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Abstract

BACKGROUND: Collagen/chitosan scaffolds need to be cross-linked to achieve corresponding mechanical properties. Studies have shown that the regulation of
crosslinking agent concentration can control the physical and chemical properties of collagen/chitosan scaffolds.
OBIJECTIVE: To explore the effect of genipin concentration on physical and chemical properties of collagen/chitosan scaffolds, and manufacture tissue

engineering scaffolds with adjustable physical and chemical properties.

METHODS: Collagen and chitosan were separately dissolved in weak acid and then mixed as printing ink. The collagen/chitosa scaffolds were printed using
biological 3D printer at low-temperature, then lyophilized and neutralized, and crosslinked with 1, 3 and 5 mmol/L genipin. The apparent structural stability,
tensile strength, swelling performance, degradation performance and biocompatibility of scaffolds of each group were detected.

RESULTS AND CONCLUSION: (1) After the scaffold was soaked in PBS for 3 days, compared with the uncrosslinked freeze-dried scaffold, the surface of the
collagen scaffold maintained regular pore structure after crosslinking, but the scaffold showed obvious deformation. The surface structure of the collagen/
chitosan scaffold was regular after crosslinking. The collagen/chitosan scaffold cross-linked with only 1 mmol/L genipin had slight deformation. (2) With the
increased concentration of genipin, the mechanical properties of scaffolds of each group increased, and the mechanical properties of collagen/chitosan
scaffolds at the corresponding crosslinking concentration were better than those of collagen scaffolds. (3) With the increased concentration of genipin,

the swelling rate of the collagen scaffold decreased, and the swelling rate of the collagen/chitosan scaffold did not remarkably change. (4) After soaking in
collagenase solution, the collagen scaffolds crosslinked with different concentrations of genipin were totally degraded within 1 hour. The degradation rate of
collagen/chitosan scaffold decreased with the increased concentration of genipin, showing a trend of rapid first and then smooth. (5) After inoculating bone
marrow mesenchymal stem cells on the crosslinked scaffolds for 3 days, the number of cells on the 1 and 3 mmol/L genipin crosslinked collagen/chitosan
scaffold (or collagen scaffold) was significantly more than that on the 5 mmol/L genipin crosslinked collagen/chitosan scaffold (P < 0.05). (6) Results have
suggested that genipin can adjust the physical and chemical properties of collagen/chitosan scaffolds within a certain extent. Among them, collagen/chitosan
scaffold crosslinked with 3 mmol/L genipin has good mechanical properties, resistance to enzymatic hydrolysis and biocompatibility.
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Figurel | Schematic diagram of collagen/chitosan hybrid ink preparation process
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Figure 2 | Schematic diagram of low-temperature 3D printing system and
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Figure 3 | Comparison of the apparent structure of the scaffolds

crosslinked with different concentrations of genipin after immersion in PBS
for 3 days (scale bars=5 mm)
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Figure 4 | Microstructure of the scaffold before and after crosslinking
with 3 mmol/L genipin
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Figure 5 | Stress-strain curve (A) and Young’s modulus (B) of different
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Figure 7 | Degradation properties of genipin crosslinked scaffolds with
different concentrations
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Figure 8 | Cytocompatibility of genipin crosslinked scaffolds with different
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B, szb e R, BUBTPAEE I 3D $TENR R / 525K
WESZ B8R DASE PBS AR K I [R) 2 R e 1) = 4E 2= 4, 3D
FTENR I / 58 SEME SCHR (0 77 51 Bl 2 Bl ot J& ~F- 3k 58 1A 344 o v
Tt I AT B PR B RT LSS AN [ ) S R A TR
THEHIHI 5. SR Calcein-AM AT PI X FH 4 ALY 3D 4T NG
JR /SRR S A AT Y AL TR, o EEAS R R BT 5 e SRS I S
BRI SR S5 A, I 3 mmol/L LR 5 Je T A Bk 9 S 48
ANAFIE R i, HANMTE S48 By 5y oA, IR RIX b 4 B
ARAT CLIRAS A W AR 0 BRALME RE AT 2R TR SO 28,

G530 SEIG R T JESE XS 3D FTEN IR / 7 B b S 48
HATACHG, il & 3R R 7725 1 RE AN 4 fo v PR I 21 23 T2
HE, SERKE, 3 mmol/L e T A BRI R / 58 SEpE AR
B BT )1 = R R D URG AR RS 7, RERE CRAIEB B8 7] 78 T
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