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WL, 4 R 2w, R AT BRI 35 BB E M AR & R A KT B, 400 A By A AR3E Ar(P<0.01);
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J % 5 EFH(P<0.01), SOD. CAT#A=GSH-Pxi% 17+ (P<0.01), MDA & A H1%(P<0.01), Akt#%
BRALIK-F Fr HO-1& & £ X K-F L (P<0.05); 5 A ALBE7 4] 7+ 22 K+H,0,20 4% 4 FR+H,0,48 4a fie,
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Preventive Role of Muscle-Derived Estrogen in C,C,

Myoblasts against Oxidative Damage

HU Yi, YIN Danyang, TIAN Xu, YU Fangfang, LI Tao, LI Tingting, TIAN Xiangyang, SHI Rengfei*
(School of Exercise and Health, Shanghai University of Sport, Shanghai 200438, China)

Abstract This article aims to investigate the effect of mechanical stretch on the production of endogenous
E; (estradiol) in mouse C,C,, myoblasts under a low estrogen culture environment and its potential antioxidant effects.
In this study, the cells were divided into five groups: control group (C group), stretch group (15%, 0.5 Hz, 6 h), H,O,
group (400 pumol/L, 4 h), stretch + H,O, group and aromatase inhibitor (200 pg/mL, 24 h) + stretch + H,O, group.
The low estrogen culture environment was created by using charcoal-stripped FBS and phenol red-free DMEM
high-glucose medium. Changes in cell viability were detected by the CCKS8 assay, while intracellular E; levels
were measured by the Elisa method. The activities of SOD, CAT, and GSH-Px were determined by the WST-1, am-
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monium molybdate, and colorimetric methods, respectively. MDA generation was measured using the TBA method.
Western blot was performed to analyze changes in the expression of Akt/Nrf2/HO-1 proteins in the cells. Compared
with the C group, the mechanical stretch group showed an increase in aromatase activity and protein expression
(P<0.01) and an increase in intracellular E, generation (P<0.01). The H,O, group exhibited oxidative damage,
manifested by a decrease in cell viability (P<0.01) and a downregulation of HO-1 protein expression (P<0.05).
Compared with the H,O, group, the mechanical stretch + H,O, group showed an increase in cell viability (P<0.01),
an elevation in SOD, CAT, and GSH-Px activity (P<0.01), a decrease in MDA production (P<0.01), and an upregu-
lation of Akt phosphorylation and HO-1 protein expression (P<0.05). Compared with the mechanical stretch + H,O,
group, the aromatase inhibitor + mechanical stretch + H,O, group showed a decrease in cell viability (P<0.01), a
decrease in SOD, GSH-Px, and CAT activity (P<0.01), an increase in MDA content (P<0.01), and downregulation
of Akt phosphorylation, Nrf2, and HO-1 protein expression (P<0.05). Under low estrogen conditions, appropriate
mechanical stretch can promote the expression of aromatase and E, generation in C,C,, myoblasts, increase cell vi-

ability, and upregulate Akt/Nrf2/HO-1 protein expression, providing specific preventation against oxidative damage

to the cells.
Keywords

HHSVL R IE YRS (reactive oxygen species, ROS)
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HEUUR R, FEOEE R B8 VL5 A A B R IA I xR
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K 1E FH30 min, 3 000 r/mingS 0210 min, B_FIE;
TS AREE 20% LABR 25 FBSHE PREER ; 81 0.22 pmiE
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2 420 min; JHZE RS0 uL, BEAR{X450 nmAbAs:
M5 FLDE .
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PVEE, .
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T4 hfm, AREIGTE 2 3406, H400. 500 pmol/L
H,O.1F F N 4H B 3E I 52 T % (P<0.01), BTk
FH400 pmol/LikAT f& S35
2.3 H,O, TR RC.C.R LAAEHO-1E B FRIA
HO-1J& TR b 8 I R 0T, 72 Nrf2#E A
AR 2 —, HAF U e 10 I S A LR 7
RIFPUEAAER D, i S e o e g IR, HO-1
T C,CoPRIE, BoR N3, Mk Sn N
B uOG(EI3A). %I STt 7 i s (EI3B),
5% BE ZH(0 pmol/L)#H Et, H,0,(400 pmol/L)41HO-1
AR A E R EEIL. Western blot4h 5 5 41 il %
PR CG T W 45 R AL, 400 pmol/L H,O, - Tl
40 IHO- 188 H &8 N (E3CHE3D). X2/ 4
SR P AR 2R T R )

C S
A B) ©
( ) Aromatase 50 kDa
47 2501
= B-actin E’ 45 kDa £ ok
.8 sk B} i
s 23 5~ 20 £z 20
Z 2 S *3k =5
S T <8 s g g 150+
2 & 21 e § =
g — as )
2 g 14 o & 2 g
< E 2805 £ 50
= %E Bz
0 = 0 0
C S S C S

Ar T E ARG B: HLA KRS CoCo M 75 B LRI T IL; C: CuCoMNAENE N E /K. #P<0.05, **P<0.01, 5CAL AL

A: aromatase activity; B: expression of aromatase in C,C,, cells after mechanical stretch stimulation; C: E, level in C,C;, myoblasts. *P<0.05,

**P<0.01 compared with group C.

Bl HUE KX C.C.R AL TS & L EERIEFIE 7K FHIF T

Fig.1 Effect of mechanical stretch on aromatase expression and E; level in C,C,, myoblasts
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*P<0.05, **P<0.01 compared with group 0 pmol/L.
E2 REIREH0,3C.Cr. R LA RRE J1 R 5200
Fig.2 Effects of different concentrations of H,O, on the viability of C,C;, myoblasts
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Ar I VOERIMHO- 1%, B: ARX ZGHRIE /3 HT; C: Ho0, T HUF CoC MU BHO- 13RI 5 ;D 2675 K /T *P<0.05, S5CALLLE
A: immunofluorescence detection of HO-1 expression; B: relative fluorescence intensity analysis; C: HO-1 expression in C,C;, myoblasts after H,O,
intervention; D: gray value analysis of bands. *P<0.05 compared with group C.

El3 H0.3C,C.A Al BFIHO-15RIARI F/ M
Fig.3 Effect of H,O; on the expression of HO-1 in C,C,, myoblasts
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N, 5 CHMEL, HA CoCo L4l i iE 71 525 F % TF%.
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*P<(.05, **P<0.01 compared with group C; *P<0.05, P<0.01 compared with group H; *P<0.05, **P<0.01 compared with group S+H.
El4 ZHMBENRTL
Fig.4 Changes of cell viability in each group
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A: SODVHE; B: CATIE % C: GSH-Pxiith; D: MDA & .
5S+HA L.

*P<0.05, **P<0.01, 5CZA 4L, “P<0.05, #P<0.01, SHALE; “P<0.05, **P<0.01,

A: SOD activity; B: CAT activity; C: GSH-Px activity; D: MDA content. *P<0.05, **P<0.01 compared with group C; “P<0.05, *P<0.01 compared

with group H; “P<0.05, **P<0.01 compared with group S+H.

E5 #LHSOD. CAT. GSH-PxEMFIMDAKFE
Fig.5 SOD, CAT, GSH-Px activity and MDA level in each group
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MDA 7= A2 7K 55 35 BRI (P<0.01)0 NSRS iy e
J&, C:CoR 4 bt E i Be /) B35 T %, RIS S+HZA
FHEE, T+S+H4L il Y SOD. GSH-PxFICATTE M & 2%
FAR(P<0.01), MDA 7= A2 7K 1 i 3 38 i (P<0.01).
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C
A: p-Akt/AktEE 15T DR IR B: p-AkteR 205 € &40 B 45 4L C: Nef2 MTHO- 1488 1 i B2 B D: Nrf2 2R 11 08 58 &40 BT 45 4L E: HO- 18 &
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*P<0.05, ¥**P<0.01, 5CALLLEE; *P<0.05, #P<0.01, SHALILES; 2P<0.05, **P<0.01, 5S+HAL L% .

A: p-Akt/Akt western blot image; B: p-Akt protein expression quantitative analysis results; C: Nrf2 and HO-1 western blot images; D: Nrf2 protein ex-

pression quantitative analysis results; E: HO-1 protein expression Quantitative analysis results. *P<0.05, **P<0.01 compared with group C; “P<0.05,
#P<0.01 compared with group H; “P<0.05, “*P<0.01 compared with group S+H.
El6 &4Hp-Akt, Nrf2F1HO-1EBFIXER
Fig.6 The protein expression of p-Akt, Nrf2 and HO-1 in each group
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2.6 Ml EERIEFHALRMEE & R HIHIH,0.E R RY
C.CHifEIn E L BB RIAMEK

PI3K/AKkt{5 53 #% AT {2 1 Nrf2 M 20 i o 4% #%
B0 A%, DA A 5 B A0 P A0 I ) 1 R (R 1 e
SS90, % A1 41 B P00 5E i, K FH Western blotill]
SE AL p-Akt/Akt. Nrf2. HO-15 [ RIEKT,
SERNE 6. 5CUAMLL, SAAKtBER L (p-Akt/Akt
EbfE, P<0.01) 5 Nrf2(P<0.01). HO-1(P<0.05)%&
0k BB S, HA AktfERR 1L 2 Nrf2. HO-145
(3R 1K 535 PR (P<0.05). 5 HALAAEL, HLIZESK
SEfE T HL0,38 BT Akt B Ab 7K P P A% (P<0.01)
HO-1#E A #IE T (P<0.05). £E 0BT AR i s
5 S+HA AL, 1+S+HZL Akthl B2 (L FE 5 2% AR
(P<0.01). Nrf2#E (& &% fF1K (P<0.05). HO-1
Fik B RK (P<0.05). DL g5 R, Plbkassk
A DLBGE AKCR 5 S Nrf2 A\ s, b5 LR Fif

PR E FHO-1#93RE , #E M CoC o UL i
AT IRESE , NN 7 7 A0 B4 1 773 1 CoCoa
FRALAR L N B 2R s/ Ja , A BT A R R 3R
B PR

3 i

P N 1S, T U0 HThAE TR, (kA
Wi 22 KT W ARG, AU BT EULAE RS, S80I
AR R KA E 25 R 1) B AU 1 2020,
GO, HMBE R 78 M S e A AR T I A
FULRE ST, TR/ TE S 0 B, M BRI i,
SR, MR 75 M 3 A7 A6 — BB 2 (B P,
180 00 L5 95 A L L £ IR 24250, [Tk, W 5
B B PV TE AR FH T LA 4028 5 4 P A U 20
IREAEE— Fh 5B Ay 22 AR R IR T e . B4k, T
iR B L PR S E B0 FEBLAR R B e R 5, % T
VRONFE AR 5502 Bo b6 K0 B UL RE B R R LS
HE L.

PN B CoC o LA SR BT B UL T2 4 R
ACRALA A IS AR . CCodl i TE
NFB B B R, 3F LAA R T AK
FULAE S JUL PR ZELER PRI | 563 Pt 26 Al %
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T 512308 E 7702 B L US4 i 72 P27, AR 5
RIVEMES RIS RN, B 15%. 5% 50.5 Hz,
FREL 6 htATUA 2 5 FRURIECAT (2 i3E CoC o UL it 5
T EE R IE S WIEYE BxAE B, A iR sy, il
AKUNrf2/HO- 18 A1k, X H,0,175 F (41 i S A 45
A —E BifEH

B HE VLA N A AR SRR A T 4E HF IR
BRI RE 2 OCE BN ROE e I R
izshdsE, AR R AT = A 5 2 1 ROS,
5 ORGSO ) A AR AR B B fE IR
BUN, BB VL0 AR P B A AR BOIRES TR, DAZE
FFIEH B4 AR AN DI RE o 45000 iR P 1 B i 2R
B B A IARE ARSI AR R, AT 5] A,
FEEA . DNA. LD T AR %
B, 18 AR T2 HoO0 —Fh e WIS AT,
FH T R 2 P S A A A 2R 29300 AT T 45 SR s
400 pmol/L H,O4bEE C,C oA H 4 h, B T £ 40 i N
PUEALEG SOD. CAT. GSH-Pxi ¥ B &t P4, Mg i
T AYIMDA S & WG N, 4HARTE /1R B £140%,
FKUIH0. 53 7 A i) S8 A 451473, IF52me 1 40 i i)
AEPRAS

Nrf2 /2 R BT A8 A BT 18 5 40 10 G B 5 2R
H, AT, Nef2 g R BT 45 A i
F R Z o456 & 1(kelch-like ECH-associated
protein 1, Keapl), Bfi j5 Nrf2iZ % 241 i i% It 59t
AL RN J0H (antioxidant response element, ARE)
Sia Rl — RIGIEMNER, WTHO-1. SODAE K]
Fik. Keapl/Nrf2{5 5 1 B 52 2 % FE LT 3 -3
(phosphoinositide 3-kinase, PI3K)/Aktill % . AMPi%
W ER A B (AMP-activated protein kinase, AMPK).
22 ) 35 AL B B (mitogen-activated protein ki-
nase, MAPK)H i 1 25 1 # C(protein kinase C,
PKC)%5 £ Pl (1) 1R 42 B2, Akt IR 10 2 4101 1)
GSK3B(glycogen synthase kinase 3 beta) 135 4, M1
PRFENTR2 /i 2 Keap 1 0401, 3E NAHROEZC. FRATTHY
gE BB oR, HUAR TR AT PAZE R Ho0408 B 1 CoC 41 i
A, X AR AKUNr2/HO-1{5 S il B &
5 WA,

B SIS X 18 Bl B U A 5K W e P RS ) 2
B, BN, BRI E S 2 SR, BOE AR P 1)
SIS, BT R — RYVEYA SO B,
CoC VLR 2 — s /N B B4 &, T

2N AT B RIUASMIE L, BEFEN Sl CoCo
FSCHLAH e LA A 5K, R ER T 48 H X 7 2 )
e AN S REBLA o EAURAERTRAE AR, CoCro LA
MO W&, M. . BEBREREZ T
B R, BATIREF ORI, 15%- 0.5 Hz.
6 hIFIHLARZE 5K 303E0RT LS R CoC o BN B I 7T
X5 FHH B A0 2 ST, % R A R
CoCro VA TS AR IS . B P AL R
I3, T RE RN A: TR B8 = A s R R 22—

1A T2 1) CoC o BRVLAH i 550 22 25 [ 82 45
R, 1 U3B-HSD. 17B-HSDAN S &1L, 3B-HSD
A17p-HSDZ 5 | i A L HERA (dehydroepiandros-
terone, DHEA) ] 52 [l [¥) 4% 4%, , 117 52 £ 75 & AL I
AL AT — 2D AN BN . AR R A AT HA I 5T
FW, 15%- 0.5 Hz 6 h AU AR 5K 500330 389 im /1N B
CoC o WL4H A 3B-HSD .  17p-HSDHI 75 F {L Bl & ik
Pt 2RI B, FEARSEEG H, AR R 1K
AL AL, R AR 5K P38 58 C,C oo UL i 75 2 AL il
FIEAENE , AR BEWLEYE B2E . B i ML
75K A R LR Ex £ S8 A B 40 T9L7 7 T iV
FAI VA8 FH OGP R W B S ) FBS A 41 ) DMEM 5
WERE R L IR AN, DAV /D FBS AT 77 B p M R
BEVITR OS2, 8 B Rl F SN U AR 7K 2E AL
TR B 4 M i S8 Ak e T B, 45 S R ILULIR 14
B /b Ja , AR 1R AR 0 8 38 PRI, 42
INWLEME B PE CoC iR BB A 3 TR R T — 58
PRI FH o

ST SR R BRI, AR SR CoC o4 i 5t
177 AR AN M 2 S, AT 2R R AR AN R TR
JULZH P A P 2 R R 0 A DN B0 VLA L, T e A 75 g
REAEN LR ZH LRV, 757 3
— R B NR ARG JFEAR S R LA
(primary human skeletal muscle cells, HSMCs)%%,
T B B UL AR R E I R L
KPede, T AT AR R o A v o S B mT i
ITIRARAN A S8 . RS oT, ik — DR A
T 12 F RO 40 HRAT B OB B R DG AR SRR 1Y
it

ST IR AT, A TR IR A Tk AT
T CLC LR ELE B, SRR A M S A L3507, FEAL]
A] B WUE T B T S A B S AT AKUNI2/HO- il
PRRIEA Ko LI ANIEE ExX & B UL AL
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