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Research of quercetin promote muscle regeneration in acute skeletal muscle injury

FE: B TR R vk B m UL TR LR T AR M E AL . ik

¥ TEANMIBENLSY has AL CRALEE3R) AL S (H,0,) 41(100 wmol - L™
H, O, kb BEAH L 24 h) iz 241 (10 pwmolL + L™" fy ffi e 28 4L FHLAH Jf 24 h) A
H,0, + it Z 41 (100 pwmol + L™ H,0, + 10 pmol. - L™" fiyffit iz 3 4b ¥ 41 g
24 h) . ARG & - 8 (CCK - 8) A il 4n M hg 58 %% , T2 1 Jo B e 32 46
WAHSC R I FRA G O, FH IR SAGH I s 1 7 1 480 (ROS ) 7K - B s (A R I A
KA. SR A M RH H,0, 45 H,0, + il K 1401 24 h 15457
Ay R (100.00 + 4.27)% , (148.79+13.17)% . (81.70 + 3.19)% Fi
(120. 83 £8.81) % , 18 4 f. ¥y B AL [ 1 (SODI) F& 11 48 X 3= 35 7K F 433 Oy
0.64 £0.09.0.76 £0.09 0. 24 +0. 03 1 0.43 = 0. 06, JLBkE (4 =4 (MyHC) &
AT 235 7K 43324 0. 61 £0. 05 ,0. 67 £0. 06 ,0. 32 £0. 03 F10.47 0. 06, £k
BifR ROS %60 B 43 74 (52.56 +1.97) (48.46 +4.05) .(119.53 +13.06) il
(102.91 +8.93) a. w. , 2L & L S M (CAT) 7K 4> 5 4 (28.66 + 2.18) .

(35.62£3.89) . (18.13 £1.78) F1(23.97 £2.72) wmol - mg protein ~" , £ i R IT:
WekE ( MRC) complex T 7K 4% 5 & (19.77 = 1.01), (23.28 = 2.48)

(9.87 £1.01) F1(14. 19 £0.75) pmol - o MRz ZAHF H,0, 401 |
RFEFR S5 AL H, 0, + Witz B4l iR HR bR S H, 0, 41 Lk, e geit 2% b2z
FEEGITFEL(P <0.05,P <0.01,P<0.001), £it it = vl i bR
AR ROS 7K, Bl E AR, e ik T2 A IO 4, 348 0 A A kv i LR 4
FRE LA A

SRR R 2 AR BB LA LD TR A 5 TR A LA A4 s oA
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Abstract: Objective  To investigate the mechanism of quercetin in
promoting muscle regeneration in acute skeletal muscle injury. Methods

Satellite cells were randomly divided into blank group ( conventional
L™ H,0,
L' quercetin treated

L' H,0, +

culture) , hydrogen peroxide (H,0,) group (100 wmol -

treated cells for 24 h) , quercetin group (10 pmol -
cells for 24 h),

10 pmol -

H, O, + quercetin group (100 pmol -
L™" quercetin treated cells for 24 h). Cell proliferation was
detected by cell counting kit =8 (CCK —8) method; protein expression
was detected by Western blot assay; mitochondrial reactive oxygen
species (ROS) levels and related indicators of mitochondrial respiration
Results

were detected by kit. The 24 h proliferation rates of cells in

blank group, quercetin group, H, 0, group and H, 0, + quercetin group
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were (100.00 +4.27)% , (148.79 £13.17)% , (81.70 £3.19)% and (120.83 +8.81)% , respectively; the
relative expression levels of superoxide dismutase 1 (SOD1) protein were 0. 64 £0. 09, 0. 76 £0. 09, 0.24 0. 03 and
0.43 +0. 06, respectively; the relative expression levels of myosin heavy chain ( MyHC) protein were 0. 61 £0. 05,
0.67 +£0.06, 0.32 £0.03 and 0.47 +0.06, respectively; the fluorescence intensities of mitochondrial ROS were
(52.56 £1.97), (48.46 +4.05), (119.53 £13.06) and (102.91 £8.93) a.u., respectively; the catalase
(CAT) levels were (28.66 +2.18), (35.62 £3.89), (18.13 +1.78) and (23.97 +2.72) pumol - mg protein ',
respectively ; mitochondrial respiratory chain ( MRC) complex [ levels were (19.77 £1.01), (23.28 £2.48),
(9.87 +1.01) and (14.19 £0.75) pmol - mg protein "', respectively. The above indexes in quercetin
group and H,0, group were compared with blank group, the above indexes in H, O, + quercetin group were

compared with H,0, group, the difference was statistically significant (P <0.05,P <0.01,P <0.001).

Conclusion

Quercetin can promote mitochondrial respiration by clearing mitochondrial ROS levels, improve

oxidative damage, and then promote satellite cell proliferation, which can promote muscle regeneration in acute

skeletal muscle injury.

Key words: quercetin; acute skeletal muscle injury; muscle regeneration; satellite cells; oxidative damage;

mitochondria
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0 e i AR 1 o, 3B 95 K 40 e PR /1 98 i 40 i L
Fek AT ERAL , 175 A SR AR T BB Fe i, % By 37
%A (reactive oxygen species, ROS) ##k 2" 2 | Mz &
e —MIAAE T 2R g R LAY, BA B
OB Je PRI, FE AT LA s 3 45 2ok 1Ak o
BERSAE Z RGO R EIRIT R A . B B e
PR SZES:  ERTEM R Sk B i LA 3 L PR 2R
A B AR AL

R EFE
1 ##
R R EURACE BRI 2 AN, W B 3¢ [ 5 Fh
PRI L o
M E5RF MR, AiE.98% , MK B

20 mg, {1t5-:240415, W B AR AR W R R A
PR F]; 2 RABUA R (poly — L - lysine, PLL) , Z{i & .
>98% , Bk : B 25 mg, #t'5-:20240322, Iy H #iX
FHH A YR R 7] 5 3 AL A (hydrogen perox-
ide, H,0, ), 2l f£: 100% , #L4%: & 2 mL, #it 5.
20240310, 19 A ) ZR S PR P BHCA BRA 75 B R
375 (Dulbecco’ s modified eagle medium, DMEM ) 1%
A W B A TR AT BR AN W) 5 2 M 40
54 —8(cell counting kit —8,CCK -8) ,lIg 4L H
A PR AT PR ] 5 Caleein — AM/PL i 4 fitl/ 56 20
JRIAL 15 6 Trizol 3051 | 30 A S a0 & LS e 9

ULYHE S #r ( radioimmunoprecipitation assay, RIPA) Zfi#
W, 0 A UK TR PR R 5 Lk A B
(' myosin heavy chain, MyHC ) | Ji% JIl 20 i ¢ & 3
(myoblasts determine genes, Myod ) —¥i, ¥ H 3£
Developmental Studies Hybridoma Bank /3 &] ; #8 84t %)
7L 1 (superoxide dismutase 1,S0D1) I ER{E & 74
F7[AF 1 (silent information regulation 1,SIRT1) | # iR
H i 8 AR & B (reduced glyceraldehyde — phosphate
dehydrogenase, GAPDH ) — ¥t J¢ — #1, Yy B 3
Abcam /A 7] ; 34 5 fL 2% % )6 (enhanced chemilumines-
cence, ECL) 14 B 1 BIFERHEA BRA W] SOk 14
SAALPI RN R & (MitoSOX Red) , 1y B B HE & K
AW w5 i S AL SR (catalase, CAT) | I H = W R
( adenosine triphosphate, ATP ) . 2% ki & FE W %
( mitochondrial respiratory chain, MRC ) complex [ |
MRC complex Il K7 &, Y0 B me 5t 2 Al TR
T, 51, B R KA A BT AIG .

{28 Tecan Spark J#Fr{Y, Fii 1 Tecan 4\ #] ;=
il s LightCycler® 480 52 i 5¢ Y 2 ik 3 A i 4 S 17
(real —time fluorescence quantitative polymerase chain
reaction, RT — qPCR) 1%, -1+ Roche /A ] 7= i ; CKX53
YOG, H A BRI 24 W) 7
2 REHE
2.1 DEAmEERS

JEARCE i TR 40 M K 3R 72 DMEM 85 57 BL v
GA 15% i B i WL 100 U - mLTt AE K
100 U+ mL™ "4 %,0. 1 mg - mL ™' PLL, 3% 3R
FER3T C,CO0, 0 5% 1 N 95% , N5 3 ~4
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A T )5 225550
2.2 fAmsBASRER X

B DR MMERENL A2 4L H, 0,41 Mt iz Z 41
H,0, + Ml R4, 25 FLH 40 3 035 5%, At 1
H,0, ZH 40 ] 100 wmol - L™" H,0, kb #4124 b, i
Fe R AN 10 pumoL + L™ HMH Iz ZEALFRLN g 24 h,
H,0, + #i} iz Z 40 40 1 i 100 wmol - L™" H, 0, &
10 pmol. - L™ At Rz KA FRAR I 24 o
2.3 CCK -8 iiaillZm e misn

WS T AN, RS AL, il 2 4 i B R 4
96 FLAR T, FAVREEH 05,10 .20 40 80,160 pmol. - L~
PRI ZEAb B AN i 24 b, I 55 BC—HE 20, 8 20 AR
P2, 2" iR A 4L AL FRUS SRR R SR L, E T 24 h
BELMA CCK -8 7] 10 wL Bigefrh a2 h, 2R )5
FHBEARASI 72 5' % B (optical density, OD) {&, I #R 4%
OD {E T340 L3 7E %
2.4 Calcein — AM/PI XU % 4 i i 2 A1/ 3E 48 A
bt

2. 27 4y dLAC RS  RAR RS AL, B0 S
WCSE AN, VE VR AN S R AR S 1 R 0 S 56 5% v i
REHE, R A 2 pmol - L' Calcein - AM
F14.5 pumol - L' PLIRF4 100 plL, 37555 75 46 vh
0.5 h, $RJ5 7 B 28 6 B A M 4%, 5 H. Image J
ARG P 5 a0 B
2.5 RT - qPCR XI5 # Il #§ 55 mRNA §J R i%
.I%E;Rm

FH Trizol 1257 AH AL 2 HUEL RNA, FH 300 4% Sk
RGO G RNA 1 g 0058 5565 cDNA SR J5 Bl il By 14
Z, FH RT — qPCR # il MyHC . Myod . SOD1 , SIRTI
mRNA AR 2235 7K -, Lh GAPDH Jg N5, i 2740
AT F R T B o
2.6 EARMTERUBXEAHFREER"

W45 AN, T RIPA 2% i 24 4L, SR 72
4 °CTFH,lh1.2x 10* v+ min "B 15 min, 2815 FIER
(BEA) &' e RN E AR I T+ kit
T PR M 2R P19 s O P 60 5 P DK , 7 28 SR A — L & O
LR 5% IR AR Wb =R B 1 b R E S
MyHC Myod .SOD1 SIRTI —$ii &% (4 C,F R
Fb#5°h 1:1 000) , ¥k H —HT(1:5000) & 1 h, 5k
J& ECL &6 B A MR EAE .
2.7 XFERMLRIE ROS KF™

IR 25 2 4 L, AR 4 3K 7 &5 1 B A5 K MitoSoX
Red GO (A8 ALY F5 7R R UEF T 76 B, I AR TAE
Wt B AN, 76 37 C FEE 15 min, A Hoechst

AT YL S min, TEDOG R MEE T LS,
2.8 KFEE#N CAT,ATP,MRC complex 1 F1
MRC complex II;E 4"’

WCAR A AR 2. 27 rhar g AR RS B IR AR
TR, SR JG T™A% AR A 7] B 2D SR AT R I, AR
b v 2 A DG TS 1
3 GritFacE

FH SPSS 23. 0 # AT Ge it o b i TR
X+ 53RN, A U R B IR R T 22 56T 40 A, AL BT
P RS REAS ¢ R Bk b AT 0B o

# X

1 WEEDEMMmIEENm

FH0.5.10.20 .40 .80 160 wmol. - L~ Fyifit iz Z kb
PRI 24 h, 41 A7 15 2% 43 53 24 (100. 00 £0.00) %
(100.90 +2.89)% (111.66 +7.49)% .(126.70 £11.23)% .
(103.77 £10.98) % . (88.36 +4.32)% F1(75.37 +5.82)% ,
50 wmol - L7" A9 M Fz R 4b H 4 L 42, 10,
20 pmol. « L™ fryM Hz 2 40 3840 40 MO A7 5 R Y i 2 T
(¥ P<0.01),80.160 wmol. - L™ it iz = 4b #H4H
M AF G R B EREM (B P <0.01),5,
40 pmol. + L~ FyH Kz 28 kb B 20 40 i A7 3% 2 0 I S AR
(¥HP>0.05), 10 .20 pmol. - L~ " e FEH e %]
DA 2 (2 0 0 e 3 5, 17 40 pumolL + L7 F A e B
) A 25 00 7 240 B 4, B B 10 pumolL -+ LU R
WATIR LR35
2 WEEFRIPIEMAMSER H,0,5ENHRG

A HE S T W MRS H, 0, A 45 T 100
pmol « L™ H,0, ; Mt e K 4145 F 10 pmolL « L™ #fif J2
#:H,0, + ffit e R4 4 T 100 wmol - L™' H, 0, +
10 pmol. « L' fz %%,

Wit Z A 525 AL, A S G 2 2 T =
(P<0.001);H,0,40 575 (AL L8, 345 % 1 25 F B
(P<0.001);H,0, +#itfz =415 H,0,41 L, 40 oy
FE R R 25 T, T 20 /58 20 O EE R 2 R AIG (1Y
P<0.001),lF#E 1,

3 MEZRRHEIEARMKINS K

Mithe R 40 5 25 4L L, MyHC | Myod & 1
mRNA A X & B K ¥ 8% & (P <0.05,
P <0.001) ;H,0,4 5725 4t , MyHC \Myod % [
F mRNA AR K- 34 3 TR (34 P <0.001) ;
H,0, + #it iz R 405 H,0, 40 b # , MyHC Myod & [
H mRNA A XJ R kK3 8 2% Tk (P <0.01,
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F 1 AL FE A6 A M/ 5 20 M U AR A LR (% 2 5)
Table 1

Comparison of light absorption value and ratio of dead

cells/live cells in each group(x +s)

Group n  Proliferation rate( % ) Live cell/dead cells( % )
Blank 9 100. 00 +4. 27 0.00 +0. 00
Quercetin 9 148.79 £13. 17" * * 0.00 £0. 00

H,0, 9 81.70 £3. 19" "~ 2.10 +0. 17

H,0, +quercetin 9 120.83 +8. 81" 0.47 £0. 06"

Compared with blank group, *** P <0.001; Compared with H,0, group,
#4p < 0.001; Blank group: Conventional culture; Quercetin group:
10 wmol, + L™ quercetin treated; H, O, group: 100 wmol + L=' H, O,
treated ; H,0, + quercetin group: 100 wmol. + L™'H,0, + 10 pmoL - I.~!

quercetin conventional treated.

P<0.001), L% 2,
4 WMERRHEDIEMMEMLEH T LMK ROS
iERRBEN

it R 525 VAL LA, AN ZbiiA ROS FOL5
Ji W A% (P < 0.05),SOD1, SIRTI ZE [ il mRNA

K2 AHMMBNI AR PR IE 0 LB (x £5)

FAXS 2 35 K - 2 W 2 JHm (P <0.05, P <0.01,
P <0.001);H,0, 20 5 2 1 4 %, 20 Ml 20k K
ROS %¢ )¢ i J& & 3% J+ &, SOD1 | SIRT1 & H
mRNA A% F K KF-2) i3 N RE (P <0.001)
H,O0, + #it l R4l 5 H,0, 41 [k %, 4 M 26 ki {4k
ROS % 3 i 2 3% P& iK (P <0. 01) ,SOD1 ,SIRT1
HE M mRNA AH X 38 7K F ¥ 8 3% JF & (1
P<0.001),0L33,
5 WERIEEDEME WO, R MEH &K F3h
Nz

Wit ZR 45 28 4L L E, AR b CAT (ATP \MRC
|| I N I R
(P<0.05,P <0.01);H,0,4] 575 (141 L&, CAT,
ATP MRC complex I MRC complex T /K -4 i 28 F %
(P<0.01,P<0.001);H,0, + i}z Z4H5 H,0,4H It
B, 40 g CAT, ATP . MRC complex I, MRC complex I
IR B2 T ($P <0.001) , L& 4.

complex I, MRC complex

Table 2 Comparison of gene expression related to myoblastic differentiation in cells of all groups(x +s)

Group MyHC mRNA Myod mRNA MyHC protein Myod protein
Blank 1.00 £0. 06 1.00 £0. 13 0.61 +£0.05 0.48 +0.07
Quercetin 1.22£0.09 " * * 1.14 £0.07 * 0.67 £0.06 * 0.56 0. 05 *
H,0, 0.48 £0.08" " * 0.59+0.07" " 0.32+£0.03" " " 0.25+0.03" " "
H, 0, + quercetin 0.79 +0. 08** 0.70 £0. 04" 0.47 £0. 06** 0.41 0. 08

Dose and n refer to tablet 1; Compared with blank group, *P <0.05, **P <0.01, ***P <0.001; Compared with H, O, group, *P < 0.01,
##P <0.001; MyHC: Myosin heavy chain; Myod: Myoblasts determine genes.

K3 AAMMELRLATE LA (ROS) PO B K FALYEALHE 1 (SOD1) FAMY LA (% 5)
Table 3 Comparison of mitochondrial reactive oxygen species( ROS) fluorescence intensity and superoxide dismutase 1 (SOD1) expres-

sion in each group(x s)

Group Mean fluorescence intensity(a. u) SOD1 mRNA SIRT1 mRNA SODI protein SIRTI protein
Blank 52.56 £1.97 1.00 £0. 08 1.00 +0. 14 0.64 +0.09 0.87 0. 07
Quercetin 48.46 +4. 05" 1.21 £0.06 " * * 1.36 £0.07 " * * 0.76 0. 09 * 1.00 £0.10* "
H,0, 119.53 £13.06 " * * 0.34 +0.06*** 0.47 £0.06* * * 0.24 £0.03** * 0.34+0.07** "

H, 0, + quercetin 102.91 +8.93% 0.57 +0. 04" 0.71 £0. 10" 0.43 0. 06™* 0. 65 £0. 09

Dose and n refer to tablet 1;Compared with blank group, * P <0.05, ** P <0.01, *** P <0.001; Compared with H,0, group, #P <0.01, * P <0. 001.

R4 BAMMELARRS) I FARRIRREPER LA (2 £ 5)

Table 4 Comparison of mitochondrial dynamics related indexes in each group(x +s)

CAT ATP MRC complex 1 MRC complex Il
Group ( wmol - mg protein ') (U-mL7Y) (wmol + mg protein ~!) (wmol + mg protein 1)
Blank 28.66 +2.18 14.98 +1.09 19.77 £1.01 14.34 +1.26
Quercetin 35.62+3.89"* 16.32 +1.13* 23.28 +2.48* " 16.23 +1.47*
H,0, 18.13 £1.78*** 8.36£0.58" ** 9.87+1.01""* 7.01 £1.01* "

H, 0, + quercetin 23.97 +2. 72" 12. 67 +1. 50" 14. 19 £0. 75** 10. 17 + 1. 35%##

Dose and n refer to tablet 1 ;Compared with blank group, * P <0.05,* * P <0.01, * * * P <0. 001 ; Compared with H,0, group,**P <0. 001 ; CAT; Catalase;
ATP: Adenosine triphosphate ; MRC ; Mitochondrial respiratory chain.
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A0 AL A I

P03 Je VT A TD AL A0 M RNA U 25 R R
B, SR M Bk R IR 2 22 S ARk, X SR BT UL
3 e i 0L 40 M T 2ok A AT BR Y L AR F g
o, e B AL B S AT DL S E R AR H, 0,15 T 4R
KR ROS K T o Ak, 38 WA B B &
137 SOD1 SIRT1 ik, X 5 & 41—
o H,0,id 5 B o R ECE A LRk T g
PR, e A P B MIE T . AL KB, M R
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MRC complex IV P B #0441 4F FT , A E 25 R 4 7 i
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