A Acta Physiologica Sinica, June 25, 2025, 77(3): 449-464 449
DOI: 10.13294/j.aps.2025.0051 CSTR: 32202.14.j.aps.2025.0051  https://actaps.sinh.ac.cn

LM A BRI KR HEAAE R

RCIEPN SN eES T‘eéE' 330031; RN E SRR, RN 325035 M T AE P FERL S A R, R
JH 325035; IR E EBRIE BN SR BE,  RHR 610041

B OE:. AW B RGO G I8 36 KRR % E B R 5 B AL . 3 H % Sprague Dawley (SD) K iR 32
W PARERENL AV 2 )8 i BALQ2C) 2 FIEUESIA(E) 4 A % xt I AL(4C) 1 4 )8 R IE SN 4L(4E) . 23]
KRBT RN HE-16°, H# 16 m/min, YIZRES A 90 min, REEYIZRS do RIKIZE24 h 5 ik 4 4R RIBIEAT —K
JIBGIEg), RE48 hEASEHTA KR, BHERVLARN . F HE Getill S AT e A S BAR, FE ST B e I L4 4k
RIS, FH R 3 3 SR T AR 10 B PRk U 2 1 0T A e, FH 988 9% Y UURR v A s Tl 4 DG B I 2 1 2 (lysosomal-
associated membrane protein 2, Lamp2)-+ 2 FE-tRNA & il F (leucyl-tRNA synthetase, LARS). Lamp2-Iifi .24 75 115 % L5
(mammalian target of rapamycin, mTOR) I & A 15 6L,  FH Fa 98 BVE ikl & JLER B 1 B 4% (myosin heavy chain, MHC) 1Ib FIILARS
5 F R 15 N mTOR. p70 ¥ ¥ 7 &5 A S6 ¥ i (p70 ribosomal protein S6 kinase, p7OS6K)$[1 HEMERIGR T4EEEEA L
(eukaryotic translation initiation factor 4E binding protein 1, 4E-BP)B§fRIL /K. &5 R E/R, H2CHKEAMAL, 2B4 KR
MR E. MR EARE A, BEE. B3hE . 123067 5128305 MALRKT WUR L4895 % i . Lamp2-LARS Al
Lamp2-mTOR 458 (7 /K T RILARS HE HRIA B E R m; BT BB sk, H54CHKRAAL, 44 KRISR I H LA 4
Bl HAE. ARG HAE. mTOR. p70S6K ¢ 4E-BP1 BRI /KT R 5 wys 52 BALAH L, 3@ ah 4K BUHE LR B
M, HPAEATE AR, DL ERERY, BORGIE8) 0 seiEd L LARS FRIA L mTOR #2422 1 B 44 M 7
b, F2 mTOR-p70S6K-4E-BP1 {55 % F il % L& A A sadiR, (2t AR YU, W RS Mg s R . R E
VLIRSS I 2, (R IAIE 20 HH PR P AR R RN 250 ] BRI = A R R VLA 11 5 G B 3 B P AR RO B 3

KB NYOE: HEIL EARGHG SSEBE-RNA G A E SRR S

Eccentric treadmill exercise promotes adaptive hypertrophy of gastrocnemius in
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Abstract: The present study aimed to investigate the effects of eccentric treadmill exercise on adaptive hypertrophy of skeletal
muscle in rats. Thirty-two 3-month-old Sprague Dawley (SD) rats were selected and randomly assigned to one of the four groups
based on their body weights: 2-week quiet control group (2C), 2-week downhill running exercise group (2E), 4-week quiet control

group (4C), and 4-week downhill running exercise group (4E). The downhill running protocol for rats in the exercise groups involved
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slope of —16°, running speed of 16 m/min, training duration of 90 min, and 5 training sessions per week. Twenty-four hours after the
final session of training, all the four groups of rats underwent an exhaustion treadmill exercise. After resting for 48 h, all the rats
were euthanized and their gastrocnemius muscles were harvested for analysis. HE staining was used to measure the cross-sectional
area (CSA) and diameter of muscle fibers. Transmission electron microscope was used to observe the ultrastructural changes in
muscle fibers. Purithromycin surface labeling translation method was used to measure protein synthesis rate. Immunofluorescence
double labeling was used to detect the colocalization levels of lysosomal-associated membrane protein 2 (Lamp2)-leucyl-tRNA syn-
thetase (LARS) and Lamp2-mammalian target of rapamycin (mTOR). Western blot was used to measure the protein expression levels
of myosin heavy chain (MHC) IIb and LARS, as well as the phosphorylation levels of mTOR, p70 ribosomal protein S6 kinase
(p70S6K), and eukaryotic translation initiation factor 4E binding protein 1 (4E-BP1). The results showed that, compared with the 2C
group rats, the 2E group rats showed significant increases in wet weight of gastrocnemius muscle, wet weight/body weight ratio, run-
ning distance, running time, pre- and post-exercise blood lactate levels, myofibrillar protein content, colocalization levels of Lamp2-
LARS and Lamp2-mTOR, and LARS protein expression. Besides these above changes, compared with the 4C group, the 4E group
further exhibited significantly increased fiber CSA, fiber diameter, protein synthesis rate, and phosphorylation levels of mTOR,
p70S6K, and 4E-BP1. Compared with the quiet control groups, the exercise groups exhibited ultrastructural damage of rat gastrocne-
mius muscle, which was more pronounced in the 4E group. These findings suggest that eccentric treadmill exercise may promote
mTOR translocation to lysosomal membrane, activating mTOR signaling via up-regulating LARS expression. This, in turn, increases
protein synthesis rate through the mTOR-p70S6K-4E-BP1 signaling pathway, promoting protein deposition and inducing adaptive
skeletal muscle hypertrophy. Although the ultrastructural changes of skeletal muscle are more pronounced, the relatively long training
cycles during short-term exercise periods have a more significant effect on promoting gastrocnemius muscle protein synthesis and

adaptive hypertrophy.
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Fig. 1. Exhaustive exercise distance, exercise duration, and
blood lactate changes after eccentric treadmill exercise in differ-
ent groups. A: Exhaustive exercise distance. B: Exhaustive exer-
cise duration. C: Blood lactate level before exhaustive exercise.
D: Blood lactate level after exhaustive exercise. Mean =+ SD, n =
8. P < 0.05, "P < 0.01 vs 2C group; “P < 0.01 vs 4C group;
&&p < (.01 vs 2E group. 2C: 2-week quiet control group; 2E: 2-
week downhill running exercise group; 4C: 4-week quiet control
group; 4E: 4-week downhill running exercise group.
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Fig. 2. Gastrocnemius wet weight (4) and wet weight to body
weight ratio (B) after eccentric treadmill exercise in different
groups. Mean + SD, 1 = 8. P < 0.05 vs 2C group; P < 0.01 vs
4C group; ““P < 0.01 vs 2E group. Group names shown in Fig. 1.

BI(P < 0.05); 4E 455 4C 2H 75 W0 %2 1)k [F] 25 7] A

453

3000 “
e
<
£ 2000
2
<
1]
o
[}
S 1000
w
e
2C 2B 4C 4E 2C 2E 4C  4E

K 3. B0 GiadhfE S AREmIUE S5 3

Fig. 3. Morphological changes of gastrocnemius after eccentric
treadmill exercise in different groups detected by HE staining.
A: Representative microscopic images. Scale bar, 100 um. B:
Cross-sectional area (CSA) of gastrocnemius muscle fibers; C:
Fiber diameter of gastrocnemius muscle. Mean + SD, n = 8.
#p < 0.01 vs 4C group; “P < 0.05 vs 2E group. Group names
shown in Fig. 1.
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Fig. 4. Changes of the ultrastructure of gastrocnemius after eccentric treadmill exercise in different groups detected by transmission

electron microscope. Scale bar, 1 um. Group names shown in Fig. 1.
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Fig. 6. Changes of fractional synthesis rates of proteins (FSR) in gastrocne-

FSR (fold of 2C)

mius after eccentric treadmill exercise detected by Western blot. A: Repre-
sentative blot images. B: Statistical result of FSR. Mean + SD. n = 3. *P <
0.05 vs 4C group; “P < 0.05 vs 2E group. Group names shown in Fig. 1.
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Fig. 7. Colocalization of lysosomal-associated membrane protein 2 (Lamp2)-leucyl-tRNA synthetase (LARS) and Lamp2-mamma-

lian target of rapamycin (mTOR) in the gastrocnemius after eccentric treadmill exercise detected by immunofluorescence staining.

A: Representative immunofluorescent images. B: Lamp2-LARS colocalization. C: Lamp2-mTOR colocalization. Mean = SD. n = 4.

"P<0.01 vs 2C group; “P < 0.01 vs 4C group; ““P < 0.01 vs 2E group. Scale bar, 5 um. Group names shown in Fig. 1.
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Fig. 9. Potential mechanism of eccentric treadmill exercise promoting adaptive hypertrophy of skeletal muscles. Eccentric treadmill
exercise up-regulates protein expression of leucyl-tRNA synthetase (LARS), thus promoting skeletal muscle adaptive hypertrophy
through the mTOR-p70S6K-4E-BP1 signaling pathway. mTOR, mammalian target of rapamycin; p70S6K, p70 ribosomal protein S6
kinase; 4E-BP1, eukaryotic translation initiation factor 4E binding protein 1.
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