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Acellular vascular scaffolds modified by ammonium
phosphate zwitterions can effectively resist thrombosis and
promote endothelialization in vitro

Su Feng, Zhipeng Chen, Cheng Liu, and Tong Qiao

Drum Tower Clinical Medicine College, Nanjing Medical University, Nanjing 210000, Jiangsu, China

Abstract: Due to limited availability of autologous blood vessels (blood vessels from the same recipient used for vascular
transplantation materials) and inadequate growth ability of non-autologous blood vessels (artificial blood vessel
transplantation materials), more and more attention has been paid to tissue engineering blood vessels. In this study, we
constructed an ammonium phosphate zwitterion modified acellular vascular scaffold with highly biocompatible bone
marrow-derived endothelial progenitor cells as the inner layer of a new vascular transplantation material. The vascular
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acellular scaffolds were modified by a simple method—co-precipitation method. The platelet adhesion test, hemolysis test,
recalcification test and cytotoxicity of acellular vascular scaffolds in vitro were evaluated. Ammonium phosphate zwitterions
modified endothelial progenitor cells on the surface of acellular scaffolds with concave and convex structure on the surface of
natural vascular lumen can be effectively promoted by improving anticoagulant activity. Modified acellular scaffolds have
similar mechanical properties to natural blood vessels and can effectively construct endothelialization in vitro. The results of
this study provide a preliminary exploration for the modification of vascular acellular scaffolds to achieve anti-thrombosis and

endothelialization in vitro.

Keywords: ammonium phosphate zwitterions, acellular scaffolds, endothelialization
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Table 1 Criteria for classification of cytotoxicity

Relative cell proliferation rate Cytotoxicity grading

=100% 0
75%-99% 1
50%—74% 2
25%—-49% 3

1%-24% 4

& : 010-64807509

HARANK R
RGR =22 100%
nc — b

K, Dne ABAPEXTHREREE s Dy Ras (X
MR OGRE s DR BaAE SOt
1.2.8 ‘HREIRA LAY (Endothelial progenitor
cells, EPCs) B53EtaE N 21k

BIE M 5% BEREEE S S NI R R, B
RGTEBEG NI ITHRTE N, T ARIEAR R
BN EANTCIE PBS W R sp e b5k B 1 L B B
MRS IR A SO IR TR R R G, — I
HATEEFL, J5—uml 5 AN A B A I R
W IAF] 110%mL Y EPCs 4l 1 mL, 7
AP A i 2 22N, T 37 'C. 5% CO, ¥
BN HESR 6 h JEiE: 90° HeAH[R ik RIEA
EPCs &k ; A HEAE 6 IR, A2 6x10°,
TEMR AN B A B SR A0 Th AR 2 L 4 h 5 TS
ESZE, LA 1 mU/min BEEEREFR 7 do ol es
JI56 241 L S 249 0 N B AR A - A3l SR 1d A T d

i, BUHSZEE, 47 HE K Fn VW S bk e (@,
W% EPCs 7E ML NA K .
2 BREAM

2.1 APZ B4R 4 AR M B S 22 R MR M RE N ZE

A 3 13 L A8 2 TR APZ A I 44 e i 4%
TR AT Y Lhby, HEBI TG . APZ
S I8 A i 0 S R A RS IR LR 1, R 2
 SEM FHEASLEMIE, MK 3 AZHH HE
Pefr,

A5 SEM R, APZ Bir i i 4i it iff 4
IR PUOR A A HAR A AE 62-80 nm, EHh
(73.526.1) nm. 5504t S B ARG B8 ik 9 T B
AR,

APZ U I AN A S AR A 2 i 2 1 R

B<: cjb@im.ac.cn



1754 ISSN 1000-3061 CN 11-1998/Q =¥ I'#£2%4z Chin J Biotech

A LLE A A A AR R (R 2). APZ
SO T 40 S BR A 2 A R (4.420.6) N,
SR BB B A T R Al I AN S AR, 5 S B0 ik
P

TPt W98 A R A 5 e O 4 o 7 = 2 5% K
PERT DA Ao 0 S R AR T A R S K A, AR
H APZ U 5 2 L S AR LA A8 K I K B ke
fi, HRERI AEKE (B 4, £ 2), WIRBE
6T 56 240 <2 2 A B Bl K o
2.2 M/t A B

SEM [l 5A R Bt A il B8, fAAER
A I /INBRORG BFE S FLRBAS A S i /MR AR T S i
HTOhE . SEM [ 5B S A I i /N RS B S
5, WTLAE A R MRS . SEM B 5C
APZ U I 4t Ff S 2R 2 P4, AR D BH B It
ANBORE B o B3 3 Sk i /INVBORS B SEM BRI LA
i, 43t APZ BrPEAS B A At A 7 2R RL T LA
P/ IR B, DA TR D20 i N X6 S R B HE I A
FH 2RI LA RO AR = b 4 I B 254 o

B 1 APZ 2t fi 20 A I & 32 22 KR
Fig. 1 View of APZ modified acellular scaffold.

R2 APZ LIt ZRAYE M F M RE

B2 APZ LR AamE SR SEM &
Fig. 2 SEM images of APZ modified acellular scaffold.

3 APZ MitRR4HREME T HE £ &
Fig. 3 HE staining of APZ modified acellular scaffold
(<100).

B 4 APZ o4 %R 4 Al i & 2 2R ¥Rl A (1S #A 10S)
Fig. 4 Contact angle of APZ modified acellular scaffold
(1S and 10S).

Table 2 Biological properties of APZ modified acellular scaffold

Contact angle () (n=6)  Fiber diameter (nm) (n=6)

Sample Suture tear strength (N) (n=6)
APZ modified acellular scaffold 4.440.6
Acellular scaffold 3.240.7™
Porcine carotid artery 4.240.8™

92.5+.4 73.546.1
21.5#.8* 74.244.5™
22.3#.3* 75.244.6™

APZ modified acellular vs. Acellular scaffold; APZ modified acellular vs. Porcine carotid artery (*P<0.01; ns: no

significance.).
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B 5 m/hiksFiE R FERMIEE (52 000)

Fig. 5 SEM images of platelet adhesion (>2 000). (A) The platelet adhesion of acellular scaffold. (B) The platelet
adhesion of artificial blood vessels. (C) The modified acellular scaffold without platelet adhesion.
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Table 3 Hemolysis test results of acellular scaffolds

Sample Absorbance  Hemolytic ratio (%)
Negative control 0.044 0 0
Positive control 0.436 7 100
Acellular scaffold 0.0415 0.6340
Artificial blood vessel 0.0418 0.560 2
Modified acellular 0.041 7 0585 6

scaffold
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TR R A B R AR . 1 RIS VWF 42
AR DL B AR e 6 (K] 6C), 7E5 7 K
VWF G 20 10 12 B S A de S e e o, B IR R
U4y EPCs, nJLIE A REAERK, ZHZ

F 4 ERESBHEDH
Table 4 Cytotoxicity analysis

ZHEFPIRA (B 6D). i i JE PR 11 %6 B A B 3%
A LK EPCs R 75 APZ Bir: 1 41 A 1l 4 S 28 |,
76 7 d I AT AVREE R EPCs RSN A0 A T INLAS BE , %
R, AR R

Sample Cultured time (h) Absorbance (490 nm) Relative cell increment rate (%) Cytotoxicity grading
Blank control 24 0.107 9
72 0.116 1
Negative control 24 0.827 3 100.0 0
72 1.253 0 100.0 0
Acellular scaffold 24 0.702 4 82.6 1
72 0.998 0 77.6 1
Artificial blood vessel 24 0.762 8 91.0 1
72 0.976 3 75.7 1
Modified acellular scaffold 24 0.814 6 98.2 1
72 1.178 2 93.4 1

B 6 EPCs fig o % Bt 4 B S 52

Fig. 6 EPCs implanted modified acellular scaffolds. (A) HE staining after 1 day of dynamic culture of EPCs. (B) HE
staining after 7 days of dynamic culture of EPCs. (C) VWF specific staining negative after 1 day of dynamic culture of

EPCs. (D) vVWEF specific staining positive after 7 days of dynamic culture of EPCs.
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