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Effect of Xugudan on Expression of VEGF and TGF-8 in Rats with Nonunion of Tibia

LI Yue-wei, ZHOU Wei, GUO Jia-bao, SONG Ya-fang, WANG Xu-dong"
( Nanjing University of Chinese Medicine, Nanjing 210023, China)

[ Abstract | Objective; To observe the effect ofexternal application of Xugudan on expression of vascular
endothelial growth factor ( VEGF) and transforming growth factor-8 (TGF-B) in rat model of tibial nonunion.
Method: A total of 10 SD rats were selected as blank group, and 50 modeled SD rats were randomly divided into
model group, high, middle and low dose Xugudan (150, 75, 25 mg-kg™ ') groups, and transcutaneous electrical
nerve stimulation ( TENS) group. In 4 weeks, and 8 weeks after the intervention, X-ray detection and
measurement of bone spacing were conducted; hematoxylin eosin ( HE ) staining was used to observe the
morphological changes. Real-time PCR and enzyme linked immunosorbent assay ( ELISA) were used todetect
VEGF, and TGF-B8 changes in bone injury and serum. Result: As compared with the model group, bone spacing,
VEGF and TGF-B expression levels were significantly increased in Xugudan high, middle and low dose groups as
well as TENS group (P <0.01). As compared with TENS group, bone spacing, VEGF and TGF-B expression
levels were significantly increased in Xugudan high dose group (P <0.01), butthe difference was not significant
from Xugudan middle dose group, and the levels were significantly decreased in Xugudan low dose group (P <
0.01, P<0.05). Conclusion: Xugudan can improve the local blood supply by regulating the expression of

VEGF and TGF-B8, induce vascular remodeling and bone remodeling, and promote the nonunion healing.
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HARERZHRGEREESFPHERZ—, B
R HE SO AR B AR B R o A N R TE BT
JE 45t 8 M AMIERIRYT , B ma g BA&ItL, 5o
REFBHEGAH—MEH)ETEIFLE . H
THRES KBS EFFE 2 5A 5%, B
BAOWIRE RAE TR ENERER R, BRART K, b
HBEITFEARMIEL , BT EE R RREE  H R T
SR BE R S AR, i PR AR 5 2 W B AN 3 1 A AT
5% ~10% 7 Hagyr R — MR K i, FA
WITVERIG RIG YT I & n o, (B B 2% s L XU
Z e R, HA 5% BEELET —REZZRFAR
JE MRAR TR E BB ERA A", &k
A, I 3 A 2 JF ¥ ( transcutaneous electrical nerve
stimulation, TENS) J& — F 5 /E 77 & , JC 0 /5 % 7,
TE T AR R A V2 B T W PR B A 3 R A —
Be, W5t W1 TENS AT DS A% L 3 09 45 1, R
(17 A R B e L= e o A (E N = R 6
T il R B E] A K, H G 0 T Ak g A AR W E— 2P
i E o

1% G & 2 IR YT B A3 O T D SR A& IR LAR
B b 25 e 2B I A A B 90 B AR E , AT xR
iR E TS W HLE AR AR A, K5
ESC P20 F B A R B TR AU
4% BT R B e D IR BOE A BT R
REWMANBESLEEA2(BMP-2) , A KK
T-B(TGFB) M RE, RHEFH S, THRTH
Pr EZR AW IR AN EOR R B, b 25 5 BT vk
AR A TR 0 X, 8 2 W PR A HIC, 42 245
WLPI Wi , BT AR BE B Tl S, A R RN D, A S
6 Fiv F vh 25 50 07 R 8B FHR IR T4 S B A
W REEE A T E R R EAR
ORI o R S 6 B S 30E A T i AT LA A
BMP-2 {315, %) B B4 5L B 3 K B B2 A9 fie
WAVER AT R AERT I 3h W) SC e i Bk B, LAE
ANHERERY SD K BLUA BF 78 % 4, SR B 245 40 A B
2FBe, MBS E PEX IR BB R IE R BN N B AR
KT (VEGF) ,TGF-B ik By % W, oy it — B #F 5
HAE FI ML 5t 52 304K 4
1 ##
1.1 3h¥ 57 Sparague Dawley K E 60 H , 15K
M, BRI 12 J , 4K BT i (300 +30) g, g H E T

.92 .

IR B YA R A F L A& IES SCXK ()
2013-0016, 1l 37 F 7§ 5L H B 25 K2 SPF % 8 ¥ 5
Bl A E AR, B S RRR, HHRE, &
WE ok, ALBAF AR R TEARELR Y
1 BEZE 5123 (2014-0003 ) 48 2 E U

1.2 ZiY Rk Sed YA B 28 1L 60 g,
X920 g, HWEA 30 g, 0K 6 g, B 6 g, MLAE R
15 g, 5247 30 g, A 30 g, b 8 BRZ5Y W A b 5¢
[Fil {5 JRe A A5 PR 7], 28 ot R R 2 K 2 SCHR B 9%
REJOAR BB L NIES, T, 408 R 150 H;
TGF-8, VEGF [iff B¢ % %3 W i ( ELISA) A 7 & (3 &
A S 4 B8 YFXER00082 , YFXER00092 ) ;
trizol $&BUX ] & (3¢ H Invitrogen 2 H] , #t 5 15596-
026 ) 5 N 2 H i B -3 -8 R i 2L B (GAPDH ) $i4k (35
[# Bioworld 2\ &) , it5 MB001) ,

1.3 {Xg% SDZ- I B H Bk vh 36 y7 A (75 N B2 97
& ABRA T 5 1J-12] B K HL, JB-PS Al 4 4
PBLORINR A L F A BR A R ) ; DMIL A 3¢ 5] &
POt WA (18 E 3K R A A ) ; MSD9TK49 AU 3 &
B0 AL, DU640 AU R 2 H 43 #14X ( 3£ & Beckman
AH]) ;DHGI123 A A & 2 HL # B X T 4 (1
K35 LI R & F)) s KA1000 %880 4L (g %2 ==
B2 AER ) s IQ5TM AL 52 B 5% 0% % & PCR Y,
525BR027843 Y i Pk i K %% B4 ( 92 & Bio-Rad 2
) ; Alpha fk 2% & o BE I AR & 48 (35 E Protein
Simple 23 A )

2 Hik

2.1 @M BIRRDRIES" BT 60 1L SD
KEFEHLATE, 5% 5 1, % B RHE B M H 5 1
J. 1S, AL E 10 Bk BUCR IE % 41, AMEE
b3, AT 50 R B AR B 80 10% K& &
M 4% 0. 03 mL-kg ™' 54 % K BUEEAT A B O BE e 1
SRR . KBS, 7EE M AR B P BEAE 2 em YT T,
FERIB /NP, B A MR . F B AR 4 mm
B BB TR R TR AR SRS AT R AL S K
HYr P, AR5 0. 8 mm Fw [CAT AT 9 [ 5E , 4%
ARID ,RGEMAETHEER S THRMINES, &
H1WK,i%E53 d,

2.2 ST xR 8 FUGHENLEE S HRR,
ZRRMES X SRR A, R B 3 Wi o 28 45 s 4L
B B A, TG B AR K E S N AR R A ST
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B SRJEHE T A 50 HORERENLA N 5 4, 2 51K
RIS/ PHE P KGR 41, TENS 4145 10
EH A SRR I H R SR, AR T 30 828 P
T A B4 BB 150,75,25 mg-kg T S E
(2GR BARYE N 5 3h Wy 1 2 10 AR 53 Ll =
SERGRI L) 9 °C T VA R IR B fE AU R K
BB TALJE B 25 BT I AL, 5 A I 4R AL 2 L
f# 5 LA B 1k 25 40 #E K BTG 3h s I v, DA B 2D ¥ &
WYL, B 1 d B2 1K, BR B2 R
7 3 h Z£ 47 ; TENS £ 36 fi SDZ- 1 %A 45 fik vh A 97
A, A ELR R 5 mA SR EE N 2 mT iR K 10 Hz
B AR A ik oy 7 SRR BB b, R 1 d JRYT T
W, BUIRITIEFE 3 h 247

2.3 X H&m 4T HUR 4,8 J L, &4 REAL
LS RARR, FAVLCER# X HLEM A, W
FEIRYT G B A AL IR BB AR A A S B, IR I
Prial BRiE s o

2.4 HBUEESRW 5K BRSSO
i KB ] 10% £ 5 B S 52, SR 5 I 45 L i
KW A, PR A D) AL 4 um
JEEYI AT IR AR P41 (HE ) Y £, 76 24 B 1 BE
TS B NE XI E EAE B, B RCR ST .

2.5 ELISA #ll VEGF & TGF8 HEH & & H
10% 1) 7K A SRS R B K B , s BB, 43 5 1L 975 o
P H 4 BRI & Ul B, SR AR W 3R BT AR e o0
ELISA Ul & £ & o K UM E H VEGF (& &,

2.6 SCIF POt E B PCR ( Real-time PCR) # i
VEGF } TGF-8 mRNA #f Xt ik & R A 5L
Real-time PCR £{ RFEATHKIM o 458 B A PEAT TR ,
B trizol $2HUK 1 mL, vk/K fhA) %, 4> B F 41 41
) RNA; % i Real-time PCR 5| %)% 71 ) B 5K 2 %
B 51, 404 B JE R Rk 1 B0, B R 4
mhk fis i th 2k, 2 B GAPDH 5| ¥ % 51 b i
5'-GCACCGTCAAGGCTGAGAAC-3', F i 5'-GGTG
AAGACGCCAGTGGA-3', A B K JiF 4 133 bp; VEGF
519 51k ¥ 5'-TTGCTGCTCTACCT CCACCAT-
3", F#f 5'-TGTGCTCTCCTCCTGCC ATAG-3', i B
KE & 274 bp; TGFB 51 ¥ /¥ 5 2 L U 5'-
TCAAGGAAGGCAGATCGTCAT-3", F % 5'-CGGCTT
ATTCGCTTCCCATCA-3', A Bt K ¥ 4 186 bp, PCR
R R H 95 °C 5 min, 95 C 30 5,55 C 45 s,
72 °C 30 s, AT 40 MER , ETOLGFES R
C HZFR, R 274 I g xt B B % 247 4 5t
HAHT .

2.7 etk BB L x £ s Rox, H SPSS
22.0 Go it B AT AL B B0 95 A M AT B AR A Y IE A
A O, SR T A A IE A S A i EE AT R
EHEMT. L P<0.05 WEREGI%E L,

3 &R

3.1 ZEMAXMNKEREAEGESHRMFER T
J& 4 JR A5 AU 2 A o 25 4 R AL, B e A, O
REH T HRARK; THE 8 A LB H KR A
0 XA 25 46 6 4, TC A B i A K, B2l PR IR
F 2, TENS 20K U i #5240 i FHh ol it
AT B B % 2, (B 22 B PR i 41, TENS 241
B R B B 2, 2B PR R R BUR B i
P DX BB B o 2, B TR, UL 1,

.
A
D

ABITUL ;B ~ D. S2E FHE b KR4 E. TENS 41 (& 2 [A])
EH1l ZE8AMARBAEDSHERNIME

Fig. 1 Effect of Xugudan on healing condition in rats of

bone nonunion

3.2 SR FEXKBUE R A E TR B R
TG 4 J&, SHERA A, & H KB RESA B
FW/N(P<0.01),5 TENS 4 &8, 288 P i
HAEEA R ZEW/N(P<0.01), HRXHTLY B
Z5;THUG 8 A, SR i, & 41K B 1Al iE
Fre /(P <0.01) , 5 TENS 41l #%, 2B FF i %l
it 2H B [R] BE AR AR 25 W/ (P < 0.01) , S2 4 4 7
R EE TG 2 5, S E FHIE R & 418 R B
FHFE(P<0.01), WLE 1,
3.3 ZeEfb KREITRGXALUESwEm T
TG 4 J& , BRAS R ZE A1, 45 205 3 40 405 X A9 BB 40
MR L, JF A B /N B (0B RN % 2
- 03 .
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F1 EEANKRBAEBTHRASERMIM(x£s5,n=5)

Table 1  Effect of Xugudan on bone spacing in rats of bone

nonunion(x +s,n=5) mm
A% I/ mgkg ! 4 J& 8 JH

EH = - -

H 0 = 2.71 +0. 14 2.74 +£0.09

255 150 1.37 £0.13"% 0.20 0. 04"
75 1.92 +0. 12" 0.47 +0. 14"
25 2.09 +0. 13" 1.04 £0.20"%

TENS - 2.01 £0.22" 0.64 0. 16"

A A H Y P < 0.015 5 TENS 21 A 9] ) P <
0.05,YP<0.01(%2~31d),

2 ZBEAMKXREFRGRAAKSHFZE(HE, x100)

TG 8 J&, S8 v ) o 4B 4R 5% T 1 T L 3 4
B 58 A B, SR P P AR o A T A XA 4
YLV R4y B BT 4 v Ak, S B PG
45 TENS 48 BACE N e, 38405 /N R I b A
o, WHE 2,

3.4 2 PEXE KRBT T VEGF, TGF-B /K F 1 5%
W TG 4 8, SRR R, BRIE H TG 22
SAh, HAR 44l VEGF  TGF-B & w35 W & I (P <
0.01) ;5 TENS 4t , 8245 F+im &= 4l VEGF
Fit B E TR (P <0.01) , 228 PHE 5 i 20 TC W]
BES,SEHFE. PR R4 TCFB & & T

Fig.2 Effect of Xugudan on Tissue morphology of fracture area in rats of bone nonunion( HE, x 100)

ES EFHE B4 TGF-8 & it B AL (P <
0.01); TG 8 Jil, 5 1EH 4 H AL, bR IE# 41 oW
LA A 4 VEGF, TGF-8 & i E B 5
(P <0.01); 5 TENS 4 b %, 268 FF & 7 & 41
VEGF,TGF-8 & B Z 7+ & (P <0.01) , £ & f
M4 VEGF, TGF-B & & W i 22 5, 2t & PHIL A
4l VEGF, TGF-8 & & i K (P <0.05,P <
0.01), W2,

3.5 L PR X VEGF, TGF-8 mRNA AH %
Tk THUS 4 8, SEBA L BRE
FHIG K & 41 TGF-g mRNA AH Xt 3 ik & JC I 3 2% =
bh, Hi4x % 4 VEGF, TGF-8 mRNA A %) ik & 15 i
EFFE (P <0.01), 5 TENS 41 W, 28 B 1+ 3 &
4] VEGF,TGF-8 mRNA At £ ik & & & & (P <
0.01) ,ZzFFHh 41 VEGF mRNA FH X} %35 it
FEAC(P <0.01), 228 JF h 7 & 41 TGF-8 mRNA
XA R S, S E FHER 4 VEGF,
TGF-B mRNA AHXf 3R ik & W F Bk (P <0.01) ;T
Ti)E 8 Ji, SRR LA, & 41 VEGF, TGF-8 mRNA
FAXS 3K 5 47 28 W 3 Fh & (P <0.01) ;5 TENS 24
FOBL, 2B Ph i i 40 VEGF, TGF-B mRNA AH X &
kW ETHE (P <0.01), 824 P i & 40 VEGF

.94 .

®2 SEAXNKRMFES VEGF, TGF-g R K FHHM (v £5,
n=5)
Table 2 Effect of Xugudan on protein levels VEGF, TGF-g8 (x + s,

n=5) ng-L~!
= N
- /mj{ klg-' H/le;]ﬂ VEGF TGF-8
EH - 4 96.24 +9.48 135.24 +4.36
8 99.07 +5.05 135.96 +4.00
LAY - 4 98.23 +8.65 137.53 £3.85
8 102.38 £3.23 135.43 £4.71
L5t 150 4 259.01 £8.72"%  160.69 £3.69"
8 363.55 £6.23"%  183.14 £4.79"
75 4 240.78 +7.12'%  154.19 £8.72"

8 334.57 £12.08"  176.26 £2.70"

25 4 210.60 £9.68"  144.05 +1.86"

8 311.61 +12.99"% 168.88 +3.08"

TENS - 4 212.74 +11.19"  157.16 +4.58"

8 338.63 +11.40"  174.97 +1.30"

mRNA X Rixj X B EFZR, LF PR EA
TGF-B mRNA HX} % ik & 8 & F+ 5 (P <0.01) , 4
B PHER L4 VEGF , TGF-8 mRNA AH X} 83k & i 2%
Bk (P <0.01), W3,
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*3 #ZBAMNARBHRGX VEGF,TGF-8 mRNA X REXEN
B (x+s,n=5)
Table 3 Effect of Xugudan on bone damage zone of VEGF, TGF-8

mRNA expression(x +s,n=5)

Eig]| /m?i-‘ ngj VEGF TGF-B8
EH® - - - -
FLR - 4 1.30 £0.23 2.27 +0. 17
8 1.18 £0. 03 2.29 0. 09
LR 150 4 3.11 £0.08"»  3.37 +0.06"%
8 4.35+0.18"%  3.84+0.11"%
75 4 3.03+0.14"% 2,91 +0.30"
8 3.59 +0.15" 3.58 £0. 12"
25 4 2.00 £0.19"% 2,47 £0. 06>
8 3.17 £0.06">  2.86 +0.07">
TENS - 4 2.63 0. 08" 2.86 +£0.35"
8 3.78 £0.21" 3.23 £0.01"
4 itig

SR T A A H B A D S AL S R W 3
BEMERRNZ— ERIBEGIE) 1 st
3 AT 0 R 18, B0 MRS 7E N, A AR, K%
JIT BCRA) S 28 2 M BEL S 20 285, 25 R AL AS B, K 52 ) SiE SR
B EERAERAGS, G EZEF T aE s
NIRRT BT BRI I AR 2
B @AM S8 PRI T A AR B i
PRUREREEEET AT A RE, ERBA RS
BB E 2R E AR HAR T 2012 4R X H
A7 i PRATE 58 A1 SCHRBIF 5T, 76 3 A AR 97 B 3 B 97 3
Ja , NS4RS 5107 KA I (R
Tt (GBS FY B =+ =) - DE(CE TR
BNGKEKTT)), T EBMFREEIT)BN),7E
K B SO0 T s B o HG HP R R AN S 5 1k b
B SR 5 MR Pt 20 45 4%, LR 5 DM P L i R 5 S
SRR TH IR 5 24 U905 ol 5% L, &5 A ST, IR 1 Ak
2 ;28 1L HE B AT, 16 L AR IR R,
T ALY 8 28 0k, BGRB9S E N, AT DL 2y
RCELIR AL s UK T A B R, AR LR R, 5 8 A I £
Ve B , 25 3 Ik B 3

HIR@aREEREARAESEEENET B
ST AR R RO I S R R B A
A E TR o ILE TR A A AP, AU TR IR Rt
B, BB P a B AR P A A A R
ZH.SHEHOEMBE" . BN EE L
B BOR B HSUN RE A5 B M SR, Bt
HEEWERTES, PEEAER KA. HHEEY,
H 2 AT DLk R M A, O BE A FHE A R RE A K

P43 08 48 0 1B 4 B 3 T 2
N G M AL 25 B2, npr s R
HAEL RRYT BT, A VEGF i385 K F,
o B A W g Y LB R S TR R ARG B
S R BN E 2 AT AR S B T A R IR B
XF T BTN A BOE R A S S A B BT R

UL LE AR Sk B N Ah 2 N AN E TR YT T R
AT, Kb 7R A BN BB A E R AW
Ao MR Z 2R A B 7 B9 i, 20 AL
YA A A R ¥ (FGF) , 5 %% Ml 5 (CSFs)
TGF-B, W % (ET-1) % {HJL LA VEGF Ky 4 H
B, EEBFNMEBENFRN, &2 5T B HEE
g, BIRIE  FE B RS B, A A
WEKHEFRZ SFHFHARESER RS, HE
HYAEHEMENKERTFE, &aH AR i
#'7o VEGF fF 4 fif 3 22 0 i 8 8 15 B8, 77 LA
F R A A AVE 5, O i o 4 4t TR AR A I R
0 BRI 3R 38R 4 VEGF e B Ekrh
INRHEE —ERRTER, B LMEHERE N,
Dk B 817 10 200 A SR A M B TR R e
HFHE A RRE AR 25, 645 J5 #8408 B I
R EE NP, B 4 LA 3 P 1, 2 T AR 52 46 il
A,

TGF-B J& T “ TGF-B i Z 1 i i 51 , Hh 4 % 4
i K A B 92 40 L LA 430 5% 43 0k Oy K7 AR B — R
ZYfEEKE T, TGF-B iz A4 T LA & 8
MEERG  EFHAFESBE T HEEREEM
o, FHA P TCFB EE BB MM ™ 4,25
5 LB A0 L B T RO, LA B T B 40 L IR
WOORE o B ST B, JR S ST AN R TGF-, W]
388 0B B L AR B AT S Y . TGF-B 4% 2 FiE
¥ 7E B TGF-B (latent TGF-B8) F1 ¥4 11§ ! TGF-8
(active TGF-B) , BAI15E LA TG ML At A7 T ki
TR R PR PSR B A0 R O AR S T 4
Smad AR I8 B , 12 HE B 4 D A 3G FE RIS M 55
SEFAE,TCF-B ERRIFEZMALEAMER T, T,
I,IV, VA VIR, B i%# & (osteonectin, ON ) , 7
R T B RS B i B B BB K, Ak TGF-B ik
LI VEGF 3£ 35, H H AL & A § i A
W

AL TR B, ST REEAER
B VEGF & TGF-g Kk A WI/EH, H 5% &1
TR BE R/ 52 TE A O, BV A% SR o vk A 4 o i 4
B ) BRI 2 R XA BB SR E T

. 95 .
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R 3 A 2H ORI RO T A A 4 B S, B AT
LA, Ul W 22 P AT DA BE B R E A 7E B A
VEGF } TGF-B J51fi, TENS 21 , 22 & F+K il i 24
ORI T 22 & PHIR & 240, 0 TENS 45 225 F+
HFRABOR E R A B E, DE %™ & i
4k VEGF ¥ i B /b, 22§ 3 TCF-B ¥k B i FEAIT,
I PRI BB PETEER , BELAS 1 SRt i) i, A S S
FERW ,BEE VEGE KRR 58, TCF-B 1K KN 2
BN 5 (1 3, £ K HEW VEGF 55 TGF-B 2 [A] AJ fig
FAAE M AE A EAERBLH . BAN, FEF TG
Ferp B4 VEGF, TGF-8 RIA 5 HA T B #H %
5, M@ S A Ry ik BUs , VEGF, TCF-B Rk KA
BETE, AT VEGF, TCF-g FE BT s d iy
REZMEFHEAELENREAZ —

Lr ERTIR , Si B FHANBRE B R R VEGF B TGF-
B HYF IR , A A 4545 DX U AR L, e A
ARG, o g P RO R i HRE R
e AE HAAE FIBL A5 75 BE— 2B 5T
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