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Effects of the four tendon-relaxing manipulations on skeletal muscle

energy metabolism in rats with myofascial pain syndrome
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(Abstract] Objective To investigate the effects of the four tendon -relaxing manipulations on skeletal muscle energy
metabolism in rats with myofascial pain syndrome (MPS). Methods A total of 42 SD rats were randomly divided into blank group
(n=6) and modeling group (m=36). The MPS model was established via blunt impact combined with eccentric exercise. Thirty
successfully modeled rats were randomly subdivided into model group, kneading manipulation group, plucking manipulation group,

rolling manipulation group, and stretching manipulation group, with 6 rats in each group. Each treatment group received
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corresponding intervention with the four tendon-relaxing manipulations (kneading, plucking, rolling, and stretching). An infrared
thermal imager was used to measure changes in the surface temperature of the gastrocnemius muscle on the affected side.
Biochemical assays were performed to determine the levels of Na'*~K*~ATPase and Ca*~Mg**~ATPase in the gastrocnemius tissues.
Transmission electron microscopy was used to observe the morphology and structure of mitochondria in the gastrocnemius tissues.
Western blot was used to measure the levels of phosphorylated adenosine monophosphate activated protein kinase (p—AMPK) and
peroxisome proliferator activated receptor y coactivator—la (PGC-la) in the gastrocnemius tissues. Results After intervention, the
surface temperature of the gastrocnemius muscle in the model group was lower than that in the blank group (P<0.05), and the Na'-
K—ATPase level was also lower than that in the blank group (P<0.05). No statistically significant difference was found in Ca*-Mg*—
ATPase level between the model group and the blank group (P>0.05). Compared with before intervention, the surface temperature of
the gastrocnemius muscle in the kneading, plucking, and rolling manipulation groups increased significantly after intervention (P<
0.05), and Na—K*—ATPase levels in these groups were higher than those in the model group (P<0.05). The Ca*-Mg*~ATPase levels in
the kneading, plucking, rolling, and stretching manipulation groups were higher than those in the model group, but the differences
were not statistically significant (P>0.05). Transmission electron microscopy results showed that in the model group, mitochondria
were markedly swollen, cristae structures disappeared, membrane boundaries were blurred, and the matrix was sparse; in the
kneading, plucking, and rolling manipulation groups, mitochondrial morphology was relatively regular, with clear and densely
arranged cristae and intact membrane structures; in the stretching manipulation group, mitochondrial morphology was irregular,
cristae were sparse and poorly arranged, and the matrix was relatively sparse. After intervention, the relative protein expression
levels of p~AMPK and PGC-la in the model group were lower than those in the blank group (P<0.05). The relative expression of p—
AMPK protein in the kneading, plucking, rolling, and stretching manipulation groups was higher than that in the model group (P<
0.05), and the relative expression of PGC-1a protein in the kneading, plucking, and rolling manipulation groups was higher than that
in the model group (P<005). Conclusion Among four tendon—relaxing manipulations, kneading, plucking, and rolling manipulations have
comprehensive improving effects on skeletal muscle energy metabolism in MPS. These can raise local surface temperature, restore
mitochondrial morphology and structure, up-regulate Na*—K*—ATPase levels, and promote the protein expression of p~AMPK and
PGC-1a.
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monophosphate—activated protein kinase
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Table 1 Comparison of the surface temperature of the gastro—

cnemius muscle among different groups of rats (x+s, n=6)

415 F IR T HiJE t1E P
=K 33.58+0.20 33.47+0.15 1.659 0.158
BIVEE| 32.55+0.27* 32.75+0.19% -1.826 0.127
Fka 32.67+0.26% 33.08+0.16* -3.662 0.015
Wk al 32.630.31% 33.00+0.18% -3.479 0.018
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FERLEA 32.70+0.36% 32.80+0.15% -0.620 0.562
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P 0.000 0.000

TE 5 A, *P<0.05,
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Table 2 Comparison of the results of energy metabolism

enzymes among different groups of rats (xxs, n=0)

451 Na*-K*~ATP/(U/mg) Ca*-Mg*~ATP/(U/mg)
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A RLTE A 0.89+0.09* 6.23+0.17

F1{8 10.248 1.355
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Fig.1 Electron micrographs of gastrocnemius muscle mitochondria in each group of rats (n=3, x20 000)
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Fig.2 Comparison of relative protein expression levels of p~AMPK and PGC-14 in the
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gastrocnemius muscle tissues among different groups of rats (vs, n=3)
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I
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RE4R 5 p-AMPK & (19636 ok ik R
A 1 PGC—1a b, 3% Oy Tk i s 2R B IR 25 4 5
IREHR B T AE M B 5 T HLE o DL B2 R R &7
A3 T3 AT A UL A0 R R BT AR  A  TT
AMPK/PGC 1o 3 %, 235 2RI 1A T RE A2 3E & % UL
AeE AR & ST B R S S . A h ik A
WO AMPK, B R i 2% L PGC-1a ik, X AJ
A 5 T TR B A AL LT 2 o 7 A P A R 6

RO BTG bR A ST R IR ik TR ILTE
e MPS B8R LAE F I T 2 B 4 4 T Y
OB THE ROk IR T, s L R A S A 1R
& Na*—K*—ATP fif & & , [ B #00% AMPK/PGC-1a
T, ARk T R O R AR
3 {H BRI R R A R AT B, X P 22 SRR
ANFEHFEARRMIEN LEEES TS
TR BREE )RR SRR O BRI R TR
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Kl 7 p—AMPK 4 3835, K [R50 8 B AMPK 3%
KK R TG X 4 p—AMPK 254k J2: U5 T 28 11 8
ML AL 2 B R A2, PGC-1a T P32 i
PEJE M (AN RR AL | WAk ) BT 40 il 2 437 45 2 i
M2, AR 58 AR PGC— 1o B0 2K 1 R 3k, X
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