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Abstract

Due to excellent chemical stability and mechanical properties, 316L stainless steel has been
widely used in the field of interventional therapy. However, the biocompatibility of 316L stain-
less steel could not meet the requirements of long-term treatment. Therefore, it is necessary to
carry out surface functional modification. In this study, DBTA organic transformation coating
was successfully constructed on 316L stainless steel surface by the copolymerization reaction
between protocatechualdehyde (DBA) and tri (2-aminoethyl) amine (TAEA). Besides, the chem-
ical structure and biological properties of the coating were systematically studied. A series of
results including Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spec-
troscopy (XPS) and quantitative determination of functional groups proved that the coating was
successfully prepared and the density of surface functional group could be adjusted. The results
of platelet adhesion showed that the blood compatibility of DBTA coating needed to be im-
proved. Nevertheless, the cell compatibility was good. This structure feature provides a good
platform for the subsequent fixation of specific functional molecules to realize the surface func-
tionalization.

Keywords

316L Stainless Steel, Functional Modification, Protocatechualdehyde, Organic Transformation
Coating, Surface Functionalization

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

et PR 2 FK O AR A A o 0L A2 3 v B N S i i R ) S B 2 — 1] L L SRR N TR YT 2R
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N E BRI, FFEIF R PSR, BRAERER, G T2 MAEYMRL, AT DE 2 Y DRE
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HRERGAE 316L ANFNK IS % 7 DBTA AHEALIRIZ, W MR RALA SR AL, T i
PR B JREE, JEOTFL T DBTA IR )2 I MLV A PR AN 20 AR 2

2. SEWERSY
21 SKEMRIREE

JRL%EE, DBA, 4URE 98%, Ly T AR MARAR, =(Q-2H L)k, 205 96%,
AR AR FNAA PR A 7 = IR e (Tris, 47 98%); £ 31K, 4k s HAbik
ARG B SRR A R STE A R, 20 o al

{H LI ST AN (NICOLET 5700, £ Thermo A ]); X SF£8 i i1 A4 (Fisher K-Alpha,
[ Thermo A ]); 7Kl A I & (DSA100, ##[E KRUSS An]): 947 L (FESEM, fif == FEI
7], QUANTA200).

2.2. DBTA BHELIhEERBERIHIE

¥ 316L AN DI EI K @ 10 mm, JEJF 1.5 mm [ F, AEPEHL_EREATHURET B e 2 65 1 .
Y61 3161 SS AR KA I Jo7K L 25 B /K AE P I e B & TG Bk 3~5 min, &R RANE E =K,
T e B & Bl Tris 2P 4%/ 1.2 g/L IRFERCH Tris-base 2, HEEFRIHY S pH = 85 /&
i, PRAFEH

DBTA 24 K55 JLASHE DBA Fl TAEA = (2-&3E 23 tns 1 IS Busckl, ok )s
(1) 316L AFANINTE TR ML AT, B 5 NN T B 4 (9 J5 ) LS I A = (2- 0 Bk SRR ) Tris V8, 18 PR BRI
[y 20°C B 12 h, EEFKED 3K, BEE FREEERE, SILPI=IK, DBA fI TAEA B &
NEEWE L TR,

Table 1. The molar weight of DBA and TAEA used in the organic conversion coating of protocatechualdehyde

= 1. BILEEBEANEAEZRARN DBA 5 TAEA E/RE

Sample DBA (mol) TAEA (mol)
D,T; 2 1
DiT, 1 1
DiT, 1 2
DBA TAEA
O NH
H
\
HO + H,N—/_ N
OH ) NH,
HO oI
l N HO OH
NI, :
. : HO l 0
PYUFA3IX Tﬂj:] %:; TH
" S & ' —
pH=8.5

Figure 1. Schematic diagram of the preparation of DBTA coating on the 316L SS
1. £ 316L SS & F#% DBTA REHREE
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2.3. DDBTA 2 BH B R4

2.3.1. BEMLIINEREFTIR)RIE
I LLAN R S M ] ARAEM B RS 454 o A SCR AL AME A SRR (ATR-FTIR) R AL MU 5 1
R E AEHI AR AR .

2.3.2. X ST FREIE (XPS)FRAE

X B L BT 2 RALM B R TR 7T 3 2 B B Te AL S A RS B e B iR il B . AR SR
H Fisher K-Alpha 8 X S 20 L7 B ACHAT R, FHARFE v AL BE, X ZERes hv Jy 1486.6 eV, it
1N 10P° KV TAEHE, EA5EF 2 x 107° Torr.

233 RAEREAEERIE

R 2R D PR R B ) W I FR I (AO iR [11] o PR RAERRIESEAF N, BRIEFE R PR I
WA, SRR IR RS G, IR s et R R IE AT TR 45 A IR TS A 25
RS A 250 485 nm BUVEO'GEEARL, 6T AR VEE pt 2 T 45 HH R R T R 5 . RAT Micro-BCA ¥4l
RES RTS8 L [12], FERRPERRST -h B2 EE ol Cu™ i J5 A Cu”, I 55 WU S5 N T J 2K Ea e &
Yy, 1E 562 nm AbI e O

2.4. M/MRE S RESE L

B e g N N B0 e, L1500 rpm #4558 B0 15 min, B3ITH)Z F /M 22 (PRP) . SR )5,
TERFNRE SR 60 ul [#) PRP JRE 7 24 FLH, 37°CHEE 45 min. SRJ5 F 0.9 wit% NaCl ¥ 440k
P DA 25 B AN 2 [ R B 4 L /NBR o 2.5 witQo R, S VARG 52 12 h 5, P 28T /KR 3 IR K I B E F THI 1)
M /NR AR AT 40, 50, 70 90 #1100 vol% i /KWK 15 min. FEMZEBHAR TG4, HAlHE
0 I BRI MR TS AR
2.5. IEMEBAMApaEEY

HEFE N B2 4 (ECS) FI-T-13 L4 i (SMCS) BEAT AR A4l AR 2 PR PAR o MG AE ) LI T A 20 8 H P 2 4 i
B IEM, Z0A7E 37°CRIE 5% CO, (RS FRM 78, SeB kM E T 24 fLI L, SRJH 1 x 10°4H
L 5 A PN A A ST LA P B R B R A B R S R FL AR, 7RSI 10%)5 28 L% Y DMEM/F12 £% 3%
FE IR 1 KRR 3 K, WeikE H 2.5%) % B [ el . 320, A 2 i 123 4 15 min, A5,
FED G R N LB A RE G 2 T PR TS o 2 PR 189 R 791) 45 (C CK -8 A ) 4 o 5 7 475 100,

2.6. GIHESR

AO 11 1 Micro-BCA Wll5E, VAS MR AN S2 86 25/ B8 =k, FFHER DU HASFATRE S . TG &
45 R PP IE £ bR n 2 (SD) SRR 7 252 FE 45 TR 22 5 R B[R 3K 25 (One way ANVOA) 43 #iik,
LV gt BB . *P < 0.05 #il N2 gt LB %257,

3. &R 57He
3.1. BB RSILIIMCIERIE
2 NANFIBCRHE ) DBTA IR E M AN ERE. ATULE S, D,Tyw DiTy Al DiTy FEAHTE 3371 em il

B SEE, & DBA iy FEEE O-H A TAEA H& 2 N-H HZE9R5), 78 1600~1450 cm &b A7 7E 1 W AT s
FE RN LRI C=C MM4EIRBNIE, & & A IRRFAE IR S , SRR T T ik J2 10 S5 Bk DBA HF (IR E B REF
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7E 1658 cm L M2 C=0. C=N [Fh&adiRahig, VAP T2L K LAE &5 LL R B LI 5 R
B2 IR AR BN BEAT, 7E 1330~1270 em ™ 2 05 B e fh e AU 1y C-N 4iRah e, 5 B 5 2K 55 A
ARG R A TR SEINBR N A 6o LEAME R 7R, £ 3161 SS KTl A FIHURHL AR BE B # i DBTA
AR Z -

Transmittance(%)
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Figure 2. ATR-FTIR spectra of coating surface of different samples
E 2. FEHmREREBILINGE

3.2. AEFRME XPS o4

ik — P A FFEHE ) DBTA IR Z o R IS ARAS, R XPS MENUEAL IR ZH &%
HEAT 7 AEER (1 3(2)) I RHRE AR TTRIEAT T Ea HEHERE A (K] 3(b)). AiGadas R anEl 3(a)fr
N, FTARERERIAEILT C. Ny O Itk ES, 1M SSRIMEA KL N o= Mg, HARFEM C N,
O Mt R 5 SWIRINGE, 0] SS KM DBA il TAEA U . HE—%F Cls. N1 (w4 Btk kAT
A A G, Wil 3(b) s . Cls s HEiE 4 73 o TP AT RE 6 IRAS . CL: 283.8 eV (RIFNE 4L C): C2:
284.4 eV (JIEWi % C-C. C-H); C3: 285.5 eV (MEMijE C-N. &% C-N), 7r5lJH/ET TAEA H 1AL
PLA TAEA 5 DBA IG5 RIS B = 1) 75 & e C-N; C4: 286.7 eV (J5 &% C=N. C-OH), C=N k[
TG R L= A R 0% A T4 ;. C5: 288.3 eV (BRAESFIEESE C=0). N1s = #Hlk ol LA AR e AR
A, N1: 399.0 eV (TAEA {Afi% C-N); N2: 399.6 eV (757 j% C=N); N3: 400.2 eV (35 &% C-N); N4:
401.3 eV (TAEA Uik C-N). %45 LW DBTA AHLALAIRIZ IIMg g, #F— Pk iRZEH & g
DBA Fll TAEA A= T 3 5 /R N R B85 8L T A TR 77l B B A R L

33 REEREEAEERIESER

VER—Fi A BRI A ML THRERE, R E REFE R E TRtk 2ERL . R T 3R R T
FRIEREIE R, 225 Micro-BCA AR RS (AON) bb (0 5 0 Ty F2 e AN e R HEAT e B bRid . &l 4
Fizs, AMHEF SS i, DBTA WRZMWRIRE T KEMIEEMB AT REE], & R85 E 5 K E 7 5N
32.1 + 1.9 nmol/cm? il 25.3 + 1.8 nmol/cm®. MK 4(a) T LAE i, BEFIE > T LB N, IEE %Rk,
DT, B 5 e 52 P IR B i K AB . ANE 4(0) T LR, BE#E DBA 20 F LB N, Byfatkss g R,
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Figure 3. (a) XPS survey scan spectra of SS\ D,T;\ D;T; and D;T,A; (b) High-resolution C1s and N1s XPS spectrum of SS,
D,T,, D;T; and D;T,
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Figure 4. (a) Density of amine (-NH,) and (b) phenolic hydroxyl (-OH) groups on the surface of different samples. (0.001 <
**pP <0.01, ***P < 0.001, mean = SD, N = 5)

4 FEHSEEREEERQ) MMEEEEE; () BEEELER(0.001 < **P < 0,01, ***P < 0,001, mean + SD,
N=5)

3.4. M/NRREMESEIE

XFF O MERAMEIT S, MR R DUR I L BERE B B L, I ERATTIEAN T ASFEIAE dh R
T (1 AL/ SRR P S5 805 5 0, MARE RS THT ML/ SEM B A (1] 5(a)) Rl L /IR T4 S (] 5(0)) il LA Hi
D1 T, 2R M M/ NMECRE P BT 2 1 SS M A HE i HLM/MRH B T 5R 4, DoTyy DyTy RIHG P &AL
T SS Bt [FIIN DTy R /AIMECR R AR T HARAE dh, RIART DTy M dh b IR LRI S R 2
A DAL/ R 2 S . AL/ INBORE BT AR, SCHR A fR0E M MRERRER IR I A 5 AR, 73
BIRBITE . HECIR P ECIRE R BN e Al R TR AS 18], BOd R RIS . R OUT A FE R 1Y 2
PIA FIRE LR SaERES, MR R Dy 2, Horp DTy A1 Dy T, B8 7 MARGE A i, Bom e m T
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SS KM/, XA AT SS Kifl, BME/GH DTy DTy Ml Dy T, B i 3R THE I B REHE &
MEAFAE R B RE 1], AR MR B RE T R s P, W) DA E T B R Ay O /NIRRT R B 5 80, X5
AR 22 SRR TE e 3 100 T DA S I /IS FRDRS B -5 i A — B [14] [15].
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Figure 5. (a) Morphology platelet adhesion on different surfaces of samples; (b) Amounts of platelet attached onto different
surfaces of samples (0.01 < *P < 0.05, 0.001 < **P < 0.01, ***P < 0.001, mean + SD, N =5)

[E 5. (a) TR RFTEM/NRAEHMIE SEM BlR; (b) AR mRIFRE M/NMRAEFITT 845 5R (0.01 < *P < 0.05, 0.001 < **P
<0.01, ***P < 0001, mean + SD, N = 5)

35. NEARIEFSCIREER

OB AE N PR T A R A TR RHTT & 2O B, N T WFF0 N B2 40 MAE AR R T 1 2R AT
N, RATVRNY T RE ST A R ARG B S A 520 . AR 6(a) P B 41 BT W YL R R AR B, 4T
Bt 1 RE, =MRERmMARSERAHEES, MBI 3 NG, FrareaRma i B E 71
i, HIEAHEME LS /T, B 6(b)E R T SSy DTis DT Al DT, iRZE 1 A B 41 il CCK-8 4554,
ATLLE BN s g% 1 R, =Fi%ZN CCK-8 45 SS WA M EER, K 3 K5, D,Ti. DiTy
FHLE T SS WROGFEE A AT, DiTo W& T SS X MEFEM R & T H AR M4, Ui DTy DiTi X
A BT, B DT AR T W ARG, CAMREN, PR R EE R T N e r
FFIE[16], R EREHIE E4 R TR DT, HA A BRIy R 2 B, DRI 2 (2 a3k P R A P PRl P 5 4
B

3.6. FiRApaIEFRSCNE R

o LB S B0 30 T 400 T L0 L RS B 5 08 B PR SO T 8 R oA 2 —, BREARATIRR 17 0
WA, #— D5 T DBTA RES i NN AR EAE . MIE 7(a) i W40 M 2 PHIA et BE R T
BRI, s 1 RN, =MigEREMEBERANEZR, M55 3 KRG, Fraredm Ry
BRA T, DT DiTy R FHNESH B IER 4K g8k, 11 DT, i H IR 2 24 HIR
(L. & 7(b) R 1SSy DoTiv DiTy Ml DiT, iR Z i 4 CCK-8 255, W LAE 2I°F-18 140 il
B3R 1 REE, =FiR/ZM CCK-8 #85 SS W H R 2R, #3% 3 KJG, D,Tiv DT #HELT SS %A B
PEZESE, WEA SEEEEER DT, FIWOLEET SS, X FiILRsGsEa — e MsEH, ARy
e I M Y R TR 2 TR T LA V% R R A R A PSS, — o B TR ik R A% 401 o T UL 4 1 B
[16].
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Figure 6. () Immunofluorescence staining of ECs on different sample surfaces; (b) CCK-8 results of
ECs on different sample surfaces(0.01 < *P < 0.05, 0.001 < **P < 0.01, mean + SD, N = 5)

6. (a) TRIHFMRE AR MERZERAE R ;(b) FNEIFFmRIRE R4 CCK-8 £455R(0.01 < *P
< 0.05,0.001 < **P < 0.01, mean + SD, N = 5)
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Figure 7. (a) Immunofluorescence staining of SMCs on different sample surfaces; (b) CCK-8 results
of SMCs on different sample surfaces (0.01 < *P < 0.05, mean + SD, N = 5)

7. (a) AREIHEFELEIMAMEEREE R ;(0) FRERERETEIME CCK-8 £55(0.01
<*P <0.05 mean + SD, N=5)
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