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Abstract

Chirality is one of the basic characteristics of life system, which has a high degree of chiral selec-
tivity, surface chirality may significantly affect the biological function of biomaterials. In this pa-
per, different chiral tartaric acid molecules were immobilized on the surface of Ti-O films. XPS test
results showed the peak of nitrogen appeared on the samples which had deposited dopamine, the
ratio of nitrogen to carbon was increased when hexamethylendiamine was introduced. When
chiral tartaric acid was grafted, the ratio of oxygen to carbon was increased. XPS results showed
that all surfaces had been successfully prepared. The water contact angle test results showed that
no difference was present on the L-surface and D-surface, indicating that surface chirality had lit-
tle effect on surface hydrophobicity. The effects of chirality on the blood compatibility of materials
were evaluated by fibrinogen denaturation test and platelet adhesion and activation assay in vitro.
Compared with L-tartaric acid surface, D-tartaric acid surface showed a lower degree of denatura-
tion of fibrinogen, less platelet adhesion and a lower degree of platelet activation. These results
indicate that chirality cannot be ignored in the anticoagulant properties of biomaterials, which
provides a new idea for the development of anticoagulant materials with excellent properties.

Keywords

Chirality, Tartaric Acid, Fibrinogen Denaturation, Platelet Adhesion and Activation

T-OMREEE FRFIBARR R MARE
TR

CEIEE .

SCEF| SR, Wk, ERL WEEE, HWE. Ti-O BRI R A E T AR S R A PR ], APRERE
%%, 2017, 7(3): 345-352. https://doi.org/10.12677/ms.2017.73047



http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2017.73047
https://doi.org/10.12677/ms.2017.73047
http://www.hanspub.org

LI PN

VUG AZ I R =M B R BOE S st =, MRS TRE2ERE, DO)1 R
Email: ‘644340797 @qqg.com

Wehs Hi: 201745 H6H; S HEM: 20174F5H24H; kA HM: 201745 H27H

R

FUHREMEROEARE, EMERAEATRERNTFHREENE, REFIETREZRWAEMIE LY
FURE. ACEARFHEARS T EEETI-OERE, RETARFHRE. XPSRNERER, U
RT ZEEORRRE LI T HENIsE, B8 T RO RREN:CEN R, FEXFAERT Fi
EAR, RRMKO:CETR, XPSERRAELERREY ORI ERI. KEMAKNERER, L-EA
RRTMAND-EARRE A KEMALFEEER, RARTFEASHWAHERTAIRGEAKE. B4
%28 1 [ M SEI0 A A S /NSRS -5 808 SRR SRR T TR R T VB AR A KRR . A% TL-
EARRE, D-EARKE SN HBRNAREQFRRERERE, HFAM/MUFRRERED, M/MREE
EREEER. XESRRAPEN TEMB IR T E A BRI, NIT R
VLRI ATEHR G T 37 K B8

Xiin
Fik, EAR, SEEAFRNE, M/MORSH S EE

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1 3l

X T 5 MR A bR, T an ey 4 s A 28 1, B T I TE H AL 2 2 4R T BRI
BRI YE IR (1] [2] [3], WBUansEsiskE . RIMBAT. REEREHSEE, MROHERFHTLER. H
&, HETO&H it 58 fEWE AT R o0 T 85 AR R B AN AT B2 . Rajagopal Appavu
PR SEFR A R B 2 25 2 RGO EF YR — b S e 5], BF 98 T S oA S R ff o, it &5 SR ml %
D-74 5 2135 2 JIK AT LURICE BRA5 21 58 9 5K SR [4]. 9 1 0T 98 T PR R i es 0 i 2 5 R 5
Guangyan Qing 7EZRAT A MK A A SR R TR, 45K R Bl 2 4 e 2 JL R ) B
VERFEER ORGSR KRR, TS B AR XA I FE[5]. Bl X T FEAE R R I
PERIAR BT INGR, B AN 5T B CF 7 — 2800 T R 1 5 A0 A S PE AR DGR 72 AR T T L
FM, C-6-F L e 40 M AT PN 2 40 X6f D-PEN 18415 ) 3D /KR S 28 B 7 SE 4 fsE A [6]. WERE/E
SR AR T P AN [F) - PE A LI 2 B BRI T 1929 Jl AT 4E 4N M 7E 3L IR BRHAT Ay, &5 SR R BIAE I
A MM, ANATE ST R R B W22 R0, (R U IS MAFIERT, A 2 1R R
L SR b o IX A0SR I I3 8 FOR T 40 1 I BERG BHAT T e B IR R, B, W XA
SPR 7Bt Fi i R AE L AT D R W HAT H, W90 45 SRR BB 2 1 R R R BRE L SR THI[7]. RS 2
ATDMRE#RZ20 PC12 AARSESE /b, DRI 7038 ) PRI A B 2 1 il & T YRR, 78 Tk ] e e
1) DR - PC12 M0 A =3t =i AT >, TAE LR LIS, HED D R Erk &= B A -
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Poidtk, (6 LR EBAT, @R H ARM R AR BB B 2 D ROk 7 ILEYENE, e
L R TR RERI LTS, s 7 AEPpig 8], 45 b, B ETAI40M ] BEEA FI F R A A A
[ REFEEIRBIBE ST A, fEREIL ARG, R TYEBRAA AT REAA AR . ASCTARRLRAE Ti-0 iR
T 5 2 B AN O JHAby R 18] 2 AN [F T A R 20 » WF FC R T X TR U 2 1 A 2

2. SLHERSy
2.1, FRFYEE

PRE: R B MO8 K A k) K. B O BRI el e, &k
L-/D-E 4R . EDC. NHS. MES. A4f#E %K (4 )5 (Sigma-Aldrich); 5Pt N £F 4 5 (5 v 8 550 B ik
(Abcam); EHT R HL 5 FEHUA/HRP(BiosS)

1X2%: UBMS450 B B 5 - PATRESS IR ST ¥ % ESCALB MK-II X 2% BT BEIE 23 M7 (XPS);
DSAL00 #zflf il &4 s JISM-7001FJEOL 37k 4 i 8: (FE-SEM); nQuant Biotech FEFR{Y .

22. REBEETFRFHELRRRERIE

FIH UBMSA50 74 i 025 AR P RE 2 IR S B0 &6 AE Si A VTR Ti-O i, Ui Ti-O JERE 7 A 1)
B 8 mm x 8 mm R/, BEfARICA Ti-O. Fifil pH = 8.5, KN 1.2 mg/ml Tris ¥, BEJ5H Tris
IR 2 ERRE R 2 mo/mle 2 EREREI COEBONFE R s R L, B HE T 37 ClHRE TS
WRGAH T, [N 12 he il ERDRTTH— R R 2 OB —Z, E5 AR, FEHERS DkE
JEE, B SARIC A DOPA, DN T TESRIH 51 N3 2 A 2 550 T J5 2200 ) B, FIF Tris W RECHIK BN 42 mM
O RO FBONFE i, 95 8 2SR, B SARid oy HD . FHZ&IRKBC IR 2y 10 mM 100 4 R
FEWRE A 50 mM ] MES Z2 iR 2, H EDCINHS iG{L 3L, BfiE 5 min, -COOH:EDC:NHS [ &
JREEHN 1:3:5, FEM 3 HIARIC N HD+L-TA #1 HD+D-TA. 83 XPS SZU& /0 MrAt R R 2y . 0 3 G e vk
MR I 07Kl f, PR PPRER I SR Bk . AR E 12 A, BUOEFIME.

2.3. AHERFETMSLE

ST 4 B T B I I e N P A O EE L BAYT, T I A I AT ¢ B 1 DR A S R DA — 5 R R A
BHR BRI AE /7[9] [10]. FREUE BELF4E 8 A5 T 42 /L 19 BSA W, M HIKE N 3 g/L. WHL 500 ul
IR AR TR R, 37 C4MEFIEE 1 h, PBS ¥ MTREM . KRR RN 1 ml 19%25 I35 &
AP, 75 37CHAF R E 30 min, PBS{EUE. MKFFEM . BAERMBABREF2, A 20 ul RPTA
PR (R y R T R UAVA( T H1: 1% BSA = 1:3000) 7 t5 ke ik &, BT 37 CHMLAEmE 1 h, f#
EEW A4 AR Y Bk RS A, PBS IHME. TR RERE S EGEIL, I 20 ul ARid A B
H I E A B (HRP) (1 =E 1 BRSSP U I W 8 8 s M RLR T, T 37°CI -z 5—9i4s4&, H PBS
Ve RBEEE G — (115t 1% BSA = 1:5000). HFEMFEAFL, F TMB SR IR R T, B
120 ul, AT 8 min R AN . RO EF S, ERFESTE DN 50 ul H,SO, &R R4, e WA FE
fnFLAREX 100 uL YRR E T 96 FLER, 7E 450 nm J% K R FI F bR OGEAT 40

2.4. SN/ MRS S BB SCIE

ARG AL /NSRS B -5 0 S B R PR A B AR A PR B 227 T . S0 45 R M DG AT i
BRah Aok IR . i AL LA 1500 rpm 2500 15 min Ji5, B EZE MK E-E /MR 2K (PRP). HL 500 ul PRP
BTSRRI, 37CRLFAREE 30 min, 485 A NaCl ERIEHerEM . A 2.5%% —EEE e e 5 6 h DLE,
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e J5 ) NaCl 0B Ve f e B 70 ul ZPHBERCE TR &R T 15 min, 85 NaCl IEH0EHere i, ik
THEM . SRR B T 90 BB 400x FULER. IR, A PATREVOL I 20 10 5K, J7{ExT
HAT S BB RE i B TR AR LEAR N 50%. 75%. 90%. 100%[H) 2 BE /K VI HEAT BRI K ,
FEK 15 min. e BOKIE IR 4, B TS FIHMTIR NS . ARSI RIRHIT A LR & 52
I HE A EE LR

3. R MiTie
3.1. FRIFHEABEARIERIES T

< 14 Ti-O. DOPA. HD. 1 HD+L-TA #£&h1) XPS 4%, MEFnILLE H Ti2p I&7E DOPA
FEf BIER T, BB T N1s W, SREITE Ti-O K& R LI £ 7 5 2 Wi, i %2 4% <1 1) Ols.
N1s I C1s U e 5 AR b ] 2 i i B 4% J2 73 3 B D) . HD AT HD+L-TA R i 3R T BT & A 1) 6 %= 5 DOPA
FEAIE, [RAE XPS 45 & ERl LLE $ Cls. Nis i1 Ols. @it # 1 nf LIS R &ANFES R 0:C F1
N:C, [7] DOPA FffhAHLLE:, 4% E HD 5, DOPA £ N JLHE & &A Fritm Xl fee o iy
THZERSEHEZMN N CRIERN . Bkl I LWEARE, HXT HD FEfhokil, R O:C a3,
N:C fE k>, wTREMY SR R A R b — MR IR AE T HD PR IARE:, HHAERE L IINT — MR
FEZ, FY HD+D-TA 5 HD+L-TA #:54f XPS 4sil AR, Fb7EiX B R R T HD+L-TA ()4
.

2 AR BRI, B SE RN AT AT AT AL BE Ti-O BER MK Bfb My 75° 4, 4
TR ERZERERE, FUNSIN T KERSEK M iR . MR, iR R e KR & .
£ DOPA Ffih FHB &5, HD FEa KRl A AR, SRR, 7T AR N O Z ik ik S i
FEEMERF . ZJ5 FE HD AR DA R F ARG, FfS R MR K R s, Xl e
REARI SN T KERISEK IR IL . HD+L-TA 1 HD+D-TA ¥ 5 2 [ 7K 2 fk f 7% 2203, Ui BH R TH
FPEFEAFEMA R 5 3R TH SR B K
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il 3 R, SPYEER A AL HD FEdh b r BER R R RON, WA EE B ™M, XA R A
N HD FEdh EARAEA KR A A IR AR RS ], e gil A ORI, R ER A kA T
SRANNARYE, 4 LD AR R G, BUOSIN T REREE TN A T, 5 R w2 i 14 22 (R
AR AR FE 855 . AHEE T HD+L-TA Kifi, HD+D-TA K 4T 4 8 (1 J5 A MERR FE 255 . 2B 40l
JRERAE D-TA RMEORSFF TIEE, T L-TA R, BREB WAL TARNES]. EARTIERmZE, A
R r BEREEE, XA BN TR IR 1A R 2wk g, B S 807 AR A4
HE AR

3.3. &I/ RS M S BIRER 2T

Kl 4 B FE LN S 9G], Il A HD A i 2 THORG MY A LR BB 22, I /INARCER B
RENR, WHHMBRHAEAL, X5A4%EAFELTERSIR IR B0, 18 5 N&H M /MR
AR, MR RIS LD AR S, ML/ IMEORS PN B A sk /b, IX AT A2 HD+L-/D-TA Ff
atri A KRGO (R o AEE T LA R AR UG, D= A R 2 1 PR I /R PR S o2, I HL
BAHIREMIS, UL HD+D-TA £ 5l L HD+L-TA FE & S UF MR 2, X 5 40488 A R A8 M
4 Rt — 8.
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Figure 1. XPS spectra of samples
B 1. FHEmEY XPS £i%E

[=2] ~ =3
(=] o o
1 |

o
o
i _—

(&) w Y

e © o

1 A Il i Il i
~ -

-
o
1 i

Water Contact Angle (degree)

(=]
L i

Ti-0 DOPA HA HD+L-TA HD+D-TA
Samples

Figure 2. Water contact angle of samples (n = 6)
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Figure 3. Adsorbed fibrinogen denaturation on samples (n = 4, p” <
0.05)
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Figure 4. Immunofluorescent images of platelet of samples
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Figure 5. Quantitative analysis of adhered platelets on samples (n
=4,"P <0.05)
B 5. BHmREMMMRFEHMITEEER N = 4, P < 0.05)

Table 1. The ratio of oxygen to carbon and the ratio of nitrogen to
carbon of samples by XPS spectra
= 1. HHEMRMEAY O:CFIN:C

FE 0:C (%) N:C (%)
DOPA 24.9 8.4
HD 15.6 28.2
HD+L-TA 33.8 10.0
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Figure 6. Morphology of platelet adhesion of samples
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