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Reduction effect of sulforaphane on skeletal muscle injury and fatigue induced by exhaustive
exercise through inhibiting mitochondrial autophagy mediated by PINK1/Parkin signal pathway
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Abstract: Objective To evaluate the effect of sulforaphane (SFN) on skeletal muscle damage and fatigue in mice
induced by exhaustive exercise (EE). Methods Sixty male Kunming mice were randomly divided into control group
(Control) , exhaustive exercise group (EE), SFN low-dose group (SFN-L, 20 mg/kg/d) , SEFN medium-dose group (SFN-M,
40 mg/kg/d) and SFN high-dose group (SFN-H, 60 mg/kg/d) , each group was 12 animals. After total of 4 weeks of
administration, the exhaustive exercise was done. The levels of creatine kinase (CK) , lactate (LA) , lactate dehydrogenase
(LDH) , malondialdehyde (MDA ) , superoxide dismutase (SOD) and catalase (CAT) in each group were determined.
Histopathological changes were observed by hematoxylin-eosin staining. The ultrastructure of mitochondria was observed
by transmission electron microscope. Energy levels were assessed by measuring citrate synthase (CS) , succinate
dehydrogenase (SDH), and liver and quadriceps glycogen content. RT-qPCR and Western blot were used to detect mRNA
and protein expression levels related to mitochondrial autophagy in skeletal muscle. Results Compared with the EE
group, the levels of CK, LA, LDH and MDA in the SFN-L, SFN-M and SFN-H groups reduced significantly, while the
SOD and CAT activities increased significantly (P<0.05). SFN significantly reduced skeletal muscle damage in EE mice
and mitochondrial morphology was improved. Compared with the EE group, the liver glycogen and muscle glycogen content,

CS expression and SDH activity in the SFN-L, SFN-M and SFN-H groups increased significantly (P<0.05). Compared
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with the EE group, the protein expression levels of PINK1, Parkin, Le3-1I, p62 and ubiquitin in the quadriceps femoris
tissue of the SFN-L, SFN-M and SFN-H groups reduced significantly (P<0. 05). Compared with the EE group, the mRNA

expression levels of PINK1 and Parkin in the quadriceps femoris tissues of mice in the SFN-L, SFN-M and SFN-H groups

reduced significantly (P<0. 05). Conclusion SFN exerts anti-fatigue effects through inhibiting mitochondrial autophagy

mediated by PINK1/Parkin signaling pathway.
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Parkin signaling pathway
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Table 1  The change of body weight before and after the mice experiment of each group
i i) Control EE SFN-L SFN-M SFN-H
n 12 12 12 12 12
LR M T 27.42+2.11 27.37+2.05 27.11£1.93 27.80+1.74 26.86+2.21
S5 4 J8 AR Bk 41.36+2.76 41.74+2.54 41.65+2.50 42.05+1.95 41.53+2.64

Fe2 /BRI I 0 R I Sk LA 2 rh 9 55 A O AE AR i M K F

Table 2 Fatigue-related biomarkers levels in mouse serum and quadriceps muscle tissue
S8 Control EE SFN-L SFN-M SFN-H
n 12 12 12 12 12
CK, U/mL 0.90+0.07 2.53+0.18" 2.09+0.15™ 1.81+0.137 1.49+0.11°"
LA/(mmol/g prot) 0.60+0.04 1.51+0.11° 1.17+0.08™ 0.88+0.06™" 0.81+0.06™"
LDH/(U/g prot) 1.47+0.11 2.32+0.17" 2.06+0.15™ 1.87+0.14"* 1.81+0.13
MDA /(nmol/mg prot) 3.45+0.25 7.06+0.51" 5.74+0.427* 5.24+0.38" 4.60+0.33™
SOD/(U/mg prot) 185.76+13.48 102.80+7.46 129.67+9.41"* 142.37+10.33™ 164.26+11.92™
CAT/(U/mg prot) 21.65+1.57 4.89+0.35" 7.82+0.577" 9.02+0.65™ 16.90+1.23"

"5 Control H A H , P<0.05;75 EE 414 1t , P<0.05
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HE staining of mouse quadriceps tissue

Figure 1
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Figure 2 Transmission electron microscope observation of mouse mitochondria
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SFN 75 4b 3 0] 3 2 B AIC M7 AST .ALT #1 LDH /K-
Sk Ul 4% E B 45157, SEN AT DL SE 25 1 i SOD1
CAT 1 mRNA 3k, DT DR 47 20 A 5 52 S804k 0 11
oMk sk IR B SEN AT 57 15 2 /0
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Figure 4 Expression of PINK1/Parkin signaling pathway components in mouse quadriceps muscle tissue
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