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HE. (BN B SRERBS I i (extracorporeal shock waves, ESW) 1877 23K BUE B b B4 1975 S5 4L
B, [Fik] 80 K SD KEBEHLI R 541, B4l 16 Ko 3l RTFARA ., BRI BAI+ESW 41, BIEl+ SRR, B+
EWHE%%ﬁQ%&%t%ﬁ TEARYIOAN, HoAhA 41585 47 BUN 51 5500 58 A 22 B4 8 [, ARG 43 5 45 7 A R Ak

o, b, ESWIRYT R LR, SRERAGIrEAJRERES . BITIE 8 MASEEY), 1TE R . B AR A micro-CT.
memmﬁRF@GW@M[%%]T 2 BRI A IR B R O B IRy, IR ARA SR+ ESW+ 5 R RSB +
ESW 2, oiBifl+i5 R R >HMA] (P<0.05). MicroCT Kiill, 4% BS/BV. Th.N, Tbh.Th 1 Th.Sp, HEZELMAKK N, BT
R4 > FHA+ESW+B R E > A+ ESW 4, s+ 5 B R > (P<0.05). Western blot #5{l] BMP2, VEGF. Nif2F
OH-1 FY 2 AR 235 8 B i 2RI, T ARASHAI+ESW+ S R 2 >R 84+ S5 R 240, s Al+ ESW 4> 2H (P<
0.05). RT-qPCR Kl Nrf2 F11 OH-1 mRNA ARk 5 i i ZAMKIC), T ARASERI+ESW+S R RS+ SR RAH, il
RI+ESW 4I>HRIZ] (P<0.05). [£5i8] SREBKA ESW Al #TE Nrf2/OH-1 M #$ {21k VEGF Al BMP2 & (%35, ek i
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Effects of irisin combined with extracorporeal shock wave on fracture healing in ovariectomized rats // XIE He—qiu‘, LI Li,
YANG Zi—fang". a. Department of Pain; 6. Department of Neurosurgery; Zhumadian Central Hospital, Zhumadian 463000, China
Abstract: [Objective] To explore the effect on mechanism of irisin combined with extracorporeal shock wave (ESW) on fracture heal-

ing in the ovariectomized rats. [Methods]| A total of 80 SD rats were randomly divided into 5 groups with 16 rats in each group, including
sham operation group, model group, model +ESW group, model + irisin group, model +ESW+ irisin group. Except the animals in sham oper-
ation group that received surgical incision only, all rates received bilateral ovariectomy, and then left femoral fracture and internal fixation
successively, subsequently, corresponding postoperative treatments were given respectively, including ESW treatment once a week, and lo-
cal injection of irisin group in fracture site. At 4 weeks after treatment, the animals were sacrificed for bone mineral density, osteoclast in-
dex, microCT, Western blot and RT-QPCR assays. [Results] Bone mineral density and osteoclast index were ranked superior—inferiorly in
orders of sham operation group > model + ESW + irisin group > model + ESW group or model + irisin group > model group (P>0.05) . Mi-
croCT detection items, including BS/BV, Th.N, Th.Th and Tb also ranked superior—inferiorly in sequence of model + ESW+ irisin group >
model +ESW group or model + irisin group > model group (P<0.05) . In term of Western blot detection, the relative protein expression of
BMP2, VEGF, Nrf2F and OH-1 arranged up—down in order of sham operation group > model + ESW+ irisin group > model +ESW group or
model + irisin group > model group (P<0.05) . In term of RT-QPCR assay, the relative mRNA expression of Nrf2 and OH-1 from high to
low were: sham operation group > model +ESW+ irisin group > model + irisin group or model +ESW group > model group (P<0.05) . [Con-
clusion| Irisin combined with ESW might activate Nrf2/OH-1 pathway to promote the expression of VEGF and BMP2 proteins, and pro-
mote fracture healing in the ovariectomized rats
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BIMEREAOR, ARedt i s BA E 2 Ih K=
P MR EB, BRTF E2 MR F 2 (nuclear
factor E2—related factor 2, Nrf2) /OH-1 i %15 48 4 )5
B AN R R E AR, HAE n] LA ok
X IR AR E PR (ROS) AOMIHIMER], MK
MRS A o RAhap % (extracorporeal shock
waves, ESW) T2 T454 1I6YT, AR5 2
~, ESW AT DME B IS Z AT (bone morphoge-
netic protein, BMP) , M ik 3 B sl @ & 0l
TSI BT A IRYT RS T EEAER], SRR
(irisin) 2 d BB UG BR300, AT (2 i 18 40 i
AOFFAE , SEN e BB A BT e RS B, (A B A Pk
A TR FER IS RER, BFsE kB, Honld
Pl Nef2 3006 208 28 ) B T3 A K LB R B g
R BUBLAL L SRR SR BT A AR
B AL FEGERRIEE ESW AT LH - RE
FAVEEAAE I B A VEHIBLE] Ayl R S 4 IR 7
R FAME B AT S A AR

1 #MBEFE

1.1 SEEsh

80 HUMfEt: SD KERFEHLS N S 4, 435 RFA
. BRI BIRIHESW 41, SRS R, AR+
ESW+RERA, A4 16 H.

1.2 iy 5 Ak

11 AR ER TR FH 2R EDR (5 mg/kg) FIERERME
PUPE (20 mgkg) BRERAER, VIFR AR B T4 B 5
(ovariectomy, OVX) 7', Forfr, B FARH KR TIHF
I, BAVIBRIPEL.

OVX ARJ5 12 5 FRREER R, VI I REEf
MR, T s e B TR AR, SRRl
FH 1 mm SEIREEE . SRR A HINEBIE AL, IR
TRV 8 J7 LA T A5 R TR e

ESW Tt ESW IGIF{GHEAT ¥, Rei% N
0.25 mJ/mm?, #F N 5 Hz, BKkehkECH 1600 1%,
JA 1, HaY7 8 . SRR THUN A EIEA
JREREST, WeE A 500 ng/ml, FIEK 0.1 ml, £E 1
W, HE8 A

5T 8 JAJE, AR BRI A bR 4 AR A
A3 AT AR ARG
1.3 KR
131 E R R A0 4R 4

SR/ INSh B AR I ZE M e B 2 . SRR

B BEENHS, B SUE 4% 2 B PRI
A ROK LR e, [ S A A T I, SRS
FIFHVT R ML REATING 5 wm JEEYY) Fr o I3
FRA G AR AKE (10%, %, 10 min) FIBELL
(0.5%, ZEiH, 10 min) F350 X5 200 B J53 FN 20 A 2R 4 7
Jet,, TERRAFEAS H BEMLIE B = 5 £ 0 2E A 7 00
G5, E A0 M HR D Ay oA T AR v R B A A H
(N pm?*)
1.3.2  MicroCT 14

{4 1 Micro—CT HLLE 555 uA HL A 42 kV HUE T
A, JZERN 1 mm, 53HEER 873 um, HiAE
S 360°, LhEHTEBAL Ry A 4 i A b R R A 1
#5200 5K, SRIEGIHEARBUNEC (BV/TV) DLRE /N
PR SRR B
1.3.3  Western blot

FhBeadl s, BFPEARMABEAE, 2L
MR, T 8% SDS-PAGE 43 B B MRE i rh 4%
it (50 pg) MIERFIRT, IR L B AN MR 41 4k 21X
T SRIGHS 5% NG A1 58 412 W H TR 2T 4k 2 Wk B
MAERE SRR (ZIRT 2h), BB S—5 (1
: 800 i kE) fE4°C FIEAE LR, RIFHILFEhis
IeG —Piie I8 1 : 2 000 M HLBIFG BT AE = T E 1
h $EF7 R o A b &R R, T Quantum
One B UF23 M K FE 313 BMP2 ., 14 N i 2B KR
(vascular endothelial growth factor, VEGF). Nrf2. OH-
1 FHHIXT GAPDH flFeikE .
1.3.4 RT-qPCR

fii H RNeasy Mini {5 & b Beg gl g (R F
AHHCF ALY L RNA, SR)5 ] Bestar gPCR
RT 387 S Hasi 6 4 55l ¢DNA, &R 37°C/
15 min; 98 °C/5 min. $RJ5 (i [] Bestar™qPCR FIR M
HEAT qPCR L5, Z&AFUF : 95 °C/2 min, 94 °C/20
s, 58°C20s, 72°C/20s, 40 MER, fJG7E 72 °C
T AEAH 4 min, i Agilent Stratagene Mx3000P 741
Kl R G AT RT-qPCR Z0#T o 5 F B 34 B0 (T
LI GAPDH AN Z3155 Nef2, OH-1 mRNA % 5%
kK
1.4 Giitorik

fiiFH SPSS 19.00 B #4741 50 #r . Tt E s
DL +s Fn, BORFRIESER, RHAMREE I 225
Mr, PIE AR LSD k5 WERH R AR IERS A i
KRR . P<0.05 NZEFAGITFE L.

2 # R
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2.0 PR A

R M B A R 1, PR
Ho P 75 S ARHCYCly , (BT ARAL > BURL+ESW+ 2
R > BURESW 41 > SR+ SR %A > BURAL, %

SAGIEE XL (P<0.05) ., BE M EE IR E
WK, HFARY < BB+ ESW+ B R 24 < Fi+
RRMA<BRI+ESW 4 < BIRIA, EFAFITFE L
(P<0.05),

®1 HAFYREEMGEAEEENHEERBHEEVER (1) SHEK

_ FARA e RRI+ESW 41 BRI RA BAESW+IE R
B PAE

(n=16) (n=16) (n=16) (n=16) (n=16)
B (mg/em?) 82.93+5.18 49.47+4.85* 60.21£5.27" 59.62+5.46" 77.94+7.04  <0.001
W AR (n/pum?) 35.72+3.15 74.18+7.29" 64.06+5.76" 59.72+5.04" 42.58+4.22"  <0.001

s 'P<0.05 vs. AR "P<0.05 vs. BEEIZ ; “P<0.05 vs. BLHEI+ESW 2H; 'P<0.05 vs. FiFl+ 8R40

2.2 MicroCT Al

MicroCT K5 R UL 2. A R A E AT HE
(bone surface/ bone volume, BS/BV) Hi & Z 1K K Ik
N, BRI ESW+E R ZE >+ 5 B R 4SBT+ ESW
HSHHIH, ZRATIHFRE L (P<0.05). H/NEE
(trabecular number, Th.N) Hi & £ R IK Ky, BEA+
ESW+15; 2 R A >R+ 15 2 R A >R+ ESW 20 >4 Y

H, ERAGIHFEEYL (P<0.05), B/NREERE (ira-
becular thickness, Th.Th) M1 2K K Ky, F AR+
ESW+15 R H 41> P I+ ESW 21 >4 70 + 85 g 28 41 >#5E70
M, ZRAGIFFE XL (P<0.05) . B/NETEE
(trabecular separation, Th.Sp) HifIX & @K K, H
T+ ESW+ 15 2 3 <M + 15 2 3 2 <RI+ ESW 4 <Hid
B, ZRA5H RS (P<0.05)

R2 HAZDWEESEITFOHER microCT NMER (x+s) SEEER

= FARA HEARIZH R+ ESW 21 FAL+ S R 2 4 MR+ ESW+15 R R 4H
Tt P{H
(n=16) (n=16) (n=16) (n=16) (n=16)
BS/BV (%) - 37.15+2.14 44.35+3.25" 47.52+3.87" 51.74+4.02° ¢ <0.001
Th.N (1/mm) - 0.12+0.01 0.20+0.02" 0.21+0.02" 0.27+0.30° <0.001
Th.Th (pwm) - 0.11x0.01 0.21+0.02" 0.20+0.02" 0.27+0.30* <0.001
Th.Sp (pm) - 5.02+0.65 4.47+0.49" 4.30+.047" 3.45+0.36° " <0.001

HE: 'P<0.05 vs. [RTFARL; *P<0.05 vs. BERIZ ; P<0.05 vs. FERI+ESW 4H; 'P<0.05 vs. HAI+ R Z 40

2.3 Western blot ¥l 2% 5

Western blot K Z5HULE 1. & 3. BMP2 %ik
EHE SRR R, BRESW+BRE > [HFAR4 >
R+ 25 2 22 SRR ESW 41 >BiRIZH | 2% ST Geit
7 (P<0.05) . VEGF Fiki i 2K N,
PR+ ESW+ 15 B R A > F AR >+ ESW 2 >4
R+ B R EASHERY, ZRAESRITFE L (P<

O

iR
SN SN
& & & ¥

%'&

0.05) ., Nif2F FRikit i 2K R, RF R
BRI+ ESW + 15 2 R > A5 70+ 35 8 3 1 > A+ ESW 21 > 45
B, ZRAGI¥E L (P<0.05), OH-1 Fikat
o BRI RSB+ ESW+ 5 B R 41>
R+ 35 B A SR+ ESW >R, 2 B A 531
22 (P<0.05).

L
)ﬁw%y N \XC"Q‘& \X@@) \X«(@
%4’{ %ﬁ‘\& %’f& ,‘:%ﬁ%/ ,%%j‘}/

B 1 Westernblot %15 L1k [
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x3 HAFYREB B HOFER Wester blot RMER (BEEHENRIZE, ©x5) SR
sk fRFARA R FEHI+ESW 4 BRI+ SRRN B ESW+E R P

(n=16) (n=16) (n=16) (n=16) (n=16)
BMP2 2.21+0.19 0.34+0.03" 1.29+0.11" 1.45+0.12" 2.28+0.20 <0.001
VEGF 1.97+0.17 0.52+0.05° 1.91£0.16" 1.85£0.15" 2.30+0.20° * <0.001
Nrf2 3.12+0.27 0.49+0.04" 1.45+0.12" 1.67+0.14" 2.95+0.27" <0.001
OH-1 2.89+0.26 0.42+0.04* 1.70£0.14" 1.76+0.15" 2.77+0.25 <0.001

H: °P<0.05 vs. TFARLL; "P<0.05 vs. FEIL 5 “P<0.05 vs. FLHEI+ESW 41 ;5

2.4 RT-qPCR #iligh

RT-qPCR K45 5 W 4., Nrf2 mRNA A Xt 33k
it i BRI, T ARSI+ ESW + 5 R R 4
SR+ 2 KA ST +ESW >, 22 %/ 41t

'P<0.05 vs. FEII+ T R 2 4L

%5 Y (P<0.05), OH-1 mRNA FHXf AR HEHE
TRARYCH , AR T AR SHR + ESW + 135 2 2 20 >+ 15
RBRASHIR+ESW 4I>BIRL], 2505114 X
(P<0.05).

R4 HAFWERBEBITHOER RT-qPCR EiNER (mRNA HXTRIEZE, 7xs) SEEEK

sokn RFARLL FAIZ PRI+ ESW 41 BRI+ SRR PRI+ ESW+15 2 ZE 4 P
(n=16) (n=16) (n=16) (n=16) (n=16)

Nrf2 mRNA 4.52+0.35 0.85+0.08" 2.97+0.24" 3.24+0.29" 4.20+0.38 <0.001

OH-1 mRNA 4.49+0.39 0.81+0.08* 3.04+0.25" 3.22+0.28" 4.38+0.39 " <0.001

H: 'P<0.05 vs. TR "P<0.05 vs. FEHIZH ; “P<0.05 vs. BEHEI+ESW 2H; 'P<0.05 vs. FFI+ 5 2 K4

39

PO FRMMER R AR, HATC &%k
BT V2 TR 48 285 B TREAR I AT RETT Ik, AN 25 4)
B9, R RE BRI HUBORIECR A . T
R I R AR R TR A AE M BT B, ESW iR
JT W AR5 Jhk e R DL A ) 0 B T
i, T ESW A7 B T8 B BB AL 5 O E T R

FEAC L AR R AR e — S
5.

ESW J&—Fh 54 A8 & JF AT LI ja i A S R
FEFYE, AT ARIAMR AR, B
Iz AR ARG TT, ERAAR LA 2
A Ty e i ik A JUL P B BT ST
ESW A et B ir@ G . SERE—MIL
hiEH, MEmINE, SERBEIPOA N ZIRTA
G AL BTG AT, FL AT % A NS JHE A RO R 14 1
M st AR B SRR AR A, 1
B SR B AR, R D, AT A
SRR . AW OVX R RUE B
A, JFAERBCE FF R, i ESW ALS BRIk
A EIREREm . 4R TR, ESW SR
ENCLY/ (i R VB[l 27 = g S A g el U g S

I A A A B TR A A, IR H ESW A
SRR KGR % g T am A 0 SR
RN T B A BT R, SREEM ESW 3
RERSYRE], JLRIVEHDINEC S A E A

Fitt— 40T ESW FI S R 2 KA e b B s A
KEF @A WPLE, ASBEF R T B i 4121
BMP2 Fll VEGF & &b, LI Nif2, OH-1 4K
FAKF. WF9E s ESW X @G . mig Ak, 4l
ZUELE A A U ME R 1. 1T BMP2 2R
SR, SRR R R R AR
HoAK A AT HA, 258 a0 R K
T, VEGF J& AR i 48 AR i G 7, A5
7% ESW Al 3E i i 5 VEGF {2 9 Ifi 4 4 ag ™.
VEGF 5% #] Nrf2/HO-1 i [ ¥, Nef2/HO-1 3 [
SANHIE AR Y, RIEMSIBE e, I
Nrf2/HO-1 il f§th 2538 L e i VEGF #2502 if 1 45
A, RBEIHLUERMIER ™ . KBRS R B
N, ESW FId R R g & {20k BMP2 Fl VEGF &
FI 23k, FREEE Nef2 F1 OH-1 (%55 s /K - AR B
Tk, THEBG BRI BTN R IE KT
Yu % U RBFST 45 R WoR, ESW AT i bR Nef2/
OH-1 e VEGF ByFik, MM fie 2k i 48 A= 22
i L P T B . WEAR R B, SR E n O
Nrf2 38 4% % fiff A0 B AV 2% B i 2 11 5 1 I 48 2
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7,
il

1, Kubo &5 ' fWFE 7R B R HAT e ik

Nif2/OH-1 B BRI RE . HE/RTE ESW fYFERE ECE

s

2 0] B9 Nef2/OH-1 38 B8 E, &g it

VEGF 2 [ 1Y 263575 T A8 A4 i, DT A1 2 1 Y 7
W, nsERiIE R, R BMP2 iRk, AMEEE
HE R TR, S as .

Zi LTk, SRERIKEG ESW S Nif2/OH-1
WPRIFIEHE VEGE A1 BMP2 IRk, (EdbE g
MKROBEITEE. XTERREKS ESW X T
P T B R T RO AE A E— 2 I R S SR I
SR E B BT A P AT L
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