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Abstract

Polytrimethylene carbonate (PTMC) shows broad application prospects in surface modification of
degradable implantable devices such as vascular stents due to its surface erosion characteristics,
good biocompatibility and drug slow release. The functional coating for the catalytic release of ni-
tric oxide (NO) based on metal-phenol surface chemistry has been proven to have multiple biolog-
ical functions such as anticoagulation, inhibition of smooth muscle cell proliferation, and promo-
tion of endothelial regeneration by surface modification of vascular stents. However, it has not
been reported whether the NO catalytic release coating can be applied to the surface modification
of degradable PTMC materials. Therefore, in this study, the spin coating method was used to first
prepare the PTMC coating on the surface of the stent material, and then based on the metal-phenol
surface chemistry, the use of gallic acid (GA) and selenocystamine (SeCA) covalently combined to
form network structure, using Cu?+ as a cross-linking agent to cross-link the above-mentioned
network structure, and explore the construction of a NO catalytic coating with Cu!’-GA/SeCA net-
work structure on the surface of the PTMC coating. The research results prove that, thanks to the
broad-spectrum material adhesion characteristics of GA polyphenols, Cul'-GA/SeCA coatings were
successfully constructed on the surface of PTMC coatings, and the NO catalytic release rate was
adjusted between 2~6.2 x 10-1° mol x cm~2 x min-1. Catalytic release of NO inhibits platelet adhe-
sion and activation by specifically up-regulating the expression of platelet cyclic guanosine phos-
phate (cGMP), confirming that the NO-catalytic release coating based on metal-phenolic-(amine)
surface chemistry can be applied to the surface of degradable polymer coatings modified.
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I FH SRR 3161 NEB4R(SS) HI T FUAIE 57 1 77 5 Mk B e 32 b 8 P T L Y A P 7 S [ ] T
SRR S N 5o 5 o T A 2 DR A5 LA A B D A A 3 T RN 76 % I /IR R B 15 3805
TS B T ke FOTZFR2]. EL 316L SS 7EIRFR AN T3 S M A7 45 — S B T Ot 7T Al A2
FU. SO ERGI3], B S A E E R TV o SR R R S, AT 52 42
HELNJE FEHEAS (0 SR [4] [5]. PRI, BELBG A 55 0 T PO ) DA S O L5 2 4 T 00 B N RO P BEAE R 25
PRt

5 = HSE BRI (PTMC) 2 H R S0 5 10— AT A W W AR 7 e SR BRI e, LA 26 T
WefRRE A, ELMAR AT R E, AR BT, A8 LA 2B i ST SR A2 2 AT K 1T (6]
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H PTMC B RIFHIZRIIME S50, XA DA ST 7 se /AR, 2 2 PR RN ) 55 0 v 42 i
MIFEF, {H PTMC &AMl i MR R B S BeEE R, X vl Be 2 S8R K TR AL

— A E(NO) A N B Al oy WA — R+ BB RIS 5 F[7]. BARRMTEENLIEE[8]. NN
NO #t4A(GSNO)# —F AL A BE(NOS) AL 5 7225 NO, B3N 1 ifin /NI 34 S i BREF cCGMP /K- i B A
T L /NAROFT 75 () Ca® R %, AT A1l AL /NS PR RS B 5 8005 o U 4SRRI 90 3 38 3o 6 A el 3R T A4 2 NO BT/
AL JE SR o B AR A1

A HLAAT Cu” Ak PR NO fitf& RSNO Bt NO — BLE NO i A4 4508k 1) 55 2 (1) M 9] ASHF 7 3
T4 )8 - W () R A O E A S T — R AL NO 4L SEms , R % & TR (GA) FIfili AL Bt % (SeCA)
SN BT RR s 554, LA CuP M N ASBEK: IR 4 SE /922 ]E, 76 PTMC i3 )2 T B A LR K
NO DIReMR IR, LA G A RIBC AL A FH 00 07 SO B IR 2, S5 FARXS R, [R] ik 1) A P b e Ak
G, WX MIRER NO il 7 Ny AT %,

2. SCIGER4Sy
2.1, SRIEF

S AT R T ER(GA, Sigma); lifCHtiE(SeCA, Sigma); S4L47(CuCl,, Sigma); 5 =¥ Fi %
RIRER(PTMC10 /5y F&, WG EATEARAR): DUEMEEEE > 99.0%, BidT); S
(NaOH, Sigma); #7ft4: i ( T & 7 Mk th0); cGMP ELISA Rl & (i rig =B E IR AR,
).

SEOG AT A SEEPLERFA TSN KW-4A Jgiail: 15 E Kruss 2 7 1) %45y DSAeco Plus ff)
KA AT 92 [E Termo Fisher Scientific 24 & (11745 Jy XSAMS00 1) X-5F £kt -1 RE 1G4 £
GE analytical 24 ®] 121524 NOA 280i 1] NO 73 #14%; H AN B F #4185 2 ISM-7800F (1434 ¥
B

22. BALENEIE

BRSO FR W E 1 FTR, W e R PTMC JiEie /e 3161 SS 1, Ak R4 PTMC 2K,
FRH “—3HB%E7 £ PTMC 1B 2R — 2 Cu"-GA/SeCA %2, BRI BN— A LA M ThfE .
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Figure 1. The schematic diagram of preparation different coatings
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2.2.1. PTMC & Ba$I&

2B KR EZIERES N L em 9 316L SS [ F, JEHESAWT, BT 80CHAF T1E& .
5 PTMC(TH4> T8 10 J3) - T VU v A, BB IR 4 2 mg/mL ¥ PTMC ¥ SRS [E 1%
Fe A RISy KW-4A FITEIRAL, 7E 316L SS B/ RN 20 ul 1) PTMC BT U e, e S I A
NETEE 500 r/min, 5's, JE#E 1500 rimin. 25 s, BEIRJE HORE S BT H A TRAE T 48 h.

2.2.2. Cu'-GA/SeCA R BRI &

Kk ERF— BB %ER %, % GA (2 mg/mL), SeCA (3.2 mg/mL)¥%f# % Tris-Base (1.21 mg/mL)%%
M, e VRS I CuCly (32 pg/mL), JH NaOH W VCK LR B AV pH (% 8, # 2.21
Hh i) £ 58 R RE T 4 BRI AR AV, 40 I 25°C A R # E 2h. 4h, 6h. 24h JFHUH, A
THVERR LRI S A EFEN RSN 53] Cu'-GA/SeCA ix)E. 14 2 5 Cu"-GAISeCA 2 JTAR AR [F] I
A5 B AL . B DURART IR 38 0, LR BN IZH IR, IR 6 h AR 24 h ) Cu"-GA/SeCA i
JEFRE i L X AN B

W BWE WIEWH S P

316L SS PTMC 2h 4h 6h 24 h
Deposition Time of Cu'-GA/SeCA

Figure 2. Color change of 316L SS, PTMC coating and Cu'-GA/SeCA
coatings deposited on PTMC coating for different time

[ 2. 316L 54, PTMC iRBR7E PTMC ;&2 LA Cu"-GA/SeCA
RERHEETL

2.3. MRIFRIE

2.3.1. JkEmMfEA
K F A E Kruss 2 7] 2455y DSAeco Plus 7K it A A AR 316L SSWPTMC ¥ = LA K FE PTMC
L YT [FIRT (] Cu''-GA/SeCA 18 R SRR K T o

2.3.2. X St T REE
K 2 [ Termo Fisher Scientific 23 & ()75 5 XSAMS00 ] X 5285t v At i A I 58 FF i 22 T 1L
SO, BOROGIE N Al Ka (1486.6 V), fif FRAZFZHZ IE Cls = 284.5 eV,

2.4. NO L BERUE = & 18 E M

KFZ[E GE analytical 24 & 128454 NOA 280i ) NO 43 TR IITE PTMC &) b iAUAN [ i [a] fr)
Cu'-GA/SeCA &2 NO BBGEZ, FFRHITAR 6 h Cu"-GA/SeCA ¥4 2 Ikt ik T NO AL B iR & ML 1)
9T [ SR % PN 5 mL () PBS ¥ (& 30 pmol/mL [ GSH 1 SNAP), f53L2l i 5 M NKE M, 5
A F AR 28 11580, 105 NO AL RERUE R . FREAE S B T NO bRy izt 1. 3. 7. 15,
30 K Ji5 P43 AN NO BRiiuE 22 .

2.5. MAAMEEMEIFMN

2.5.1. MI/MREEEMSHE
B T PR Ok LV 5 A A BR AN PR AR AR L 9:1 VB4, 1500 r/min F%EE T B0 15 min B3E
B (PRP), B it 739 it A4 41 (+ Donor) F14E 4 2H (-Donor), A4 2H R T i1 SNAP F1 GSH ¥ (MR B 1)
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29 30 pmol/mL), FFTEASHFE SR AN 200 L (8T EE PRP J5 N 37 CHFAE I & 30 min, 15 A2 Eh/KIE
Ve =R J5 FH 2.5% 0 1 BRI E 24 he KBRS 42 )5, SR AAE H A 7R+ A 508 JSM-7800F
(R 88 P S AU 0 AR i 3R T ) /IS 30 R B A T %

2.5.2. cGMP

KH cGMP ELISA 7] 5 A M I /MR A F cGMP HIIRFE . 85 S B A% il 2 N 4421 (+Donor) F1
ARt 2H (-Donor), AR KR IN SNAP FI GSH 7 (#3424 30 pmol/mL), 7EZRTHE N PRP f#4L.,
B985 251 HE, 4k 30 min J5, M 100 ul 10%FH triton-X S AR, SR B BERE S 1) PRP 1R &
JAE 2500 r/min FFE T B0 8 min, 43 B /MRS fr, WCER EIE VA TRl cGMP,  Hodt cGMP il A2
WS H LG .

3. &GRSR
3.1 KiFEMALR

K i Ffy REFE AR SR B K PR BRI SOSE H SR, ARSI K X AR A 5 VA 2 35 (2 i [10], 44
BERMIAT AN E RIS REKEAE R ERIRR, KRR BRI AR, &k, B, B
B4, e AR KA A . KRR AT A SR a0 ] 3 FroR, 5 316L SSAHLL, PTMC 2 K%
fili i 73° 19 hN%) 82.7°, TfiAE PTMC 52 LI NO AL BIIRE TG, &4 T2 1 2 KB il 1k
N: Cu"-GA/SeCA(2) 5 69.4°; Cu'-GA/SeCA(4)) 66.2°; Cu"-GA/SeCA(6) 4 50.7°; Cu'-GA/SeCA(24) A
49.2°, T WLIRZ MR MERR IS 3R, X AT BE N Cu'-GAISeCA )2 H ) GA Fl SeCA &4 KEHISE/K
BRI R A R, B mT DR R 2 TR I, BT 6 h AIPiAR 24 h TSR K &
IR KZE

=
(<] ~ o
o (5.} o

[
4

Water contact angel (degree)

o
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Figure 3. Change of water contact angle of 316L SS, PTMC coating and
Cu"-GA/SeCA coatings deposited on PTMC coating for different time

3. 316L NN, PTMC iR R7E PTMC &2 LR Cu'-GA/SeCA
RERKEMATHIER

3.2. X SHER R FHEE

4 R PURAR B 18] BTl 4% Cu'-GAVSeCA 2 1) XPS 4zt ; 4 5 MR [ IR R ] ) Cu'-GA/SeCA
TRIER MG R A GRS B2 & 1 TR [F R AT 416 Cu"-GA/SeCA i ZR T % L& 1)
Eefil. M XPS 4xilrhal DLE Y, ZEUTAR T Cu'-GA/SeCA 42 [RE i 22 T S4B 1 Wl 7o R AN T 3K,
LU TR BRI, W LA LLE W, BEE DU RIF3E I, SyiARe [k 2] 6 h LS, fili
TG AV T 2R 1 BE ORI TR) (3 R A i &2 .
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Figure 4. XPS full spectrum of Cull-GA/SeCA coatings deposited on PTMC coating for different time
4. 7£ PTMC i# B LIMFAREIREHY Cull-GA/SeCA iREH XPS 1L [E
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o
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Figure 5. Evolution of the copper and selenium atomic composition of the Cull-GA/SeCA coatings for different time as
measured by XPS

5. 181t XPS JE & TFRTE)AY Cull-GA/SeCA R EREAFMMTZ =Tk

Table 1. Atomic composition of samples obtained using XPS

= 1 @i XPS FEIH & H AR FLEK

PR ] C (%) N (%) 0 (%) Se (%) Cu (%)
0h 50.74 211 47.16 0 0
2h 58.72 2.74 33.67 4.36 051
4h 56.23 3.79 33.53 5.76 0.69
6h 57.41 6.06 28.62 7.09 0.81
24h 56.17 7.74 27.83 7.39 0.87

3.3.NO U EHEERIEEMER

SKH NO AW AR A [F i A I (] ) Cu'-GA/SeCA %2 NO fALEERAE /1, K4 F 6 h 1
Cu'-GA/SeCA &2 ke b A AE AR (30 pmol/mL ) GSH A1 SNAP)E I 30 K Ji, *f HARMBEIL NO f)
B8 S A B RS e PE M HEA TR . G 6 BT, Bl DURRINH [R]85, NO AL R G 2 354 — e R B 11 1
e B 7() —ARYTRE ) Cu''-GAISeCA /2 NO AL CE R (B A 1, Hrf CuM-GAISeCA(2).
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Cu'-GA/SeCA(4). Cu'"-GA/SeCA(6). Cu'-GA/SeCA(24) VYL SZL&HE TRt NO AV B IBUHE 2245 7oA
2.1, 43, 6.1 f16.2x 10 mol x cm™x min™, AJ ULEEZE PURR A0, NO AL HCER A — e fE
FERIIE N, {HYTAN 6 h FITR 24 h ) Cu"-GA/SeCA 211 NO AL B HGE R Z HIA K, HEMILAE 6 h 5
WEVIRER I B, H NO BEHCGHE R M A B M2, FIERDUR 6 h 5 R EE T e
IR S5

U 6 h Cu"-GA/SeCA /2 1520 AE i FIT X B ) NO 4k B i 8 B = v I 18] AR 4 P 5 0 4n P 7(b)
fizm, MEFRTTCUE B, IR a0 508 00 1. 34 7. 15, 30 Rt NO AR HGE 2R 43 5 A -
6.1. 5.5, 4.8, 3. 2.3. 2x 10 " mol x cm™? x min™, SZIGKEHEEEIZ IR AR N, NO ff L =R
ELIZHT AR, =30 30 KJm, H NO ML B BGE R A 7] LLIAS] 2 x 107 mol x ecm™ x min™ /247, X i ¥
Cu'-GA/SeCA 2 kase M AT, T LA A2 51 0 10 A S JRAE 397 4O 0L A5 5 e 0 8 AR 75 2
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Figure 6. The curve of nitric oxide release before and after the addition of Cu'-GA/SeCA samples in each group
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Figure 7. (a) Scatter plot of the catalytic release rate of nitric oxide in Cu'-GA/SeCA coatings with different deposition
times; (b) Stability of nitric oxide catalytic release rate of Cu"-GA/SeCA Coatings Deposited for 6 Hours

& 7. (a) FEELARETEIAY Cu"-GA/SeCA iR B— R RN EHURFHSE; (b) ST 6 h B9 Cu'-GA/SeCA R E—%
HEEURERE R E M

DOI: 10.12677/ms.2021.114050

423 PR R


https://doi.org/10.12677/ms.2021.114050

i

3.4, M/MRAFEMI SRS R

8(a) A2 I8 H ot 7 2 1) T A A4 A I /NS [ L L] 7 A 3R THI RO RG PS5 G 1) SEM 25 SR B, RS Ik A
SNAP/GSH [1] 316L SS. PTMC /2 LA Cu'-GA/SeCA &2 (R T H MY T KB /MR, FLIn /M Ak
T e A R 1 O RAS . T 24 5 Ak SNAP/GSH J&, Cu"-GAISeCA 42 3 IHI 1) L /INCR B 1 B
A T, FLURS B AR I /SRR R A B O [ BR TR e EUIR A, BA Cu'-GA/SeCA ¥ Z it (b BRI NO ik
THAA T I/ N R B 5 380, 1M 3161 SS AT PTMC 4% /2 2% 1 I/ IR (RS B 5 380075 R R E 2R R NO
BRI SN H IR R A0AE 4k, B NO AT 1 R IBOAS 23068 I/ IR [ A BIDIR S 72 A 35K IR 5

MR G5 SR an ] 8() A, R4 A LA fl 3% 18I P AL/ INARORS PR PR B0 IR TE I I X, 52008 1
x 10* MRk, T INEA S, 316L SS AT PTMC 4 J2 2 i i) ifn /R K B 6 W] A8 4k, {2
Cu'-GAJSeCA )2 B i /2 DURAI M A3 I, i /NBORS B O SCREZ 8D, BT 6 h A1 24 h
Cu"-GA/SeCA 4 /2 2R TS T 9 I /NBR R85 BE 924000 3 x 103 NPT 22K, 30T DAAT 28t st I /SR PRk
B o /AR B A0 P 8(c) . LA &5 R M T Cu''-GA/SeCA ¥ 2 B AT UL St T I /INEUKS P 5 %
fPERE .

Deposition Time of Cu'-GA/SeCA
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Figure 8. (a) The morphology of platelets on the surface of 316L SS, PTMC coating and Cu"-GA/SeCA coatings deposited
for different time; (b) Adhesive number of platelets on the surface of 316L SS, PTMC coating and Cu'-GA/SeCA coatings
with different deposition time; (c) Platelet activation rate of 316L SS, PTMC coating and Cu'-GA/SeCA coatings surface at
different deposition times

8. (a) 316L SS\ PTMC 2B AT REATEH Cu'-GA/SeCA & B RME M/ MREIFSSR; (b) 316L SS. PTMC 2B
SRR BEIRTE A Cu'-GA/SeCA % B 3R ML/ MR A MIZLE ; (c) 316L SS\PTMC 34 B AR A EIRT B4 Cu"'-GA/SeCA
RBERE M/ MUMER

& <
B

3.5. cGMP #&il4 R

NO A LI cGMP 38 B A 12 I/ ) CaZ ik B, T SR /N (R RS B 5 38055, R T 38iE
Cu'-GA/SeCA % ZXF /N IAE B 251 NO X IR cGMP 3l B T2 1 51 AT, A8 SO0 I/ INR
cGMP [F & BT TR, 45508 9 fir, 78 Cu'-GA/SeCA % )2 A4 SNAP/GSH K H T, NO i3
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N T IR FER MR AE I cGMP (& & BT, #EmsliE EiRfmkIfER . BB 6 h 1 24 h 1
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Figure 9. Platelet cGMP synthesis concentration on the surface of 316L SS, PTMC coating and
Cu'-GA/SeCA coatings for different times
9. M/MRZE 316L SS. PTMC i& BRI EATIEIA Cu'-GA/SeCA iR ERE cGMP & RKRE

4, &5ig

7£ 316L SS FRLIhHuAI% T PTMC i&2)5, XAE PTMC i4 2 ERihHif] 4% 7 Cu'-GA/SeCA &2,

ST AR SRR NO, BETIH T 7 ARk 2 1 A ML AH 28, FLA PR 53 R i/ INASORY B -5 805 R P
NI 25 MR = 7 A RLERTH AR AR 1, BT 25T PTMC BRI B — S A AL B e 2507
ARIEHI A TR 6 h A1 24 h () Cu'-GA/SeCA &2 TCiL /A 1E NO MALBRBGE R, I /& HUIM /N TR
W 50 R BE 1 R BEVEZE R, X Cu"-GAISeCA %2 I HE i BRI 1 Bedi (0 S 4, 76 7 B AR
I AR 1 2 1 et b BT — 5 1 S FH T 5

B oW
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