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Abstract: [Objectives] Research on oxidative stress in skeletal muscle under disuse conditions is a topic of
increasing concern among physiologists. In view of the important role of elevated oxidative stress in the

development of disuse muscle atrophy, we hypothesized that hibernators and non-hibernators may exhibit
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differences in oxidative stress levels and antioxidant defense regulation, thus constituting intrinsic differences
in the mechanism of muscle atrophy. Moreover, because of the variations in their energy metabolism and
function, differences should also exist in the degree of atrophy and level of oxidative stress in different
skeletal muscles. For this reason, we investigated the degree of atrophy in the SOL (slow-twitch) and EDL
(fast-twitch) muscles in parallel with the level of oxidative stress, antioxidant defense and underlying
mechanism in non-hibernators (Rats, Rattus norvegicus) and hibernators (Daurian Ground Squirrels,
Spermophilus dauricus) between artificial and natural disuse. [M ethods] We examined changes in muscle wet
weight and muscle-to-body weight ratio by electronic balance. Immunofluorescence staining was performed
to measure the muscle fiber cross-sectional area (CSA) and fiber type composition. Using a hydrogen
peroxide (H,O,) assay kit and malondialdehyde (MDA) assay kit, we measured the concentrations of H,0,
and MDA (level of oxidative stress) in muscle samples. The antioxidant activity was ascertained using specific
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) assay kits. We detected
protein expression of the Nrf2/Keap! signaling pathway and downstream antioxidant enzymes (SOD1, SOD2,
CAT, and GPx) in hindlimb loading (HU) Rats and hibernating Daurian Ground Squirrels. Differences in body
weight between HU and control Rats and between hibernating inactive (HIB) and summer active (SA) Ground
Squirrels were evaluated with an independent samples t-test. Muscle wet weight, ratio of muscle wet
weight/body weight, fiber-type distribution, fiber CSA, and all the protein expression levels were analyzed
using two-way ANOVA (main effects of muscle type and disuse treatment) followed by independent samples
t-test. [Results] Compared to the control Rats, muscle atrophy indices (muscle mass, muscle-to-body mass
ratio and CSA) were significantly increased in the SOL and EDL after 14 d of HU. In the Daurian Ground
Squirrels, however, no significant changes in these indices were observed in the muscles between the
hibernation inactive and summer active groups (Fig. 1 and 2). After 14 d of HU, the proportion of fast type
fiber (MyHC II) increased significantly by 206.0% (P < 0.001) in the SOL compared with the control Rats;
however, there was no significant change in the proportion of fiber type in the EDL. In Daurian Ground
Squirrels, the proportion of slow type fiber (MyHC I) and MyHC II showed no significant changes in the SOL
or EDL between the hibernation inactive and summer active groups (Fig. 2). In regard to oxidative stress,
H,0, content increased significantly in the SOL and EDL and MDA content increased significantly in the SOL
of HU rats; however, neither were increased in the hibernating Daurian Ground Squirrels, although H,0, and
MDA content decreased significantly in the EDL (Fig. 3). SOD2, CAT, and GPx1 expression markedly
decreased in the SOL, as did GPx1 in the EDL, whereas SOD1 expression increased significantly in the SOL
of HU rats. In hibernating Daurian Ground Squirrels, however, expression was maintained or increased in both
muscles; for example, CAT and GPx1 protein levels increased significantly in the SOL and EDL of the
hibernation group (Fig. 5 and 6). Furthermore, compared with control rats, Nrf2, p-Nrf2, and Keap! protein
levels in the SOL of the HU group demonstrated no changes, whereas the expression of Nrf2 and Keap1 in the
EDL of the HU group decreased significantly, whereas Nrf2 and p-Nrf2 protein levels in the SOL and EDL of
the hibernating Daurian Ground Squirrels increased markedly (Fig. 7). [Conclusion] These results indicate
that the Nrf2/Keapl antioxidant pathway was not activated and downstream antioxidant enzymes were
down-regulated in Rats under muscle disuse conditions, which may be an important mechanism in oxidative

stress (i.e., increased reactive oxygen species) and induced skeletal muscle atrophy. Conversely, activation of
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the Nrf2/Keapl signaling pathway and increase in antioxidant enzymes observed in the Daurian Ground

Squirrels during hibernation undoubtedly helped prevent oxidative stress and muscle atrophy. In conclusion,

oxidative stress and Nrf2-mediated antioxidant defense appear to differ in skeletal muscles of non-hibernators

(Rats) and hibernators (Daurian Ground Squirrels) under disuse conditions, which may be important

mechanisms for the differing degrees of muscle atrophy.
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ERCUIRGISYNES S oNIE =2 S S WIS
HEMIyReX Tiash ARETaS 2R EE . R
M, )5 B 274 Chindlimb unloading). [
SE B AR LA IR FH AR D0 38 W] BN AN HiAts
VB EIUR EZEYE, TR NLA Rz 3R
AR . KT KR (Rattus norvegicus)
FIBE AL R, R 7d 814 d )5,
HEILH AN (soleus) FIEEKANML (extensor
digitorum longus) FHEH R, NIAF4ERE
[ A (cross-sectional area, CSA) .3 T[4
(Yoshihara et al. 2017, Zhang et al. 2017,
Chang et al. 2018). 2R, ZMRMFLINME
Kk 3 804 N HRIAIRANESD, AR BIEERE
AIRMNIAZES, X 5EHIESEHELIRZIY)
WL 45 2SR A F (Gao et al. 2012, Yang
et al. 2014, Cotton 2016, Fu et al. 2016, Wei
etal. 2018a).

IR FH %A T B B A2 7 S UL 22 46
AL IRENIUP e AR A g S N T = R A A |
Al REA gl I L E N — DN EER R
(Powers et al. 2011, 2012, 2016), XJ&EHEHL
TR IR N AL R B 7 2R B2 T e
Bk — B GER R . PR IRA MR R A IR S)
V5 AR A MRBN A I S4B LA S A R
KA e 8 A BT AR 45 B 1 7 T AT BE AR LE 2
F, X Re A R ECLILZE AR BEAN R 5 AEAL
i, HASRI ST (1) g LR e AR 7 20 &%
LIy R 1A/ [ T 26 252 440 2 B AN S8 A0 SR T L A7
EER,

AHIE 7T LAAE 2 MRBN K BT AR BN )IA 5
/R B (Spermophilus dauricus) Ji5 i B B4 L EL
HAN (HAEHEHD AR (R

WU IBEFARL, 73 BIAE S5 I 2% Bar AR AN
TESNE AT, A A B, JIE-RE
Eo. WLEF4EsRmy ., JJLerdeRakim iy, Ao tEse
(reactive oxygen species, ROS) 7KV (L4 1k
S ) % % koA DGR F- 2(NF-E2-related
factor-2, Nrf2) SEHAM FIFPLEMAER GEHE
B E . A SN2 Dt H R E A )
) BIRIE, TRITRHISFAT N A F R B L
HUE =22y AN = R AT & SLE I R AR 1 N BN
VPN ZE 2B BH A A1 A HREh P 1R Xl

1 MeET5E

1.1 FYIRECRA4A

HEYE Sprague-Dawley K, F#% 8 F#%,
A (220+10) g, JSKH P LA R F RS
B S B Z P AR Oy o K R BR i R A B ) o U
BULA e Hid, T2 (n=8) 1z T RI%E; &
fe L (n=8) JE Xk 14d. LUEHR
BEPVEESRKRIEHENZES R (Morey-
Holton et al. 2002).

6 HHRI7EBRTE A IE B T K75 B skt
LR R, WFETARAESI IR IR s CH G,
i 18~25 C), Ubr#ERMR AN E, FHEAETE
AREFE. BE 11 Y], 185K Rt
ANZHRRSE, BHEBREXRE (Zi) 5 ~
8 °C, I, TEIA /R 3K BN 37 1 2
K 405 5 if% 41X (Fluke, VTO04, Everett,
Washington, DC, USA), X H AT B A1
BRI BE AT I ek (5Kl 2018), JIfFidsk
HEsh St L. FeRORE FOT R, K sk
B h 2 A, BEERHA (n=8) A5/
WA T E ZEIEIRE I, AR 4ERRTE 36 ~
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38 C, #BEEHAMIEYR, —MaERFET7H 10 H
B e BUBURE s ZIRAEZIA (n= 8) &5 /K5
AR 2 AN, HOARE ) 58 B2 PN R 1Y)
KRR, RS S ~ 8 CRIUE. FIASR
TR, R T S R S A B T,
AR LSt i RS S IR R ELZESE, Btk
HPVRE TR 2 N2 H A ES)E S K5
B, SIS L IR B BRR FIVE DL Z 4 i 1
12 BEUAEAIRER

PREIJFIC K SLIR SR E, JEIEES 20%
PG hriH (FEEH PR CBE, Urethane, 1.5 g/kg)
fl FLHE NRRIIRAS o K5 BRIESh 7 A0 b TR R
firedl & b, PRI Sy B IS IR AR UL B H
WUFIEECARL, BT AR K £, JE4R
W2 RK G E TR R LSRR E, il
KPR E . BRSBTS R
TN, I a B RUEEARE T - 80 C
UKFEHRAF R o BURE S8 B Je il I 5 5
FAEAT NI BRI, Rr s 2 SR AL s Ltk
TR FALRL
1.3 WA 4 SRR AL 4R T AR I 2

G 96 LU 2 G R A K RIS 5
IR BRI B B LET 4E 3 A AL AT 2Rk i A
B EEWUREA FHUKER V) HLAE - 20 CHREY), U1
JEFE 10 pme VI AT 4%% T H L E 30 min,
1% Triton X-100 j&#3% 30 min, 5% BSA &4 1 h,
DAIATUEHLE 4EPTAR (1 : 400, M8421,
Sigma, F[E). %P laminin £ FWEPLE (1 :
500, BA1761-1, t4&, F[E) 4 CHFE 24~
48 h, % PBS Wilk)a, WEEMMNE 4 (1 :
500, Alexa Fluor 488, A-11034, Thermo Fisher
Scientific, %[ ; Alexa Fluor 647, A-21235,
Thermo Fisher Scientific, 32 ) 2 h, DAPI &
Je%, PBS BEIRJE, W INHIIEIGR  ER IR 3f
F, e i Image Pro Plus P& 43T 545
JULEF 453 T4 L ) S LT R T AR AT S it
14 SEAENE

AT A It LA (hydrogen peroxide,
H,0,) Krllalifl & (Fntidn, mad, ED

HEATIE R FRINZ) 0.1 g HEUMA A PBS
MR, ARl T el R ST A
(Scientz-48, TUHTZ, HED BT SIK,
SR AR R & 0oHL (5415R &Y, Eppendorf
Centrifuge, f&[E) F 4 C 10 000 r/min &5
10 min. SRJEWCHE IS T- UK R A7 %
#EA 10 ml BOEE T, 2Albric AT AE .
IR AHEE, IR 1 PR S8 SRS .
#£1 ARAEGENEHRER
Tablel An operation table of measurement
of H,O, content

R RO AT W
Reagent Blank  Standard Measuring
¢ tube tube tube
iR 71— Reagent 1 (ml) 1.0 1.0 1.0

X 7%7K Double distilled water (ml) 0.1

163 mmol/L i LA

FRAER B CmD) ol
163 mmol/L H,0, standard '
application solution

FFillAE A Measuring sample (ml) 0.1
71 — Reagent 2 (ml) 1.0 1.0 1.0

e Ja B T8RSN BT (Shimadzu
UV-2550, HA) fEH4%2 1 em, P4 405 nm
MRS (Ao IEAE &= TR briE
i OO RS R] . FREEA B AR 1%
HESEBA 1 BT SR AN 5
HAF T EMAE (H0.) EmihHE A
HZIHH,0, & (mmol/g) =
Do TAE e BRI (163 mmoliL) +
A — Py
FRIBEA SR I (/).

15 HWEmz

A FEAE N B (malondialdehyde,
MDA) & (R, mat, HED
AT o FF b B A 5 e i AL A )i AR
— . MR 2 PR sE R . MR AR
3K, AT BT R AR o 7 R W
BRI A 12 ml i 340 ml XGEIKIRS], 4 C
e W =S B AIMAE] 90 ~
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Table2 An operation table of measurement of
malondialdehyde content

SR R SEE e R
Standard Blank Measuring Control
Reagent

tube tube tube tube

10 pmol/L A5HE &
10 umol/L standard solution (ml)

TR B
Absolute ethyl alcohol (ml)

FRIIFEA

Measuring sample (ml)
k7 — Reagent 1 (ml)
k77— Reagent 2 (ml)
k77 = Reagent 3 (ml)

50%0UKE R
50% Acetic acid (ml)

0.1

0.1

0.1 0.1

0.1
3.0
1.0

0.1
3.0
1.0

0.1
3.0
1.0

0.1
3.0

1.0

100 CHI#XZEK 60 ml,
RET, 4 CREOEAR.

I 3% 300 pl 78 1 em Y648, XWAE/KIAZE,
WK 532 nm M EBOCEE (A, Nl
(1) 2 B n AR R AR A RO L FEE T AT 2. £F
DN A B P P e B 0 B 3 s SR AN 5

HAPH - (MDA) SEMHEAR:
HLHMDAF & (umol/g) =

Az — A

A — Ay
REEEAR TR FIRE(g/L) o

FHInvKEE R 60 ml,

x FRAfEfm R (10 pmol/L) +

1.6  HLEALERE RN E
161 HEEMLYEAEEEENE A AL
H ALY B AL ¥ (superoxide dismutase,
SOD) kil & (R, mMu, FED
HEATIE o FF i B HE 2% S5 e i A E AT —
MR SRR — 5. FMRK 3 PR e el e . R
B S ULBA AR, S ATHAC B 5L 50 B 7 R .
BT — R R — A 10 ml AL
ZEIKMRE R 100 ml, 4 CRATE o w77 DY B W
B DY A R R 1 2 14 E T,
AHME, 4 CHRAF. A NHE: &3k
AN 75 ml WZRKFE ¥R, 4 CREOGIRAE
AN FESCR AN 75 ml BZEK T4
W, 4 CEOLLRAT. BEF): FZ R T
F : AFSN A - VKGR 3 23 1 2 [k
FILEECH], 4 CREEIRAT
ATRE], ZEFE 10 min, 648 1 cm,
WAEKAE, WK 550 nm FlE & EWOLE
o ARHE Al vH R A A B i A
A 1 E T, B A sh A4
W R B E A BB 1 AE A A BB 2
XA A AL B, DRk S A B AL B
2 IS R A s A AL B AN S A 03
TR 1 22 . FrlRE AR S IR R 4 HR Ut B A
TNERANEDE o

®3 BEELYSLENBEELYELE 1 SR ERER

Table3 An operation table of measurements of total superoxide dismutase (T-SOD) and

superoxide dismutase 1 (SOD1) activity

e Jycikaniay| 1 BN
W il (e A
Reagent Control tube of T-SOD Meastggcg)lt)u be of Control tube of SOD1 Measgrgllg) Iube of
177l — M. FH Application solution of reagent 1 (ml) 1.00 1.00 1.00 1.00
X17#%7K Double distilled water (ml) 0.03
FEMAEA Measuring sample (ml) 0.03
X 13 Control supernatant (ml) 0.03
FA_I-% Measuring sample supernatant (ml) 0.03
X7 — Reagent 2 (ml) 0.10 0.10 0.10 0.10
{77 = Reagent 3 (ml) 0.10 0.10 0.10 0.10
ik 71/VU 2 FH# Application solution of reagent 4 (ml) 0.10 0.10 0.10 0.10
Fe4rIRA], F 37 CIEIE/KHE 40 min+ Mix well and bathe at 37 °C for 40 min
5] Color developing agent (ml) 2.00 2.00 2.00 2.00
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M A BB )7 A 5
HZIPSODE & (U/mg) =

At — Pz sov o BHBEHR (mD)

A HUFERL (mD)

RRFEAN R I (gL

162 SFEMHERmEENE ATFREHT
FAE R (catalase, CAT) fMRFI& (BFLT
R, MR PED HTIE. RS S
D5 i S AR R R — B dRRR 4
FR eSS . MRIE IR G UL RIZR,  $2AT
M XA B E RN RS S0
F 1 SR A 100 ml, 4 CLRAF .

®4 SEAIBEETENERER

Table4 An operation table of measurement of

catalase content

of R e

k7l R .
) Reagent Control tube Measuring tube

1% 515

1% tissue homogenates (ml) 0-1
k77— Reagent 1 (ml) 0.1 0.1
iR 71— Reagent 2 (ml) 3.0 3.0
MRS, T 37 CIERAKH 60

Mix well and bathe at 37 “C for 60 s

= R o o
Application solution of reagent 3 (ml) ' ’
1%HZ S

.1
1% tissue homogenates (ml) 0

RS, Y612 0.5 cm, WEEKIEE, B
K 405 nm FIE SEBOCEAE . REA Xt
SIS A RIS ). RRIEAS B R R A R
Ui B 45 B 2 AMEINE -
AL bt HAL ARG (CAT) 31T ARK:
HIZPCATIHE /1 (U/mg) =

1
( - ")X271X—+
Aot~ P 60 x HUFFEE

RRAEA B R (g/L) o
163 ARHRKIELDEEENE At
Fo A A 2 e H OIS S AL P B ( glutathione
peroxidase, GPx) il ilil& (FItatm, w
B HED HETIE . R AR S e A

SR EE R — 5. %IRER 5 K 6 BT
ANTERLSESS . AR S U IR, ST
B R AR A — MW 0.1 ml iR
I WINFEKZE 10 ml, BECHLH, 4 C
PRAT o TR B RV FEORY LRI FAZE K 170 ml
TRV S (50 mD 7R E, 4 C
TRAF o WG =S BRI 200 ml XS
IKFEAT AR, 4 CARAFEE o 7R DY S :
B3O 50 ml XK, 4 ClE
FARAF & o BRI R : BESOR RN 10 ml
MK TR, 4 CRCRAEET (Sd N
B0 o BRUE S T L : 4% B B H bR A
A WZEKA 12 9 [ L BIC ], I0RC
B . 1 mmol/L %Mt HMKVEW: 13£3.07 mg
(R I H PR b ok 7RI N IO AR i
FIN FE S ZE 10 ml, FUEIUH . 20 pmol/L
(2 B H A BRHEV T : B 1 mmol/L 238 H BRI
0.2 ml I Bt H IR o i v 791 2 e 8 2
10ml, 4 CLRIFE&H.

K5 BMHKRISEAYEESENERE 1
Table5 An operation table of measurement of

glutathione peroxidase content 1

Bl AEAEE W e

Reagent Non-enzymatic tube Enzymatic tube

1 mmol/L At H ik

1 mmol/L glutathione (ml) 02 0.2
HASHK 02
Tissue homogenates (ml) ’
i 7] — Reagent 1 (ml) 0.1 0.1
FOMRA, T 37 CIHEIE/K 5 min

Mix well and bathe at 37 ‘C for 5 min

7] — Reagent 2 (ml) 2.0 2.0
HERE) I 02

Tissue homogenates (ml)
FE4riR%A], 4000 r/min B0 10 min, HU 1 ml B35

Mix well, centrifugation (10 min, 4 000 r/min), and take 1 ml of
supernatant

FAMRE], TE 412 nm BK, 4R 1 em,
WZEKWE, WE S EBOCRAE. RIEAXItT
SRS MCH IS Sl T . R
TR PEE 4% MR U BH A5 i 58 AMEINE
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Table6 An operation table of measurement of

glutathione peroxidase content 2

ﬁﬁ%ﬁnuﬁ&b(umg>:f@§:§ﬁﬁx
0.01 x 30

A=
SBLBUSPER (0D ook rm et -

FTAE EE WEYE W
Blank Standard Measuring Control
tube tube tube tube

Gl
Reagent

10 pmol/L #¥ e H PRARAE i ¥
FIBLT ol
10 umol/L standard application ’
solution (ml)

ToK B
Absolute ethyl alcohol (ml)

REIFEA 0.1 0.1

Measuring sample (ml)

k77— Reagent 1 (ml) 0.1 0.1 0.1 0.1

0.1

iR 71 —. Reagent 2 (ml) 3.0 3.0 3.0 3.0
71 = Reagent 3 (ml) 1.0 1.0 1.0

50%0UKTE R
50% Acetic acid (ml)

M B IS Sl (GPx) I 7]
R A
HLHGPxIE /) (Umg) =
Py — A ) x PRUESHIRE (20 umol/L) x
Pyt — P
MRS EL + RS TH] +
[UFER x RENREA R IR AL (/LD
17 BHEIREINE
AHFEAEF ST RE /) (total antioxidant
capacity, TAC) il 7& (R T, ML,
HED BEATIE . FE A I HERS 5 E A E A A
AP BRI FE — B 3% R R 7 PR e LR
MR PR & U B AN LR, $R AT B S50 A 7 i
Ao WA =R SR FIIIAZEZK 120 ml
RO, 4 CORAFH . WR =N H
AR IE I A - FOREC 1 1 19 I I T ),
IECELH
FERE], ERFFE 10 min, XWAEKIFE,
HAE 1 em, fE 520 nm AP EROCEHE.
/N M D S 7R A A R I 1L = o N =4
F AR 2 42 R B 45 P 8 AR E
HA P EPUEILEE ) (TAC) HHHEA:

BFEsE (mD
FFNFEA SR R (/L)
K7 BHEMEANEERER

Table7 An operation table of measurement of
total anoxidant capacity

B xof g

Reagent Control tube Measuring tube
k77— Reagent 1 (ml) 1.0
10%H A5 H 01
10% tissue homogenates (ml)
71 — Reagent 2 (ml) 2.0 2.0
=W, 3
LAif;Jh;a?o)f ;ﬁution of reagent 3 (ml) 0.05 0.05
FAMRA, T 37 CIEIE/KH 30 min
Mix well and bathe at 37 ‘C for 30 min
X771 IU Reagent 4 (ml) 0.2 0.2
10%4 R 519 o1
10% tissue homogenates (ml)
k77l F. Reagent 5 (ml) 0.2 0.2

18 HLAMBENERE T EB R

N T D0 FOR A X K BAE B R
PR HUL A RO R, AT SR B A
G ENIIEINT IR 2 AR K BRRTIA B IR B Bl
UL CEE H A UMBER AL o 4 Rt fLsgE
G EALEE 1. A EALEE 2. 1T
WEEEAL Bt H PO S BE 1) 8 ARIE
KPEEAT 1A o R SR P AR 1 S B BV
Nrf2/Keap HUA A5 = i S8 IR £ R
5 I S LB o 1) B AR K P REAT T
Kl

Resh I Ia, 7> e sl g, 1R
HAJERM BCA EREE G &EITERE
B WEREA, BT SDS-TRA BB H
Uk, HIKEAUE, R0 B T KR R
BRI, A Image J BT EEANIK
EREEARGOUEEE, UbaEAREEN
WZ, X H IR AT I
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W EABBIMRA 4R, s 2h,
TBST ¥& 3 X, YLK EEEMYBALEE 1
(SOD1) —# (1 :5000, ab13498, Abcam,
BEED ., AR 2 (SOD2) —#T (1 :
1 000, 131418, Cell Signaling Technology, 32
ED. &b EBF (CAT) —HT (1 :1 000,
14097S, Cell Signaling Technology, £ ). 4%
b H R S AL B 1 (GPx1) —#HT (121000,
ab22604, Abcam, Ji[E). Nrf2 —%i (1 : 500,
ab137550, Abcam, J:E). 1k Nrf2 (pNrf2)
—HL (1:5 000, ab76026, Abcam, H[E ).
Keapl —#$1 (1 : 1000, ab139729, Abcam,
ED g E s, TBST ¥ 3 &, =i T #t
FIEE 2 h, B, KBGO RGN EA%
T EAT K FEAE 53 HT o
1.9 BEGTHST

B PIME = badEiR (Mean + SE),
K FH SPSS 19.0 B AF ST AEAS tA 36 F T 0 A
HHAR A ZE . P<0.05 INNEA G5 R .

2 #R
21 fhE., PLEMLE-(AEL
ISR B xof HEL 2 S R 2 B g 2 KRR ) 4

HEAREER, KIRAEDHE L RERYE
BRI AL, DR AE WA B E R
(£ 8) .

T 0 2L 5 i 25 A AT 2H K B DA K R 2
TR A IRATE SR SR o R A gL bk
H e JUUAT KA LD I EE A YL -k = L AR AL
I 1.

EREEEIL, SRR L E AL
WIZEE N 10591 mg, JEEAmARKRILE
a1 JUILRIIE N 73.41 mg; o R 41K RBEK A
WUNLAVRE N 118.41 mg, J&lb 274k R
BIE-KAR LT 5 103.6 mg. Ziit-45 &,
EX A KRARL, J5 k2 g K R & it
14 d 5l & fumi e, o H S VLAY 5 B2 %
K7 30.7% (P < 0.001) , BEKAHULIE B2
TRET 12.5% (P<0.05) (K 1a) . fEIEE/R
FRERI, EREIRAE SRR LE A
WULAYZEE A 120.65 mg, KIRAEZhAXL LS
IR R L H AN ERN 109.93 mg; B
TG K2 IE 5 R B ORCBE K AR VLU A N
132.66 mg, ZHRANE A IE S /R 3 KA L
WIRMEE N 117.32 mg. Sit4iREW, &5
IR BRAE AR ANTS ShZ4LRN B 2y R 20 2 ) 3%
WL B L H o UL A LV PR 9 R 2
B (E 1) .

ER BRI, XA KR E AL
HARE N 0.50, J5 XA KRR LG H )L
WIE-ARE LA 0.36; KRR R ALK ARIUILE-
IRE LN 0.56, 5 25 Afar ZH K BR AR AR LIV
HAREL N 0.50. FilLERERY, SXRAK
A EL, S I 25 o fur 2K B LG B fa UYL A
FL R ZHFAR T 27.7% (P < 0.001) , BEKAHAL
ULEE - LE R B PR T 10.7% (P < 0.05) (A
lo) o fERXRE/REREFwILY, BRGIMHIE
BRBE R H ANNE- R E LY 0.54, LIRA
WEHHIE G R ERLE AL E-AEL N
0.47; B ZEIHERAIE B /R 3 BB AR ULV B -4

X8 IMAEE
Table8 Body weight for all groups

2051 Group

S EAE (2
Body weight at grouping time

CRER A ()

Body weight at sampling time

KT HRZL Control Rats
KRR 5 B 25 fifi 2 Hindlimb unloading Rats

1A 5 /R 3 R ZE1H K20 Summer active Daurian Ground Squirrels
IR

155 R 3 R A MR AN 2h 41 Hibernation inactive Daurian Ground Squirrels

220.0+9.5 211.0+5.2
2103 +£13.2 193.1 £29.0
261.3+41.7 267.0+27.4
3233 +22.1 242.0+13.8

Bl DS + bR EIR, n= 8. Data are expressed as Mean + SE, n= 8.
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K1 BRIWEMNE-SEL
Fig. 1 Skeletal muscle wet weight and the ratio of muscle wet weight/body weight

a. REEBUNE; b B /REREHINE; o KREBIWE-FERL: d SS/RERTEIWE-AELL. B8 PHE + ik
W, n=8. KRFMEAmASXRAM, *P<0.05, ***P<0.001.

a. Changes of muscle wet weight in Rats; b. Changes of muscle wet weight in Daurian Ground Squirrels; c. Changes of the ratio of muscle wet

weight/body weight in Rats; d. Changes of the ratio of muscle wet weight/body weight in Daurian Ground Squirrels. Data are shown as Mean + SE, n

=8.*P<0.05, ¥*** P <0.001, compared with control Rats.

N 0.56, KIRAEENZLIE 2 2R FUBE AL
WIE-RFE AN 0.53. Guitdi WKW, 5SEFF
BRAAA L, SARAVEShAIE /R P R L H UL
ALK U E- AR F A R AR BB (B 1D,
22 EERNA YRR A A 4R AR T A

T ko R LA 2 47 A 2K B DA B B 2R
T R 2 RN A AR ANV BhALIE B /R T BB L (b
H fa UURTBERARL) 25 2570 41 i A LT 4 A
B AL L 2.

ER RN, XHRRARR L H f L
PRYERIAF4E (MyHC ID HIELBIH 9.6%, 5 ik
FAGT KR L H Ll PR4E B4 4 (MyHC
1D PIECAI 33.6%; Aot B ZH K B Bk A UL AR

R4 (MyHC 1D N 88.2%, i Ji 25 i fif
HR RBP4 (MyHC 1D R
89.6%. HiiFEE KW, &l 14 d Ja & fr,
XA LL, SR AT OR R L B AL
PRAERILT 4 (MyHC 1D [FELB R 28 T
206.0% (P < 0.001), {HK R EHAARILH LT
YA LB B EARE (] 2b, ). fEIK
LRBRE LA, B 2R AA R R
H LR PR gE TR 4F 4 (MyHC 1D [ ELfBA
7.8%, ZHRAVE A /R PR L H L
iR (MyHC 1D BN 10.1%; HZ
TG BR A IA B R R LK A UL Hp R 4 2 AT 4
(MyHC 1D EEBIA 92.1%, AHRAESIZAH
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ek H E4E I & Type I myosin heavy-chain, MyHC 11 ; JULBREE HEHE1%! Type I myosin heavy-chain, MyHC I
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Fig. 2 Fiber-typedistribution and muscle fiber cross-sectional area (CSA)

a. ERIEDI ROt R AR (4005 b KERRGIRME 4N A LB, ¢ 15 SR RGN YA Ee; d. KRB B 48
RYEFE AT L B]: e 155 /R RIS A BULEF e 53 AR L] s £ R BUVLEF BRI s g 185 /R 3 RUVLAF R AL Bl T 39ME + 45
#ER, n=8. KBS A S AMLIL, ~*P<0.001.

a. Representative immunofluorescent images of MHC I and MHC 1I fibers in soleus and extensor digitorum longus in each group (40 x); b. Changes of
fast-twitch fiber distribution in Rats; c¢. Changes of fast-twitch fiber distribution in Daurian Ground Squirrels; d. Changes of slow-twitch fiber
distribution in Rats; e. Changes of slow-twitch fiber distribution in Daurian Ground Squirrels; f. Changes of muscle fiber CSA in Rats; g. Changes

of muscle fiber CSA in Daurian Ground Squirrels. Data are shown as Mean + SE, n = 8. *** P <(.001, compared with control Rats.
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15 5 7R BB AR L P4 R 27 4 (MyHC 1D
ILLBIA 91.9%. SiitsiREH, S5HFEH
HAHL, ZIRAENIE S /RERS, tLHA
FREAR VLB GE T 27 4 (MyHC D FIR4E A
“h4E (MyHC 1D [ ELBIERA A B &2 (F
2¢, €)o

TERR BRI, XKt B UL
YRR T AN 2 261.0 pm?, J5 25 AT 2H K R,
b H f ULEF e A A 1167.0 um?s %G
WA BB RAP LA R AN 1 888.6 pm’,
Jei FBE 25 A i 2K BRI A UL AT 2 A T
1479.8 pm*. ZiitgE R, SXIRAA R A
Eb, o M 25 g 4K B G H g LA BE AR LAL
YRR o BEREIK T 484% (P <
0.001) F121.7% (P<0.001) (20, ik
IRBRE R, B ZRERAA YR R L H
e JJUILAT AERE AR TRIA N 2 236.1 pm?, ZHRANE
Sk S R 3 R EL H A LULET 4 A AT AR N
1862.8 um’; HZHEALL A R B R AR AR AL
WA RS 1 629.6 um?, ZHRANE 2 4HI5
B R 3 B AR UL A e i AT AR 14894
um’s GEiHEERERY, SEFFRAMLL, &
HR AN S 4L 2 JR 3 B L E VLA 2
TRMET 16.7% (P> 0.05), HEKARYUILLT 45
MR A B2 (F 22,
23 BMERUHEEENE ZBKE

HEAE (H0,) 2 —Fh 8 2 i 0G4 4
(ROS), ¥i& 11 55 AT LA B At 22 A~ g 77 18 T ok
N, N EEENIER IS E A 2=,
Jlg R SEAIR G O Fa bR . ASHIF FOR I F 254 R K
BRI 2 /R B R B LCEL H A LA EE AR AL
A A A SR TR KT AR I &5 S LT 3

FERBRE R, XTHRARE L B AL+
AL SR E N 40.26 mmol/g, & B2 g4l
K H ST S AR BN 60.64 mmol/g;
X HECZH KRR BE K A WL A S A AR BN
33.06 mmol/g, & /2= 5 20K BRAEAR YL
i AL IR E N 46.02 mmol/g. Fiit45 R,
X IAKRAL, JEHEEAmARRILE f

JVURR AR AL o SR A SR FE 23 ) B 3 T
50.7% (P <0.05) F139.2% (P <0.05) (| 3a).
FEIR SR BB, BRI S IR
B b H L I A SR DY 114.49 mmol/g,
KMRANTE BN AHIA B /R 3 R B H LS SR
WY 111.86 mmol/g; B ZRVEELAIA 5 /R 3 R
BEA LS A SR E N 90.52 mmol/g, 4
HRAN VG B 2H 8 5 7R 35 BR B A L A et SR f b A
BN 71.15 mmol/g. SitE R KW, 5HEFE
BRAAARLE, A ARANTESh4LIA S /R B R L B L
i EAL SR A B E L, B KA
WL R ZERRI T 21.4% (P<0.05) (B 3b).

ERBEENL, STHRARR L E ALt
R E N 12.19 nmol/g, JElEffardl kK
fREE H A VLR S BN 25.12 nmol/g; X
HRZER BB AL P R0 51.93 nmol/g,
Jei B2 7 A 2H K BRI A UL AR P A B
70.54 nmol/g. Giit&E KM, 55X K R AH
b, a2 fur 2K SR LG B LR S
LEWIT 74.0% (P <0.01), AEKALH &
A TR, HESER Y (B 30). 1F
LG R BRE LR, B SRR IRAA 2R R
bt H AL R EE Y 17.85 nmol/g, 4HR
ANE SR SR E B L H AR T RN
23.99 nmol/g; H Z=iHIRALIA & /R 35 BRBE KA AL
HHTR TEEMEE N 29.20 nmol/g, KHRATESNA
155 R v RO RAT WL T IR 15.74
nmol/g. Fiit4E KW, HEFEFRRAMLL,
AMRANTE B 2HIA B /R B R B H ALY K
RN TR, RS EE N, R AR
WP IR R T 46.1% (P<0.05) (] 3d).
24 FHMEBRUSH TSR EBRIEKPE

K4 RkEEAEREDOR. EHIERSE
HREETN, HREEEA FREA R 5 2
V] (AR AR R % H R A EAS [ RE A 21
HRIA R AR AR

Bl 5 S I FH 26 A DR BRI 5 R 3 B
UL (L H AR AL Sl
filg 1. FBEAEALES 2. AL ARSI
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Fig. 3 Levesof hydrogen peroxide and malondialdehyde in skeletal muscles

a. KEREBIH LSRR b, kSRR E RIS S SR oo KREBRITN BTN, d k5K R E
Wb =BT A2 fh . BRI £ FRdEiR, n=8. KRG EMAHSXIRAMEIL, * P <005, **P<0.01; &5/RME LA
RN S BRI, #P<0.05.

a. Changes in hydrogen peroxide levels in SOL and EDL in each group of Rats; b. Changes in hydrogen peroxide levels in SOL and EDL in each
group of Daurian Ground Squirrels; c. Changes in malondialdehyde levels in SOL and EDL in each group of Rats; d. Changes in malondialdehyde
levels in SOL and EDL in each group of Daurian Ground Squirrels. Data are shown as Mean + SE, n= 8. * P <0.05, ** P <0.01, compared with

control Rats. # P < 0.05, compared with summer active Daurian Ground Squirrels.

KB Rat 755 /K % B, Daurian Ground Squirrel
B &L AR tLH AL AR
Soleus Extensor digitorum longus Soleus Extensor digitorum longus
WA FhEAmH R BREEARE HERERE LRATESIE BEEGIRE LIRATESIA
Control  Hindlimb Control  Hindlimb Summer  Hibernating Summer  Hibernating
unloading unloading active inactive active inactive
- — it P — e e— hpmm -
— C—
=== == - = = =
= e -—— s P -

B4 BEOCERGHE

Fig. 4 Sain-freeimaging of the separation gel
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RIS A 13X 4 PP BRI AR B A R
EIKF
ERBEEILY, SRR L E ALt
AL 1 A RIEIK RN 046, 5
F A 21K B B H A UL S A 1
HFRIAKF N 0.60; 5 HEZH K BB AL
AL | B ARIEKTF N 036, G-
g 2K BR BT S P B 1 ER e
FIEIKF N 0.32. XL KR EL H L4
AL 2 B A RIAKFE N 0.50, JEEE 20
faf 2K BB H L A AL 2 e R
IEAKFEN 0.37; % FRAE R ALK A AL
VIBALEE 2 B FERIA KN 0.26, JE 2 B f
K RBERARIL ALY B 2 R A RIA
KP4 0.280 BRI B L H A UL S8 A S
filf 2 25K N 039, JE B2 KR EL
H L o A A B 8 R KN 0365 X
HEZH R BB L i A Sl B SRR 7K
N 0.68, JE & Fumr 4Lk BB AL A AL
B ARIEKTE N 0.63. SFHRA R H f
WP e H I Sl 1 R B RIA KA
0.75, JElE AT R L B AL B H Ik
A 1 B ERIA KN 0.63; XTRRZTK
SRBE AR L 2 e H IO S 1 SRERIA
IR 0.68,  J5 52 B g 20K BB AR UL 2
R SR A 0 1 B A ERIA KN 0.58. 4t
THERERE, SXTRARRAMLL, 52T
HRR U H AN EE Y BAEE 1 EEARIE
K REBINT 29.8% (P < 0.05), a4k
VI ACEE 2. A AR RIS DR RS S )
filg 1 8 FRIA K R B KT 27.0% (P <
0.05). 6.3% (P<0.05) f115.7% (P<0.05);
TEBERARILA, BR T A B H O A e 1 &
HRIEKFREFIRT 14.6%(P<0.01) 24k,
A A RRIEAKFIRAREER (B 5,
RIS YR A BT, B ZRERAHIA Y
JRBE R G H AN A B 1 Rk
KPR 051, ZHRAESHIE S /RE R E

WL AL Y B ALEE 1 2 A RiE K TN 0.58;
B RV R IA B /R 3 BR B KA UL HP B S A
1blE 1 EARIEKTRN 052, KIRAEHLLIE
5 7R3 R AR LR A Y B 1 SR B R
BTN 046, HBTERAE S /RERLILE M
WP B ALY S AL G 2 B A RIA /KN 0.46,
KIRANE SN I SR 3 R LG B LA e
AL 2 B ARIAKFH 0.57; HETERAIA
5 IR B AR LA A B 2 T E R
KK 032, AMRANE B HIA S /K BRI
LA A Y Bl 2 B RIA KPR
0.40, = ZEVEERAIA Y /R B LG H UL A
WEFEARIEKTN 047, KIRATESILLIE
5 R B b H L AU SR B SRR K
N 0.61; BZIGERAE S /R 8 AR LA ik
AMEEAREKF R 034, KIRAEIH
155 IR B R AL O SR A SR R Rk K
PN 0.52, BEERAIA S /R EE R L H fA LA
B IEH B AL 1 8 A RIA KN 0.43,
AMRANTE BN AHIA B /R 3 R B H L A e R
ALY 1 B A RIAK TN 0.65; HFTEER
AR IR B R B BRI AR UL 2 e H DO A
1 FHAERILKTN 046, KIRAESHALL IR
R ALK B IO A e 1 AR
KN 0.57. Gt a5 R, 5HEBERA
R RBRARLL, AZHRANE BN AIE /R 3 B E
H e LR B A UL H R S A A 1 IR 4
YL 2 B ARIEKTFHLEREZELL. H
&, fELLHANURBEARAL, AR R
HRIE AR E N T 31.5% (P < 0.05)
F153.0% (P<0.01), HAMH IS S 1
HEHRIEKFWEEFELN T 51.8% (P<0.05)
A 25.0% (P<0.05) (KE5).
25 FMEBRUFIIEMERS R

N HE— 25 I T BT A A B X S A B R
W, W T EEYEAEE 1. EEY B
iy 2. WAL SRR B H O A A B
PE LR s A AL B
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Fig.5 Changesin levelsof superoxide dismutase 1 (SOD1), superoxide dismutase 2 (SOD2), catalase (CAT), and
glutathione peroxidase 1 (GPx1) proteinsin skeletal muscles
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a. K BRURIIA S R 8 B B PP AR R (1 B LR L by v dy e BN K RUB B A8 AL B AL AR 1. AL 1L 2.
RN LA B H PO S EE | A RIE B £ g. by @ M RPDNIE S RERE BB BLEE 1 BEAEEE 2.
SR KB E IR S | A RIA R BRI + AR, n= 8. KRB E ARA S RAMLL, *P<0.05, **P<
0.01; 155 /RERAMRATESN AL S HFERAAHEL, #P<0.05, ## P<0.01.

a. Representative immunoblots of superoxide dismutase 1, superoxide dismutase 2, catalase, and glutathione peroxidase 1 proteins in the SOL and

EDL in each group; b, ¢, d, and e represent relative protein expressions of superoxide dismutase 1, superoxide dismutase 2, catalase, and

glutathione peroxidase 1 in the Rats; f, g, h, and i represent relative protein expressions of superoxide dismutase 1, superoxide dismutase, catalase,

and glutathione peroxidase 1 in the Daurian Ground Squirrels. Data are Means + SE, n = 8. * P <0.05, ** P <0.01, compared with control Rats; #

P <0.05, ## P < 0.05, compared with summer active Daurian Ground Squirrels.

ERBE#ILH, WREZACR LG H sl
ABE Y EALEE 1 35PN 709.96 Umg, &l
F A 20K R B B U S A 1T
P 669.74 U/mg; X HBZH K BR BE AR AL A 48
AP ACEE 1 751N 916.45 U/mg, JaE2£
At ZHL K BRI AR YL R S A A S A 1
N 687.43 U/mg. XH&ALKE L H A NUILIA
A B ARG 2 FEPE)Y 229.82 Umg, JEli
Z AT KR H AL S B 2 7
P 184.11 U/mg; X HBZH K BR BE AR AL 8
AP ACEE 2 35PN 99.27 Uimg, J& 2511
fop 2K B A AR L B S A P B AL B 2 SRR
52.20 U/mg. *HEZHREHE H il id Eb &
filE s el 48.08 Uimg, JR LM KL H
i LA I A S BEEE E  54.91 U/mg;  XHRZH
K ERAERAR LA I S A S BE 1 9 38.29 U/mg,
Je FEE 2% A7 A 2H K SR B AT L P o S A S B
N 31.29 U/mg. XTHRA KR L H AL
ki E A g EYE N 804.76 U/mg, Ja i1
Ff K R EE H LR 2 e o S A 1 i v 1
N 678.35 U/mg; X JEZH K BB AR LR 25 e
HAK A BT A 661.24 U/mg, JE2:
At ZH K BRI A UL HR 2 R ORI SR A A Bl
PEN 517.46 U/mg. SFHEZHKER bL H AL &
il Abae 1y 7.35 Uimg, J& B2 4l ki
bt Bl S LB 718 5.20 U/mg; X
K ALK AR L S PTE AL BE TN 2.43 U/mg,
Ji JE 2 B A K R BEAR L s A RE T N
2.57 U/mg. Giit &5 K], SXHIRA KR,
Je JBE 2 A A 4K R B B L Ao A B
2 RO H oS S A DL S Bt A AL e

T REE T T 38.6% (P<0.01), 15.7% (P<
0.05) F129.1% (P < 0.05); fEREKARAL,
Ji 25 R AT 4K BB B B 1, AL
YIEALEG 2, T EACEREANS B H IS E )
B 1 2 0l B 2 N B T 25.0% (P < 0.05),
47.45%(P < 0.05), 18.35%(P < 0.05) 1 21.75%
(P<0.05) (E6).

RIS YRR A BT, B ZRERAHIA Y
IRTER LG H AL S B 1 SN
1014.89 U/mg, %HRANEZWAIE S /RERELH
L ALY Bl 1 WETEY 1 105.67
U/mg; B ZE3H IR 5 /R B B DL A R 4
S ALEE 1 35PN 876.14 U/mg, KHRATE
BNAIR S IR B R EEAP UL S B AR 1
SN 739.63 Umg. B ZEIE AL S /R ¥ 5
bt H Lo A Al 2 TSN 106.16
U/mg, %MRANESNAIA S /R 3 iR L B L
AN AL 2 WEMEN 140.87 U/mg; HZEig
BRAHIA B /R B R BE AR L SE A B EE 2
SN 114.00 Umg, KIRATEBHHL S /R B
BB AR LR S B A 2 TE TN 84.08
U/mg. B Z1HIRAE S /R 8 R L H s g A
A BHEYE N 23.68 U/mg, KIRANEZhAL L
IRFE L H AL o A A B E Y 47.35
U/mg; B ZRI IR 5 /R B B A DL A I
A BHEYE N 28.45 Uimg, K IRANEShAA L
IR B BE A L O A A E Y 45.03
U/mg. E 2GR 5 /R BB LG H AL 2 i
H kL B EEHEEN 201.30 U/mg, KHRAS
TESIAIE SR R H AR A B I A AL
YIS TN 301.73 U/mg; HZEEIRHIE S R
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Fig. 6 Changesin activities of superoxide dismutase 1, super oxide dismutase 2, catalase,
glutathione peroxidase and total antioxidant capacity in skeletal muscles

KRB BV EEEEE 1 (). BEAEARE2 (b). SHAERE (o, AR AR (D BREER ST
B (e)s 7GR R BRI EALEE 1 (O, BALDBAEE 2 (o). SHLEARE (. B EmRE O iR
WEBPVEREI R (Do BERATEME + SRER, n= 8. KRS E A SX MM, * P <005, **P<0.01; EEZ/RER
KMRANE SIS SRR L, # P <0.05.

Activity of superoxide dismutase 1 (a), superoxide dismutase 2 (b), catalase (c), glutathione peroxidase (d), and total antioxidant capacity in the
skeletal muscles of Rats; activity of superoxide dismutase 1 (f), superoxide dismutase 2 (g), catalase (h), glutathione peroxidase (i), and total
antioxidant capacity (j) in the skeletal muscles of Daurian Ground Squirrels. Data are shown as Means + SE, n = 8. * P < 0.05, ** P < 0.01,

compared with control Rats; # P < 0.05, compared with summer active Daurian Ground Squirrels.
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BEER AT UL S B O A R
386.22 U/mg, ZHRANEBNZHIE L /K 3 R AL A
WL ot H IR S A B D 473.99 U/mg .
BRI AIE SR 3 R L B L S A RE
J14 621 U/mg, AMRATEZNHIE S /R R
H Al S yisd e 1y 5.69 U/mg: B ZE0G
BRAHIA B /R 3 BRBE AL TAC St fbae
718 3.34 U/mg, KMRANEENHIL S /R 3 B L
KA S PTEIBE 1A 4.39 Umg. 4iit4h
FRE, 5HEFERAEL/RERML, AR
NG B 2 /R 3% BB H AR UR LKA L
AAYEALEE 1, HEAYEALEE 2 B HEH
ki E AL B E T R S R AL R R B
Ak, AH RS A EEEE MR L E A VUREE K
AL 20 B E N T 99.9% (P < 0.05) Al
58.3% (P<0.05) (K 6).

2.6 PR E UL PUEARTE R R

TRV Nrf2/Keapl 15518 16 K F 175
SHEA RO, 8 T S B sy
W T AFE B Nef2, BEERAL Nif2 (p-Nrf2)
Fl Keapl )8 HFRIEKF,

ERBEHII, SRR H AL+
Nrf2 & H&iLKFR 0.61, Ja k7 mA KR
Ee H UL Nef2 2 H R IE K 0.56; % HEZH
KRBERARLA Nrf2 88 AR IEK TN 037, )5
Ji s A At 4H K BRBE AR UL Nrf2 85 3Rk K
SEN 029, XKLL H Ul p-Nrf2 22
Fik/KFHR 033, JaE L AR G H fUL
H p-Nrf2 2 RIA KN 0.39; WA K SR AL
KARWLH p-Nrf2 25 ARIAK TN 0.34, G2
Btar 2 K SR A AR UL p-Nrf2 £ 5 Rk K-
0.32. XA KRILHANLF Keapl FHEAKIE
KPR 035, JEIE M4 L E S Lt
Keapl & FIFRIAKFHN 0.34; X R RBEK
L Keapl 2 FIFRIAKFN 0.68, 527
FL R BUBE KA L Keapl & AR IEKTH
0.61. Guitss R, SXARRMAL, &
£ A KR b H AL Nrf2, p-Nrf2 Al
Keapl & HREKTTLEEFELMN, (HAKAM

LA Nrf2 F1 Keap1 ) 85 H Rk K5 5 2 3%
FEAK T 23.0% (P <0.05) 1 10.6% (P < 0.05)
(B 7).

RIS YR RE BT, B ZRERAHIA Y
IR B EL H AL Nef2 2 A #IE KN 0.39,
ZMRATENHIE S /R B L H AL Nief2 &
HRIEKI N 0.57; H IR R 5 /K5 B
KAFALH Nrf2 & HRIEKFE R 0.30, LHRATE
BNAHIE S IR B FRBE AT L Nef2 85 FERIA K
PN 0.54, B ZEERAIE S /R T R H fA LA
p-Nrf2 B [FIRIE KN 047, ZMRAESHHIE
LR R H AN p-Nrf2 A RIEK TR
0.62; = ZEiH KA 1A 5 /R 1 ROk A UL
p-Nrf2 B FIZRIE KN 034, ZMRAES)4HIE
R BB KA p-Nif2 & ARIE KN
0.65. F Z=HERA1IA & /R 3 B b H #JLH Keapl
HARIEAKT N 048, KIRAVEEHHIE L IR
i b H L Keapl S5 FIRIEKEH 0475 H
TG RALIE /R 38 B K AR L Keapl R AR
EIKFN 0.54, KMRANIEBAHIE S /R R
L Keapl B ARIEKFN 0.69, GiitghR
KW, 5EFGHRARB L /RERAL, LR
ANEHE G /RERIE AL Nef2
p-Nrf2 AR AR ERIN T 46.2% (P <
0.05) F132.7% (P < 0.05), HEKAHALF25)
SEWIMT 81.9% (P < 0.01) #190.1% (P <
0.01) (K 7.

3 Wik

A TR T IR T IR IR 4
B 211 4 7 ol 288 28 i % UL P 484 B2 380K 7 i
Nrf2 T HIPUAAB I 2 5 KBRS I 2
1o 1 ) Ji i B UL PR S8 B KT S 2 e, T
TEAMRIAANTE S AN 2 H B 5 /R B B A UL
AR IR K, RIELIRSIYIE T RS IVUE
RS N 2 R AR, ARSI B A
FRFEMNIE R FRASIIRE ST Nrf2/Keapl {5518
% S N PR B IR R IA TE 5 B 2 A far KR
HRAEREAN R L BRAIK, T A IRANVE Bk 5 /R
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Fig. 7 Changesin levels of Nrf2, p-Nrf2,

and Keapl proteinsin skeletal muscles

a. RERANIE SR TR A HEAL Nrf2, p-Nrf2 fl Keapl & AR RHIEAAKE: b, KEEHALT Nef2 SREARERA; o KSR R AL
N2 BEREEN: d KREHULP p-Nrf2 SERIEEN: e IEIRIERT IS p-Nef2 HATRET.: £ KREHULP Keapl
wARERM; g BERRATIIT Keapl HARKAEN. HiTHME £ bRMER, n= 8. KRGS ffrd S RAMLE, *P<
0.05; X G /RE M AMRATE A S H FHRAMILL, #P<0.05, ##P<0.01.

a. Representative immunoblots of Nrf2, p-Nrf2, and Keap1 in the SOL and EDL in each group; b. Relative Nrf2 protein expression in the Rats; c.

Relative Nrf2 protein expression in the Daurian Ground Squirrels; d. Relative p-Nrf2 protein expression in the Rats; e. Relative p-Nrf2 protein

expression in the Daurian Ground Squirrels; f. Relative Keapl protein expression in the Rats; g. Relative Keap1 protein expression in the Daurian

Ground Squirrels. Data are shown as Means + SE, n = 8. * P <0.05, compared with control Rats; # P < 0.05, ## P < 0.05, compared with summer

active Daurian Ground Squirrels.
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FR AR E T, RUARLIRSIIE N TR
A T I LB Re /o BeA%, i S48 4k
LN F L2248, 17 B AR & IRAN TS B 7L
A E BT RE T TS R B B UL S 2
A, W] RE S PR It L 2= 4 ) B
Bl .

JE AR 14 d JE R B Ig 48 ULEL B ULV
H . WIE AR E LA e R AR I B R 2 T
B, RAENUALKARIL EARZE AR RN T LL H
WL, AR R 2. iV 2t it
H, fEEREAR 14d J5, KEECH AL
HRF D 34% ~ 50%, MBI 49% /%
41 (Zhang et al. 2017, Chang et al. 2018). H#k
KAPILR —Fh i B PRGN, BRI L H L
Xof IR I VEN 224 S S RBURR, (B R I W SR
Z45 (Chang et al. 2018), AHFFLE R 55T
FIRIE TS — 3. SR, HREAHEL, ARIXS IR
RS KA H 22 A AES), tH M
JUMIBE-AR LIS R B R L 4a I 5, DL
HAPIL AR BRI R IR T R, X5
AR SR 2 SN AR K 5 JR B R O BIF T 4 2R —
# (Fuetal. 2016, Weietal. 2018a). [Atk, 7£
BERVUEHZMLT, BARKIRATEINHILIY)
AN FRAE BN Z iR S AT N TR
Ji AT AR ARSI I Z 48R, AR SR
B B Z 48R AR

FAC N PUELILA & E & i 2 1 R
Z AN, AT RSO R BUNLA 248 1) — A
EJR[A (Moylan et al. 2007, Powers et al. 2007,
Powers 2014, Zuoetal. 2015) . fEAHBFFH,
Ji 5 2 A Amr K B bE LR BE AR LA O 4R
WA & B S0 IRAR R &SN, 5
Jie 25 At 4K BR B H A LA Y K 3 4
i, RN TLIE %= SBORR A BV
PR RN, BN TEH & SBOCRE
B A= B S () S R . AT X i i 25 A A
KRB BEIEA ST T RoR, S5 2%
K H S A E KT 23 = T R
(Lawler et al. 2003, Cannavino et al. 2014),

R, SAELHRSI A RN, 75 H IR AR
2T A A A ESSEEIUEH S, &
AR 5 R B R EE A VLR LA LA 3 S AL
SRR E TR, AR TRERE
BEVN. XL R EH KLY A NEH R
I FLas AR, Wei 55 (2018b) K ILACHRIE
5 IR BRI 2R A UK AR AR B
KWTHE, Yin £ (2016) SF&MRMAA L BE
I (Myotis ricketti) F154%%5 3L i% (Rhinolopus
ferrumequinum) i ZHZ3 A FE R B, HACHRI
IS EUKF IR AR TR, R R FIEIRA N
EEAK. BT ERAFTE, AFREH, ERZE
fuga 14 d, KEBREBEIVIE N T %44~ kA&
ot R RN, SR KT T ] R A
RIMBGEM—ANEZRE, 1 H R LIRS
155 R A B A FR e rTHE I A AL RIBOK
P 1] e S 2 MR Bh P 5 52 A SR A AL 22
i — AN EHER K.

AR R AE A S V& M ) = A 3G
A%, WEHEIBI GRS 1R A G
RLtE,  FRATTEE— 2B 70 1 IR F 261 T R BRAIA
R %R B H AU LK AR LR S Ll G
ALY AL 1. RN 2. T H A
BN R R Al 1D 1R A RIE
. MPREGRE R, FEREEARKRILE M
WL BR T B R AL S AL 1 8 (/K 5 2 5
Ab, HAhPUEAEE GEEADBALES 2. 4
W ERGAIA B H O Sl 1) Rk B
FREAS,  BERAR UL A DU Fe i S A Bl 25 8 35 B A1 s
A AL 3 PR B B L A R R R
B, xebgt R, S LA FECRRE
BALh LA R L B2 N %, X —45 R 500
NWEF AR —3, Wl Lawler 25 (2003) i,
J JBE 25 4 A 28 d R R LG B L R S AL Ak
il 1 WEMEE I T 71.2%, TEEAEAL
M 2 v MR BE 10.1%, SEAERE. AEH L
o A P Bl I A ) R R B T 54.5% A1
16.1%. Ja 256 fir 7 d BB B B s AL it 4
WEE mRNA K& 28> (Cannavino et al.
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2014), IXELHE R, R &M SRR E
WL BLE LB B EE B3 R F%, 1 H, SOD
S RAEAN ) B B L () RS A AN R] SR 17
AT, 7EAHRAE SR 35 B b H LA L
KA, MY SODs IFRIEEA HILHE T
B, AR AN DR H IR A G 1 R
EACPIE LR E N PrE LR S PR A
AR R AT . KHRAZIIATT T HA
HWAESI, B2 EBThREgamH], St
H O E AL G 1 A A R SRR AR R
B, X ehT B BT 4 PR AR A i AR A
JRFIRZS T 350 B B SE AL AR, (R
P H A ZE AT Wei 25 (2018b) RIEXHR
B RE RO B MRS H 2 R A
1Rl 1. AL 2. W SE LA RS R
H IO EAYIEE 1 5 A RE P AKCEE A IR
FZWhN. Allan %5 (2012) RiE T 2403/ (S
tridecemlineatus) B #SULH HLELEE GEELL
VIBALEE 2 AL R INEE 1) RIS
BB ) e A I B3 B PrE LR R G
FEARFNVE VLR F AT DL R B v B o & v
A 13 A IRIA SR 3 B L A I A AN
N R B R RUROK S o BBk, DL RgEIREE
B, 5 2 S KRR B LR N R H %A
T, HBrEBiEee ukss, A RER A,
AR S TR SR R R 2 —; 11 40K
k5 R RAE MR AR EOIR S A B 28 R RS
T, EEUBTEALY I Re ) 5E, TTREER
1R A0 E AR R 51 S 1 I P 1 JUL 2 4 1) e
ML 22—

MUARII LA B B8 1 32V 2 A5 5 @ g Al
FESER T, o, Nrf2/Keapl {550 %
e AEH 2 NPT 4538 B (Motohashi et al.
2004, Bairdetal. 2011). fEIEH 4R, Nrf2
LB AR S AE T . 252 F0EH A
SR, Nrf2 507 40 A% 5 PiE LR & ot
44, A Tl SRR R IE (Sun
etal. 2007, Espinosa-Diez et al. 2015). {EAHH}
Fo, R G I e 4K SRR R L S AR

KPR, RSN, HE IR RA R
M2 5 i 2= A oK B L B Bl Nef2 & E
AKFHIZEA, T EECAR L Nef2 22 F KPR A
B E PR ARIESE TR AR, S5 B A
7d BIRKREHAPA/NR (Mus musculus
domesticus) O LALZAH Nrf2 F p-Nrf2 [k
WA 235 A4k (Cannavino et al. 2014, Seawright
et al. 2017). #AM, AHRAIAZ/RERILH M
LRI BERAF LA Nef2 F1 p-Nrf2 85 FH/K 38
FEWN. X455 KA N IEZH 2
TR Eh FARIT, FRATTSEER 2 2 B0 IA B /R B R
I R TR B, AR IS A2 IA 5 R i BRI 0
JF BRATE H 23 Nrf2 A p-Nrf2 S HRIE &
FHN (Weietal. 2018b). XEELERFH, &K
IRBILE B AR HRANE BN IIA] Nrf2/Keapl 15
SIEBEOE. SEATHRAT RS R, KEE
BENTIE M T, EM K S IR
WOE Nrf2/Keapl $UAAME 5B A T IFPLAE
g RE, X —4 RN, AP RE 2
BRNTLIEREN G EEZ R —; H2
A HRIA S R 3 BB BE LE B AR 26T
Nrf2/Keapl $UAAME TS, FHBUR
gL, TR & 8L TR
TEIRE JIAE AR IA AL G 58, ] RE BT 1R ACHR B 2R
J% FH 51 A VL5 4 1) =5 EEAILA o

g bRk, N4 14 d 5 RERE
BEIWLA A LUK, T Nrf2/Keapl $i8
A TR S N 2 P R ) SRR 4R RE
AL RIEAC (H2E HARALIRAES WA 2
A S R B A B L, SR AE R IR R
K, Nrf2/Keapl PUEMAE S IHEEBHGE, £
P E i RIS B E NN . AW R R,
HEWEILE AT, AEAIRBMI A IR ENY)
B H VAL BLBOK & B E A BT A e 7 e A
[A, T HAFSE A LA A 2 7sAS [F] e i 4%
Felg o KRB LS B2 g S BB B LA AL
NSO, PUEALDT A RE J1kEs, TTRE
HFRHAENZELG R R 2 —; 185 /R E RAE
H AR AR B RS T P B 48 5 77 3 5 ]
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