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Fig. 1 (a) Fabrication mechanism of the PU-PDA-HD coating; (b) Surface morphologies of PU-PDA membranes prepared
with different DA concentrations; (¢) 'H-NMR spectra of DA:HD mixtures at various molar ratios; (d) Amine content in PDA-
HD coatings prepared with different HD addition amounts (mean+SD, n=3 independent samples). Two-way ANOVA test was

used in (d); ns: no significant difference. ***p<0.0001.
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Fig. 2 (a) Scheme of the process of constructing PDA-TFBEA coating on the surface of PU membran; (b) XPS analysis
results of pristine PU, PU-PDA-HD and PU-PDA-TFBEA membranes; (¢) High-resolution F1s XPS spectra of pristine PU,
PU-PDA-HD, PU-PDA-TFBEA membrane; (d—f) High-resolution N1s XPS spectra of pristine PU membrane (d), PU-PDA-
HD membrane (e) and PU-PDA-TFBEA membrane (f); (g) TFBEA grafting rate on the PU-PDA-HD membrane with different
concentrations of TFBEA solution (mean+SD, n=3 independent samples); (h) Scheme of the reaction process for constructing
the PDA-MPC coating on the surface of PU membrane; (i) XPS analysis results of pristine PU, PU-PDA-HD and PU-PDA-
MPC membrane; (j—1) High-resolution N1s XPS spectra of bare PU membrane (j), PU-PDA-HD membrane (k) and PU-PDA-
MPC membrane (1); (m) MPC grafting rate on the PU-PDA-HD membrane with different concentrations of MPC solution

(mean+SD, n=3 independent samples). Two-way ANOVA test was used in (g, m). ns: no significant difference. “p<0.05; *p<
0.01; ™**p<0.0001.
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Fig. 3 (a) Photographs of functionalized modified polyurethane catheters; (b) Water contact angles of pristine PU catheter,
PDA-HD coated catheter, PDA-TFBEA catheter and PDA-MPC catheter (mean+SD, n=6 independent samples); (c) FTIR
spectra of pristine PU catheter, PDA-TFBEA catheter and PDA-MP catheter; (d) Quantitative results of bovine serum albumin
(BSA) adsorption on the surface of pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter (mean+SD, n=3
independent samples); (e) SEM images of the surface platelet adhesion of pristine PU catheter, PDA-TFBEA catheter and
PDA-MPC catheter; (f) Quantitative results of platelet adhesion on the surface of pristine PU catheter, PDA-TFBEA catheter
and PDA-MPC catheter (mean+SD, n=3 independent samples); (g) SEM images of the blood adhesion on the surfaces of
pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter under static conditions; (h) Quantitative results of blood
clotting on the surface of pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter under static conditions(mean+
SD, n=3 independent samples). Two-way ANOVA test was used in (b, d, f, h). ***p<0.0001.
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Fig. 4 (a) Schematic illustration of the in vitro dynamic blood circulation system (flow rate of 200 mL/min, continuous
circulation for 12 h); (b) Quantitative results of blood clotting inside the pristine PU cather, PDA-TFBEA catheter and PDA-
MPC catheter after in vitro circulation (mean+SD, n=3 independent samples); (c) SEM images of the surface and cross-section
of the pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter after in vitro circulation; (d) Photographs of the rat
carotid-cavernous sinus bypass surgery using pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter and the post-

operative clotting conditions within the catheters; (¢) SEM images of the surface and cross-section of the pristine PU catheter,
PDA-TFBEA catheter and PDA-MPC catheter after the half in vivo circulation. Two-way ANOVA test was used in (b). “*"p<

0.0001.

HAEA A RERT35). BN E30KE,
SRRMERZIR G| /1, BHRMEE A feE
B B SRR T REAARLES 51441,

e YR 2 SRR R AR AR AL BIA T 1Y

PUBRRRCR, M T KRB PN RGAE A, il
LGV B A D) DR AR N EL IR SOAE S L

FEEE. WK S(@)fR, 2HPU SFEMAIALA] I
KERIEM P AR, I B A 40 B
FR B S S RE RN s 2 FhiRIE S BN IALL
i AT MV R R O SR g, 8T S 2 BRI E A
JERYL 5| DI J 0 JORE Je B . R s AR, 298
WRIZATI AT RSO0 B R e, B PR



81 T 25 WEPIRIR G A B R S E R I TSR TR IRZ 1675

@) (®)  Pristine PU PDA-TFBEA PDA-MPC
2 =
e S
2 .
£
< 2
:
= S
FI' %}
<
a
(=9
1500
(c) [ Pristine PU
V [ PDA-TFBEA
g i ~ 10001 1 PDA-MPC
E 1 R v NE
<IC | m"/""\ ‘ b gl 4 S
E E oA \\ 5 b5 3 t E
/ _\\ o o ; u, s i o 500+ sk kKKK
/5 RN SR R r IETTEs
E. coli S. aureus
@ 5 o 125
(S
S4 S 100 :
P s
b - - | E3 s 2 75
| %’;2 —— T 50
| L g !
=aue | pooSsuTmama = Q
— = B — 0 0
@ 4@ N > < N > C N > C
o e et < Pc‘[s 'g’i\&g S‘?&e P»*“Q -g&@Q S‘@?& P»*IS
T o T o W T o ©

Fig. 5 (a) Surgical photos and H&E staining tissue sections of the skin at the implantation site of rats implanted by pristine
PU catheter, PDA-TFBEA catheter and PDA-MPC catheter pre-incubated with E. coli solution; (b) Photographs of bacterial
colonies adhering to the surfaces of pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter on the agar plates; (c)
Number of bacterial colonies adhered on PU catheter, PDA-TFBEA catheter and PDA-MPC catheter surfaces (mean+SD, n=3
independent samples); (d) Photographs of hemolysis assay for pristine PU catheter, PDA-TFBEA catheter and PDA-MPC
catheter; (e) Quantitative hemolysis rates of pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter (mean+SD, n=
3 independent samples); (f) Cytotoxicity assay results of pristine PU catheter, PDA-TFBEA catheter and PDA-MPC catheter
(mean+SD, n=3 independent samples). Two-way ANOVA test was used in (c), (€), (f). ns: no significant difference. *p<0.05;
**p<0.0001.
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Research Article

Physical Deposition Combined with Chemical Modification for
Construction of Antithrombotic and Antibacterial Coatings on
Catheter Surfaces

Yi-xing Wang!, Hai-tao Gong', Guo-chao Zhang?, Qing-song Yu'", Rui Lian®"
(!State Key Laboratory of Organic Inorganic Composite Materials, College of Life Science and Technology,
Beijing University of Chemical Technology, Beijing 100029)
(?Department of Emergency, >Department of General Surgery, China-Japan Friendship Hospital, Beijing 100029)

Abstract In view of the problems of catheter-related thrombosis and catheter-related bloodstream infections
arising from the clinical application of central venous catheters (CVCs), inspired by the biomimetic adhesion
mechanism of mussels, this study constructed an amino-rich polydopamine-hexamethylenediamine active
substrate on the surface of medical polyurethane via physical deposition. Subsequently, fluorinated compounds
and zwitterionic compounds were respectively grafted through mild amidation and Michael addition reactions,
thereby successfully developing two types of coatings with hydrophobic and hydrophilic properties that possess
dual anti-thrombotic and antibacterial functions. /n vitro evaluations demonstrated that both coatings could
significantly inhibit the adhesion of proteins, platelets and bacteria, and effectively prevent thrombus formation.
Ex vivo arteriovenous shunt and subcutaneous infection models further validate their outstanding in vivo anti-
thrombotic and anti-infective performance. Furthermore, the coatings exhibited favorable biocompatibility. The
coating preparation method established in this study is simple and universally applicable, providing a novel
strategy with promising clinical transformation potential for the functional modification of blood-contacting
devices such as CVCs.
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