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Mechanism and application in tissue engineering of the active ingredient of Drynariae Rhizoma promoting
bone defect repair

DENG Zhijun', YANG Wenlong®, YANG Zhijun', ZHAO Bin', LI Dian', YANG Fengyun® (1. Graduate School,
Jiangxi University of Chinese Medicine, Nanchang 330004, China; 2. Dept. of Orthopedics, the Affiliated
Hospital of Jiangxi University of Chinese Medicine, Nanchang 330006, China)

ABSTRACT Bone defect has always been a major clinical challenge because of its great difficulty and long period of treatment.
Drynariae Rhizoma is a commonly used medicine in osteology and traumatology of traditional Chinese medicine, and its active
ingredients (mainly flavonoids) facilitate osteoblast differentiation of bone marrow mesenchymal stem cells, osteoclast proliferation,
vascular-osteogenic coupling, and inhibit osteoclast activity to promote bone mineralization, and repair and reconstruction of bone
defect. As a good substitute for bone regeneration drugs, the active constituents of Drynariae Rhizoma can be loaded on scaffold
materials of tissue engineering, which greatly improves the bioavailability of the drug. Meanwhile, the sustained-release
microspheres also solve some problems such as sudden drug release from the scaffolds, and the composite scaffolds with active
ingredient of Drynariae Rhizoma prepared by them have good ossification activity and osteoinduction, with precise bone repair
effects, which meet the diverse performance requirements of bone grafts and have a promising clinical application prospect.
KEYWORDS Drynariae Rhizoma; active ingredient; total flavonoids; bone defect; bone tissue engineering
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TR OB B UR i S AL ME E A 1
B AU AR S B TS A
1.1 {RiEEHEETRETHEEED L

‘i [B] 72 5 T4 i (bone marrow mesenchymal stem
cells, BMSCs) B HAT 730 il 22 b S R0 (A i 20
FUIR I Al ) RS RSN , i W] RSN I AR LA AR s2E 2H 2148
I R U A AN Y R O Ry i e 7 /SR
Wang 5% B, B R M LA AN B2 45 7E 10~100 mg/L
F18) Jo ek e JEE S L A ) B RS 2t i BMISCs P i
Wi R B (alkaline phosphatase , ALP) 1% P M il 20k AH 56
Fr & 9 Runt A1 5¢ 5% 5% [H F 2 (Runt-related transcription
factor-2, Runx-2) . B B 40 Mo BF 5 1k 5% 5% K 1 osterix
(0SX) . B 5 % (osteocalcin, OCN) | I HY i J57 25 1 (type
I collagen, Coll) {3k K, Hoad #2 5 #4006 B AME &
VA7 1800 (extracellular signal-regulated kinase , ERK) {55
AT G, FAME R, WA SR AT - B
P12 (B-catenin) \Runx-2 MK, Ml i S L Wy A 1
BTG A2 AR y 9235 AR HER B BMSCs 1 B 434k o

AR, B TR B RETE AN [R] PRI R 3 38 BMSCs
B RCE S Aeie 71 o I SR 86 I o (tumor necrosis fac-
tor-a, TNF-a) J&:—Ff RS T, 7] #)1 i BMSCs Y4715 IF:
WSS H AL RE JT o Cao SR B, TERIEMIAEE T,
Fih Bz 7 BEF5 BT TNF-o X BMSCs B8 AL i il 48
SE I HHRIAZ R T kB (nuclear factor-k B, NF-kB) {5 51 i
" NF-kB # #ll 2 F1 « (inhibitory kappa B alpha, IkBa) [t
WERLL A p65 HIAZ RS 57 A il NF-kB 15 538 [ 10 3005
DN 58 ALP 35 P SR 2 N Runx-2 . OSX 33K, 2.
4 5 BMSCs IS FUSCE 0K o e e 251 &
B, 10% R A A RE I ] K BMSCs #1545 45 1 Fll ALP
T, T 18 Runx-2 . OSX YR IE , FEARZoRL (AR5 s 47 , 1T
B SR R R e ERTR bR, W B R AN S B R 7
S EAEE R AT BMSCs B BLE 40k
1.2 Rt R B 4hAniEE

P AR T N A B RRORT i R S5 PN ) ) 7
T2 A Ak, 2l B ) 2D RE AN, 17 D¢ JE
(A B A WA RN Ak, LR S 1l o 0 22 o 2B W 1
PEPI T, TGS H 154 GRIT B A G, EEIE
AL R, Runx-2 FTOSX B IA Ay 2 B 20 i 1% 3 1Y) =
BT PR, X BCE A A Y o bz oG E N g K
B, B AN L B 0T 13 Runx-2 ,OSX ,OCN , Coll %5 A
B ARE B IR B ALP 15 M, 38N E5 1h 45 15 %k
i, ANTTTAR 34 W B 20 LS 5 434k Peng S8R5
FW, H AN IR AT S 3 Coll OCN [ Rk 1
SR A P I T, 3 e ARV T 4 I 2 11 9 (matrix
metalloproteinase-9, MMP-9) \MMP-13 [ & 32 >k 411 il
WS A IS e B, Al B AT AR A R 2 R A 3
5 ALP I& PERIESfLRE T, B _EadEH AT e il N 6
RNA-206 (1735 HI0 ) 0 4% Bl 1% H2 45 1 43/ERK 155
Bl SIS/
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BEAD, B WA P 533 RE R AN R A FLR AR R
B LA 7o MR TR AR B, A B AT A e b
I MC3T3-E1 40435 I, T _F 9 e & 2R A A KA
1 AR 108G 1 Runx-2 9 3R3K , 958 ALP I 1 , A4 i
HABE A R e SR I B SR
BRI T B A3 A B T T 40 s Y R A
R B & & 42 25 1 2 (bone morphogenetic protein-2,
BMP-2) ##545 [ (osteopontin, OPN) [ 635 , fiE HE R
iAte AT UL BRI PE B RT H  ALP B B A DG
S Rl P O 3 0 = itV Ik T N[ v = i R e 8
1.3 HHIRE & 4ARiE

i B 40 2 Pl 2R AHL A0 53 A 1 R I 4 i A
HEE PTTE B 22 A% 5 A ™, AT 38 i 4 WA B 5 2R 37 1A
Je 2 o it AT AP e S Ay T T Tl G T P 2 2 2 P
KO SR8 W B UAR, o3 B A SR 1, A2 E Wi, A
A B A

318 [N F (osteoprotegerin, OPG ) /NF-«kB 52 /A {8 1
#E 1 B K (receptor activator of NF-kB ligand, RANKL)/
NF-«kB 3243875 25 [ (receptor activator of NF-kB,RANK)
15 TR VR A A3 L R R A e e B
R Z—. OPG I B 4 41 il 5+, & RANKL (1
Vo2, Al 1 5 RANKL Y454 58 vol il 40 i
PR R E R RANK 275 505 B 448 A 1l s )
P, 7] 5 RANKL 255 e B 20 M 23 Ak i
FFP B AP T Jin SEEVR B, B R RN n] B N 4
28 ) B B KRB E B/ NG RN B BRI
WA FRR PE B AR . RANKL ,RANK 2K [ 2% 35 R 15 40
JHI3 77, B W . Ang SE R B, AR AT IE A 0]
RANKL 4154 IxBa [ A A i) RANKL 7551 NF-xB
WAL, T AR %, 08 Wi, A B T B &
a0 = g 1 NS 6 0 I K v 2 = it R e €1
2RI, 2~200 wg/mL B R T AT R0 B A /i
2 RSO AR WS AR, L AT R R b T 9
B 4 itk 088 2 FIT MMP-9 119 6k , 9 B 41 it bk B 053 2
AR X H H AR B i 3 (1855, Jss 5 I ICRE T , i
PR AN T LIRS R, B AR A M R A %
Tk B 200 M3 ) HAT 3 i 2 R AR VR
14 {RHERL ME-B S ek

B —F S ML, HEE R A
HIAARRH T A LN 1555 . TEE B A A
R 0 A BRI st B8 22 B) A A A I () s ] |
MR BB ARERAIT A R , I4E
A R T BB DB A I I AR R BT B =[]
X U] 5 ZR AR Ry LI A - s RRIRE ™Y, e H Y o
B AL h AAREEEN, iHERE B, I AT
T 2 A 0 AL 4 A RN 43 A A S R R
FHIE™ ., Shen A5 1) Bl 4% gk Wl SE 50 WO, B
TR A T AT 84 0 28 0 A ) 2 B, B A i o
A R VR 5 AR AP 5256 3R B, B kb B i T ] o 2
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TR PN B AR 0 ) 15 A SRR 0 F1 BMSCs YRR E I
P, AT IS A s R, £2 E Runx-2 F1 OSX Y35, A
T E — 20 38 i A% 5K b B 2k R v A9 O A5 - 1 B R R A
AR gt X3k g o A A RN TR B

RS SE R T, B kI e R T v 2 oK
FARZERICH N 148 4 K A2 4 K F- (vascular endothelial
growth factor, VEGF) | Il A4 iU 3R 2 45 AE K H TRy ik,
50 A8 R A B, DA T2 3 [ A6 00 B i A R 1
AR LiAE R I, B kb SR AT 9 = e T
HOCHE N (il /M AT AE AR K I B4F) \VEGF | il #%
R BLFRIA AL 1 SR DXl A5 v il 45 A=
BR300 | 1A A RN S A A TR R R
JRe By e S v 2 L WA SRR 51 S B R A
AT B B4k B B IE (LU 2825 7 TH s
BRI T 25 U0 ORISR R B ™ RS
FEWT BTN P B X St DXl P B R 0l A
W EA BAFrfeg-/EM
2 BRWNEERSERAATIREEABHEA

BRI PR 50 7 B A A e A2 i U
A RCE T AR | IRF A R
FERAR, (A5 LI R I FH 32 B, PR, IR AR I RICR
BUF R IT g 2507 2, 2 BE TR B R TR
R R AR )

B R YT B R E T I S R K
MINRE. REBHAEA &1 AR Z A e
HAERA FART RGO T, KEBLHr S HRMESL I A
FE MU E"™, BT, A RSB  izarov B it
B AR SR IT T BUF AR AOR IR D 3697 R K 45 il
S AT AR ER B B B A T — A
A aaronk, Hae =Mk A FaHE0R 2
) BRI K e =~ 240 B AR 71 28044 PR () A= ek S R
R SEAMERE A 8 e AL A D R T AR 5 A 4
1[0 S o A 7 e R 1 7 6 8 R e e 1
FEAE A A E S S B 58 oA DT A, A2 Y
HE 2 o e IR S AR A DS U R A
SER R BB SR A,

2.1 EEXE

BIANE RS W EA A SR E ST, S5E%
2 S <3 P R £ = = 5 = ) VAL L (A E I G o b N W N 39
JE ] g M AR A R T A AU S AR
Bhrb o AFFEHE S, B A B RN B R A SR
IR T B — SRR = S PR S B, T
2 NR T RAEY ) Z R PERR 2K s R, S51E5E 1
Mk 25 24577 AR L 2025 SCAR RT3 T B it 1
3B AR EES AR R BB e A8 52 40 SR 30 s il
P, O IZ SR R 2 —

Dong %5 W 5 A 501/ A B e /R — 60 g s
%7 (genipin cross-linked gelatin and tricalcium phosphate
ceramic particles, GGT) /) 52 & B4 B} 5 T v B 1Y) i
HKERPNR G Hil5 T —FhE AN -GGT &5 348, 1%L
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BERE i 351G 0 s B A AR RN A 45 T B 1R e ALP S
PE, A A BA RN E R 1. Chen
SN 28 () 1 WEAN-GGT S AL HA ALY AE Wi 1
Ji S5 Ao L 7 22 B AR AN P A B &
R NER/R & s B2 & B [poly (e-caprolactone )
and poly (ethylene glycol) -block-poly (e -caprolactone) ,
PEG-b-PCL]H, TSN K £T 2k S0 4R A R 3 2 S AR e fi o
AR iR N s e T W o S T = e B
I, 2SR S A B AR, 3 H R AT T e
FEHL . Mo S5 RKe B B AN M A3l B N2 3] B 314
KA LA W36 PR3 58 94 K 0K (bioactive glass nanopar-
ticles modified with B-cyclodextrin, CD-MBG) /1, il £ T
Fili Bz 17/CD-MBG 3228 , i AR BEAR 1 M1 B W 200 Jfd [r]
M2 U A, , R EF AT 755 Jay i e i G P 5% Wb ) 4 i B I
i GEa OE  A 7 s o=y L N EI R (TIPS
F2ELW KA1 (nano-hydroxyapatite, nHA) FIEE IR &, 248
Jo HEAT R R 2%, WA TRl R T /mHA/M SR . R
MBS B R, Y nHA 5 R A B iE ok 703 B, B
153 3 BR B e AR K H R IR BE 5 0 i S 96 2R B L A
B mHA/ R S ] A 3 e 2 BMSCs B ISCE 1k, 32
15 ALP {1, |38 OCN .BMP-2 ,OPN f &1k, e dE45 4%
IR A B Y R A e A R TP AR
FERIR RS ™, & 2P 45 RIGRM] AR TR 2
2SR B TR A I P SRR T A Y B A AL
R el gE B A SR 4y AR B E AR
TEPERUT I AE A B & SMF R R 1,
1 SEHMNEERSNEDMREEZRER

ARG HERE R ibS (il ik

B B BEHGOTEASE  MIREMRAL THE HEALE 9]
I

iRk AHH-GOT I BHHAT, I [40]

o AHGILEA  WHFPEGOPCLAVK (R E AR SR MR, (41
IR RSN

BETIEE O MEHHCDMBG R fEEMIMERARS IR M2 R e [42)

B AGHIHREEIER
AAFEEE  MEHEMHARRS S (REBMSCsRE M, BATALP.OCN,  [43]

BMP-2, 0PN ik
RERRSMME RS REEh [
A& e
IDITEEA WA MAERARENE  (REBMSCsER S 2 ALPTREE,  [49]

thigik M ISFHAD L2

BETIEE Ak LRI S B v A

BUTEE R ITMRmAp I (EEBMSCSAMURRLE A (T [46)
LETBT S I, i A

AT WETTPLABRISFE Wi Notch 3%, fEk BMSCs (AT 34 [47)
nHA S FERACE ML

WIETHRE R EMGIREA,  (BEBMSCSBM MRAMEL TN, (48]
SFE 9 BMP-2 Runx-2, OCN 1k

FEAGHE DITAEA  AERERBERR WO AR BBENR (9]
BHTELE  pRRMCBEATE  Hf
SF: 22 £ 7 [ (silk fibroin) ; HAp: ¥2 38 JK £1 (hydroxyapatite ) ;
PLGA : RILI-FHE LR IR Py [poly (actic-co-glycolic acid) ]
2.2 ZZERREARBR/AKIEL
BIRE AN E 2SS Y RA SPE SO /N A7
ARSI AL, B H] T B Bl A7 A 58 e PRk 14 T
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g, XACONR T hes , m el fes] L8k, A
5T A& B, A B2 T /SF/HAp SCZRTE 20 min N ] 58 & PERE
TR AL T0% WA R 1 SIS ]k 4 SRR O
I, O 22 1) 2 3 W R BRI A S R T TR
R, #il& T HA R BMREN R G ER, LISt
XA AT 18 T 45 2 A 1) 25 24, 4 v 25 0 ) A= 0 R
B R A B, Meng S5 2 R K A il 24l
B AR BT R P o B A 5 Al B AR B A4/ L 1R
5+ TR EMETE (sucrose acetate isobutyrate, SAIB) fifi JE .
PR AP S I FRBH 1208 22 0T 7 AR A R B 40 K 9% (136.9
nm) UKL, A0 B R 2R 76.3% ; (R N 2RI, 2802064 ¢
T8 F i , B S A K B A B B %R 57% , 35
Tt B A 25.18% ., PLGA TER & —Fh A= ) 1T [ it 11
REW, IR AR H B2 B, Zhao 5™
K HFLIR R 28 R k48 1 AL K2 1 19 PLGA 7k
el 5 SF/HAp 45 A o IRAMEEE R 2 A1k
AHFSE 30 d BERCAH KT , 38 1 0T Noteh {5 538 R A
i BMSCs 2 [ G A S il teoh, 0G24 5 R i
el e R REVE R 2 R AR N REA RIGHE A 4
FES I A4 A% P T L, o 48 1 jR B X2 S5 A (trans-
activator of transcription, TAT ) FUKS 2 12 - H 2 R - K24 24,
fi? = Jik (arginine-glycin-aspartic acid, RGD) & 4ffi f{) 71 4%,
TR i 0 A B R R SBOR 5 AR 2 22 IR 45 2R R L %
20K TBURE ) Al R AT L R B IR B A2 (phospholipase
A2,PLA2)[W T PLA2G3 . PLA2G1B ik, I Tfiifi iff
NABET AR R E e HABMT AR SE , AR5 T
W AR R R A TR B S B A s TR K
A PRRE AR L M RCR A B AN
AT R A kAR R B LR 2,

=2 SEBRINEHERSHERS SREK/MABRER

i) & ik BAMORAKR AR BOR i
ilias SURANERE  WSITPLGARURISEHAY MBIk BT [47)
p 5304
B 5 S )L 6 R 35%, 12 nHRRREE (48]
F50%, FTHFELRA 144 1
WA EAE  MEFIERISAIBIE R4 763%, BEBHE 50
LHA W74 4% B 131 23.79%
kA TAT+RGDE B0k 12 4B b (381 51
REAKTR 1.8)%,36 i 4 (63.9+22)%
GRHLER  AFLLANENE SRRLERERAE BB [49]
3 Z5iE

BB AT PMERE R AEBE R Bk R, a8
B Rkl TR T . AR GE R 2 RO R R
PHEZGYI I RAFRAUN , A L fasE s IR
oo REEWFTEUESE , A TR L% B Rt DI i il
B AR AS T CRAT RS A OE FEAE AT, vl fie ik il 200
I G, 00 A L R ML A - IR L K
AR 1R SRt DX A AL B R i o K A
WO T B A TR SRS (HD 3 T = A ke,
AE SE MR 25 W ) B I RO, S v LR R T, g ok 1 2
W5 S M RE TR TR L, B A R 475 S bt B L 8
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