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Low-intensity pulsed ultrasound attenuates hypertrophy of local adipocytes in diet-induced-
obese mice
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[Abstract] Objective: The aim of this study was to investigate the potential effects and mechanisms of low - intensity pulsed
ultrasound (LIPUS) on the metabolism of hypertrophic adipose tissue induced by high-fat diet. Methods: C57BL/6] male mice were
fed with a high - fat diet containing 60% kcal fat for obese mice model, and then 10 obese mice were selected to receive LIPUS
irradiation at the groin fat pad for 10 weeks. The body weight of mice and inguinal fat at target area were weighed. Peripheral venous
blood was drawn for the blood lipid test, complete blood counts and plasma biochemical profile. Safety tests of LIPUS were conducted
on the basis of skin and muscle sections at LIPUS site with HE staining. And target fat stained with HE was used to observe the size of
adipocytes. The content of triglycerides in the target fat pad was measured by glycerol phosphate oxidase-p-aminophenazone methods.
The mRNA expression levels of transcription factors for adipogenic differentiation, lipolytic enzymes and their transcription factors at
the LIPUS region were analyzed by qPCR. Additionally , Western blot was applied to detect the protein levels of transcription factors for
adipogenic differentiation, lipolytic enzymes, and their related signaling pathways. Results: LIPUS irradiation significantly reduced fat
weight, triglyceride content and adipocyte size in the target area of obese mice that received 77.20 mW/em® LIPUS treatment.
Meanwhile, LIPUS down-regulated the expression of transcription factors for adipogenic differentiation in the target region. Expressions
of lipolysis related signaling pathways and lipolytic enzymes were up-regulated via LIPUS stimulation. In addition , preliminary results
indicate that LIPUS has a good safety profile at current dose. Conclusion: LIPUS diminishes local adipose tissue hypertrophy induced
by high-fat diet through inhibiting adipogenic differentiation and encouraging lipolysis procedure.
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®1 ¢PCR3|#
Table 1 Primers for gPCR

SRR SIHIFEH(5'—3")
PPARvy-F GTACTGTCGGTTTCAGAAGTGCC
PPARYy-R ATCTCCGCCAACAGCTTCTCCT
C/EBPa-F CGGGTCGCTGGATCTCT
C/EBPa-R GGCCTGACTCCCTCATCTT
ADPN-F AGACCTGGCCACTTTCTCCTCATT
ADPN-R AGAGGAACAGGAGAGCTTGCAACA
LEP-F GCAGTGCCTATCCAGAAAGTCC
LEP-R GGAATGAAGTCCAAGCCAGTGAC
IRF4-F TCCGACAGTGGTTGATCGAC
IRF4-R CCTCACGATTGTAGTCCTGCTT
FOXO1-F GTACAGCGCATAGCACCA
FOXO1-R GCGACAGACAGAGTTCCC
ATGL-F GGAACCAAAGGACCTGATGACC
ATGL-R ACATCAGGCAGCCACTCCAACA
HSL-F GCTCATCTCCTATGACCTACGG
HSL-R TCCGTGGATGTGAACAACCAGG
GAPDH-F AGGTCGGTGTGAACGGATTTG
GAPDH-R TGTAGACCATGTAGTTGAGGTCA

BRUTVE , AT LIHW . H1455 8%~12% SDS-PAGE
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Table 2 Metabolism associated parameters after 20 weeks of NC diet feeding, HFD feeding and LIPUS treated mice

(xxs)

I H WUl (n=10) g4 (n=10) AL (n=10)
WA (g) 17.52 + 0.66 18.80 + 1.31 —
10 & 1A (g) 28.17 = 1.60 37.56 +2.33° —
AR AR (o) 28.17 + 1.60 37.27 £2.42 37.84 +2.34
AT (g) 31.52 +2.47 47.49 +2.83" 46.26 +3.34
IREIE R (g) 14.29 +2.75 28.71 +2.24 27.44 +3.00
R (g) 2.88 +0.09 2.47 +0.07 2.48 £ 0.09
fE Bt A (g) 0.12 +0.01 0.86 + 0.02" 0.87 £ 0.03
PgHE At (keal/d) 11.08 +0.33 12.92 + 0.36" 13.00 + 0.47
N VA N IS AR TR (mg/g) 19.21 +3.23 59.22 + 6.80" 3420 + 5.69°

PR E B = SR E PR R s N5 T A = 2 e RIS A0 1 4 L s S PR A i =1 B xR e Y . B 10% keal fI§
D AT T R ARDRE | I 5T A 43 7 L 4% , fie ik %5 3.85 keallg, i NS 2L FHRE 75 20 £ 1 60% keeal JI 15 11 i REARDEL | g 03 B 43 17 LU 35% , Tt 1k 25
5.24 keallg, S EHILE, P <0.001; 580540 L#, P < 0.001,
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P <0.001,

1 LIPUS B&MER LT EBZER/NRIEE

Figure 1 Local LIPUS stimulation could not reduce the body weight of obese mice
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AT VAR R R LR S B R e,
IO T S 2N AR 75 S R SEEA o A
RS, 9T 5 R AR T LRE . T s s L
R AR N A T HE 4 (9, JF 38 1 Western
blot VAR X AR T T3 F ik . 45R oK, 78
R PR T ] P 2N B D AR e A A S T

TN BT RE TR E LR, 55
NEZH/IN B L, P A RRUE (3R 2) R EE AR T AR
(F1C) o 75 2 /N B 25 Tl i 24 b T Dy he
FIEFE AR (36 3) 5 @ BE 4L/ BUA L2 o UL BH 8 5+
W o /N X B B 4L U T AH 9643 F Western
blot 25 4278 LIPUS A2 78 41 it J2 1L 51473 4 A I
PEHEHIA T (K 2A \B) , M5 255 B AR A2 (R kA
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Table 3 Safety tests of LIPUS in vivo with complete blood counts and plasma biochemical profile

(x+5)

gE| WA (n=10) rllE4 (n=10) A (n=10)

4 (x10°4>/L) 8.61 = 0.45 8.68 = 0.36 8.49 + 0.44
ZIYAHE (X102 /1) 9.95 +0.24 9.66 = 0.38 9.86 +0.32
/IR (X10°4~/L) 1044 + 171 988 + 147 1008 + 158
LT E A (g/L) 149.8 +5.3 1513 +82 151.6+7.8

LT LA (%) 43.6+1.9 433+ 1.4 434£1.6

AR I R4 (U/L) 27.5£29 27.8£2.7 28.1+25

REG R FE 5 Ho Bl (U/L) 102.4 + 8.1 98.7+11.8 100.5 + 11.4
LIRS (U/L) 226.6 +71.5 2713 +54.8 238.1+47.5
PR (mmol/L) 10.18 = 1.16 10.29 + 1.42 10.36 = 1.10
WL (pmol/L) 15.69 +2.81 16.43 £2.11 16.08 +2.55
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Figure 2 Safety tests of LIPUS in vivo
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Figure 3 LIPUS significantly reduced fat weight and improved hypertrophic adipocytes at the irradiation area
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Figure 4 LIPUS downregulated the expression of transcription factors for adipogenic differentiation in adipocytes
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