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Low intensity pulsed ultrasound enhances adipose mesenchymal stem
cells—derived exosomes mediated diabetic wound healing in
mice : a experimental study

ZHONG Fanglu, LIU Junbi, JIANG Riyue, GUI Bin, WANG Hao,JIANG Nan, CAO Sheng,ZHOU Qing, DENG Qing
Department of Ultrasound Imaging , Renmin Hospital of Wuhan University , Wuhan 430060, China

ABSTRACT Objective To investigate the synergistic effect of low intensity pulsed ultrasound (LIPUS) on adipose
mesenchymal stem cells—derived exosomes (ADSCs—Exos) in repairing diabetic wound healing in mice.Methods ADSCs—Exos
was co—cultured with human umbilical vein endothelial cells (HUVECs) in vitro, and the effect of LIPUS on the uptake of
ADSCs—Exos by HUVECs was evaluated.In vivo, 36 SPF C57BL/6 male mice were selected to construct diabetic skin wound
models. The mice were randomly divided into the control group, Exos treatment group and LIPUS+Exos treatment group, with 12
mice in each group.The distribution and duration of ADSCs—Exos using in vivo imaging were observed. ADSCs—Exos uptake in
skin tissue were observed by frozen section.The skin wound closure rate of diabetes mice in each group on the 3rd, 7th, 10th and
14th day after treatment, and the histological evaluation on the 14th day after treatment were compared. Results LIPUS can

significantly increase the uptake of ADSCs—Exos by HUVECs, with a fluorescence intensity of 2.98X10° which was higher than
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that without irradiated (0.31x10°) , with a statistically significant difference (P<0.01).In vivo imaging observation shows that
LIPUS irradiation can effectively improve the distribution of ADSCs—Exos after subcutaneous injection , promote the aggregation
of ADSCs—Exos in wounds and surrounding tissues of diabetes mice, and prolong the action time of extracellular vesicles.The
fluorescence intensity of ADSCs—Exos in the wound area at 1 h,6 h and 36 h after treatment in the LIPUS+Exos treatment group
were 24.14x10°, 146.93x10°, 26.59%x10°, respectively, which were higher than those of the Exos treatment group (15.23x10°,
52.38x10%, 10.72x10°) , and the differences were statistically significant (all P<0.05).Frozen section showed that the rate of
ADSCs—Exos positive cells[ (41.20+1.10)% ] was higher than that of Exos treatment group[ (23.16+1.16)%] ,and the difference
was statistically significant (P<0.01).The skin wound closure rates of the mice in the LIPUS+Exos treatment group on the 3rd,
7th, 10th, and 14th day after treatment were higher than that of the other two groups, and the differences were statistically
significant (all P<0.05).The LIPUS+Exos treatment group had the highest wound closure rate on the 14th day after treatment
[ (98.52+1.14)% ]. The histological evaluation showed that compared with the control group and Exos treatment group, the
LIPUS+Exos group had the largest skin neovascularization areal (35.12+1.93)mm?] , the shortest scar length[ (1.20+0.20)mm |,
and the highest collagen volume fraction [ (62.35+1.72%) ] , and the difference were statistically significant (all P<0.05).
Conclusion LIPUS can effectively promote cell uptake of ADSCs—Exos, enhance angiogenesis and accelerate the repair of
diabetic wound healing in mice.
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