MEEE LI/
L, AT DRBERITL LW b1,
D&, bHrLOBELRIT—F AT TT
FEAICENBONIENIRAI PSR ICTE

L7z,

AT BTENTFFEADT I PRI A
1660 cm™ K bN BN LT, T2 VLT 7o—%
RIS 28728 T 1700~1735 cm™ 2 2 2 F L 5 »

collagen

0

m

1 It

BANVRBEDHNR=NVRNASEZICR LN, BE
HIZBOTLINLET 2N/ 2—DTF7 7 ES
MR- TWB I EHHEEINT,
H2ii3GMA 777 BB LU 20 Hx L &
123D TILBEM L 2D I RZX~27 P %R 72,
GMA 757} a5—% BTi3, ZATFLENR
IA*1730 cm™ Mz, THR¥ 3 EDIRILAT900 cm™ Yz B
LAY, MAKRSHEIC LY 3400 cn {HiE D KB &M
MRUNAYKE e ) 2R % L HOBINATERL 72, F72
ZIVik 2 {LRE Tt OH BRI DEA L, 2Lk
#iz & 5 1250~1150 cm™!, 1030 cm™' DIRIN AR & 11
b5, T3I/MLIETIE 3RT 3 /7 EDIRILA 2800 cm?
ICRO6N5, LLED#E, LMzt ) 2nenk
BEE, ZANRCE, TI/EMEAINELOLES
Lhb,

Vil

1 i I 1

1600 1200 800
wave number (cm™)

1 1
3600 2000

Fig. 1 IR spectra of collagen graft membranes
1 : MMA-grafted, Il : HEMA-grafted,

Il : MAA-grafted
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Fig. 2 IR spectra of GMA-grafted collagen

membrane and chemically modified
membranes

IV : GMA-grafted, V : hydrolysis,
V1: sulfonation, VII: aminolysis

— 177 —



66 FIRRFETHFIILE 16%2%5 1983

o
collagen+CH,=C

|
COOR

CH,

|
—— collagen + CHZ—(IZ—%T

COOR
I~V
I : R=CH,, II: R=CH.CH.OH,
1i: R=H, IV: R=CH2C\I;/CH2

CH,

|
collagen + CH,— (I: =

COOCH.QHCH,
v
CH.

3
|
—— collagen —(— CH,—C %——
] n

COOCHz?HCHzR’
OH
V-~V
V:R=0H, VI: R’=505 .
Vil : R’=N (Csz)z
Fig.3

3. 2 57 +a5—4 EOBKE
Bt St ARL-EE S 77 27—
KeplzBEL, BERokaERELMEL 72
WERN T T 7 FEIZBWTL, 777 FERAKY
BAITRNE2 T~ EL) LIRKESEART S
EHEEEN, 7F7 FEOMIE & LITBKERITR
Wt 7R e —hOKERER A v REEOH

AELHTLHBAICE, BERINBEREFRTILY
HLhThHb, BAOEMIT—5VETELVWERK
WEHELDIIE7 77 1 EHHEMA —25 -7
(D BEUALFK L GMA —a 7 —4" 8 (V)
Th-72,

F72, YxFAT I /LEE (VD ($ a9k IEC
ZLC, oBEYE LIz FATe FICED)4ART
VEZI AL A CRCERL 2 & 2 A (BN, FHIE
na kS IcHAKERENL 72,

3. 3 U357 b35—4FrBIsTaRROEAN

&£E75 7 F a7 —4 v EICB T REOEE SR
BaFR3FEDHTRLI,

BEAERIIRATERSI NS,

J=P-A.AC-1=P" - 4-AC -1
TS BER PR TAHENT T 7 A, A ISR
EHE, (12BE, AC IO THBEE, |3
B, P 5L U P ILEBRETH 5, P IHERE X
FURTTTH ) B8R+ B+ 2B TH 5.
FOEDFEEIZIZLEFNOBRE S LETH S D, FE
BTIIRDEZEDTELY > D TEHBEREZHV
THEH L2, —H, PIIERZEH-FHTHY, £
HARYFE 21T I DICEETH B,

R24&0, 37U ERE~NT7INLE/ 2%
777 &L E, EANOMLETLEBEAEV(DL
REtT T, 4bb, HEMAS MAA 0 &
FUPKER ) 2— DT T 7 FMETIIEEBEIL
KE( -7, X542, MMA o & 9 7 b BhBok it
EEZLNLRY =28 TLEREI AT S

Table 2 Water content of the modified collagen membranes

membrane grafting %® thl(ilkanss water content (%)
Colagon — 21 200

I 153 51 116

11 171 36 262

11 170 51 184
puiiane — 82 235

A% 48 211 484

VI 48 244 519

Vil 48 248 337

Vil 48 276 403

a) Grafting % of V, VI, VIl and VIl are based on the precursor [V.
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Table 3 Permeability of urea through the collagen membranes modified by graft copolymerization

membrane grafting %% thickness permeability
(gm) P (x10-%cm?/sec) P’ (x 10 *cm/sec)
untreated
collagen —_— 21 ‘ 0.98 47
1 79 34 2.3 6.8
153 51 1.6 3.1
I 38 33 2.1 6.4
295 59 2.6 44
m 145 44 2.7 6.1
v 89 36 1.5 4.2
201 44 0.64 1.5
VI 89 32 1.0 3.1
103 61 49 8.0
Vil 103 48 0.18 0.38
Vil 83 31 1.2 3.9

a) Grafting % of V, VI, VIl and Vii are based on that of the precursor IV.
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Table 4 Permeability of urea, creatinine, uric acid and vitamin B,, through the collagen-polyacrylate graft

membranes
membrane grafting thickness permeability (x10~‘cm/sec)
9% (zm) urea creatinine uric acid VB P’ve12/Pures
untreated
collagen — 21 4.7 4.4 2.3 0.95 0.20
I 79 34 6.8 2.9 2.9 1.0 0.16
145 44 31 14 14 0.040 0.013
11 295 59 4.4 4.4 3.9 0.36 0.081
111 145 44 6.1 32 34 1.6 0.27
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