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Piezo2 mediates mechanical allodynia in rats with low back pain induced by

simulated helicopter low-frequency vibration
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[Abstract] Objective To explore the role and mechanism of mechanically sensitive ion channel
Piezo2 in mechanical allodynia of rats with low back pain induced by simulating the low-frequency vibration of
a helicopter. Methods Low-frequency vibration (LFV) model with 3-dimensional 6 degrees of freedom was
used to induce low back pain in awake rats in a sitting position. Twenty-four male SD rats (8 weeks old) were

randomly divided into control (Ctrl) group and LFV group. HE staining was used to evaluate the injury of the
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multifidus muscle. Von Frey test was carried out to detect pain sensitivity. Open field test was employed to
assess the spontaneous activity and anxiety. ELISA, Western blotting and immunofluorescence staining were
performed to detect the expression of NGF, TrkA and downstream molecule Piezo2. Dorsal root ganglia (DRG)
neurons was isolated from SD rats and primarily cultured. After identified with immunofluorescence staining,
the neurons were divided into the Cirl group, the LFV group, and the LFV+ D-GsMTx4 (D-G4, an Piezo2
channel antagonist) group. Western blotting was used to detect the protein expression of Piezo2, and a calcium
ion fluorescent probe was utilized to detect the intracellular Ca®. The DRG neurons were pretreated with
50 ng/mL NGF for 1 h. Calcium ion fluorescent probe was used to observe the changes in intracellular Ca** in
the LFV group, the LFV+NGF group, and the LFV+NGF+D-G4 group. Results The rats of the LFV group
showed abnormal morphology in multifidus muscles, accompanied with inflammatory cell infiltration,
decreased paw withdrawal reflex threshold (P<0. 05), and shortened total active time and active time in the
centre, and decreased distance traveled in the centre (P<0.05), while prolonged total stationary time,
stationary time in the periphery, and increased distance traveled in the periphery (P<0.05), and moreover,
enhanced expression of Piezo2, NGF and TrkA in the DRG tissues (P<0.05). Cell experiments showed that
compared with the Ctrl group, the expression of Piezo2 in the neurons was increased (P<0.05), and the
intracellular Ca®* level was significantly elevated in the LFV group (P<0. 05). Compared with the LFV group,
the Ca®* level was higher in the LFV+NGF group (P<0. 05), and the sensitization effect of NGF on Piezo2 was
reversed after D-G4 treatment (P<0. 05). Conclusion Sustained low-frequency vibration induces low back

pain and mechanical allodynia in rats through the NGF-TrkA/Piezo2 pathway.
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A: HE staining of the 1.4-5 multifidus muscle; B: assessment of mechanical paw withdrawal threshold in rats using von Frey

filaments

a: P<0.01, b: P<0.001, c¢: P<0.000 1 vs Ctrl group. C: trajectory map in the open field test, blue dot: starting

point; green dot: endpoint; D: statistical analysis of open field test parameters (center distance traveled) ; E: statistical analysis

of open field test parameters ( periphery distance traveled) ; a: P<0. 01, b: P<0. 001 vs Ctrl group
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Figurel Low-frequency vibration-induced multifidus muscle injury and pain-related behavioral changes in rats (n=9)

BI1F~14: TR



1898 i 4242 5 K224, 2025,47(16) http : //aammt. tmmu. edu. cn

Movement duration Immobility duration Center movement time Periphery movement time
250 250 e 80 400
200 € 200 60 300 c
» 150 » 150 )
£ £ 2 40 2 200
= 100 = 100 £ =
= c
50 50 . 20 100
0 0 0 ol mmmm 0
Ctrl LFV Ctrl LFV Ctrl LFV Ctrl LFV
Group F Group G Group H Group |

F: statistical analysis of open field test parameters (total movement duration) ; G: statistical analysis of open field test
parameters (total immobility duration) ; H: statistical analysis of open field test parameters (center movement time) ; I:

statistical analysis of open field test parameters (periphery movement time) ; ¢: P<0. 000 1 vs Ctrl group
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Figurel Low-frequency vibration-induced multifidus muscle injury and pain-related behavioral changes in rats (n1=9)

L1 L2 L3 L4 L5 L6

100 pm, 100 pm 100 pm WA 100°um . 100 pm 100 pm

100 ym 100 pm 100 ym 100 pm 100 pm 100 pm

100 pm: 100 pm 100 pm 1 8 100 pm
»
®
© 60
=
Q
o
D 40
o
ks
$20
€
=}
z
0 T T L) T L] T
L1 L2 L3 L4 L5 L6 B

A: Representative image showing Piezo2 immunostaining in Dil-retrogradely labeled DRG neurons innervating the L4-5 multifidus

muscle; B: quantitative analysis of Piezo2/Dil co-localization in L1-L6 DRG neurons
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Figure 2 Piezo2 expression in DRG neurons innervating the L4-5 multifidus muscle (n=3)
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A: NGF level in multifidus muscle and DRG detected by ELISA; B: expression levels of TrkA, Piezo2, and NGF in DRG detected

by Western blotting; C~E: statistical analysis of relative protein expression of TrkA, Piezo2, and NGF; F: immunofluorescence

staining of Piezo2 in DRG; G: quantitative analysis of mean fluorescence intensity of Piezo2. a: P<0.05, b: P<0.01, c¢: P<0.001

vs Ctrl group
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Figure 3 Low-frequency vibration-induced expression changes in related molecules in multifidus muscle and DRG
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A': morphology of living DRG neurons, arrow heads indicating neuron and arrows indicating glia; B: identification of DRG neurons by
B3-Tubulin immunostaining; C: Piezo2 localization to neurons validated by immunofluorescence staining in vitro; D: Piezo2 protein
expression in DRG neurons detected by Western blotting; E: relative protein expression level of Piezo2; F: intracellular Ca** level
assessed using Fluo-4 AM; G: quantification of total fluorescence intensity; a: P<0.01, c¢: P<0.000 1 vs Ctrl group; b: P<0.001 vs

LFV group
4 IREFFEESMNES DRG #ETTH Piezo2 B RIE S IRET L

Figure 4 Vibration-induced alterations in Piezo2 expression level and functional properties of in vitro cultured DRG neurons
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Figure 5 Changes in Piezo2 channel activity after NGF pretreatment
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