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Abstract

Preparation and osteogenic properties study of 3D printed naringin

loaded bone tissue engineering scaffolds

Clinical treatment of craniofacial bone defects, which are often caused by tumor,
trauma and infection, is still a huge challenge. The development of bone tissue
engineering brings hope for the repair and treatment of bone defects. Due to its similar
composition to normal bone, good bone conductivity and biodegradability, B-tricalcium
phosphate (B-TCP) has been widely used in orthopedic reconstructive surgery, and has
become one of the basic materials commonly used in 3D printing, but its osteogenic
induction ability is limited. Although traditional growth factors have good osteogenic
induction performance, they may have some side effects, such as ectopic osteogenesis.
Therefore, it has become a hot topic of medical research to find drugs with good
osteogenic induction and few side effects. naringin (NG) is the main active monomer
component of the traditional Chinese medicine Rhizoma Drynariae, belonging to
dihydroflavonoids, mainly exists in citrus species, has anti-inflammatory, anti-tumor
and prevention of osteoporosis and other effects. Previous studies have shown that
naringin can induce bone mesenchymal stem cells (BMSCs) to differentiate into
osteoblasts through the Wnt/B-catenin signaling pathway. Therefore, in this study, a -
TCP scaffold was prepared by 3D printing technology. Naringin was loaded to the B-
TCP scaffold assisted by polydopamine (PDA) coating. A series of physical
characterization, drug release, and cytocompatibility tests were conducted to explore its
potential to become a bone tissue engineering scaffold.

1. B-TCP scaffold (group T) was prepared by 3D printing technology. After PDA
coating (group D), the scaffolds were immersed in naringin ethanol solution with
concentrations of 0.1 mg/ml, 1 mg/ml and 5 mg/ml, respectively. Three NG/PDA/pB-
TCP composite stents containing naringin in different concentrations were obtained
(group L, group M and group H, respectively, from low to high concentration).
Scanning electron microscopy, energy spectrum analyzer and X-ray diffraction analyzer
were used to detect the microstructure, element distribution and phase of the scaffold.

Then the pore size, porosity, mechanical properties, hydrophilicity and drug release
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were measured. The results showed that the five groups of scaffolds had interconnected
macroporous and microporous structures with uniform pore size. The apertures of T, D,
L, M and H groups were (432.14£11.27) um, (431.92+10.22) um, (430.36+10.17) um,
(432.16£10.01) um, (431.98+10.14) um, respectively, with no significant difference (p >
0.05). The porosity was (50.17£0.95) %, (50.47+0.12) %, (49.94+0.72) %,
(50.15+£0.91) %, (50.09+£0.28) %, with no significant difference (p > 0.05). The
compression moduli were (25.5+£5.3), (25.2+£2.19), (25.6£3.48), (25.6+4.14),
(25.3+6.19) MPa, respectively, with no significant difference (p > 0.05); All the five
groups of scaffolds had good hydrophilicity. The four groups of scaffolds coated by
PDA all contain N element, and the substrate phase does not change, the surface of the
scaffolds is rougher than that of the T group, and a large number of fine particle structure
can be seen. Naringin in the three groups was released quickly in the first 3 days, and
then slowly. At 30 days, the total release of naringin in group L, Group M and group H
was 0.217 mg, 0.251 mg and 0.410 mg, respectively.

2. The effects of the scaffold on the proliferation, toxicity, adhesion and ALP
activity of MC3T3-E1 cells were detected by CCKS assay, cell survival and death
staining assay, cell adhesion assay, and alkaline phosphatase (ALP) staining. The results
showed that there was no cytotoxicity in all groups, among which group H had the
strongest ability to promote cell proliferation (p < 0.001), the best cell adhesion
performance and the strongest ALP activity. This series of experiments confirmed that
the 3D-printed NG/PDA/B-TCP composite scaffold loaded with high concentration
(5mg/ml) naringin has good biocompatibility, and can promote the proliferation,
adhesion and ALP activity of MC3T3-E1 cells, which is expected to be used in bone

tissue engineering.
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S — RPN AE SIS, 4 NF-xB. AKT, MAPK, NFAT, & 145f145/
R B LR S . E X R AR R, NF-xB 15 546 5 CiE WI7E BB T2 i
o 22 % B AR PO TG S5 e SR G A A R P ] T RANKL /3 1kB-ol
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BEfR, HESECT RANKL 536 NF-«B JELIH0H]: dhah, s L e
il RANKL %53 () ERK BERR A, 1S 7 Al s 1 300 0 1 40 D TS S R PR
72

M B HTHWT TR Al BCE et i R pLE D2t né T 5, e AT
LAt BMSCs AN 40 IR E GE 0 Ak, 3 REAS 300 H61) A0 240 1 2 B3 A 1 IR AL
X LEAE HI AR B A B EF AT 12 21 Sham AR T B s RAAE (1Y

BEAt,  MIERIRIRE ERUE, Ml 2R TR b, e AR A
o RN 1 PR PR RS il v, LA, ORI 2 . MRS T2 Bk,
Yan 55 NS A5 P B 7 4 B UK AR A BB AR (UA-ATPE) MR SRR S 32 R 2
T, 25 R R SRS & 7 il B A SRR AN A B30, 255 b Aol PR G A IR
SRR IR EET, 22 2 T0 8 LU B A H 17 S RN Z R IR IR BEE T R
0 ) At

1.5 3D ITHIHEAR

L ETES, FEMEINIER, WE iz, M. WIEHETERMS
PRI 5 A5 T e PR I I ) 8 b 4 3 SR (A 1325 075 T A 6 KT (HZ
EIRICR A% G SR IN U7 IRAE I I SCAR I ALAR . FOEMEAR S8 7 A BOK
HIRBRIE; BeAh, Jyosm AN AN A SR 9 B EE B AFAE A AL 10 3D T
BRITHEX — RIR . ERRAT NPT RN LEREAR, R AN B 1 J5URhE T
SN E R B R RHERER, e RN B SO )

3D FTEIHOAR Q2 o — R B SRR RN ik, PR RA R4
PR BB R IR SCEE, ANITTAE S PR S8 8 KT AR ) i T SR B ik
THERAEAN 3D AT R EED , ORI s 1 SCOR AT M MEA S84 L42. IR
RIFETAIE, PN HIVER 2R HAT 3D S5 i) MG S 48 . HAT 3D TR
BTEAT LU LR

QPEALS/FAEZN

SEARIEZ] (SLA) SRR HHA TR i FAE K 3D TR Z —. Bl
FIOEAE 3D 4T BN AR AR AR = AL . —JR5ea, FTEIRAER R RE, it
TR JRERANT R, DUER, 5815058 SLA REWS B HAT Py A S M AN =

8
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RHE 7 HE R I SR RIS, (R B TR I SLA 833 HE & 1 F2 A ) L s BR 1)
B, RTRORRRE HLA TR SR, @ SLA IXIEARARAME TSR,
AN IRAE IR E AT R R AE R AT R, BV TR R BRI . FElE
AN R IR A, B ART ) SLA #ORVRI SRR . SCBOR HE & 51 &G, Hf %
RO, X0 T O AR UF, 7T RE T B0 e R LV AE 0 0 2 AR L,

(2) JERRTTAR AR

M RO AR (FDMD SR LA i 278 /NI 5 H s R P8 1 2R R 5
FI/NER T ECR SR 22, SRIGERREELL, TR R air, hik— 2 2 ds
PSR, EA TR TESA L UENIE B AR =48 ) LBk, FDM L
PERDCH I AL R SR R 98 5, ki m] DLAE P AN R FLAR S BRI LT
A zhi (32RO, RE, FDM T Z0R] DLGIGE Al AL S ik ok @ m &
281 3D 455248, {H FDM [ BRI R BEAE P IR AN S A AR XA ) 52 48
L7, e 0 R, L BRURR PR AR ) R0, FDML v B 2 S e 4 i & A= 40 9>
T HEE

(3) IEFPEROLRRABOAR

WFEPEROLRRSS (SLS) HORIFEE R BOLHR A O CIE E e sl e i R
TRSCAR . SLS M L™ GRS AR, AEIRYT 7K XK B SR 7 T R #EAE UL SLS
3T LAAE AT A LR K 2 A T I L3RS, A7 B S8 W] Tl e .
SR, SLS M F LR r2 5 BN RHAL, SEGR I &, TEoR 4 AR
Vi PER B AE SLS 3248 .

(4) WisEAEYITENHOR

5% 25 AR W T BN AR RS AE L A T R A4 82 7K AT B SR g W I S5 £
B b ROk, WESRAT EEAT Nl E H AR AR AL JF HLSEEL T
IR AR A A TR, (R, FTEDSKMEME s B 58, AU AL T HEH
113 EL A 827K 20 B 2 32 B BT DDA RS g F) 5 B4

(5) BOLHBIAEYFTEIHR

WOCH B AEVITT BN R R A BhOC AR = A 30 i, AR5 R A% B /KRR
T AR S S B S AR A A2, AR IR RS R B
MRS ZINER MR 2 BG5S — ROV R R AT B
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I EATE AR, AT LGS N R A, i S G ) 240 1] A EL AR AN
240 M6 ) v 17 PRI A BB (BRI D7 Y R R i AN R AR L s A DA RN I
T FE R AR P

(6) HFIEAEVITEIHIAR

B AT BB 2 A P 2R O A 25 TR T g o in 21055 Ok (v S 4
W AL IRBL BT o 5SRO CZIBORA L, E AT ZE SRR R S
BT R A E - 5 HARESORAR L, SF BV TELEAT T2 A RR I,
HAERAERI, I RS R AR 27 B 2 LA B, 2R Ko fad 72, ik
A LURE A R ISR A i BT R A8 U5 SRS, AR 4 TR
R ATz

1.6 A UERT T E B

HREEMBIREE RGN, EGNERN 7 BARA RIFIE 753k
e, (HEATRERA —SaIVER], ik # B R e 7 S v HEE /N2
TR S BB R AR S & DO o B S 18 R ACR BA B 2 3 AT Ul R
FIRA R ] AL 5 R AEVT ENBOR 25 Y B-TCP 3028, AR JmiEid & ol
be4l, f£ PDABRZIGHENT, Kol BCH 9708 B-TCP SC2R b, B mid il x s 2e
BEAT — RPN ELRAL . Z9P0RE I8 AR A PRI, R Oy i TR S
R 16

10
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2.1 FEEBESIAE

B2E SERMEIAITE

=21 SRR

4T N EEE
B-WEIE —45 R R T A4 H
ROImlE R T A4 H
IR % L% R R T A4 H
Al FXGTHT G ai
DMEM b i 97 3 Hyclone SEs|
ity 2 1. i FLH U754 ai
FBS B £h 2 il Hyclone *E
HHHE RO 8|t e e Y ai
Jig o 1 eV A TR 8|8 e e Y ai
CCK8 1 & Invigentech *H
I A et sl & FIEIRAEY ai
Actin-Tracker Green-488 WMk FigH = RAEY a8
DAPI ¥ ElESRAEY H
i Bt T X 7 FIERIRAEY a8

11
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2.2 FELIGUE

*22 SLIU{UER

e\ Al I %K
3D FTEIHL Hh Lk 2 e K A 8 F A 2 9 il ]
BTy Carbolite Wi [H
(ENEVIET b R AR A TR A A ]
B4 FHRFEALS ]
7K Fefih F1AX Kruss il [
PR T R Hitachi H 4
X S BATI T Bruker i ]
X SR REIEAX Bruker 5 [
BEEARAX Thermo Fisher % [H
HL 1 BRI ER AL SHIMADZU H 4
WO R A B Olympus H 4
YHiff 3D K FRAE Ubbiotech i [H

2.3 SO &SRR

231 XHRHIHI%

D) KPR ELFI 4 g PVA BRI 46 ml ZE18/K T, HHES)E %S, BNE
TKIEAE, 95 °C/AKMTINF 5h, 13 8% (w/w) PVA JKIK;

2) B-TCP HI 300 H /@i iilicse, BRI . B AR 5 W i 45
B, EEHLHIELR ;

12
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3) FrE 5gB-TCP 5 5gPVA W, K —FHR-HRGHY, [HAEH—
5T PE S A R
4) WG FRHL AL B)EHE AR 0.4 mm G, ARYE TR FEF 3D 4T EIAL
BHTIZZTED, B2 5E AR S04,
5) SCHBNIE A N T4 24 h J5, RS 3P N BR4S, THEUE A DY 5 °C/min,
1050 °CLRIR 5 /NI, LERSZEEM R PVA, BARKFZR =R, 183 B-TCP 42
(T 3258,

232 ZHERMEKME

D) B 1.21 g = ELE e (Tris(Hydroxymethyl)aminomethane, Tris)
JBUN 1000 ml BEAR A, AN 800 ml £E 1K, WA T PHERE 8.5, %
BTIKESR, Hil&13%] 10 mM. PH=8.5 [f] Tris-HCl 22/, =iRZFEIRF, %
s

2) HL 400 mg iR % LK AR, AR T 200 ml Tris-HC1 2P, Fikedt o
M T SCRRIAE BRI, B TR PiHEES B, THEZE 60 °C, 30 min /5 HUH,
MEE /KB =, 60 "CHAFAMT 3 h, 152LMEH PDA iR B-TCP 3L
48 (D 324,

233 I MEHE

D¥FRE G BORl R H VA AR T ToK S 4K BE 2355024 0.1 mg/ml. 1 mg/ml.
5 mg/ml FIHH B CREE

2) ¥ PDA SMER) D AR5 OB BAR SRR =4, JBON EadR =R B (1 Al
H Ol B TERZEAR L (80 r/min, 37 °C);

3) 12h JEEUH A, B KR =, 60 CHATPHET 3h, BEI=HA
[P A P55 P S ey B (0 S 20 o IR AP v R P R R A SR e L4
M4, HHAH;

4) TEPAT A F IR, AR B0 T2 SIS R R AR IR KT

13
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2.4 LR

24.1 XHEREEHNE R TRME

FEA BRI R M e A 5, RABER B 2445 (Scanning electron
microscope, SEM) WLEE & LB IR WO A1), DI RN 3.0kV. [FIR
H BE T4 (Energy dispersive spectrometer, EDS)#T #5257 28 1 2% [ 76 22 2 i M &
o BT X SHERATH Y (X-ray diffraction, XRD) JI5E I X 474k
TS S, 20 VG RN 6°~80°, FHHHE A 7 (°)/min. FANFEAE I =AM 5
BEAT LB AT

242 TEARKINE
1) B HBRE =AU B NI, SR)5 18 ] Image] BAEX FLAE T

Y=g

2) SCHRAIFLIRZ (@) R A B HEIE, Wps X SCATRN L S )
B, Wpse a2 QM58 &7 L BRI R, Wpr 2 LRSI R
MOl R CERE S EE, Wp & TIRICEAEE, Vp Z2HEMRKIER, pe
72 DB I 2R T 1) 2 P

FLERZE @, %)= [(Wpse-Wps)-(Wpr-Wp)1 /pe/ [ (Vp-(Wpr-Wp)/pe] x100%
243 XEESFEHERERT

BRI 3 NEARY 7T mm, =Y S mm BISZAE, FHTTRERIS LRI 7

Ve

[aYay

o

2.4.4  CHRFRIKMHEA

5 FH KA A A5G B S 2R SR T A /R Bl Ay o SIS AR B ROVE S SR — T
K E SR ETT 2 em AR, KR fih S 2R 3% T IS A RO U KGR 5 SO
R Al S VN2 S SRR T e e, B ER A A

245 SIRIBMEREN €

(1) L. My H=8H3Z28%0005 g, Rl ETEOEF, A 2ml PBS 4%

14
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