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[ ZE] HK: HEERET (MGF) il 4% Wnt/B-# 3K H 1 (B-catenin) 15 538 J % A UL
HI A IER, MBI SCAE RS . J7Es . #5r SD K BB & Pr iy, 3 a2 5 8 K B
AL 4] . MGF 20 fl MGF+XAV-939 (Wnt/B-catenin {5 5@ #3075 ) 41, BB FARL, 44
15 H . RIFH 1 REAKRRIL /A LS T MGF 8 XAV-939 T, f2dAzi1k, H14k. KA
Lane-Sandhu X $f 1T /- i TAE RSG5 2 M4 A A R BUB @ &5, B CT (Micro CT) #:ill
FHRKRE RS HSEEER (BY) . /02 %E (Th.N) . BRI (BV/TV) FIg/NGEJE
J£ (Tb.Th), HEJ & AR BB LUL SR, MK REWRMHRE (ELISA) HAMN & 4K
BRI Y B b AR A M B R B (BALP) A T ARG R NG ATAK (PINP) KB pr i P A
MR TR 1 W5 FR W 5b (TRACP-5b) Al 1 B R R SR ui ik (CTX) /K°F-, Western blotting ¥ & il 45 41
K BB il 4P B-catenin, Runt A& F 2 (Runx2) FAIEEEKEEN2 (BMP-2) HEHFREK
Vo R, SEPRAE, BEAMHAKREIEE 24 AT IEEW, B R F gAY,
KR VEE N, Lane-Sandhu X & PF 70 Ko WA Z 8 BV Tb. N, BV/TV Hl Th. Th ¥ [ ik
(P<<0.05), I+ BALP KL (P<<0.05), PINP., TRACP-5b #1 CTX KFFt+E (P<<0.05),
B i 41 21 B-catenin, Runx2 Fl BMP-2 8 [ R A K FREAL (P<<0.05)., H5HIAIZ LA, MGF 4 KR
HIES 2B A B B 2, WA EITLREARN L, B a s, B YRR A g 4 U
HHLUE, BRI B8 %Z, Lane-Sandhu X $T463F 0 2 B BIM& WS KBV, Th. N, BV/TV
A1 Tb. Th¥Fhm (P<<0.05), IiLiH BALP KFFhm (P<<0.05), PINP. TRACP-5b #1 CTX 7K F
BEA% (P<<0.05), & i 4141 B-catenin, Runx2 fl BMP-2 & ({1 B K F I (P<0.05)., 5
MGF 4 Fe 8, MGF+XAV-939 2 K BUE 75 45 2 A4 J& 5 3 3 2 A A A0 58 Ak B, 86 R A,
Lane-Sandhu X $ £ 3F 43 Mo B WA S4BV . Th. N, BV/TV #l Tb. Th¥FEAE (P<<0.05), I+
BALP K[ (P<<0.05), PINP, TRACP-5b #l CTX/KFTFm (P<<0.05), B HiZlgl B-catenin,
Runx2 il BMP-2 2 [ R B KPR (P<<0.05). 453 : MGF Al {2 ik K REE &9 @4, HAE AL
Al it 5 #07% Wnt/B-catenin 5 518 B A K.
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ABSTRACT Objective: To discuss the effect of mangiferin (MGF) on the healing of hip fracture in the rats
by regulating the Wnt/B -catenin signaling pathway, and to clarify the mechanism. Methods: The hip
fracture model in the SD rats was established. After successful modeling, the rats were divided into model
group, MGF group, and MGF +XAV-939 (Wnt/B-catenin signaling pathway inhibitor) group, and sham
operation group was set up, and there were 15 rats in each group. From the first day after surgery, the
rats in each group received MGF or XAV-939 interventions every two days, totally for 14 times. Lane-Sandhu
X-ray scoring method was used to detect the fracture healing in the second and fourth weeks after surgery;
micro CT was used to detect the microstructural parameters of the bone, such as bone volume (BV),
number of bone trabeculae (Th. N) , bone volume fraction (BV/TV) , and bone trabecular thickness
(Tb. Th) ; HE staining was used to observe the morphology of callus tissue of the rats in various groups;
enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of osteogenic markers bone
alkaline phosphatase (BALP) and type | procollagen N-terminal propeptide (PINP) and bone resorption
markers tartrate resistant acid phosphatase-5b (TRACP-5b) and Carboxy-terminal terminalpeptide of type |
collagen (CTX) in serum of the rats in various groups; Western blotting method was used to detect the
expression levels of B-catenin, Runt-associated transcription factor 2 (Runx2) , and bone morphogenetic
protein-2 (BMP-2) in callus tissue of the rats in various groups. Results: Compared with sham operation
group, the rats in model group showed distinct fracture lines, an abundance of fibrous tissue at the
fracture site, and no bony callus at the 2nd and 4th weeks after fracture, the Lane-Sandhu X-ray scores
and microstructural parameters BV, Tb. N, BV/TV, and Tb. Th of the rats in model group were
decreased (P<Z0.05) , the serum level of BALP was decreased (P<C0.05), while the levels of PINP,
TRACP-5b, and CTX were increased (P<C0.05) ,and the expression levels of B-catenin, Runx2, and
BMP-2 proteins in callus tissue were decreased (P<<0.05). Compared with model group, the rats in
MGF group showed significantly increased new bone callus at 2nd weeks after fracture, almost no visible
fracture line at the 4th weeks, faster fracture healing, and replacement of fibrous tissue by bone tissue at the
fracture site, the Lane-Sandhu X-ray scores and microstructural parameters BV, Th. N, BV/TV, and Tb.
Th of the rats in MGF group were increased (P<C0.05), the serum level of BALP was increased (P<C
0.05), the levels of PINP, TRACP-5b, and CTX were decreased (P<C0.05) , and the expression levels
of B-catenin, Runx2, and BMP-2 proteins in callus tissue were increased (P<C0.05). Compared with
MGF group, the rats in MGF+XAV-939 group showed only a small amount of new bone callus at the
fracture site at 2nd and 4th weeks after fracture, with no formation of the marrow cavity, and the Lane-
Sandhu X-ray scores and microstructural parameters BV, Tb. N, BV/TV, and Tb. Th of the rats in
MGF+XAV-939 group were decreased (P<C0.05), the serum level of BALP was decreased (P<<0.05),
the levels of PINP, TRACP-5b, and CTX were increased ( P<C0.05) , and the expression levels of
B-catenin, Runx2, and BMP-2 proteins in callus tissue were decreased (P<C0.05). Conclusion: MGF
can promote the healing of hip fracture in the rats, and its mechanism may be related to activation of
Wnt/B-catenin signaling pathway.

KEYWORDS Mangiferin; Hip fracture; Healing; XAV-939; Wnt/B-catenin signaling pathway
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(mangiferin, MGF) FEZAFAE TR RI | W
SN A DWNE TI RE T- 7/N iR | o SN = R S 3 ]
B BEMOEE . . DU T AT R SFE G BAE A,
Foz v m AR AS BB 2 B Tl R
WEoE T KW MGF Al i £ 2 A 40 i 43 4k Fn i
) A < R W S /S B BT A, fH MGF 7E #9 F
Prina o B b = RE A T H AT R WAkl . A
5 8 3k 52 ) R BRI 3 A AL L 45 - MGF 1 il
ML MGF % K BUBE & i & R s e, 4R )
Hoa] RE AR FHBL

1 #MHE5RE

1.1 £®s4H T2 XANPMNE SPF %I M
SDARR 60, 10K, WAM I (dbat) £
HARGR AT, L8z A F kS : SCXK
(30) 2019-0010, FE 22 °C~24°C. W 50%~
60 % F11 12 h W] /1 22 B 0y 4 1) PR B v ) 3%, A b i
BHWAK. MGFI At st R ER AR A,
Wnt/B-i# H & [ (B-catenin) {5 %5 i % 1 #1 7|
XAV-939 Wy H 3£ [# Selleck 22 7], HE 42 235 & 1
RIPA 4% 22 vh i W8 B 11638 = KA H R BE5E T,
K BB B M B B2 B (bone alkaline phosphatase,
BALP) . [ #UHETE R Nuwai ik (type T procollagen
N-terminal propeptide, PINP) . #1471 B2 i2 M # ik
fig  Sb
TRACP-5b) 1 1 # i Ji 48 3k 5K o K (carboxy-
terminal peptide of type I collagen, CTX) k%
2 W% B i % (enzyme-linked immunosorbent assay,
ELISA) 18 &M A iDUE N SEE MR A FRA F
Runt # 3¢ % & N 7 2 (Runt
associated transcription factor 2, Runx2) FlH JE &
K& 2 (bone morphogenetic protein-2, BMP-2)
BRI BT SRR EY I R O AR AR . X2k
RALA A HA Kodasd, B CT (Micro CT) 1
H i+ SCANCO A #], GelDoc XR System #E i %,
% R 50 A 3% E BIO-RAD A ), 4 A s bR AUl
F 2 Thermo 23 A .

1.2 BHEFTHXABREFN G54 HHESH L
Bk (81w iy Jr e st 7R AT R BB AL, AR R
PR KBS ke W A JRR 9 I A0 B [ 2 T B AR
B, BN J5 ORORE b o7 & ik & AT o A Bl T, Al
FERS M 20 ecm Ab B V&R, T 808 0G5 & W
Pro KRR I3 5 4k 225y 8 9%, H itk Bk
K, ANBRENE Bl o X LA K B DG i T

(tartrate resistant acid phosphatase-5b,

L B -catenin,

AT A0 Sy 3 AR B T o N S A ) R R ATL 4 Sy A R
4. MGF 4 fil MGF+XAV-939 41, R4l 15 H,
HBERTARHAKRE 1S H, BT ARE K BA L
W4T, HAEBLIRERBIAIZE KR, Hd MGF 4
FIMGF +XAV-939 R MG 1 RIF, TH
PRk Bz B #9200 p MGE (10 pmol -1 ™)
O(E) XAV-939 (1g-L), #H2d4zhi1k, &
ST 70 28 d S5 HOM AT R, AT AR 2RI AL 21 K
B S A5 A AR K

1.3 Lane-Sandhu X & 0 k kLA XA F
FRAWEL  FHKREARIGH 284 5 R X 5
o A AC J5 B B U A A2, 3@ i Lane-Sandhu
X B & F o kAl &4 A KRR a9 @ &5 0.
Lane-Sandhu X $F £ 17 730 15 AL 45 5 9 B . B 7% 2 A
HIE 3T I MNE . BIEWR: 00 AT EIE
W, 153 BB B B <2500, 243 BB AR
B 25%0~50%, 3 4 bl B N B i i
51%~75%, 447 I b 5 i >75% . B %
. 0 M BILER, 20 BT LMHHF1E,
45y HEIERIER . T 00 R WEBIE,
20y NEREEIC L, 457 B EBIE . BT
RS SN . B R REES hE IR
B H R Y 3E T4 2

1.4 Micro CTHARMEAXRAFEHEMSHK I
A AR R bR A B T Micro CT 4381 & HH
AN, WESGHERZSH, KEN o=1.2,
support=1, ¥ & B 1H A& 205~1 000, PIfE X 58
HLURH AT . BB I v 0 2 2R B T IR
X 1 (volume of interest, VOI), F4E VOI N #E4T
FE AT, WA S B s R (bone
volume, BV). ®H/NZ% & (number of bone
trabeculae, Tb. N) . H KB 4% (bone volume
fraction, BV/TV) FIg/NEJERE (bone trabeculae
thickness, Th. Th), WL&HT A4 B B 7 WO 45 # 1
M) 22 5% o

1.5 HEZENEZ UL XA T HARBELS
AR WA ARG EBALE A B R A, 40
Vi VWIS GE 48 h, HCE T 14.5% 2 "KM 2
[z (ethylene diamine tetraacetie acid, EDTA) &
WP S 4 TR . WS JE A LA v vk B R R
Y R L L S S R N Tl e
TERLS pm JERAH A 7, I M HE 4, Wi
B N LSBT S0 FUE S R
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1.6 ELISA s#® &4 X & & iF F & F Aok F 47
EHARF  ZKERIE I3 BRI M5 5 8 s,
Fie BOELISA 32570 &5 i WY 5 22 SROAG 0 4% 20 K BRL i
Ol e S Y BALP M PINP M 8% B b5 & 4
TRACP-5b fl CTX K-

1.7 Western blotting AR &4 X & B A AR P
Wnt/B-catenin 45 T B &40 X & & KX K-F K&
HRE I IALE AL, A RIPA 2# 2% vh i
FH AL SR S 2 W s 20 0K s, $R IR B R AR
PE o BU10 pl A PO A T 4 /Y 1590 38 79 44 e e
B, Je H 80 V HL 43 15 30 min, A5 HHH =
120 V4 1.5 he ETHREHEARBEERIMK
& (polyvinylidene fluoride, PVDF) [ I (16 V,
16 min) . Z i F 50 WRIEUI kB 1 h, &R
H B8 PO 0 —Pom B (B-catenin,  # T,
1:1000F #; Runx2, i, 1:1000FHB;
BMP-2, fdr, 1:1000F B; B-actin, T,
1:1000FBE) T4 COkFEHIR EIEF L. TPS
EEE 3K, AR 10 ming FH & B o A6 9 A i
FAE . 4T (1:10000) PR =R FHF 1 h,
TPSPE#% 3%, ¥ 10 min, fl A ECL & H
Gel-Doc XR System #E I8 A% 2 G & . LA B-actin
TE RN Z, RH Image JEA AT 5B 47 K FEE(A,
IR HMEAREKE, HWEARSKEF=HM
AT KB/ N2 8 4R IR BEAE .

1.8 %t ¥4 ¥ K SPSS 17. 04 i+ kot 17
Gt 2 b . 4541 K R Lane-Sandhu X 4t 28 9% 41,
HRBMEWBH BV, Th. N, BV/TV il Tb. Th
, M BALP, PINP, TRACP-5b fil CTX K

o, AL GSK3B, p-GSK3B.  B-catenin,

Runx2 fll BMP-2 2 4 3 ik K F ¥ 575 & IE &4 i,
Phats R, 240 A BEA S5 80t 5Ok B N R
FEO T, AL TR)RE A X5 B0 T EL R T LSD-2 7% . DU
P<<0.05 hZSAHGIT¥E L.

2 & B

2.1 B4AKXEKFHEAL Lane-Sandhu X H & 3
% BVEH2MARE, SEFRALE, BAA
KB Lane-Sandhu X $F & PF A B# Ik (P<<0.05); 5
BRI H A, MGF 41 K Bl Lane-Sandhu X §f £k o
gy JH i (P<<0.05); 5 MGF 41 [t &, MGF+
XAV-939 4 K Bl Lane-Sandhu X 5 £k ¥ 43 & 1%
(P<<0.05), W#F1.

21 HBHAKK Lane-Sandhu X S 174

Tab. 1 Lane-Sandhu X-ray scores of rats in various groups
(n=15, x=+s)

Lane-Sandhu X-ray score

Group

(week) 2 4
Sham operation 12.0040.00 12.00£0.00
Model 0.67+0.58" 4.67+1.15
MGF 4.33+1.15" 10.00+1.00"
MGF+XAV-939 1.67+0.58" 5.33+1.15"

‘P<C0.05 ws sham operation group; “P<C0.05 ws model
group ; “P<C0.05 vs MGF group.

2.2 BAXKAFEREMEEL HETFAR4LE,
BRI K BV, Tbh. N, BV/TV fil Th. Th ¥
(P<<0.05); SHBIRIA A, MGF 4l K R BV,
Th.N. BV/TV # Tb. Th# 7+ (P<<0.05); 5
MGF @ I E, MGF+XAV-93940 KBV, Tb. N,
BV/TV #1 Th. Th¥FEAL (P<<0.05), W% 2.

K2 JRAKBRERBMENSH

Tab. 2 Bone microstructure parameters of rats in various groups

(n=15, x=+5)

Group BV(V/mm?) BV/TV(y/%) Th.N(mm ') Tbh.Th(//mm)
Sham operation 57.96+2.63 10.6240.89 2.3140.20 0.3440.03
Model 33.1042.94° 3.8740.20" 1.5040.14° 0.2040.02"
MGF 55.674+2.54" 9.1040.29" 2.2340.13" 0.3440.02"
MGF+XAV-939 38.2341.93 3.79+0.35" 1.6940.17% 0.2140.01*

"P<C0.05 vs sham operation group; “P<C0.05 vs model group; “P<C0.05 vs MGF group.

2.3 BUXKRAFTHALBEHSERIAN HEMOL
RN BT ARLLK B B LS5 M 1 AR A
2H R B AT BB A R AT G A RO AR B, TG

B s MGF 40K BUBE I 00 i )2 B I8 i,
i HE S B G, B AR 5E R E O W Ik ; MGF+
XAV-939 2H B E 91 30 A7 2D 5 35 00 85 Ak R A
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2.4 BURRALFTREFEEAESHKRE 5
i AR A, BEAYZH K B h BALP 7K FE AR
(P<<0.05), PINP, TRACP-5b #1 CTX /K I} &
(P<C0.05); HBIAYE, MGF 41 K B i

BALP /K J+ & (P<<0.05), PINP., TRACP-5b
M CTX KFEFEME (P<0.05); 5 MGF 4 Hb#,
MGF+XAV-939 41 K & 1 i ' BALP 7K F F %
(P<<0.05), PINP. TRACP-5b #l CTX 7K F F &
(P<<0.05), W3,

A': Sham operation group;B: Model group; C: MGF group;D: MGF+XAV-939 group.
1 HZFHRREMALREESREHE, X100)
Fig. 1 Pathomorphology of callus tissue of rats in various groups (HE, X 100)

3 AHRRMEF BE B AR S KF

Tab. 3 Levels of osteogenic and osteoclastic markers in serum of rats in various groups (n=15, x+s)
BALP TRACP-5b CTX

Group . . . .

log/(pg-L7H] [oy/(ng- L] [oy/(ng-1.7H)] log/(pg-L )]
Sham operation 44.61+2.80 1740.60485.65 139.7647.88 36.93£1.98
Model 26.04+1.93 2722.22+140.93 227.20+13.47 63.43+2.42
MGF 43.834+2.39" 1877.234+137.64" 144.98+£11.49" 36.3242.04"
MGF+XAV-939 27.57+1.57* 2667.26+119.06" 233.07+9.20% 60.09+1.50*

"P<0.05 vs sham operation group; “P<C0.05 vs model group; “P<C0.05 vs MGF group.

2.5 ZAEXKFHELF Wnt/B-catenin4z 5B %
MEAEOREIARE SETFARHELE, BAIHKR
414U B-catenin, Runx2 Fl BMP-2 & 4 % ik 7k
FREAL (P<<0.05); SHORIZH AL, MGF 4 KR
B i 4 21 B-catenin, Runx2 fil BMP-2 % 4 & ik /K

1 2 3 4 Mr
poren (D - -
Runx2 57 000

BMP-2 s s S s 44000

factn G G - 2000

A

F-TIFE (P<<0.05); 5 MGF 4 b#%, MGF+
XAV-939 4 K BB i 20 2L v B-catenin, Runx2 F
BMP-2 8 H & B KEREL (P<<0.05). LI 2.

33 it
BT AR — DI JEAE S L i I

1.5 B8 Sham operation E5 MGF
2 Model

00 MGF+XAV-939

Expression level of protein

Lane 1: Sham operation group;Lane 2: Model group; Lane 3: MGF group; Lane 4: MGF +XAV-939 group. P<<0.05 vs sham operation

group; “P<<0.05 vs model group; “P<C0.05 vs MGF group.

B2 FAKXREHHALRF B-catenin Runx2 1 BMP-2 & HR Xk E (A FMEKE(B)

Fig. 2 Electrophoregram (A) and histogram (B) of expressions of B-catenin, Runx2, and BMP-2 proteins in callus

tissue of rats in various groups
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2 Jge J 0B P A RN E R YR Y 1 B A T A T Y
AR AR, R T A A 0 R R — B E AT
FEHAS L RS Y R WntfF SR B R
H (bone morphogenetic protein, BMP) K I+ 7 A
I+, Wnt/B-catenin {5 5 38 [ /9 3 1% wT LA 6l
EA A Wi e Al e R A B S S R
5o 0 TS0 G = 7T o W S = O G A R U1
g8 " E W . MGF nl 3l i 8 % Wnt/B-catenin {5 %
T A AN B ARE SN R T, R
OB M B0 L . MGF 2 15 Rl o 0 4%
Wnt/B-catenin 5 5 i P& {2 # #8415 97 @ G oK W
2iH .

ARG R AT o 1 el 3 R RS A A, O
47 MGF T8, i X 55 2o W 8¢ 45 4 R B I @
AR, AREW . MGF 41k R Lane Sanhu X 4}
LT orm THRIAIA ; il ad HE Qe B LT b, Bl
2H K B AT B A T i P i L, MGF 4 K RA
PriflAr O WAk J2 B FRE B, A 58 L E 9
M Micro CT £ AR XS & 4 # & 1 &0 2F 47 37 Al
MGF 4l KB BV, Th. N, BV/TV Hl Tb. Th¥j &
TR, LU MGF Al fie g8 88 8 i JE 1 S 1n)
HEmiE s, Braa R,

B A AR S W T ATE B 3 G AR v S
BABIE R ACEPIR A, BALP 2 B0H 4 i 5316 19
FUTAR AR, AT A B 200 1 R
(eI A R N1 A [ O NS
PINP &5 F B, T CT X J2 M1 20 JH 4 -1 I8 A 3 4 £
PR, eh O T AL D A i 40 B R A 7 A
I % B B3 PINP A1 CTX AU E T, ok T 7
JBE D5 43 ifk R S 19 50 T P A R R M o R
(tartrate resistant acid phosphatase, TRACP) F %
KR T B W ATk R v R A4 B TR ) — A R P 1 TR
iff [5] T, 13 A7 /E TRACP-5a Fl TRACP-5b,
A & ol G, TRACP-5b 5 8 WU K F &8 1E A
KXRM, AFRGER DR SHEMHHE,
MGF 4k BUfL & o BALP K F-JIH#, PINP, CTX
FITRACP-5b K FEAK, 15 B MGF 2 i i i 1 g
240 A 410 ) B R W SRS B AT B S AR

B-catenin 1 35 K P A I Wnt/B-catenin {55
O ACE B AR bR Z — YR 4 ML Ah Wt
HEZEEMEOS GG, — &M E
HHEAEFTE B R, i B-catenin 7£ 4i JfL it
RE, BEXRI - EWBEMMBPEN, £

Wnt/B-catenin {5 538 % 9 $I 56 [ 3k W7 ARSI
Z5 R R . MGF 4K BUE i 2 21 b B-catenin % 34
KPRV T, bR F Wnt/B-catenin {5 5 i #%
B o BMP-2 7 2 1 1k e i (19 BMP,  A] i 57
TR AR A3 Ak, T Runx2 35 5 24 0B B S
FEP L AR RCE o i B ) AR R Y, TR O
e OCHEME R Y WFgE Y R BMP-2 & T
AR Runx2 FE R R AW FIrH 2 —, 8
1o 4% Fl L DR A S Runx2 3k, 5200 T 41 i A9 1
Horft. AMFREER YR SHEAA LA, MGF4H
KB i 20 40 BMP-2 #l Runx2 8 11 36 35 7K - T+
5, 1R A Wnt/B-catenin {5 538 B ] 71 XAV-939
THJ5, MGFE XF K B & 3 1918 52 45 B & %
ik, 68 MGF i@ i #i% Wnt/B-catenin {55 5 i # ,
T 45 A 5 OG5 IR R HEAE I

2 [ N N S T €I 7/ N ) S 2 T
MGF i i #3% Wnt/B-catenin {5 5 i #% fie i 5 4
B IE W, S e o K B @G, Hik
HEAT AR G By 1A S0 41 B 27 52 3, MGF X B 40 i 19
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Pl P ST AR
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EE B A
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