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Abstract

BACKGROUND: Naringin has been shown to promote the proliferation and osteogenic differentiation of bone marrow derived mesenchymal stem cells, making
it a potential candidate for treating osteoporosis andenhancing fracture healing. However, its clinical application is limited by its low bioavailability.

OBJECTIVE: To prepare chitosan/B-tricalcium phosphate scaffolds loaded with naringin and characterize their biological properties.

METHODS: Chitosan/B-tricalcium phosphate scaffolds were prepared by freeze-drying and chemical crosslinking. The chitosan/B-tricalcium phosphate scaffolds
were immersed in anhydrous ethanol solution containing naringin for 3 hours. After vacuum cold drying, chitosan/B-tricalcium phosphate/naringin scaffolds
were obtained. The pore size, porosity, swelling rate, degradation rate, mechanical properties, and in vitro release capacity of naringin of the scaffolds were
characterized. Rat bone marrow mesenchymal stem cells were inoculated on the surface of chitosan/B-tricalcium phosphate scaffolds and chitosan/B-tricalcium
phosphate/naringin scaffolds, respectively, and cell proliferation, adhesion, activity and alkaline phosphatase activity after osteogenic differentiation were

detected.

RESULTS AND CONCLUSION: (1) The results of scanning electron microscopy showed that the naringin-chitosan/B-tricalcium phosphate composite scaffold

had a porous mesh structure. The average pore diameter was (106.82+25.22) um; the porosity was (76.26+4.81)%; 24-hour swelling rate was (796.17+31.76)%;
in vitro degradation rate of 7.71% at 4 weeks, and naringin could be slowly released in vitro for 9 days. There was no significant difference in the average

pore size, porosity, 24-hour swelling rate, in vitro degradation rate, compression strength and compression modulus at 4 weeks between the chitosan/
B-tricalcium phosphate scaffold and the chitosan/B-tricalcium phosphate scaffold (P > 0.05). (2) Rat bone marrow mesenchymal stem cells adhered well to

the surfaces of the two scaffolds and had good activity. Compared with the chitosan/B-tricalcium phosphate scaffold, the chitosan/B-tricalcium phosphate/
naringin scaffold promoted the proliferation of rat bone marrow mesenchymal stem cells (P < 0.05), and increased the alkaline phosphatase activity of

bone marrow mesenchymal stem cells after osteogenic differentiation (P < 0.05). (3) The results show that the chitosan/B-tricalcium phosphate/naringin
scaffolds exhibit favorable physical properties and can effectively promote the adhesion, proliferation, and osteogenic differentiation of bone marrow-

derived mesenchymal stem cells.
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oK C ) SCBREHY, b I A TR AR T K SR R e
myo SCBRFLIRE =(my=my—mg)/(m,—m,)x100%.

SCIRHDIRBKER: Koo RNE /B WERR =4 / Ml B 1 S48 (54
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M7l AT NS, 4L 3 ARES, IR EZE5RE, 2
RSy = RiAR 26

TRMERMRE: R AN A T oK S %
1 mg/mL fl Bz VT, KIS BB &2 50, 25, 10, 5,
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ONEEZ R N Y = NSRS 0 ) S = -y o SN [ i
e, H—eEsntk, WE 1.

22 ARBH/EEAE AMEBETITILEEXRLERHZ
FLIIPRGE R, FLIRAH &S, FLBRR/NSAT, B MR —4%
TIURL¥5) 5 b e R A 5T SRR R S B b, W 20 52580 /B-
T R =45 SO SR A P 2 fL 45 (105.04227.28) pm, 76 5K 0E /B-
IR =4 / il Bz 1 S B P 344142 0N (106.82425.22) um, P
Y FLAR LR 22 S o W E R R S (P> 0.05), 3 BH Al K H 12k
ANIEA R E G R, JEARA R HAR
LFRIFLAR,  RT N2 M R 8 5 O A8 S A R A (5 [

23 ARG ELNLER TR /B BER =45 M
BIfLBRE 0N (78.77£4.21)%, 7o 58 HE /B— WEIR =45 / Ml B2 11 3
BRI FLIRZ N (76.2644.81)% , P14 AL FL IR 26 LU0 %
FCRFEMRE Y (P>0.05), WE 3A.

24 HRGEIRERMLER K] R WS M R SE K
PE. FoIRNE /8- BEIR =47 ST AR MWK %6 (803.09+28.76)%, %
SRWE /B- IR =45 / MR SR IR %R (796.17431.76)%,
PRZEL I e 22 57 O e M L (P> 0.05), L& 3B,

25 HRGEMENMNLER WE 4 PR, FRRNE /B BR
SR SCIEFN SR /B WEIR A / R SR B R
AW ET RRAR I, TERP] 1 JE RS TTIRREAR, TE 4 JEBS 5 B
fift 7.67% A1 7.71%, 1 20 3 50 57 15 1) e ffd ok 2 2 DA DT BB i
T s 2

2.6 XREGPARM AN LR B 5A BRI H S AR R
71— RS, ARSI B R A AR T XAk, IR g B
AR ZEVERG N, 2 ) I8 B — AR I SR R R AR BT
AR SEIRNE /B BEIR = A SR R /B WEIR =5 / Al
TSI R A 53 5l 14.58, 14.73 MPa,  JR4iii & 43 )|
49229.07, 223.99 MPa, WA ZEELMIESE A . RAFRHR L
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TR =45 /Al B SO N R B TE 4 h Y R PGB, R
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Kix 9d.
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21d JE ok RGBT MR B BT, 5T 21d 5
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DL 8, 3 Az (1 N I AR 52 1 40 i P 28 B
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3, TR, FCRNE /B BEER AN / A R E ST AR ZH AN M S A O
JEAH 3 v T S /B WRR — 45 SR S IR (P <
0.05), FEIEME /B— MR = 4% S ZR AL A7 1 Xof it 2E 24H i 398 4 e
TG ZE o R E MR L (P> 0.05), WE9, R4l
SR ER R A, I H SRR A B TR
B ) 70 5 T4 PR AR 3G 5

2.9.3 JEFLANMIGL . WE 10 s, HiRHE L, 3, 7R, 34
TG A A G sk s, 351 M A TEREAN KR T v, i 5 o )
M, TEAHARECR W 2, BGOSR W,
FUAMIAE S SR E AR EMAEE R, RAA RIFAEY
AHZS s JF L ZH S48 IR B 1) 70 2 T 40 i 2 0 = 4B AN [F)
JEUIAE, Z AL 4 AR A B T 1 5 PR N3G 58 2 ]
210 X ROREFFERAGNLR  WEE SR IR E
BRI 25 RN, BEERG IR () I AE K, 9 2L B PR
Fil e 0 FE P IR, I ELAH R B 18] A A 52 SR 0 /B B IR =45 /
Aelt e EF S AR G R BE B T 0 TR /B BEIR = AN S 4R, DL
11,

il P B8 T Pl v P 0 A 8 SR AR, (RIS ) 5 52 SN /8-
THRIR — 5 / Al 7 S 20 2R W P ol R Pl v v 5 o T e SR /
B- MR =45 484 (P < 0.05), ULE 12, KM EAN
BP0 1 1) 70 O 40 L i 234

3 i1if Discussion

BORTE H i SR B 52 5 B 8 — BRI PR A 78 ) H A
I AR D TR IE M O T s AR KR Tt i H R T
RN R 2 —, FEREIRERrE. T
sk RAEBE I B AR RN, M AT DGl E
I8 microRNA-20a 3 T i PPARgamma [ 3% % SR AE 3t B #6575
RN R oAk B, S Rl R AN RO VE T, B A ER
HYIBRA G SR I R Gk B 5 H T B T T K
N S, SRR R Y, TS SRk
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T FH AT E B BB R B S BB R 2, Fe o R A B R AR 3

W PSSR R 2 BB R R0 v %
ftk S, H Bl R I MU R B AS 2 1, T B B R =4
B R SC 2Rk, BERA T — @ MpUWERE, BiREN T B-
IR ANt R, s = PSR R, I BRIt AL 41 L A
R AR . AR T I NE /8- WEIR = S AR LAk R
BRpiAL, TE 12 B WL 0 8 I R, T
FEIRE /B~ IR =4 R B Rk B s Z i ae ) Y. (B
ARSI R Z BiE S, Bk, REF RS AR T
TR 4% T TS RRE /B BEIR =4 S 28 I A R A i T 2y A
B, I A SN R I GRS, LA SR 3L R
T RE.

SCHR I T Y I B A A AR 2 TR SRR AR,
TR HE B A . BRAR A SO MR 55 22 R U I FL AR AL IR
S S IR T 5 B SR TR /B~ IR =4 / A R S R L
BB L LRGN, FLIREEYEL, TN SRE RIF R
P 3GAE A E], AERFAEMR AR K I E SRS il iE, FEANE L E A
ZUTRE SO R BRSO R AV K It R A R T 4E 47 A
RS ROME I, R T4k W, il mmE KR i s
P SRS E 1 o 7 TEME I SR B SR SR I K R
T, TR SO I Ak SR B DA R BN B R = L
THEMKER, ARTARKNAE K. B TR RIS
TR 0 PIN USRS S PR 2, EEAWIHE, X
BERL B N R SR SRR H R M SR N AR R
GUBK G, S 08 2 AR T LN BT R A 2 ] =0,
WF FE 2 W AR RA B OB SR BETE 2-11.61 MPa ] BV, ik
YCHIE 7 1l 2% PO 7 SRR /B~ BRIR =45 / Avh 7 S 20 DA A2 A
JREBE M R, HHIZE S A 4 AN R A
B B AR 2R, AR AL R AL P A5 8 1 5 T R A A G b
AR PEDR T B 22 R T DAAE B SRR BB ER A — AN RS ik
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