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[ Abstract | Objective To determine the effect of isopsoralen (ISO) on the healing of tibia fracture
in mice and explore its underlying mechanism. Methods Fifty male C57BL/6 mice (2 month old, 20+2 g)
were randomly divided into model group and ISO treatment group, with 25 animals in each group. From the
3rd day after modeling, the mice from the ISO group were given an intragastric gavage of 40 mg/kg ISO, once

per day for 28 consecutive days, while those of the model group was given same volume of normal saline in
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same way. On the 7th, 14th, 21st, and 28th day after gavage, the tibia on the surgical side was taken, and
the fracture area was quantified by bone volume/total volume (BV/TV) after micro-CT scanning. The healing
and shaping of the fracture end were observed through HE staining. ELISA was used to detect the serum
contents of bone alkaline phosphatase (BALP) and procollagen type I N-terminal peptide ( PINP) on the 14th
day of gavage. Western blotting was employed to determine the expression levels of Collagen [, Runx2,
BMP2, OSX, and VEGF in the tibial callus tissue in 7 and 14 d after gavage. Vascular perfusion was applied
to observe the callus microvessels in 28 d to quantitatively analyze the vascular volume fraction and vessel
diameter. Immunohistochemical staining was conducted to observe the expression of VEGF in the callus in
14 d after gavage. Results
model group. Micro-CT quantification results showed that the ISO group had higher BV/TV ratio in 7 d after

HE staining displayed that the ISO group had faster healing process than the

gavage though no statistical difference, significantly higher ratio in 14 d (P<0.05), but obviously lower ratio
in 21 and 28 d after gavage (both P<0.05) when compared with the model group. The serum contents of
BALP and PINP were also remarkably higher in the ISO group than the model group (P<0.05). Western
blotting results indicated that the expression levels of Collagen [ , Runx2, BMP2, OSX and VEGF in the 1SO
group were higher than those in the model group (P<0.05). The results of angiography revealed that the
vascular volume fraction and vessel diameter were notably increased in the ISO group than the model group

(both P<0.05). Immunohistochemical assay showed that the expression of VEGF was higher in the ISO group
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than the model group (P<0.05). Conclusion

ISO can improve the activity of osteoblasts, increase the

expression of osteogenesis-related proteins, and accelerate the angiogenesis to promote fracture healing.
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FORFRHE A BR 2 A (65 : R0010,P1200) , B-actin
Runx2 Collagen [ .BMP2 0OSX Pk (ECL XUk %
SR e B VL SRR E W AT BR 2\ (415 AF7018,
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FRE YR A PR A F] (4145 . BS12478 (BS13278) , i il
P 152 i ( bone alkaline phosphatase, BALP) 11 T %R
Jiig Ji & FE i LK ( procollagen Type 1 N-terminal
peptide, PINP) ELISA K 31l st 71 21 £ 50 M 48 £ /4 40
(412 RX202907M . RX203163M ) , Microfil [fi %5 v 5%
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SR SE AR IBOCA N BMYL 2 BT 7, A A IR T iR
T EAMIETZAE 1 em JONITE HTCH 4. 5 S04
R IEE-F- G4l AREIE S LR EK i 11 5 FART]
R TR BRI MI S oy 5 T T 3 ORE DR B 4T, R
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K 38 55 80T 8 /0 B A% B L8 2 1 0 g A
(Model) 41 #0153 £h 5 IE K677 (1S0) 41, 40 25 H,
S 3 18] 2% 2H /)N BRI F 45 24, 1SO 4 38 il o)
7 40 mg/kg, Model ZH ¥ JIk 45 (A FUE K, B H
1R, 1522525 28 d,
1.6 A7k
1.6.1 Micro-CT 43 #7 AT 2 HANERRZE 7.
14 2128 d J5 B BEHLALSE 3 H/NEL, BCH B A il ie
BT P BT A A 2 e AR A
NMC-200 %! Micro-CT F (X3 2047 , 3148 25 11 4
JE 90 kV 90 50 pA 1 KIS LUR B & M E ST
4.5 mm, ffiff] Avatar v1. 6 % f4:( PINGSENG Healthcare
Inc. ) JEATE AT, EBCE P4k B F A& 1.5 mm &
5324 ROL [XIK, 4k BV/TV,
1.6.2 HE P a0 284 41/ Bl 2UB S 1 ek e

B ARZY 7.14 .21 .28 d J5 [ 5E 58 B B Pl iz

BT A A PRI A A, Y R R 8 pm, 4T
HE G4, 5 A0S, 6 B 520K, 18 A 70 AR I W
5 min, SIS ACERAD , BB A DLW R DL 5 min, B
JEWEAK BT, B e T A g,

1.6.3 ELISA ¥ 13 & BALP #1 PINP [/ & &
FA/NEREY 14 d J5 AL 6 HE 3 kR
L, &5 O WUER EVE WA 4% BRG] 43 8 AT ELISA
F & BALP F1 PINP 15 &, 7E 450 nm KT
ECRETE  THEAE S VR AR

1.6.4 Western blot 43#t KAH/NRRZ 14 d )58
HFEHLALSE 3 H/NE, IO E iz S, Sk 24
JLPR P37 RS 2, DA 4 Wi s Ay oo ) 9 i 43 01 5 1 24
80 mg HA L, i A2 BE 2 0F B 41 2, i A 24 i
300 pL, R BIRSGET 4 CORAH 2 1 h, 5.0
30 min, SERUGUREE FIEWR . 8 BCA J7 ik 8 1
J5 %t , 520 nm A0 AT ARG R D' % BE , 15
BEMREL, A SxEH _EREZE vk 5 98 C A8
15 min, b, HLJK, BEE B0 2 h, 4050 A Runx2
(1:2000) ,Collagen I (1:000) BMP2(1:2000) .
0SX(1:2000) .VEGF(1:1000) FI B-actin( 1 :20 000)
—Ht 4 Cib, I H TBST ik 5 AR B R U5 m At
Hith TgG-HRP $if4 (1:20 000) Fl 1l ¥4t f IeG-HRP
Pri&(1:20 000) , = JEMFH 1.5 h, TBST YLk J5 MA
ECL {22 B & 2 min J5 i HIk 2% K 6 UZ 53
REMEG, FH Image J BAEXF 45 A T84 3B -
1.6.5 JREImiE FA/NRREY 28 d 5 R4
BEAILITUR 3 /N, JBR IR S 4 /N B G e % Sk 3 [l 7 T
FARE b I E R @R AN & 55 I, I R 8RO
WESG AT o VRS AR AT SR AL O ST
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BT OHE R MNAT O B R AR B K O T
Bl BRI 4% 2 W I, 2 I3 1A £ A [ 2 5F 4%
55 HEVE Microfil 355271, >4 AR AT U0 BH S5 3 (o S0 g st
FEVE R o B EE D S /N BUBCE T 4 CukAR
o K HAFRE B, BT HLA R e 24 h 5
JBLAS | 85 5€ B 5 iE AT Micro-CT 45 4 I & &, i
Avatar v1. 6 B/ X ROT X3 (1) 1L 8 1R B 0 B A o 45
B TR

1.6.6 fpdifbiafill VEGF £ikg  B&S4iR
257 d WA ) R AT e g AR e 6, R LI, A R
SOK BB 20 min, B, A VEGF —471(1:800)
4 C. WHIEME 0.3%H,0, i TBS fi# 7 30 min,
IIAZHUE W E 1 h, g EEECHI Y DAB A3 1



http : //aammt. tmmu. edu. cn

Bl 4275 B8 R 22441, 2024 ,46(3) 243

FH 10 min, 52 Y2 AZ, BB BE LK, BB, B R S T 8
R T WEE . ] Tmage J A EE R IAT AL T
1.7 %t 3o
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6 I B8 Ry o O AF G RS0 AR I BE L) wes
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2.1 Micro-CT 32 #$4
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Ab [RIARE S PR MACER 52, [) At A 7R i T P T o 5 IR 24

Model 2H

14 d J&5, Al g2 E] Model 21 A8 i 38 43 FH 2 {H 8 1 7
sifJh 4 W S, 1SO ZH /0B i 8 DB 4 799 s A 3o 5 i
T R3S P - i, L3 s 300 1 P e DA Ok o R AR
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T Model 41 (P<0.05); AR245 21 d J5,1S0 4114
BV/TV B Bk T Model 2H ( P<0.05) ; 225 28 d J5,
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*1 BR#Z57.14 2128 d ERRE

SHEEENER(n=3, 3ts)

215 7d 14 d 21d 28 d
Model 41 0. 195+0. 007 0.289+0.016 0. 189+0. 007 0. 127+0. 004
1SO 4 0.217+0.010 0. 466+0. 046 0. 143+0. 005 0. 101+0. 006

t 2.530 5. 151 7.812 5.061

P 0. 065 0. 007 0. 001 0. 007

B2 BRZ57.14 2128 d EEmMESSELENE

2.2 P HE £ EBEFIEK ®2 MRE 14 d MAMBFTREHERL B (n=3, xx5)

HE Qe 25 JniE 2 e, k2 7 d J5 , Al g 3| 415 BALP PINP
Model 241 Wrvits Ji] 61 3 30 5 4% M 4t L, T R 43 41 4k Model 4] 4.493+0.712 6.323+0. 810
ZHZ,1SO 4 ] LER 31 R 5t 40 B 40 b B AR P 4 i SR 46 150 4 17.059+2. 052 24.303£6. 230
TEB YT k25 14 d J5, Al W52 3] Model 21 K7 4b %K f 3.794 2. 469
BRI S P 5 str IS0 4 A A E , oo o
B LA TS, H 9w s WA E R i 1 41 28
YR k2 21 d 5, _IXJU,T\ F| Model 21 #8470, Model 41 1SO 41

Al R RUESAFLI ) 4 228, 1SO 1L RE1E dm 4L i
HOUREE RN T 3 B 5 A7 B A s 2 4 4w 2L A )
B4 k2 28 d J, AT WLEE S| Model 2H 2w IEAE [0 Bk
JEEEE WA, 1S0 HE B IS ZARZH
M)z B AT AT AR B S ikt 2R i i i
2.3 fiFEARMIEAR

M2 14 d J5 , /N BULTE B AR bR an 2 2 iR,
ISO 41 135 # BALP F1 PINP & 23 8. 25 T Model
ZH(P<0.05),
2.4 FHAREEGREHFIL

MRy 14 d ISE B Prab i H Rk g Rl 3.4
3 f17n,1SO ZH 1Y Collagen | Runx2 BMP2 71 OSX &
FI AR 2 5 T Model 41 (P<0.05) .

Collagen I (135x10°)—

Runx2(60x10°)—

0SX(46x10°)—

BMP2(42x10°)—

B-actin(42x10°)—

E 3 Western blot #&ilfRkz5 14 d BB E QXKL
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x3 BRH4IBEBREBREELD N (n=3, 1£s)

21 5 Collagen [ /B-actin Runx2/B-actin 0SX/B-actin BMP2/B-actin
Model £ 0. 861+0. 009 0.523+0. 002 0.719x0. 008 0.821x0. 027
IS0 44 1. 008+0. 001 1. 028+0. 008 1. 043+0. 003 0.942+0. 021
t 22.240 83.670 56.110 4.977
P <0.01 <0.01 <0.01 0. 008

2.5 BEATHEY

M2y 28 d I8 M & g S 4 iR, &5 418
P i A H9 45 — 7 B A 34 3%, Model 41 417 W it o
ERCARRG, M BRI, R A8 5 42 BUE B 47 Wi
1SO 44 B BEARAZ IEHIRAS , T A i 45 oy, 1l 4%
WML, HA R e . b2 RNk 4 PR kb 28 d,
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. e
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3 21. 140 30. 490
P <0.01 <0.01
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DI, SR T ZUE S HCE S AL O B L4
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3 it
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FRERERVEAN, 278 1S0 rlREfE @ & R AA T
RAEF o [RRE RS IR 45 R R B, AN IS %
AT LA CD9/gp130/STAT3 {553l i, - FEAR 40k 14
TR, UL WIS AMT IR R e dE i 4 i 9 1t

VEGF/B-actin
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a:P<0.05,%5 Model 283tz

E5 BRZ§14 d VEGF ZEA KA
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HE B, BT O g S i B LB —
TR MR, 203457 HE B2 B, 117 Model ZHAK IH AT IR
T ATE S AN P i 238, 456 14 d E5 5, 158 130
A 14 RBiERIBH]E g, 14~21 d 4,180 4 & i
TR WU L U BB, T Model 4 4 37 Fi B (548 T
1SO 41, %5 28 K ,1S0 21 2 4x 8 i £ B K i Wi Hh 3
HELEANZE T S5 B 5T, T Model 2H W46 1 A
HEP B, LA U L2 1SO 41 7E K8 40 it 1
B IS T 3 I AL o S A R )2
TE X — Sh AL R H T Model 41,
3.2 JHAME R A AR YR

AR RE A o b B 3 ST L S R,
Wi 5 B S 1 RO 7= A R AR T e S5 o T A
TR . R aT i Hedss Model ZH A1 1SO 20 i) BB
AR PERER T IS0 ek Er @ A Ve . WFoe R,
B AR A5 0 T L S e A A R 0 Y 3
2t Horf BALP & BH 40 AL ma bR s 1, Hoh e
ST A B R R 7 A PN 1) K A S 7, A 1T WL RIS A
Wby 3, AR HE AL TR 5 PINP B 40 i
b, SIS AN MG SO A I, S HL A I 45
RAZEY BRI HUSSERE TR W,
BAE B B A AR AR B B 2 I Tl R ™ . il
i Micro-CT J HE Jea g &3 14 d s Ky
IR, DR AR S B BERE IR 2 14 d 5 At /0N BRURSE DN it ¥
IR ACTE BRI 2 R R 1O X6 T B 52 1

LERFIATE/NRB PSS 14 R 1SO 2 18I B 3
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B 38 2 4 3 e AR TR B R R A
b, 3 A A B TR

BTGRP A KRN EA M 7 &5 5
FLERMEER, i@ 4G Collagen [ fFRIANE
D02 IR B 94 A 3R A T A i i . Runx2
TE R 20 R 40 L1 22 3 ) 40 6 ) 4 . AT
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P 2 5 A G A PR A 26 5, LR 200
SR BMP2 RS W 5 347 S A [ 1X 38 1 1] 7 5
AL A4 R B AN, (R E AR B 7 IS 2 5 i A
H AR E A . BT, XN 14 d BB
P9 4E T LR 1A T 43 BT, 2 B SO 28595 P9 B3 T 1,
B [ A B E Model 415175 B%

DA 55 S P40 W 7 B T A A R, A R R A
BET R AT S T A S B BUER Ak,
IR T B E R R
3.3 FANE A& b sk f AR 5

TER T A A A AR v 2 I R T BN K 7 e
G L M EAT R AN, BB LA R s
S2ENRE IR, 33k T B A I 4 A U JEOR I 2 4 4
DAZER R i i A1 S M 92 Y . VEGF i i 2 B 1M A%
0 75 P TR ML A R P W P 35 5, 002 3 1L 5 PR A 2
NIT A% R BE , S R M4 2R B AR S8R FH I 4 5
R LM BT R EAR, R MG A m R
PRI R 0 0 S LR I A R S A R, R
Model 41 A AR B, 4540 T8 A= 48 i B 1, © 8
R LA A BARE/N . T IS0 i Al BB,
EIE B A, I BB s AL, 1A B REAK
SEAE RS, T B 18O MRk A2 1 Hr s 57 LI AL B, 3F
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[F i e 1 F e I I AY 14 d, R — 2B XN
MZHEH VEGE 8 33k & s at 7 0, W) i A e
AU AP @RS 14 RN A4 VEGE 47
TENL, KB VEGE |z 504 T B4, H. 150 2%
R R T Model 41, [FRFEARZY 14 d (1) HE e
H LS 1] 1SO ZH 1 2 21 A A7 AR K i, Ui A
N CA B EMAE R RS VEGE [l
FHELEIIE, S — 25 Y W] T S5 kb IR 3R A e 2 T2
TRl bl 1 3 AL R A et T BT a i
HERE

L LI, S IR 2% AT LA e R A e, 4
PR AR BT R IR, R i 1 ZH A AR At
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