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AE BRI EHAY 2 A K B -F (NGF) Ao fo 747 4 A KB -F(PDGE) st 2B T A B XA TR BTSSR ABE
W, Fik: KRR F £ R 80 R4 BOR A SD K R 4 A AR 40 NGF 41 PDGF 414= NGF+PDGF 41, & 20 R, # 5/&
BFHAAEAER )G, 4T NGF 41X X LE 0.8 ug NGF; 4T PDGF 41 kX Z MLiz 0.8 wg PDGF, % NGF+PDGF 28 kX K LIz
0.8 g NGF #= 0.8 ug PDGF; 4 T A0 K SMGE SRR A LK, 5 EETE 2 A(T) % 4 A(T). % 6 A(T)did X &L
B3t HB g kAR R IR S R T A ) e S P AR AR AR B (AKP) KB, ZAMERL G 4 8 KRG KA A - 4 (HE) 3 &
ML R R F L, R E L2 F PCR AN B mA LR H SR ARG 2(BMP2) & A & A K B -F(VEGF)#=
M B EAA KR T -1 (IGF-1)mRNA Aasf £k K-F, 458 :NGF+PDGF Ak R4 T, BB i, FmhRk Tl =41,
NGF 41 .PDGF 8 X R A2 T, 0B 37 B s 8, B R AR K3 K TAEA48(P<0.05), ALK R T, BB b7sn R 2 A RS, 7
TR AR B E K F R4 =20(P<0.05), NGF+PDGF 48 % &, Ty~T, B fnix AKP K-F ¥ 8 ¥ & FH =41 NGF 44 PDGF 28 X £
HAKP KPR E5 FAMA (P<0.05), T, 4 LK Kk AKP KPR L B F £ F (P>0.05), T, 8 ,NGF 41 . PDGF %1 4»
NGF+PDGF A K R TILE DR B E E At K BE, EAMAZIKHES) , B Z 8] 69 18 1 4 ), NGF+PDGF 48 K .75 i 2L 4 Ak #7 4
B 4% NGF 20 PDGF 2878 Wi 2L & A5 A7 Vv F 1 1%, T, B NGF+PDGF 41 X §, BMP2 \VEGF #= IGF-1 AAst A5 R-F¥ 2% & F 4
#o = 41(P<0.05) ,NGF #414= PDGF 48 X % &35 4% mRNA Agxf £ ik K-F i L 2 F £ 7 (P>0.05) 123 . 2 & TR 4(P<0.05),
T, B &0k R B #4827 F BMP2 VEGF #= IGF-1 mRNA A8t & ik K -F s £ 2 % £ 7 (P>0.05), &5 :NGF #= PDGF } j2 %+
FlA B3 K AT B 48 W RIAR 4R, 7T 46 5 42i% BMP2 VEGF #w IGF-1 A& EiRA %,
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Effect of Intramuscular Injection of Nerve Growth Factor and Platelet-derived
Growth Factor on Early Bone Healing in Rats
with Closed Tibial Shaft Fracture and Its Mechanism*
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(Department of Emergency, Xi ‘an Jiaotong University School of Medicine Affiliated 3201 Hospital, Hanzhong, Shaanxi, 723000, China)

ABSTRACT Objective: To investigate the effect and potential mechanism of intramuscular injection of nerve growth factor (NGF)
and platelet derived growth factor (PDGF) on early bone healing in rats with closed tibial shaft fractures. Methods: Eighty healthy adult
male SD rats were randomly divided into model group, NGF group, PDGF group and NGF+PDGF group with 20 rats each. After
establishing the model of closed tibial shaft fracture, rats in NGF group were given intramuscular injection of 0.8 g NGF. Rats in PDGF
group received intramuscular injection of 0.8 g PDGF, the rats in NGF+PDGF group were intramuscularly injected with 0.8 G NGF
and 0.8 wg PDGF; The rats in the control group and model group were given intramuscular injection of physiological saline of the same
volume. The callus volume was calculated by X-ray examination at the 2™ week (T,), 4™ week (T,) and 6" week (T,) of treatment, and the
serum alkaline phosphatase (AKP) level was detected by enzyme-linked immunosorbent assay. After the rats were killed by cervical
dislocation method, Hematoxylin eosin (HE) staining was used to observe the pathological changes of tibial fracture end, and real-time
fluorescence quantitative PCR was used to detect bone morphogenetic protein 2 (BMP2) Relative expression level of vascular endothelial
growth factor (VEGF) and insulin like growth factor-1 (IGF-1) mRNA. Results: In NGF+PDGF group, the fracture ends healed at T, and
the callus volume was larger than the other three groups; The fracture ends of NGF group and PDGF group healed at T,, and the volume
of callus was larger than that of model group (P<0.05). The fracture ends of the model group were not fully healed at T,, and the callus
volume was larger than that of the other three groups (P<0.05). The serum AKP levels of NGF+PDGF group rats were higher than those
of the other three groups at Ty-T,, and the serum AKP levels of NGF group and PDGF group rats were higher than those of the model
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group (P<0.05). There was no significant difference in serum AKP level among the four groups at T, (P>0.05). At T, the bone trabeculae
of rats in NGF group, PDGF group and NGF+PDGF group were thicker, denser, and arranged in a palisade shape. The space between
bone trabeculae became smaller. The bone fracture of rats in NGF+PDGF group was filled with new bone, and there was still a small
amount of space in the bone fracture of NGF group and PDGF group. At T, the relative expression level of NGF+PDGF group rats was
higher than that of the other three groups (P<0.05). There was no difference between NGF group and PDGF group in the relative
expression level of mRNA of each index (P>0.05), but they were higher than that of the model group (P<0.05). At T,, there was no
difference in the relative expression levels of BMP2, VEGF and IGF-1 mRNA in the callus tissues of rats in each group (P>0.05).
Conclusion: NGF and PDGF can synergistically promote the early bone healing of rats with closed tibial shaft fracture, which may be

related to the up-regulated expression of BMP2, VEGF and IGF-1.
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AR B i B e A & 4= & 1 2 (Bone morphogenetic protein
2,BMP2) . Ifii 45 W 2 4 K A1 (Vascular endothelial growth fac-
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NE]IRAKG - PTG ARSI BN T TS U A FR A
) , FastPure Cell/Tissue Total RNA Isolation Kit HiScript IT 1st
Strand cDNA Synthesis Kit (+gDNA wiper) ,AceQ qPCR SYBR
Green Master Mix Kit W4 [ B 5U#MERE AL PR e 1 A FRA
BMP2 VEGF IGF-1 il B-actin JE[H 31 ¥y b ifgA: T A4 T7%
H BR2 B4 i, DNA marker BEIR VSR A _E 38 < KA
ARG AT,

CX43 2% W i BE W B H 4% Olympus A &), HLIKAYL .
Chemi DOC XRS ¥ i i 1% % 4t W [ 25 [F Bio-Rad /Y] , 7500
DS 5 PCR AW H 3¢ E ABI A F],R3510 2.0 H1 XA
#8106 {5 35 ¥ Eppendorf /3 ] ,RT-6100 %14 [ Zh bR 20 AL 1
BRI A f R = B A TR A F
1.3 K3 sh# 5 40 R AE R i &)

80 H K BB MLAR A BENL &L 7 31k 40 WA T 4] NGF 4 |
PDGF 2l il NGF+PDGF 41,45 20 H ., Mg i 51K & SR W
R B AEMY B8 TFAR G A RS, e 45y 1oy
M 1.5~2 em YI O B ZUIFF K TS, BREET FERIRE,
B IR 01 58 42 43 B8 W , g 37 IRl T TR s BE AL 2
B E A 1.0 mm 37 (A 2w gg BT B AL E e IS L 3T
RAT I E YT, e . AR KBRS .

14 AN

NGF H1 PDGF 43541 1 mg: 200 mL F1 1 mg: 250 mL .
BT R, 45T NGF 41K R 37 Biw LE 0.8 wg NGF
(0.2 mL); %57 PDGF 41K REHr¥imiliE 0.8 g PDGF, 4
T NGF+PDGF 41 K §UH 47 Wi AILiE 0.8 pg NGF il 0.8 pg
PDGF; 45 TR K FLE 0.2 mL A= 383K . 45 203 2
47 d,

1.5 MEEIEHR

L5.1 X&iGE  4rRITEIRYTER 2 JA(T,) 58 4 JA(T,) 5 6
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HIrE IS BRSO, W R AR CE R
HitAz , SR A Perkins U AEARF
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3 mL,3000 rpm 4.0 10 min Ji5 53 5 L3 , R FFREER S sie W B
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BRI U RSB AR B 29 10~20 mg,  pK b AIF B A8 A4 ) ful 1]
FastPure Cell/Tissue Total RNA Isolation Kit 25 i1 RNA, 3%
JH HiScript II 1st Strand cDNA Synthesis Kit (+gDNA wiper) JZ.
T 5% A cDNA, L) ¢cDNA B, % AceQ qPCR SYBR
Green Master Mix Kit #F47 9 G E =AM , P38 454 .95°C |
5 min,95°C 45 s,55°C .30's,72°C 4 min, 3t 40 MEEF,55C R
EUOEES S EE SRR A 22 I T AN E T TR
NEE 3 AN LT B I ], 1145 C{i, DA B-actin
mRNA FyAZHHEARMEM Ct {EAES BMP2 VEGF Fl IGF-1 4
X IR

1.6 Git#HE

K F SPSS 25.0 Geit2f ik BEAT B A B RN A3 BT . T i
FORLR Rl " PR 2E ", A LU BRI B Oy 2
I3 BT, I 2E ] He % 5% P LSD-t #. P<0.05 22 5 i

2 gR

2.1 4 ARXBRAERE X K0 ETLERILER

T, i}, NGF 4 .PDGF 41l NGF+PDGF #[ K il 47 Wit
AT ULE, FRECE W, EOR AR B K TR NGF+PDGF
21 BUB IR FLUE 35 F NGF 41 #il PDGF 41 (P<0.05); #5171
AT UL i, B TR TE M. T, B NGF+PDGF £ K FRA5- 3t
LT A A AN R B B s R AR N T T,
i, B 2/ NT RN HoAl = 28 (P<0.05) ;NGF 41 \PDGF 41K i
B, 88 T, B R, BT, B A, B A
49 108 35 R T KB L (P<0.05 ) 5 A5 780 2 i 38 I A 48, -1 47 2%
WM, T, B NGF 20 PDGF 2H fil NGF+PDGF 20 K Fl i 8
T S8 A, T TR0, B o0 A S s/ 5 AR L i, (H 22 3
b =2, BTN B A, B A AR KT o =4
(P<0.05), WLz 1,

* 1 4 BARARER EEAAFR LB mm’, xes)

Table 1 Comparison of callus volume in four groups of rats at different times (mm?, xzs)

Groups n T, T,
Model group 10 28.15+4.92 51.62+6.04 34.98+5.73
NGF group 10 60.71+5.37 74.92+7.32 19.54+3.43
PDGF group 10 56.73+5.82 71.87+7.58 20.25+3.29
NGF+PDGF group 10 75.93+5.33 27.74+3.87 13.92+2.75
F 39.291 45.755 12.934
P <0.001 <0.001 <0.001

2.2 4 ARBAER EMFE AKP /KL B

4 4R FUMTS AKP AKFHITE T, AR s, b B
FAE(P<0.05), To~T, i, NGF+PDGF 41Kk FLILTE AKP 7K F-15
BEBTHM =4 (P<0.05),NGF 411 PDGF 41 K i IfiL 7%

AKP KA TC B EZER (P>0.05), {HY R 28 TRR4
(P<0.05), T, B} 4 1K BumiE AKP K- b T i 225 5 (P>0.
05). W2,

R 24 BARAEREMTF AKP 7K F LB ( ng/mL, x5 )

Table 2 Comparison of serum AKP levels in four groups of rats at different times (ng/mL, xzs)

Groups n T, T,
Model group 10 429.17+23.84 318.92+24.55 293.17+13.92
NGF group 10 628.18+29.62 438.76+21.64 287.29+12.63
PDGF group 10 621.71+26.17 429.89+23.81 289.28+14.29
NGF+PDGF group 751.91+30.73 487.54+20.05 284.93+13.17
F 76.843 19.733 2.984
P <0.001 <0.001 0.331

23 4 ARBRABHEREEINRFEZRELERILE
T, Bt ,NGF+PDGF £ F i o Al LA 22 S 4 2R IR
PR INE BCER B S T A = A AR A /e AT L

B i T, B, NGF 41 PDGF 411 NGF+PDGF 41k B34 af
DR /NG S B IR B, SRS, /N ] A (R B
AR 7N ,JNGF+PDGF 4 K B W7 24 4h 8% 3 26 i 305  NGF 4 |
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PDGF 20 & Wr A5G /> Bl B s R RYZH 1 /N R A W 25 1
i, {HE AT HAL =4, T, &, NGF 41 .PDGF 411 NGF+
PDGF K BTG BERA K R E /NS MK, o
Wr LA ] B
2.4 4 HKXRAE R iE B 22 4 th BMP2, VEGF #1 IGF-1 mR-
NA X RIEKF LR

T, B 4% 20 K BB i Zi 21 v BMP2 VEGF F1 IGF-1 mRNA

FHXT F IR IKF LU At 35 25 7 (P<0.05 ) ,NGF+PDGF 2H K il
AT 1k K -3 (. 28 T Hof = 2H (P<0.05) ,NGF £l PDGF
2K B4 H8 A1 mRNA (5 2 15 7KOF H B TE 35 22 5 (P>0.
05) , {5 5 22 FHIRIZH (P<0.05) , T, B 4520 K BB gl 20
BMP2 VEGF Fl IGF-1 mRNA A%} 57K I B % 2% 5
(P>0.05), hL.3% 3,

£ 3 4 ARRARAEEH AL BMP2, VEGF £ IGF-1 mRNA 4833 R 1% 7K F b8 (s )
Table 3 Comparison of relative expression levels of BMP2, VEGF and IGF-1 mRNA in four groups of rats at different times (xzs)

BMP2 VEGF IGF-1
Groups n
T, T, T, T, T, T,

Model group 5 0.368+0.013 0.437+0.018 0.351+0.028 0.472+0.025 0.371+0.042 0.412+0.032
NGF group 5 0.436+0.018 0.429+0.021 0.522+0.037 0.467+0.031 0.437+0.036 0.401+0.028
PDGF group 5 0.421+0.016 0.427+0.023 0.519+0.034 0.474+0.027 0.429+0.038 0.397+0.037
NGF+PDGF group 5 0.512+0.017 0.434+0.020 0.671+0.031 0.465+0.025 0.510+0.044 0.406+0.035

F 47.926 1.876 68.512 1.985 24.864 1.621

P <0.001 0.273 <0.001 0.251 <0.001 0.387

3 g

BT R E ZIRITIE 2 5%~10%H A AR B B 7 8 5
BB S REF A TR B, Wl e i S T E B A R I R
[ A 13 S ) S B R R0 13 AT 2R B D B v il 4%
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41, UiW] NGF #1 PDGF 15 f8A e sk g r @ &, TR
SR TR AR & B, NGF 47 By T i i 41 K BB @y NGF
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