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[ABSTRACT] Objective To observe the effect of electroacupuncture (EA) on the liver kinase B1 (LKB1)/AMP-
activated protein kinase (AMPK)/peroxisome proliferator-activated receptor gamma coactivator-1a (PGC-1a) signaling
pathway in the skeletal muscle tissue of mice with exercise-induced fatigue (EIF), and to explore the mechanism of EA
in treating EIF from the perspective of lactic acid metabolism. Methods Forty male C57BL/6J mice were randomly
divided into blank, mode, EA and non-acupoint groups, with 10 mice in each group. The exhaustive swimming was
used to establish the EIF model for 6 consecutive weeks. Treatment began on the first day of modeling. The EA group
received EA at bilateral “Zusanli” (ST36) and “Xuehai” (SP10) , while the non-acupoint group received shallow
needling at points 5 mm lateral to the bilateral ST36 and SP10, with the same EA parameters and treatment regimen as
the EA group, both groups were treated once daily, 6 times per week for 6 consecutive weeks. Changes in body weight
and exhaustive swimming time of the mice before and after modeling were recorded. HE staining was used to observe
the pathological morphology of the skeletal muscle. Transmission electron microscopy was employed to examine the
mitochondrial structure and muscle fiber changes in the skeletal muscle. The contents of blood urea nitrogen (BUN) ,
superoxide dismutase (SOD), catalase (CAT), lactate dehydrogenase (LDH), and lactic acid (LD) in serum, as well
as the contents of adenosine triphosphate (ATP), LD, and pyruvic acid (PA) in skeletal muscle tissue, were detected
using a microplate method. The protein expression levels of LKB1, AMPK, phosphorylated-AMPK (p-AMPK) , PGC-
1, monocarboxylate transporter 1 (MCT1), and lactate dehydrogenase B (LDHB) in the skeletal muscle tissue were
detected by Western blot. The mRNA expression levels of LKB1, AMPK, PGC-1a, MCT1, and LDHB in the skeletal
muscle tissue were detected by real-time quantitative PCR. The positive expressions of MCT1 and LDHB proteins in the
skeletal muscle tissue were detected by immunofluorescence staining. Results Compared with the blank group, the
body weight of mice in the model group decreased (P<0.01) ; the arrangement of skeletal muscle fibers was
disordered, and the interstitial tissue was swollen, and the mitochondria showed swelling, vacuolation, and loose and
disordered inner mitochondrial membrane cristae; the levels of BUN, LDH and LD in serum were increased, while the
levels of SOD and CAT were decreased (P<0.01); the levels of ATP and PA in skeletal muscle tissue were decreased,
while the level of LD was increased (P<0.01); the protein expression levels of LKB1, p-AMPK/AMPK, PGC-1a, MCT1
and LDHB were decreased (P< 0.01), and the mRNA expression levels of LKB1, AMPK, PGC-1a, MCT1 and LDHB
were decreased (P<0.05, P<0.01) ; the positive expressions of MCT1 and LDHB proteins in skeletal muscle tissue
were decreased (P<0.05, P<0.01). Compared with the model group, the body weight of mice in the EA group was
increased (P<0.01), the exhaustive swimming time was significantly increased (P<0.01) ; the arrangement of skeletal
muscle fibers was regular, and the vacuolation and swelling of mitochondria were significantly improved; the levels of
BUN, LDH and LD in serum were decreased, while the levels of SOD and CAT were increased (P<0.01); the levels of
ATP and PA in skeletal muscle tissue were increased (P<0.05, P<0.01), while the level of LD was decreased (P<
0.01) ; the protein expression levels of LKB1, p-AMPK/AMPK, PGC-1a, MCT1 and LDHB were significantly increased
(P<0.01, P<0.05), and the mRNA expression levels of LKB1, AMPK, PGC-1a, MCT1 and LDHB were increased ( P<
0.01, P<0.05); the positive expression areas of MCT1 and LDHB proteins in skeletal muscle tissue were increased (P<
0.01). Compared with the model group, the level of serum LDH in the non-acupoint group was decreased (P<0.05).
Compared with the EA group, the results of all the above indicators in the non-acupoint group were reversed ( P<0.05,
P<0.01). Conclusion EA intervention in EIF mice alleviates fatigue symptoms, improves the pathological morphology
and mitochondrial structure of skeletal muscle tissue, and promotes lactic acid metabolism. The mechanism may be
related to the activation of the LKB1/AMPK/PGC-1a signaling pathway.

[KEYWORDS] Exercise-induced fatigue; Electroacupuncture; Lactic acid metabolism; LKB1/AMPK/PGC-1a
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538 [ R T R ULEL IR A R AR R LA, DL
ETF (1t IRIG T7 $2 (8 i B 2 A 4 -

1 #REFE
1.1 S5 sh5nd
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AN (CAT) FLR B 28 (LDH) \FLR (LD) |
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G D) AL B EEED (70 nm) |, 28 306 T
2 A - ) A R 0 AU EE % (00 )5, R B G LB B OR SR EIR
NS B i UL ZRAT AT 25 548 B 0k 1 A8 AR 1% O .
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B 98 Ui UK B ] 25 S R g it . LA 2
&, 5 RN B EE AR 28R /AL /N R T 9 i Dk
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Fig.3 Comparison of morphology and ultrastructure in skeletal muscle of mice in the 4 groups
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