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Figure 1  Alginate structures

(a) Alginate monomers (M vs. G) ; (b) The alginate polymer; (¢) Chain sequences of the alginate
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Figure 2 Hierarchical classification of 3D bio-printing technology
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Figure 3 Schematic representations of the different strategies currently used in 3D bioprinting
(A) Stereolithography bioprinting; (B) Injected bioprinting; (C) Laser-assisted bioprinting;

(D) Extrusion bioprinting ; (E) Electrospinning-based bioprinting
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Table 1 Overview of advantages and disadvantages of different bioprinting techniques
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Figure 4 Schematic representation of the calcium-induced gelation of alginate in accordance with the “egg-box” structure
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Figure 5 Schematic showing the fabrication procedures of bioinks and cell-laden scaffold
(A) Fabrication procedure of cell-laden scaffold using PCL/alginate struts and cell-laden alginate fabricated by a melting

plotting of PCL/alginate struts and cell-printing of the bioinks; (B)Repeat of cell-printing; (C)Fabricated cell-laden scaffold

H T T 8 TR A 7K B JE 1) 3 2 i %) Jg R o R RS T ) A A 2H 2 TR S SR Bl A A 2 R R
SR VAT S5 R N I TR I R A PR AR L K R A ARG Y AN IR R A P 45 Y K
R ¢ S 24 o 2 0 7K R S 5 A AT SR LA B L AT AV O R N K R S Sy 2R AR % 3R AR Bl ) O
B 20 L, S IR R A0 I A R 0 i SR AR AR E L A Y AR A B T RO R R BRCR B SR BOR IEW] T
T R AN R B AT 1. Antich 5 LB BA R (Hyaluronic acid. HA) K 3 B8 81 0 A 1) %
K BA NSy 40 R b5~ 40, J8 3D AR 9T BB AR K A W A5 K SR ST B DL SR LR T A AR SR A
Bt v e 3 12 O v A A A W SR K R A S B AT EIRR 1 RS P N g 2 R L O AR IS 5 A0 AR
A S i 1 R A 20 AR S SRR T B . You VR 3D ATERFE R 5 — 42 B ag vk i 4% T 4l
it B 28 T R R BN UK BE K BB 45 R, AR AT B IR O S IR b 51 A R BB T R £ 4 i (Poly
(ethylenimine) » PED 15 1 5 B B 7~ 0 15 35 19 500 i o PR WG 5 | DR 57 SO 2R M 25 4 . &5 SR 3R, A2 1B R vk
JIE A T B KT I A0 A e R L B R TSCSE AT S AR LSRR A R T A M A B S R AR

10. 14028/j. enki. 1003-3726. 2022. 01. 002



H1 [ 2 S S i {1 <13 -

1M Tl 4 o3 o =2 B ANZ N 2 P2 28502 TR 2BCE N EJZE AR o Ay B
Ph b HRAEAE B A 22 0 U B AL AU R T — i 0% 1 S R AL AU A L O i
8175 5 A RE 18] 2346 Ry BB R A0 I AT A Bk 35 A9 3 D5 B i — A 2 B R B 4L, M Ik, Zhang
ALY T e BRSSO SRR 2 S B SRR A I O R IR B g T — R B RS
FRORR I SR AR N AR AP B — R I IR 52 2 S 20 B AT FRAR A RO AR E 1 2 AL N BB 45 4 | 25 1Y
J125 R BE G 3 1 VA TR At 1 A B i ) AR AU B SRR, | BB B8 A T St B 7 B A A R R R
451

3.2 MEALTRE

O LI (CVD) J& B BRI T ANBURZ BIPe . BEAT N T 208 1k 59 2R L 31X — 5k 1Y IR T7 1 2
NS Y R BRA . A3d 8 7K BE I A RE R = 2 40 M 8% 77 Ho R 45 & 3D FTER X T 3 A T i 48 B A 1R
R H

Tabriz 55" Lk Ca®" 7952 16 163 3 R 0 /K 58 i S 4T BN BB /K BT E T —Fh AT B J5 7 S50 1 30E 47 58 6 1 2
G T FRR Ba®' 220K =20 AZ MR BT 3 B 1 AT B A 100 R 45 AL 1 ) 2 P B R R A A E L X
BOR AT 38 F T 48 B A T A2 7% R0 22 240 ML 45 48 %) i R RS i B e 21,

Gao FE i —Fh A 1 L 3D FT BN T2 9030 1 2% Bl R o 6 285 4 A 4T B L 2 U T T 4%
FHLAR 7 60 0 28k, SOWLEE T ) P 8 0 s AL s W SO 4, e o BB AT B R B R TR Al Sk ) 3
T2 U 0 TR B B I 2T 2 2 28 LT A4 200 R - UL 00 i 68 R S 2T £ T 4 AR AE = 4T BN 65 1 e e AR A
s PR A B AR A T s BT AR LG TS Y Y 7 UL SE T PN . 2 S B R T L B R L RS A B R AT 4R
FE 90 Y0 LA b (W0 T8 v I iT DL . 3 B AT Y 106 A5 R S R S A A R B A B 1 AR AL L AL B e
W AN THRA TR,

Ay i 6t A RE A S 00 A4 45 4 Zhou ST S i — Rl LT ED A B B R DLV BERR A -Ca” T FIR 20
ok frie (P AL XU 465 7K S J52 1 3T B0 88 7K L i A 40 B £F 4k % (Bacterial cellulose, BO) LAy 4= S8V L il #%
TR PUEARRE K BN T A IR R SR A 0 i T LR 2 IR GE R R T HoRE HEAT 4 G K
AN 85 55 0 Bl S 56 v 24 3R AR O S 9 A AR A TS SR LA A

HH EG T 15 G0 10 4l B 5 3 A= W BB K, B 40 i 3 BT (Decellularized articular extracellular matrix, dECM)
U] F36 B A 3t A5 400 B 92 1 40 IR B . Gao 2510 VAECM UL A5 6 40 i 41 322 3R ) 5 96F T8 19 M Y 4 ol 4 &2
B K TR AARTT (Atorvastatin) /R FLER-F2 5 L R (PLGA) TR AT P Bz #H 40 il ) 6 3, ok ] =
Y [F) b T B A 7 430 24 A e R A 07 3 e 5 R R A B 4 L % PR R I B AR O e il e
I« 6 /DN BB AR v S A T BT 2% 4 AR 0 14 (BBV ) (BT 6, 171 280 P4 Bz AH 40 i / Bl AR At VT 79 26 90 1 58 T A 3K
A A P R AEL 0 ) A 3% A 234 L B R AR I A A A SRR o JE A4
3.3 3DITENHEANERE

SDATED N #8 B R T4 9 3D ATENMSE U2 IR . E 45 & T AW R B LR 2 5% 2 25
B e i Hh T T R LSRR AR E ORGSR RS R B Z B BT, Jeon VY LI B
PR BN A T EN SR K GE i 3D FTER M3t T FFAEA B, I 5 HepG2 40 k35 3% . A6 0T JIE 9 AH OC A= # b i
Y1 (ALB/AFP/Ki67/CK19/CYPIA2) % B b i Wy K - F1TE 5 BT 2L SV 24 T4 e M 2 TR SRR 3

HAR 3D ATENEORTEHCE IR AR 2H 2L 4T BN & 22 AT i B o (H X T2 HF 0 U LB 45 DD RE A% B I AT ED
32 PR T e LA T ERAROK RUBE 19 1L 47, S BR0T0 7 308 3 1 R A0 28 S5 0K S0 SORTE 5 143 i 326 380 4 2 P DL RORE AR
PP HE R T R S AR P [ B R 4 o e e SR AN A v s i 22 R 3D AT ER R B 2
il 3 4 B T TE P 4 ) JF 2 25 S 06 e W R S 200 L 2B R VA RS IR BN b AT B R AL T 40 ML A TR R R R AR
90 Y0 LA - HL2H £ PR 4 0 T 0 £6% 5 R, 9 O DN 3K D 9 O 2 T DA S v T A M O A T R A i R i A
Ak 1) B, Yang %570 356 8% 5 % W (Gelatin) $45BC 1% 165 3 BR B /5 9 3T ED 880K, 40,25 HepaRG 40 15 22 3D
FTERAS # = 4R FRESS A% 5 . A X5 3D 4T B9 T E 26 & B A7 I S sE A T , I 2 ik 2 F1 3R 5K (ALB,

10. 14028/j. cnki. 1003-3726. 2022. 01. 002



<14 - i I i1} i 2022 4£ 1 A

Iy

SR
o4 fth 3 %ﬁjaﬁ E§'127
Se |, PR (2 Or
@g“ k72

PLGA

AT
HARAAR R A BALY

—

° T -
o: e o >A€ € -
... k=l .. ® n - -
° .:.

T A TPLGAEER )&kl mE BRI B/
HRMRSEMEK

B/ IR A B ==y

RGEMME

/

6 3D FTENF A A R B
(AK VAECM 5 # R 0iR & H 4 2 & £ W 80K 1T Atorvastatin/ PLGA U5k F1 A B2 AH 40 M i) 42 55
(B) 2R FH = 4 [R1 3l 41 BN B A HG g T 225 40 1 24 BBV
Figure 6 Schematic diagram of biological blood vessel constructed by 3D printing
(A) A hybrid bioink was prepared by mixing VAECM and sodium alginate, which was used to encapsulate the
atorvastatin/PLGA microspheres and endothelial progenitor cells; (B) A 3D coaxial printing technique was

applied to construct the cell/drug-laden BBV
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Sodium Alginate-based Functional Materials for 3D Printing

ZHANG Chun-yang', FU Chao-ping'* , WU Bing', ZHANG Li-ming”, CHEN Ai-zheng',
WANG Shi-bin'
(1. Fujian Provincial Key Laboratory of Biochemical Technology (Huagiao University) s Institute of
Biomaterials and Tissue Engineering s Xiamen 361021, China; 2. School of Materials, Sun

Yat-sen University , Guangzhou 510275, China)

Abstract: The excellent biocompatibility and biodegradability of sodium alginate give it wide applications in the field of
biomedicine. How to use sodium alginate to manufacture biomedical materials, tissues and organs has become one of the
important challenges to promote its excellent performance in medical applications. 3D printing technology gets the
advantages of controllable design of structure and high utilization rate of materials, which can realize personalized
manufacturing. In this paper, the latest applications of 3D printing sodium alginate based materials in bone tissue
engineering scaffolds, artificial blood vessels, in vitro construction of tumor models, artificial organs and other aspects in
tissue engineering were discussed and prospected.
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