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Effect of low-energy extracorporeal shock wave on the expression of vascular endothelial

growth factor and angiogenesis in diabetic wound healing

Yan Xiao-yu, Yang Guang, Cheng Liang, Chen Ming, Cheng Xiang-guo, Chai Yi-min, Luo Cong-feng, Zeng Bing-fang

Abstract

BACKGROUND: Extracorporeal shock wave (ESW) as a non-invasive physical stimulation can promote angiogenesis and tissue
repair.

OBJECTIVE: To observe the effect of low-energy ESW on vascular endothelial growth factor (VEGF) expression and its role in
promoting diabetic wound healing.

METHODS: Totally 72 Sprague Dawley rats were randomly divided into treatment, diabetes and control groups. Diabetic chronic
wound models were established in the treatment and diabetes groups. The ESW was used for the treatment group at 1 day after
modeling, but coupling liquid was used for the diabetes and control groups. Granulation tissue of the wound and formation of new
blood vessels were observed. Protein content of VEGF and expression of mMRNA were detected.

RESULTS AND CONCLUSION: Compared with the diabetes group, closure rate of the wound in the treatment group was
increased. The number of microvessels within the wound was increased in the treatment group at 3 days after treatment than in
the diabetes group, and corresponding granulation tissues were increased simultaneously. Compared with the control group,
expressions of VEGF protein and mRNA were lower in the diabetic control group at 3 and 7 days after treatment, moreover,
declined at 7 days after treatment. After the ESW treatment, the protein content of VEGF and expression of mRNA level were
increased at 3, 7, 14 and 21 days after treatment and began to decline at 14 days after treatment. This suggested that the
reduced expression level of VEGF and decreased period of its expression can contribute to the impaired healing of diabetic
wound. The ESW treatment can increase the expression of VEGF and extend the time of its high expression to promote wound
angiogenesis and ultimately accelerate the growth of granulation tissue and diabetic wound healing.
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Table 1 The closure rate of wound in three groups at different

time points (xS, %)

Time (d) Control group Diabetes group Treatment group
3 13.42+4.37 -1.45+2.06° 4.18+2.27%
7 55.05+7.70 13.47+3.01° 30.68+4.47%
14 89.05+4.17 41.1315.48° 64.4+5.59%
21 100.00+0.00 61.92+6.25" 82.8445.83%

P < 0.05, vs. control group; °P < (.05, vs. diabetes group
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JRETHEAN L] I I0, EFA DA %, Ul %,
CRAEEE, WA,

C: Diabetes group

Figure 1 Hematoxylin-eosin staining of wound tissue at 7 d
after treatment (x100)
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Table 2 The average microvessel density of the wound in the
three groups at different time points (x&s, n/mm?)

Group 3d 7d 14 d
Control 24.25+5.47° 51.69+9.24° 64.25+10.47°
Diabetes 13.53+3.29 27.72+5.71 35.2946.16
Treatment 22.02+5.78% 47.27+7.52° 58.48+9.55%

%P < 0.05, vs. diabetes group

c: Diabetes group

Figure 2 CD31 staining of microvessels in the wound tissue at
7 d after treatment (x100 )
K2 9T kG 7d IAITZHZE CD31 B th W Gl ZH 2 1
5 HL(x100)
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TRATIOE TS N, 077 VEGFAESAN I R 25 (1)
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7614 dif LT B

2747



@2 7-@2 WWW.CRTER.oOrg TEWET, 5 MCE S PRI RE P B 18 B I FRPPL Al 753 L 24 S A AL A AT T 2634 019 4

# 3 WITAE 3, 7, 14 d KA 2 A P R AR K R
ELISA 434 &
Table 3 Content of vascular endothelial growth factor in the
wound tissue measured by enzyme linked
immunosorbent assay at 3, 7, 14 d after treatment

(xts, pg/g)
Group 3d 7d 14 d
Control 51.6+4.6 52.9+4.5 23.3+3.7
Diabetes 29.3+2.3° 18.5+3.1° 13.8+2.4°
Treatment 46.6+3.4% 45.8+4.7% 21.242.8°

2P < 0.05, vs. control group; °P < 0.05, vs. diabetes group

2.6 4@+ VEGF mRNA# & &
VEGF mRNARIRIEZ R, W4,

34 @ i

X4 WITE 3, 7, 14 d EIIAIZ T VEGF mRNA ZKi& T
W
Table 4 Expression of vascular endothelial growth factor mMRNA
in the wound tissue at 3, 7, 14 d after treatment

(xs)
Group 3d 7d 14 d
Control 0.38+0.05 0.42+0.04 0.18+0.02
Diabetes 0.21+0.02° 0.12+0.01° 0.08+0.01°
Treatment 0.34+0.04° 0.38+0.04° 0.160.03°

P < 0.05, vs. control group; °P < 0.05, vs. diabetes group

Lour AL LR, B PR 0 K BRBY T 412X VEGF
MRNAZIA B B RFA%, 27 B35 & X (P < 0.05),
HHAET dCAL W8 N M. Ao Easr )G e m W
VEGF mRNAKIAAS, 7 d¥m o IRm4l, 254 %
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