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Abstract

BACKGROUND: Preliminary experiments have demonstrated that composite coating of sodium alginate and
heparin with multi-aldehyde groups has excellent biocompatibility and hemocompatibility. However, little is know
about the optimal condition and pattern of new coating preparation.

OBJECTIVE: To prepare a new composite coating of sodium alginate and heparin, and to optimize the coating
preparation conditions.

METHODS: The optimal coating conditions of sodium alginate (or heparin) were screened by orthogonal
experiment, to obtain three coating patterns of sodium alginate/heparin composite. Composite coating was
covalently bonded on the polyvinyl chloride surface which was preprocessed by amination/chemical modification.
The screening methods of optimal composite coating pattern included coating quantification, protein adhesion
test and surface contact angle. Anticoagulation properties of optimum composite coating model were assessed.

RESULTS AND CONCLUSION: The optimum coating condition of oxidated sodium alginate in composite coating
was 50% concentrated sulphuric acid, 0.05% polyethyleneimine, pH 3.5, reaction temperature 40°C and 2 g/L
oxidated sodium alginate. The optimum coating condition of heparin in composite coating was 70% concentrated
sulphuric acid, 0.1% polyethyleneimine, pH 3.5, reaction temperature 30 C and 0.1 g/L low molecular nitrous
acid-converted heparin. The quantities of oxidated sodium alginate and heparin in optimum composite coating
pattern were (4.07+1.35) and (2.13+0.24) pg/cm®. And the composite coating possesses fine anticoagulant
property and biocompatibility.

Key Words: biomaterials; tissue-engineered composite scaffolds; sodium alginate; heparin; composite coating;
covalent bond; oxidation; diazotization; biocompatibility; anticoagulant property; provincial grants-supported paper
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Main experimental reagents and instruments:

HF R AL KiR

RE LI ARSERHEL

TR A2158. mUREY £ Sigma
TSN Fluka analytical

R OIR N Alorich

MV A R 2£[® Sigma-Alorich

ANiEBEEA CSL Behring Gmbh

N AR EMD Chemicals

JH- 2 RS HELEY

LA e R T Thermo, USA

BT Hitachi, Japan
KW HE:

S1ki8 5 B2 5 (oxidated sodium alginate, OSA)i& B4y
w1 KRR N2 g R IR T R B K, IS
IR H#90.5 moL, Wi N24 h, J5 T RN N
ANLZRE0.2 mL& bR .. RN HIANaCI 0.3 g,
WA 5 GAR B NARFL 35096 % LT, B T4
g TR HOOE T L8 7K, 3500 wiEtrdiE T
R JGA TR, AR TG SR 1FOSAK K

{8 4 F BF = (low molecular nitrous acid-converted
heparin, LMNH):#%&BE#R9%I&: KHR=Hm A2 g
it 2B TR, FFIATAERE120 mg, FERRPEIES
O CxMN2h, JEHERBPpHERT7.OLLP RN, 15
FILMNHY . 7 000 uiBB i 8@ il 80 v vk, AR
i I TRALBEAT TR LMNHE K

HEVMESSH: WRERHRALHEER AT
PR, BT R ARG AR, DML HER MR E
RN IIREIE Ao WS RRN SH FM R LA e PR
FRAL B A B, Kl #DTGs KBr, 4 #KBr, i
K3z [1650-4 000 nm.

RERBYES D

OSAIH & %5 FE I AE - 2 BOCHR[15] 1 21— Bt FR v
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S ST BRI AN MR AR AE I 2 o 70 51) P LS I T 5 OS AV
W, LR - IR I Ak B R S A o3 Ol ot BE AT I
480 nmAibAbsfE, MAEHEERIPREIZ, T ZEEE
THEESEO TR ARV bl VR R R L

| OSA VR i (gfom?)=(5 N Hi v R I e )% 2110

LMNH [i] 5 %5 BE Gl e« 2 BOCER[16]Hh H 2R i s
SE STV SRR AR I . AR E AR 2 ) B
810 e/, IIN20 mLIRE P IR IR
MIA2.5 mL 0.02%1) 2R f& 5 % F12.5 mL PBS, 4
YIRS, =R V50 ming  JEREUS NI, R KA
I3 IEIEFE VI 630 nmAbAbs i, JfARYE bR £ HEST
WEEE.

| LMNH i/ 8 (uglom?)=HF 25 x5 mLM0 cm?

BA RS HIHIL:

RA L EIERIRZ T3k WEAPR, HEH
H2S 04 KoMnO M 73 1) 0 38 5 L) i TE HEAT TR AL THLAL
B, MR IE R HE(-COOH), 5B 44
2 1) (-NH2) 45 15 7E R RER T R 3 K DL 0 32
fy o, Hmas AR RJE S EEACAE LA T
F A i (1) 18 K (-CHO) S A4 ThF 58 19 B A S 1) 1 % &5
s HISE I BEES IRE AR, BRI R SRR

A_CHO
‘ NH2 . —NH-CH-A
KMnO4(aq) | BT —-NH2 B-CHO
SIREEEEER —_
H H2804 : —NH2 NaBH3CN NaCl _NH.CHLR
‘ —NH2

LMNH(fi%7 71 3)

A: OSA(SMLIEHERRYY); B:

K1 SRE O EERINGRE T

Figure 1 Coating method of polyvinyl chloride pipe surface

OSARAMIRZ S ATk : FIHIEAC W IITE, ¥
FRUSE . BB IR WK T . OSAEMUT ik % . OSA
W pHE R AR A SF R 2, BRI 3N K, 1R
FIWE 7359 }140%, 50%F170%, Z& £ W ik i 43 3]
70.05%, 0.1%, 0.5%, OSAWWITEUE /5 40.1,
0.5, 2 g/L, pH{E/#I°43.5, 6, 9, 451430,
40, 50 ‘C; iBiLSPSS 17.04: EAT LK%, FE K,
MIIEA RS2, JEHRARIW, KM - ARk e &
WIRNE R, JFATG b, Tk R B AT
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OSAR ik B F ML IE R KLt

L EKkEE B OSA o
iy o) WkE%)  doEgn PR )
1 50 0.10 05 6.0 30
2 50 0.05 2.0 35 50
3 40 0.10 2.0 35 40
4 70 0.50 2.0 9.0 30
5 40 0.05 0.1 35 30
6 40 0.05 05 9.0 30
7 70 0.05 05 35 50
8 40 0.50 0.1 6.0 50
9 40 0.50 05 35 40
10 50 0.50 0.1 35 30
11 70 0.05 0.1 6.0 40
12 50 0.05 0.1 9.0 40
13 40 0.05 2.0 6.0 30
14 70 0.10 0.1 35 30
15 40 0.05 0.1 35 30
16 40 0.10 0.1 9.0 50

LMNHER B &AL [RIFERH IEAS B 7%,
WEIRIIREE . 2R LR BE . LMNH T i
LMNH 3 pH (L FH il B2 A D SRR 22, BRI B2 23 ) A
40%, 50%F170%, 2R LI WAk % 5377 40.05%, 0.1%,
0.5%, LMNH¥# 8T 82 5351°50.1, 0.2, 0.4, 0.8 g/L,
pHIE 1 43.5, 6, 9, WfE4H1 430, 40, 50 C; il
IISPSS 17.04: i iEAC S 5 E U IEAS R e vl 5K
K, HEE3NR, KRR AWNEERIRENE L,
TG00, TR EAERIE .

LMNHES 3% /2 5 1 57 IE 32 R0

PRI ROImWN LMNH

BT oy k) @ P EECO)
1 70 0.01 0.1 6.0 30
2 40 0.10 0.1 35 50
3 70 0.50 0.1 35 30
4 50 0.05 0.1 9.0 40
5 50 0.50 04 35 30
6 70 0.10 0.2 9.0 30
7 40 0.05 0.8 35 30
8 70 0.50 0.8 6.0 50
9 70 0.01 0.8 35 40

10 70 0.10 04 35 40
11 50 0.10 0.8 6.0 30
12 50 0.10 0.2 9.0 50
13 40 0.10 04 6.0 30
14 40 0.50 0.2 35 40
15 70 0.05 04 35 50
16 70 0.05 0.2 9.0 30
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RESABREERIFE: 455 O0SAKLMNH LR E 5
FERZS5AT, OSAILMNHE A E B XL AR 7y i 3F)
OSA,LMNH;. OSALMNH,FILMNH OSA,. JH 4%
B R0 R A i 8 v OSAFILMNHEEA T 52 540 Hr, Tl
il H 1 M T A S G 3R R IR B AR A 4
5B AT DA BN, Tk R 2 A

OSAILMNH & B4R R HUR LA L 1 OSAFILMNH
%100 mL, T30 min, JIA1.75 g NaCIfi120 mg
NaBH,CN7/MEA], 1T pHE A e ipHIE, K RA L
W FEER BN SO, R ez e 2 he B
SN I SN AT OSAGE Bt o N 45 R i FHZ& 1K e
VERHOIGHEE S, R TS LMNHE & 73 #r .

OSAILMNH: & B# R« 4 B 5 Pt W< £ OSA ¥
200 mL, JHA1.75 g NaCIf120 mg NaBH3CN 7737k
A, ATTpHIE A I ApHIE, KR A LB FEER BN R
PR, AR AR N2 e FHZEIRZKCRS S5 S
JEREE PR3, ARG I B BELMNH s S
SR BE N2 e B AR — IR AR S NI R AR, R
P~ MV € EOSA. B IS 20K M7 [ W Jm SR A LM ke
B IR ORI E BLMNH.

LMNH{OSA. % B R : 2% HUIR A0 9K & LMNH %5 7
200 mL, JHA1.75 g NaCIfi20 mg NaBH3CN 7t 73k
A, WTpHE A ALpHE, KR A LA EREAR
MR, R AR SN2 e FHZETRZKCR S5 S
JEFER RS, ARJE I B I LK FEOSA S N 1
AL E N2 ho BEUER 1R 7 I N i 58 S L Ff
B W T RS ORI R R ELMNH . B HCE 2 kiR
Ui SN JE AR, AR BV € 5 OSA.

RRECHSEEENEMBEETEN:

WRIAR SRR YE SR R 2 TR FE R
T N2 L2tz FHZh a4 ful i D i A5 ic S i 1 B
[ A4, RN A AR I 54N 1, B AT 10X
SRR o SHARL N E VR S AR R T A AR, Ok
FAERE SRR o

WRIZAR TR AW S5 AR SCER[17] BCAE A
JE T M BCATR A G 7 VE G LR IR FBE AR 4k o 15 fr
WIFE S BT 0.5 cmx0.5 cmft J,  INA244LE: M il
B0.2 g/L NI (IR RN A4 5 A R R R
BCA TAEWG; 1 BCE AR MRE i i3 g2 4L, el imA
1.5 mL AL 8 RN SRR 2 1 MR, R o8
AR, NERKFT T, 37 CHFA h; K E G R
PR, I B0 TR R A JE R s HY
100 uLAF I AR I, IS A Lo/ N, RIS A
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BCA T fE#1 mL, FRRIRGIRSIE, 60 CIHIF#
30 min;: IS A 5306 0 B VI E W S TR A R
562 nmik KAbAbsqiE, HRHEFRIE I T3 R N 1T S B A
ZEAH,  RIWARLER T H 1 AP

2 R L 578 [ A 18]« 1 2 Ak e s SRS i 4 1.
20 mL, 3 000 r/min&.L>10 min, &.034:13.5cm, 3k
FFBTAMANAR I SE 0 Y 1L T B i A 3508 4 I 3% il
RTINS A P Ea a2 g S VR
53 B0 om? et S A i 2 R RVRUR IR 2 AR, 3
£50.5 cmx0.5 cm J, B T245LE 98 BANRIERE
i FLH AR BT LR 2K 700 pL, 37 CAHEKAR
B EE 2 s HHEOR 75 I, NN 250 RV 2130 s,
PR 52 ATTURE L FR AR, TR AR ol B I T I 22 41

REMBTA: 10 cm? B E GV ZRE 5
RIREMEH R O IR), BT R R iEm,, R
JEE B BTN 29U R s S EUR e AP TRE A 1,
A BFES AL, BB L 37 “CIHUE I 760 min
JEBUHIRZRE b, PBSHME3ME, 3% % R, BhAE
LBERC IR 5 BT, PR RRR T A fmy, THE
BTG U ZE

TRIZ PR T M AR B R =(my-my)/m,

FEWEIEFR: OLAMARNRZEERTGRE
PIAT vk . @BRAM VR R TR E Y AT
SE . @FR A AR 2 G R, @A
0PI SO AC R 2 3 R AR AR o BRI BN ] A1 i
AR R[N ES ERNET R IR

FATESH: A E =R HXxes®oR, P s
FIHISPSS 17.0% A TGt o0 #T, W7 Z it T %
AR LR, WS ELBC R I SNK-g R, STt 27 25 SR 0
FrifEP < 0.05.,

2 #R

21 RA K% A EOSAZLMNH A &4 49 5 A
MR OHMER R, OSA7E3 352 cm™ 4k HHL T 4;
AEW IS LMNHYES 450 om’™ B fE kol . 2
R OIFRMIFBAREE R I, KPOSAKLLMNH
WRIEYE R E LIRS AR e e, ILE2.

22 hREHEEFAEGL WRAEUEZ L IE,
73 OSA & & #r #E i 2k J7 #£  y=12.955x-0.009 5
(R?=0.994 2, x: 4-100 mg/L). LMNH:E &5k 2k )y
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Fiy=-0.037 5x+2.078 2(R?=0.997 8, x: 2-32 mg/L).

OSA

LMNH

PVC
W W
PVC-OSA
PVC-LMNH W

T T
4000 2500 2000 2500 2000 1500 1000 500

cm”
e UL 3 352 om ! A H I TR HEWC G s 2
7E 3 450 om™ BT AEHER G, B ARK LERTIEE
REAIE U H B, 55 I AU A0 BE IR A ST 380 B SR A LI %
2T [ 5 A 5

K2 SEALHEERIR S ZRE RSN e 45 R

Figure 2 Infrared characterization of oxidated sodium
alginate and heparin coating

2.3 OSAZMKREEM HEHESHEIKVIEALZLK3
YR R TEAT 5206 BT 26K 1-16%5 5 OS AR 2 5 1% 73 1
7 (49.19+17.03), (101.19+7.92), (28.63+11.85),
(17.93+3.72), (16.97+3.33), (30.28+2.38), (27.20%
6.09), (18.22+7.73), (16.72+5.34), (57.98+6.86),
(4.84+1.99), (77.22422.80), (5.90+2.59), (25.10+
12.04), (19.1749.38), (4.53+2.02) yg/cm?. H#i43H7
g RO B R 2 A . BO%IKTRIR . 0.05%% &
WM. R pHAE3.5 N B 40 “CHIOSAJT
HWE A2 g/,

24 LMNH®MAR B HESHEZ KT IERLSER
U, NN IEAZ S 1-16 4 5 LMNH VR J2 25 FE 43 9 A
(1.40+0.14), (1.26+0.22), (1.66+0.05), (1.11+0.19),
(1.40+0.30), (1.61£0.03), (1.210.03), (1.12+0.04),
(1.32+0.08), (1.54+0.19), (1.35+0.15), (1.03+0.12),
(0.82+0.19) , (1.24+0.14) , (1.0620.11) , (1.27+
0.15) uglem?®. A4 43 47 45 S 0% 14 1 do v 2 4 A b
70%MBIR . 0.1%K LM W% [N pH{E3.5.
SN 430 ‘CAILMNH iR % 0.1 g/l

25 HAoBEMBREERX RIGREW, 5
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OSA{LMNH,. LMNHOSA#A AL, OSA{LMNH, 1%
KR EW e w2 LR ETEE (P > 0.05), &AM
D FRK(P < 0.05), SR f W2 kNP < 0.05).
JIT AOSALMNH #2 C0R JZ W A B i )2

F A SULIER S T REEWRZAE LR TR R T
Table 1 Property evaluation of composite coating  (xts, n=6)
)z (Hglem?)
415 A ()
AL EERR BN 1ES
OSALMNH, 4.07+1.35 2.1310.24 37.67+4.00
OSALMNH, 3.81£1.04 1.94+0.38 49.33+2.83
LMNH/OSA; 3.80+1.02 2.1040.65 57.85+2.27
1B (ug/em®)
ik et fa (%)
NIRRT KB N Ytk R
OSALMNH; 35.5316.29 35.5346.29 37.67+4.00
OSALMNH, 44.24+2.58 44.24+2 .58 49.33+2.83
LMNH/OSA; 45.08+3.41 45.08+3.41 57.85+2.27
#: 5 OSALMNH,. LMNH;OSA, #AHLL, OSALMNH, #3215
HERT TR (P> 0.05), HAZM & B#ERK(P < 0.05), Kkl
i 2 #E /NP < 0.05).

2.6 FREAEXIE DM K245 R,
OSALMNH. 522041 5 25 {6 LA B, 3% A i 2tk i
75 T T ] A% 8 1Lt ][] J2 5 B K (P < 0.05), LA TR
HEFHWAP < 0.05). EISHIHiHELE RIAFEEY,
OSAILMNH . ¥4 2 58 18 2 1hi 1l 4 T it S 2 kD>

K2 SIS TR 2 A i i 2R Uk Y RE R PPAN

Table 2 Anticoagulation property of optimal coating pattern in

two groups (xts, n=6)

T H S 2 N AL
A4 Bk TG I ) (s) 57.68+3.12 36.72+0.58
Tkl I 7] (s) 32.186.44 16.78+0.36
5 0L 56 BB (s) 15.9141.12 12.72+0.42
YRR (15 (s) 15.37+2.18 6.47+0.58
AR R B4 (mg) 46.86+1.63 67.003.20
M ARFH B (%) 4.95+0.17 7.08+0.34

e SEIAUN Z A WRZ Y AR E B AR . I RIRE Rk
(4.0741.35), (2.13£0.24) pglem? SR MG, 2 Fx D R Z B
LI s 57 IR HALAR LG, 250 AT A 05 2 Bl 0 % 8 I 17 % 2 L g 1)
BEIEK(P < 0.05), MARTEME B FHm/D(P < 0.05).

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

A: VR

B: sS:IuH

VR SLIRAUN R AR E Y R B BRI R R
R 09 (4.0741.35), (2.1320.24) uglem? [ ZI%7E
T W2 R AR T R R B 1T R b .

3 R LAEEIRIR H G K4 AR TE (x5 000)

Figure 3 Thrombus formation before and after polyvinyl
chloride pipe coating (x5 000)

3 e

FF 02 B Jo b gy O, AR b v T
F 43 T AR AR A 22 i e R, Gott 055 10k
TE I T RHRE T 2 ] B AE S b R R T .
ST BB AR e, BB AEFRIE R KRS,
KR FEACHTREBOR . H B T8 2 2 455 T A RRIR I
FBEPURINEGSS & 781, PUBHETEABEIRIT &A%, iz
JH- 2% 5 Ak 98 v Al 9 25 1 20 4 T e i fl T RS T
(W R ORI, A A AR A RLER TR PR 2k 2 i tg
PE, AR ARSME I (A 3 AL 5 22 . Bioline Coating®
(Jostra) il il A/ 5 R 25 7B 45 A 10 7 VR o T L
# Liquemin® 55 A Wy ) 2 [T ¥ ] 5 1) 22 TR 2 3R 2R 45
Gy HARRE R RGOH LIEIR T BARBS, KT M
A Mo A PEORT R NS P, g T BROR B .
AOThel®(Artificial organ technology)if # T 1% 4 it %
li] 7 A P P SR I e RN B 2 - 3R v 1k ), SRS AR
P 2R THIARHBL ) 2R 11 22 W AHORY 3 7 55 0% 40 7 BT 3 3Lt
{51, Corline®Corline Systems AB)/& ¥ k4> T F 4%
B YRR R A RN 4 S B AR YA R R T 2 i
BE b, SRR LA S5 A ORAIE T S R TR A, R
1 A A e s AR AR Favia P2 2005 e S0 e i
HLYE I A6 B A i AL 5 SO TR R AR 2R 20 R 5
NI, PRI iR R A OB MR L T
] B 22, X AIOGA 22 TR E R O, SRR
HHBR %, FIEREME. Henry25 @20 F e 2 T
H 2H 2 B B, R S | ) A B — U B A 2 LT 1)
SR, MNIME R Z M DR s, R A=
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I3 1A BF TR I 8 - 0 LA 5 BH RS 1 1) 431 2 o i e
SUWERAEM IR AR BRIMALRE BT, Al
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