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Kol Nef2 A5 A H0 A AR 2 5 42 A Bt H BRAR SS9 mRNA 5458 7K - ; Western blot #50 Nef2 45 550 & A i 25
HRiE, SRER, 50 M1 hdHE,3 h H/NRE S N2 Fii 8 AEGSE H ( Gpxl \Hmoxl | Cat ,Sodl il Ngol ) )
mRNA # 57K - B 2 A%, ROS 7K E B2 1, 5 PBS + Con Z1 A Ht, PBS + Cold 41 /N Bl 45 8% L Nef2 F1H1 & L i
(HMOX1 F11 CAT) #1323k .GSH/GSSG LHufH J T-AOC 7K - 2 AL, T GSSG % i Al ROS /K14 M, 55 PBS + Cold
ZHAH L, SEN + Cold 21/ BB S Vif2 mRNA Je H AR (3835  Hu 4 LA (HMOX1 1 SOD1) 2K [ 3% 35 i A fL A 3L A
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Effects of sulforaphane on the antioxidant capacity of skeletal muscle
mediated by Nrf2 in mice exposed to acute cold
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Abstract ; Sulforaphane (SFN) is a natural substance which rich in cruciferous plants and has the antioxidant effect. Based on
the antioxidant system mediated by nuclear factor E2 related factor 2(Nrf2) ,this paper explored the effects of different time’
s cold exposure on antioxidant enzymes of skeletal muscle and the effects of SFN on antioxidant capacity of skeletal muscle
exposed to cold exposure. Firstly,30 male C57BL/6N mice were randomly divided into three groups,including control group
(0 h group) ,1 hour’s cold exposure group (1 h group) and 3 hours’ cold exposure group (3 h group). Secondly,40 male
C57BL/6N mice were randomly divided into 4 groups,including PBS with control group (PBS + Con) ,PBS with 3 hours’ cold
exposure group ( PBS + Cold) ,SFN with control group (SFN + Con) ,SFN with 3 hours’ cold exposure group ( SFN + Cold) .
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Mice were intraperitoneally injected with SFN or equal volume PBS four times before acute temperature intervention. After
cold exposure, the skeletal muscles of mice were taken and the level of reactive oxygen species (ROS) ,total antioxidant ca-
pacity (T-AOC) ,reduced glutathione ( GSH) and oxidized glutathione ( GSSG) were detected by kit. The mRNA transcrip-
tion of the antioxidant enzymes and enzymes related to glutathione synthesis mediated by Nif2 were detected by RT-qPCR.
The protein expression of the antioxidant enzymes mediated by Nif2 were detected by Western blot. Compared with O h and 1
h group,the mRNA transcription of Nrf2 and antioxidant enzyme genes ( GpxI ,HmoxI, Cat,Sodl ,Nqol) of 3 h group were
significantly decreased,and the level of ROS was significantly increased. Compared with PBS + Con group, the protein expres-
sion of Nrf2 and antioxidant enzymes (HMOX1,CAT) ,GSH/GSSG ratio and T-AOC of PBS + Cold group were significantly
decreased , while the level of GSSG and ROS were increased. Compared with PBS + Cold group, the expression of Nrf2 mRNA
and its protein,the protein expression of antioxidant enzymes ( HMOXI,SODI ) ,the mRNA transcription of antioxidant en-
zymes genes ( Gpxl ,Hmoxl ,Cat,Sodl ,Ngol) and enzymes genes ( Gelm and Gss) involved in GSH synthesis, GSH/GSSG
ratio and T-AOC level of SFN + Cold group were significantly increased , while the level of GSSG and ROS were significantly
decreased. These results suggested that the 3-hour acute cold exposure reduced the antioxidant effect mediated by Nrf2. When

SFN was given before acute cold exposure,the antioxidant enzymes and glutathione antioxidant system mediated by Nrf2 were

activated ,and then the antioxidant capacity of skeletal muscle was enhanced.
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A IV TR 4R A 2R A IO ok 5 e G I 35 4 (A
HR K ERHE A BR A F, 5845 BC1315  BC1175,
BC1185) ; RT-PCR il & #1 SYBR Green Realtime
PCR Master Mix ( TOYOBO /A 7, 4% 5 FSQ-101 .
QPK-201) ; RT-qPCR 5] ¥ : 4% it H ik it % 1k Bl 1
(Gpxl ) | Il £1 2 i & B ( Hmoxl ) | i 4 Ak & il
(Cat) JEEACYBALHEE 1 (Sodl ) 1A AL 5L 1
(Ngol) A2 MRV e 2 R 1% 2 1l Ak V35 ( Gele) |
A e H Ik Tl (Gsr) | 185 ( Qiagen 23 H, 5% %5
QT01195936, QT00159915 ., QT0O1058106 . QTO01650

Q102448075 ) , Nrf2 A+ 2 Ik > 1Dt 22 I 12 5 i 14 5 1.
BE( Gelm ) A WEH KA B ( Gss ) 1951 PI7E Tnvitro-
gen 23 A G L, BAK G 51 WA 15 RIPA 2§
(B KRAF], 575 : PO0I3B) ; Pierce i H B IR
it 1 16 50 084 7] . BCA 1250 & Bolt 4% -12% Bis-
Tris Plu % B¢ ( ThermoFisher Scientific 2 &), 57 5 :
A32961 23225 NW04125BOX ) ; — 4 : Nrf2 | GPX1
SOD1 \NQO1 ,B-actin( Santa Cruz Biotechnology /A ] ,
5. s¢-365949 | sc-22145 | sc-11407 | s¢-32793 | sc-
47778 ) ; HMOX1 ( Abcam 2\ #] , 525 :ab13248 ) ; CAT

39, QTO00094367, QT00130543, QT01758232, ( Proteintech A ], 575 :66765-1-1g) ,
F1 Nif2.Gclm 70 Gss FISI1HIF
Table 1  The primer sequence of Nif2,Gclm and Gss
H N2 6 1D LEE1Y Rk
Gene name Gene 1D Forward primer Reverse primer
Nif2 18024 5'-TCTTGGAGTAAGTCGAGAAGTGT-3’ 5'-GTTGAAACTGAGCGAAAAAGGC-3’
Gelm 14630 5'-AGGAGCTTCGGGACTGTATCC-3’ 5'-GGGACATGGTGCATTCCAAAA-3’
Gss 14854 5'-CAAAGCAGGCCATAGACAGGG-3’ 5'-AAAAGCGTGAATGGGGCATAC-3’
1.3 {5 i T PBS w1, g HU/INRARR A T S50 i 25 meg/kg

P 20 2L Y ( 36 [E NEXT ADVANCE A+,
HI5- . BBY24M) ;iBlot2 %% i {X ( ThermoFisher Scien-
tific A7), 15 : 1B23001 ) 5 45 IR (¥ ] HAR DR 2
A, A5 . TS-100 ) 5 IR 250 HL (72 E Epperndorf 22
Al , B 5. Centrifuge 5424R); % )t %€ & PCR {X
( ThermoFisher Scientific 2y #] , %5 . ABI7500) ; 21}
RETFL AR A A ( 56 [ Bio-Tek 23 7], 145 ; Bio-Tek
Synergy ™ H1) ; Bio-Rad $EE A% 53 B4 ( 38 1 4R
/N BIO-RADXR)

1.4 zH¥HERTM

5,30 H 8 JEA fd B e CSTBL/6N /N BB
BLor2 3 A, Rl 10 HH R X RZH (0 h 4) IRk
i Lh (1 h ) MRAFE3hHG hd) . #
TRATHRZE T 25 + 1 CHy= R, (R IR 5% 55 41 )0
SPE T4 £ 1 C¥%PEL 3 h, TR E &2 4 RE A
RO I o

HKk,40 H 8 JE % fdt B ek C57BL/6N /) FRL bl
PLorH 4 20, 120 10 2 BERR S hER K ( phosphate
buffer saline, PBS) % 5 %} & 2H ( PBS + Con) . PBS 1§
75 3 h 24 (PBS + Cold) SFN  ifit xf i 41 ( SFN
+ Con) 1 SFN flXiE&#& 3 h ZH(SFN + Cold) . /MR,
FEEAT 2P IR BE T BUAY 72 .48 24 K13 h iX 4 ASEf
71 2 380 3 I 3 5 SFN B 6 A BL PBS'™  SFN %

0.2 mL, HRXTIAE T 25 =+ 1 CHERA
B IR RBANE T4 = 1 C¥BE3 h, 75
K LI RE A B AKOK AR
1.5 ER#f

A I T R R 5 R B 2K DN BRSTUME I3 A Ak
AU, T I | EUBR F8 1 JHE i LA Y Sk L, FR R, 4
SO BAWCA, B 80 CUKAR RAF R H
1.6 E8AL ROS KFRE

L ROS 7K PR FI I A 2 24 Ak 17 3 ROS
e B I s R S . B 4H 50 mg kR L E
THERTMA GENMED JE U A KB I E L, 5 56
THHW, HUE4RM T, AR5 A GENMED 7 Bk
FABY IR L5, 2) 3%, JF 0 BCA 088 IR o
KU 1AL T BEREY 10 Wl S0 g P4,
B J5 7E 8 ' W AR AR B L A 190 pl Y
GENMED %4 T AE ,37 “CHOLIFE 20 min, &
WAk 490 nm, HUE P 520 nm A6 5E S 5k B (R,
A5 25 HPOGREE 218, IRIRIZAL ROS /K-,
1.7 BHRISRSLENNE

HES L AP E AL EE /7 (total antioxidant capacity,
T-AOC) R ] T-AOC Haill i 5) & e o Sl B 1]
BhbrERTZ . RS0 mg BEPU K LH LU A $2
BT & O 1 A JEAE N 213K, J5 50 5 min
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(4 C,10 000 rpm) , B & F BCA ¥E I 8 IR IE .
(] s e BRI A5, FH 96 FLARIN 2 2 1148 il o 45 7
593 nm Kb HYIEOEAE , THA 2 EDIFAA bR HE M 2 h 7%
P Fe® AYME , )5 Hic AR UL B4R (I 0 4 2K
FR TR A G2 & 241 T-A0C,
1.8 BRITFEESHRER. SLESHEREE
EAELLE

B ES LA J5 A B H K (reduced glutathione,
GSH) 14 1k B 45 Bt H Bk (oxidized glutathione,
GSSG) 7t 73 1 R I I B A e H JOR R 48016 2R 45 Jbe
IR S G I ) A I o B 2 M I Sk LR
ISR, FHE R UL B hl bRt 2 o PR AR L 0 I
IO Sk WU A B FiIn A T30 98 3050 — B ) S AE N AT
JF B0 10 min(4 °C,8 000 rpm) 7% i HE T4 C
Rl F RRUARA A, H 96 FLA et il 25 A4S A
AGETE 412 nm A RYWOGIE , THE 22 (AR AR E T 2
I IR A SR HE A FE A o i T A U 2 4%
i) GSH & f . PHEIRULHT AT, ] 96 LA 9 53
SN 25 VA AR A TE 412 nm 40 30 s 5 150 s
(RIS CARL , THH AR A A T A I ] 5 2 O 8 2 i k2
25 P I 18] 5 WO B 220, d5 i B X > 22 AR
APRE I B UL TR 0 F e e A B s AR Y
NAAFRN S GSSG &
1.9 SRR EE PCR

B 50 mg HERAALANA 0.8 mL i Trizol H, 5
W, S5  MRUCR AT S B 75 % A A7 43
BSPRAUL RNA, S50 066 T HIIAE B RNA /9
4l R R, R RT-PCR {5 &0 RNA % 5
¢DNA, SR J5 ] PCR 984X 41 . i)=& 1 ABI7500
Wt E | PCR Y, LAl SYBR Green Realtime PCR
Master Mix 5|4 . cDNA #E4 Al dd H,O #4J i 19 20
L S A FR SR AT S I 9Ol i PCR A, fi
ABI7500 PCR 4 H 47 i B4 x S 925t 5 1 CT B
PTG, e CT 3k X B iy HE R R iR 45 R ik 17
FIxtE . BT A BRI =272,
1.10 Western blot

7 18.0.05 g Pierce 5 [ A IR I ) 551 ol 22
FRIE T 10 mL RTPA LA Ok e & 2 F1 42 U
W50 mg MEAALEALUIMA & A 23 EBR A 1 mLL 21
FEWOR I S8 T, IF 503 200K R T K EE
30 min, FE.0> 30 min(4 °C,12 000 rpm) , FJi5 HR B
3. A BCA 2GR &l ZHE SV e, JTAR
PAECWE S PR AR 20 pg i LHIAEL. B

VK% A Bolt 4% ~12% Bis-Tris Plu #E 42 H 1
B LB G R iBlot2 B BEAL T i B, 5% BSA
HH 1 h, MEMA—POIFE T 4 CRIKRER. 4 C
WEE RS, 1 x TBST PR 3 ¥k, &K 10 min,
AR 40, B TRRERTEE 1 h, BH1 x
TBST ¥EE 3 ¥k, 5k 10 min, £ )5 Bio-Rad &Ei
IR 3 AT AT Tmage Lab A% 347 2 460 00 41 1
B34
1.11 Fit=Zo0H

JH SPSS 22.0 3 Ak X $5 48 64T e 15 o0 i, 46
RN NI = hrifEiR . RSy 2250 M fi
MUK 2R 7 22 40 by XP 84 347 0 i, P < 0..05 il P
< 0.01 7R EA BEMAEHER B B2
2 #R
2.1 FEMKAHKEREINNMRSEAN N2 5
SHMENLEE mRNA $RKFEF ROS /KFEHF M

M L Al%n, 5 0 h 41AHEE, 3 h 41/ BB BRI
Nrf2 mRNA ¥ 53 K- 5 R R e #, Gpxl \Hmoxl | Cat
F1 Ngol mRNA ¥ 567K V- i ZEREAL (P < 0.05), H
ROS 7KV W EHm (P < 0.05) 1 1 h ZHIF 648
fbo 51 h dHE,3 h /N EUE 8L Nef2 | Gpxl |
Cat Sodl F1 Ngol mRNA %% 557K - i Z A% (P <
0.05), H ROS /KB 14 hn(P < 0.01),
2.2 SFNMRMREFEF/NREEIN N2 Fik,
ROS 7k F#0 T-AOC B &0

Hy [l 2 W] 401, 5 PBS + Con £ 4 Lt , PBS + Cold
H/NEUE AR L Nef2 25 1 58 2 FREIE -, B T-A0C
K REAR (P < 0.01), 1 ROS JK-F- 5 3 fin
#, 5 PBS + Cold 4 A I, SFN + Cold £ /> & %
UL Nrf2 mRNA K HAR IG5 R T-AOC g 338 fin (P
< 0.05),1fi ROS /K- EREAL(P < 0.05)
2.3 SINMEHREREBNREHRISME KR
SU RGN

Hy [€] 3 W] 401, 5 PBS + Con £ 4H Lt., PBS + Cold
H/NECEBRL GSSG £ it Fl GSH/GSSG 4351 di. 2 448
JFIEEAIR (P < 0.05) ;7 SFN + Con ZH /)N ERUB 8% AL
Gss mRNA #5355k @248 (P < 0.05), H GSH
T EREAN(P < 0.01), 5 PBS + Cold ZHAH L,
SEN + Cold 2H/]NG - BE WL Gelm F1 Gss mRNA #4577k
T E M (P < 0.05), H GSH & it i Z R (P
< 0.01),GSSG & & 1 GSH/GSSG 43 31| i 2 B AI%
FHEM(P < 0.01),
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Fig. 2 Effects of SFN on T-AOC,ROS level and Nif2 expression in skeletal muscle of mice exposed to acute cold
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Fig. 5 Effect of SFN on the protein expression of antioxidant enzymes mediated

by Nrf2 in skeletal muscle of mice exposed to acute cold
1. 5 PBS + Con ZHAHI,, * P < 0.05; 5 PBS + Cold ZHAH I, *P < 0.05, Note:Compared with PBS + Con group, * P < 0.05 ; Compared with
PBS + Cold group,*P < 0.05.
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