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[(# ZE] H®: HTRILER (EC) XX CBEREE (APAP) S/ R ECEER, JFE
B AT RE A/ FH ML . F ek . % 60 L CS57BL/6] /N RUBHAL 7 25 (% B4 . APAPBERIAL | fIKH] =
(10mg-kg ') EC4l. FHl&E (20mg-kg ') ECAMEHE (40 mg-kg ') ECHl, HA12H ., B
IR RS, HAA R /N T IE 5 APAP (200 mg-kg ') B SIFHGiIE R . APAP S RT 1 h,
ik A AT R R EC A/ BUE I 43 3 95 10, 20 140 mg-kg ' EC. 36 HAEHF E2 40K F 2(Nrf2)
Bepa /B (Nef2 7 /NEL) BEWLAY %4 . APAP 4L FI APAP+EC4H, 4012 K. &4 24 h )5 b 4E
ANER, W /N B Y RN 2 2 TR SR AR . SR FH HE Yo (052 45 41/ RUF A 208 BUE 8 R 8, K5
BRI A5 41N R P R AR R AR (AST) MNEMREARLEBE (ALT) W4 Z/NRFAL

H i E ALY (MPO) & ME B IRSEIN T o« (TNF-o) . HAIMA % 18 (TIL-18). N - (MDA),
SRR (ATP). SMEHAE (GSH) BRWAE T (Fe?') /KF, Western blotting 74645 21 /N RUF4141

B F kB (NF-xkB) HINrf2 {558 BAHCHE A RIEKF. GF: HEJ O, 5 APAPBIRI4] L5,
A EC 4] APAP S/ BUIF B0 05 B 0 ol . 528 FOoxh BT B, APAP BEALZL /N BRI 375 o
ALTHIAST#PEA BT (P<<0.01); 5 APAPRIA HbEE, ik, FAEFlE EC 4/ ALT &
ASTIEPE B REAE (P<T0. 058 P<<0.01), Sas X Ral b, APAPARIA /NRIFHLH MPO &1 K
TNF-o fIIL-18 KB B IH e (P<<0.01); 5 APAPBTIAL e #, 1%, whflm & EC /N BT

MPO J ¥ Bz TNF-o £ TL-18 7K -1 L F&AR (P<<0. 058 P<<0.01)., S25 (Xt M4 Hb4, APAPRLRZH
JN BT 2H 40 7 MDA il Fe® KB W 7F i (P<<0.05), ATP fIGSH /K FE W ik (P<<0.05); 5
APAP BRI A, I . A R R i/ RUFZH 215 MDA R Fe? /K B B Ik (P<<0. 058k P<<0. 01),
ATP M GSH /K- &8 Fhim (P<<0. 058 P<<0.01), 525 (AN HRAT HhAs, APAP BRI L /N R 4120 4
iz E A (xCT) A M H K S EF4 (GPX4) AR EKFH BRI (P<0.05);
5 APAPBIRVZ LA, K. HoRn s R i/ BRUF 420 xCT M GPX4 28 I A 7K B s (P<<0.01),
Has P RA i, APAPEIRIAL/NRIFH L P F kB (NF-kB)  p-p65 A R b NF-kB 41 il 5 «
(p-IkBa) EHFIBAKEWEIE (P<0.05); 5 APAPHEILA L, (K. sAImEHIE EC4/NRITHS
oI NF-«B p-p65 fil p-IkBa 2 [ Rk K B R (P<<0.01), S5t i i, APAPEIRIZ /N AT
ZUrp Nrf2 FHIMTE R NERE 1 (HO-1) EEHAFH R I (P<<0.05); 5 APAPEAIA AL, K. hHlm
FHE EC 41/ BUF AL 8Uh Nrf2 F1 HO-1 28 (HKSF B T (P<<0.01)., SXfIE4itbEr, APAPZINr2 "~
INBUALE Y AST FTALT i P M P44 MDA Ml Fe® K B I (P<<0.01), FF414iih ATP flGSH
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Improvement effect of epicatechin on liver injury in mice
induced by acetaminophen and its mechanism
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Jilin Province , Changchun 130012, China)

ABSTRACT Objective: To discuss the improvement effect of epicatechin(EC) on acetaminophen( APAP) -
induced liver injury in the mice, and to clarify its possible mechanism. Methods: A total of 60 C57BL/6J mice
were randomly divided into blank control group, APAP model group, low dose of EC group (10 mg-kg '),
middle dose of EC group (20 mg-kg ') and high dose of EC group (40 mg-kg '), with 12 mice in each
group. Except for blank control group, the mice in the other groups were given intraperitoneal injection of
APAP (200 mg-kg ') to establish the liver injury models. At 1 h before APAP injection, the mice in low,
middle and high doses of EC groups were intraperitoneally injected with 10, 20 and 40 mg-kg ' EC,
respectively. A total of 36 nuclear factor E2-related factor 2 (Nrf2) deficient mice (Nrf2 '~ mice) were
randomly divided into control group, APAP group and APAP+EC group, with 12 mice in each group.
After modeling 24 h, the mice were sacrificed, and the blood and liver tissue of the mice were collected for
subsequent detection. HE staining was used to observe the pathomorphology of the liver tissue in the mice in
various groups; kit assay was used to detect the activities of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) in serum of the mice in various groups and the myeloperoxidase (MPQO) activity
and the levels of tumor necrosis factor-a (TNF-a) , interleukin-18 (IL.-18) , malondialdehyde (MDA) ,
adenosine triphosphate (ATP) , glutathione (GSH) and ferrous ion (Fe*” ) in liver tissue of the mice in
various groups; Western blotting method was used to detect the expression levels of nuclear factor-kB
(NF-kB) and Nrf2 signaling pathway-related proteins in liver tissue of the mice in various groups. Results: The
HE staining results showed that compared with APAP model group, the APAP-induced liver pathology
injury in the mice in different doses of EC groups was significantly improved. Compared with blank
control group, the levels of ALT and AST in serum of the mice in APAP model group were significantly
increased (P<C0.01). Compared with APAP model group, the activities of ALT and AST in serum of the
mice in low, middle and high doses of EC groups were significantly decreased (P<C0.05 or P<C0.01).
Compared with blank control group, the MPO activity and the levels of TNF-a and IL-18 in liver tissue of
the mice in APAP model group were significantly increased (P<C0.01). Compared with APAP model
group, the MPO activity and the levels of TNF-a and IL-18 in liver tissue of the mice in low, middle and
high doses of EC groups were decreased (P<C0. 05 or P<(0.01). Compared with blank control group, the

levels of MDA and Fe?" in liver tissue of the mice in APAP model group were significantly increased (P<C
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0.05), and the levels of ATP and GSH were significantly decreased (P<Z0.05). Compared with APAP
model group, the levels of MDA and Fe®" in liver tissue of the mice in low, middle and high doses of
EC groups were significantly increased (P<C0. 05 or P<C0.01), and the levels of ATP and GSH were
significantly increased (P<C0.01). Compared with blank control group, the expression levels of amino
acid exchange transporter (xCT) and glutathione peroxidase 4 (GPX4) proteins in liver tissue of the mice
in APAP model group were significantly decreased (P<C0.05) ; compared with APAP model group, the
expression levels of xCT and GPX4 proteins in liver tissue of the mice in low, middle and high doses of
EC groups were significantly increased (P<C0.01). Compared with blank control group, the expression
levels of nuclear factor-kB (NF-kB) p-p65 and phosphorylated NF-kB inhibitor « (p-IkBa) proteins in liver
tissue of the mice in APAP model group were significantly increased (P<Z0.05) ; compared with APAP
model group, the expression levels of NF-kB p-p65 and p-IkBa proteins in liver tissue of the mice in low,
middle and high doses of EC groups were significantly decreased (P<C0.01). Compared with blank control
group, the expression levels of Nrf2 and heme oxygenase-1 (HO-1) proteins in liver tissue of the mice in
APAP model group were significantly increased (P<C0.05); compared with APAP model group,
the expression levels of Nrf2 and HO-1 proteins in liver tissue of the mice in low, middle and high doses of
EC groups were significantly increased (P<Z0.01). Compared with control group, the ALT level in serum
and the levels of MDA and Fe* in liver tissue of the Nrf2™/~ mice in APAP group were significantly
increased (P<C0.01), and the levels of ATP and GSH in liver tissue were significantly decreased (P<C
0.01). Conclusion: EC can improve APAP-induced liver injury in the mice, and its mechanism may be
related to the inhibition of ferroptosis by activating the Nrf2/GPX4 signaling pathway.
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X 2 W& FE W (acetaminophen, APAP) J&—
T 702 i FH A i VLR 259 . AR B B 25 Fl— Lk
BEAHEMERT, IR APAP T g8 S Ui 4 ,
PEE ARG EETTRE S R A TR Y. H
A7, N-Z B MEBR (N-acetylcysteine, NAC) J&
PR 48R APAP PRI R B B %259 . NAC
AN A BEH K (glutathione, GSH) A& WY E
LT, HE i {2 BE GSH & i, B IR T M 4
(reactive oxygen species, ROS) /K¥IZ 59k &
= WM IR 7 (adenosine triphosphate, ATP) fg &
BER K & FEfR s AE . SR, NAC B3R I7 I [E]
WA, AIAEI BOE.O . Kk AL BN ROV, FR
il TR R L B, SRR e N
Yok wsig APAP 5| 0 0 0 BAA B 858 S, BRAE
T — P RO A At T, HARIEA T T2 A
MIFET- BN 7 BRIE T ERRAE 4 A P I A
A ALY R R A AR IR AR, BRAE TR 2 b
JEA 5 o RS PR . AR TRE MR R R A% L R R
PENF 5 o T 2F dE AL AL A AT vh R FEEZAE R 7
BAET-FIE N APAPIE S 5 1 i ey e e e
FILFEZFE (epicatechin, EC) J&H L4 P EAT—
i RIR BB KA G Y, BT HPt R Myt EEH,

DAL I % 1 22 5 BT VR YT AR A T . EC T S U
B F kB (nuclear factor-kB, NF-kB) Hl22 %45
1% b 8 A # B (mitogen-activated protein kinase,
MAPK)IE LI HI I Z 8E (lipopolysaccharide, LPS)
VMR " EC A5E ik NF-kB #1 NOD FE 32 {&
Kt Pyrin I f5 H 3 (NOD-like receptor family Pyrin
domain containing protein 3, NLRP3) i i I #% &
JiE A1 KM T R Y. ECIRES T LPS 5311
FLR & R A L RR b B 20 M rh R B R e A
ECJ&E % APAP 75 (9 FF8 07 BA7 (/37 48 H i
Kot A, AP EC X APAP S/ BUIF it
Pit A ERT, JF BB HAEFPLE, iRy APAP U
SR 0 4 A RS A

1 HHE5%

1.1 £Bs%H. 2 RXNFME 60 H SPF
C57BL/6J/NRIW AL T RAEAMEARARA A,
SCH Eh ) R VERTES . SCXK (AL) 2020-0001,
T A /N RO % Fic B8 SPF 9 4] 37 2 1 W 9%, R SR IR
JE15°C~25°C, AMMKEHRK, EC (4iE>98%)
B2 . 490-46-0) W B S 5 o R P A By R
AIRAT, APAP (175 : AS511450) g H 3
Sigma A #l, K& & MR A K ¥ % B (aspartate
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aminotransferase, AST) (4% . ml095196) FIH
AW AL RS (alanine aminotransferase, ALT)
25 . ml095164) Al a7l & A L i w5 A= 9
BIRAT, MRIIRFER T « (tumor necrosis factor-a,
TNF-o) (8% %5 430904) F1 F1 40 M2 A~ R 1B
(interleukin-18, IL-18) (%% : 432604) Ik G sE
W B ik 5 (enzyme linked immunosorbent assay,
ELISA) 7] & W A 5% E Biolegend 2~ F], #fi 1 %
LY B (myeloperoxidase, MPO) (%5 . A044-
1-1) . N ./ (malondialdehyde, MDA) (%5 .
A003-1-2) . ATP (%% . A095-1-1) . GSH (1%
S A005-1-2) F1W %k & F (ferrous ions, Fe™")
5. A039-2-1) il i7n) &0 1 re at d A il
RARATR, NFkB (185 #8242) FIEH T E2
M & A F 2 (nuclear factor
factor 2, Nrf2) (485 :#33649) 5 5 i B HT 4K L K&
NK-kB # il 7] o (inhibitor of NF-kB a, IkBa)
ik (5245 . #4812) | B 1k IkBa (phosphorylated
IkBa, p-IkBa) Hifk (625 #2859) FIfL£L %K fn
A B 1 (heme oxygenase-1, HO-1) #i & (585 .
#43966) W HEE CST A H . 4 HE MR (B
51 ELX800) My H 2 H Bio-Tek A A, 4 A zh i
B (RS . SMZ645) 1 H HZA Nikon A w], 524X
(#5: GelDoc Go) FlAE 11 #E i BB (B .
GelDoc XR+ ) 1 [ 3£ [E Bio-Rad 2 Al , H ¥k 12
(%5 JC600D) My A AL miN— 4% .

1.2 ERFHHoyafsssh 60 H C57BL/6T /N
BE AL 40 25 U6 B4 . APAP BERLZ | KR &
(10mg-kg ") ECH4. i (20 mg-kg ') ECZH
Bl (40 mgrkg ') ECH, HHI12H, =1
X HE A /N B T SRR B B IR 58 2% v (phosphate
buffer saline, PBS), APAP # & 4 /) fIE B 1 4
APAP(200 mg-kg '), k. HRI&E & EC 4/
TE APAP I S5 BT 1 h 0 o) B 3 4 10 20 A
40 mg-kg ' EC. Nrf2 8GN (Nrf2™ " /N 1
FI 3 [ 4 PR M 2R e AN e fh S B %, RIRT 129 X
B6 F1i55t, il 5 C57B6/T fl & 2% 8 it 6 1% 3k
o 36 ANrf2™/NEBEHL > 0 B2 . APAP 4
M APAP+ECH, M 12K, XIRA: N2
RFLR) PBS 2 vhi . APAP 41 = /N BUJE Ji 3 4
APAP (200mg-kg ), APAP+ECH: /NeAET S
APAPHI 1 hJEEES EC (40 mg-kg ). i sh#
S Iy 35 28 3 PROR 2 il R 2 B sh ) A8 RS D S AL

erythroid 2-related

(AT 2022142) . EHE 24 5 ALFE/NRR, WesE
ANERIMLVE AT H R, T I 2esi e .
1.3 HERERBEZADKAFARREYSEAR
Wl /N BUIF 2R, 1T 400 2 5 W I
SRRIE SRR . WA | A W A A
WP R o WRASFIK A S, T HE 3% 650 & kA7
. fJm, 16 B T A& 4L/ B 2H 20
HIEERIN .
1.4 KARANEHEMN &8RP ASTHRALT
MR IBEARE A LL 3 000 remin B0 15 min, 43
B o i PR & 1 B S AG I A% 2 /0N BRI 3
AST FIALT %t
1.5 RARXRMNEK A L4 KA AR F MDA
ATP.GSH #e Fe" K F  HUE /D FUIFH LA
HTAE ST MBS, N A B8 PBS 22 v,
IAE VK A5 T JEAT 8 00 BB il L 20 5%, Al TR
AT AN BUTHA S MDA ATP, GSHAHI
Fe* 7K.
1.6 RAXMN&HAR R4 FAFBR T MPO FHA
TNF-a# IL-18 K-+ H54H/NRIFAHZ S PBS &%
Wik (1:9) IREIFTEIK EUHE LIRS FiEw . R
Pt 12700 2 150 Y A A I A% 26 /) BUF 2 24 MPO T 4 B
TNF-a M TL-18 7K F-
1.7 Western blotting # # ] & 48 > K i 2 8 &
NF-kBf Nrf2 2 5 @ % A XK G A5 HE K
it & 1t ¥ B 4 (glutathione peroxidase 4, GPX4)
R E B X MHHBIEE Y [system Xc- (cystine/
glutamate antiporter) , xCT ] £ & K+ K4/
JFAHZUE T UK (1 RIPA 24 i 22 o il vh 24 /%, 7E4°C.
12 000 r-min '# .0 10 min. i F§ BCA W & i 7] &
R e R AR E R R T 12 2
ot 5 ik 12 ) - SR VO A Tk I 6 e FLVK. (sodium dodecyl
sulfate-polyacrylamid gel electrophoresis, SDS-PAGE)
ol Uk, MR BB R R W W LW
(polyvinylidene fluoride, PVDF) JE I H 5% 1y
JEAEFLEHMBE 2 h )5, FE4CTH—dWE LK.
B REPE U 3k, AR 10 min, 7E2 T 518 24 /B
2ok 4810 W A 30K B — B 1 ho i R B o Ak 2
KOG FR G e A . ] Image THA4 53
PreE A Eic s, IR EMERRBAKE. B
M R EKF=HRE A& KEMH/ NS EA
AR EAE
1.8 %t %44 KM GraphPad Prism 9. 0 # {4
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AT . £ /N BRI H AST FALT 3
PE, & 4/ B4 20t MPO 36 £ LA 2 TNF-«,
IL-13. MDA . GSHAIFe /K, &4H/NRAFHS
NF-«kB I Nrf2 {5 5 i #% M ¢ & [ M xCT #
GPX4 4 R IK K FF 6 B4 HoJr 2255, LU
xS FoR, S ULIAREA R H R R IR R O 4 4y
BT, 21 A SR LR T LSD-c £ 5 . DL P<<
0.05 8 ZEFAGIE L.

2 7F R

2.1 BANRATFARREBSEAA

ANEURT Al M HE S %, TS5 R UL B B ok s B
o A W5 3 W] 1 1Y A8 AE A8 4k, ULIEI 1A APAP
RYZH /N B A 2R T RRUIRBE Rt JH 400 M A [ 4
W . R, ARG REN, IWE1B;
K EC 41/ RAF 4L 2T BLIRSE , I 40 At 2% 11 45
WY . WA, fEA AR, WWE1C;
e EC /0N BUIF 4120 90T 40 M A% 8 4 . TR G,
A b R REMIEE, WE1D; &l s EC4l/h
U AL ZURUIT 52 K W8 B sk sl e, T W AR 31 4%
o R e ARk . WLIE 1E,

A : Blank control group; B: APAP model group; C: Low dose of EC group; D:Middle dose of EC group; E:High dose of EC group.
A1 FA/NRIFALREEERI(HE, X400)
Fig. 1 Pathomorphology of liver tissue of mice in various groups (HE, 400)

2.2 BEPRbaEPASTARALTER S5z %)
M e #, APAPBIRYZH /N R W 1 ALT #1 AST
WEPER W T (P<<0.01). 5 APAP R4 b,
ik AR Rl B EC 4/ B g h ALT FTAST i 1
B B FEA% (P<<0.058% P<<0.01)., WL 1.

2.3 &) EFELEF MPOERA TNF-af IL-18
REF Has A A, APAP B /N R
ZH 4 dh MPO I & TNF-o #1 TL-18 /K - B & T+
(P<<0.01), 5 APAPBIRIA LA, K. o ofn & 5l
# EC 4/ BT 4 20 F MPO 36 1% K TNF-o £ TL-18
KB BRI (P<<0. 058, P<<0.01), W2,

1 HU/NRMBEHP ASTHALT 154
Tab.1 Activites of ALT and AST in serum of mice in

varlous groups [n=6, x&s, A,/(U-L Y]

Group ALT AST
32.75£17.52 47.12422.56

Blank control

APAP model 582.634-36.32" 509.22415.97"
EC
Low dose 425.334-21.47° 396.554-10.29"
Middle dose 215.6974-19.59°4 189.96430.2144
High dose 153.924-24 9144 109.854-26.914%

"P<C0.01 vs blank control group; “P<C0.05, ““P<C0.01 vs APAP

model group.

#2 KUH/PRFHALF MPO IEH: K TNF-o M IL-13 K

Tab.2 Activities of MPO and levels of TNF-a and IL-1B in liver tissue of mice in various groups

(n=6, x=+s)

TNF-a level [w,/(ng-g )]

IL-18 level [w,/(ngg )]

Group MPO activity[2,/(U-L™")]

Blank control 1.02340.352

APAP model 5.3364-1.096"

EC
Low dose 4.58970.966"
Middle dose 2.158+0.765""
High dose 1.864+0.919%4

119.36410.32
756.83+63.98"

47.12422.56
509.224+15.97

396.55+10.29°
189.96+30.2144
109.85+26.9144

572.41498.25"
276.85+50.67°"
159.72456.9144

"P<C0.01 ws blank control group; “P<C0.05, ““P<C0.01 vs APAP model group.
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2.4 &AL F MDAATP.GSH #= Fe*"
RF S EXTEA R, APAP AL /N R4
U MDA filFe” K B TR (P<<0.05), ATPAI
GSH /K FF&A% (P<<0.05); 5 APAPS B/ 4] [t
B, k. PATE R EC A/ RIF4H 48U MDA Al
Fe’ /KW BFEAE (P<<0.058% P<<0.01), ATPHI
GSH/KEM B IR (P<<0. 058, P<<0.01)., WK 2.
2.5 BAPRAFALR T xCTHGPX4&K H R &
KE - Hasx A i, APAP R4 /N R
20 241 xCT FI GPX4 8 R A K FHI R (P<
0.05); 5APAPRARIAILEL, ik, A flE ECAH
NERFZHEU T xCT A GPX4 5 M1 2k KF 9 B T
(P<<0.01). WLK 3.

2.6 B4 ZFHALF NF-kB p-p65 = p-IkBa &
GEREKFE HSEpEXTHALE, APAP A4
/N BRI 21 28 Hh NF-kB p-p65 il p-IkBa 25 FH 3 35 7K
FH BT (P<K0.05); 5 APAP B 4 4,

MDA level [my/(umol-g~")]

35 F

GSH level [my/(umol-g— )]

ik . AR EC 4/ BUF 4414 NF-kB p-p65 Fl
p-IkBa 25 FI £ 35 7K °F W] & B R (P<<0.01) .
L 4

2.7 B4 KFAEE P Nf2H# HO- 1% & & &
KF G XA, APAP B2 /N BT
2 4 Nrf2 il HO-1 85 1 3R 38 KF W B 7h & (P<
0.05); 5 APAPBIAY A A, Ik, v Al 7l i
EC 44/ B 41 40 Nrf2 A1 HO-1 25 11 2 35 /K F 1
B IhE (P<<0.01)., WK S5,

2.8 ZBANf2 PRI ARKBEHIEAN XE
40 Nrf2” /N B 40 L HE S B %, RS R W R 9
SR, AR WL BB A RAE AR AL, LI 6A;
APAP 4 Nrf2 "~ /N R4 80K i FLUIRBE, K5 AT
O A% AR . TR . RO R, FEA R R
M, WK 6B; APAP+EC 4/ B4 H PLIRIE ,
JHF 20 MO A% T 40 . TR . R SRR A RN R
e, WLIE6C,

100

ATP level [my/(umol-g )]

Fe?' level [my/(umol-g )]

*P<<0. 05 vs blank control group; “P<C0. 05, ““P<0. 01 vs APAP model group; A:MDA; B:ATP; C:GSH; D:Fe*".
H2 K4/DRFHESAT MDA ATP.GSHH Fe’  KF
Fig. 2 Levels of MDA, ATP, GSH, and Fe*" in liver tissue of mice in various groups
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Lane 1:Blank control group; Lane 2: APAP model group; Lane 3—5: Low, middle, and high doses of EC groups. "P<C0. 05 vs blank
control group; “P<20. 05, ““P<C0. 01 vs APAP model group.
B3 FAMRFAL P CTMGPX4EHFRAHKE(A)RELKE(B~C)

Fig. 3 Electrophoregram (A) and histograms(B—C) of expressions of GPX4 and xCT proteins in liver tissue of

mice in various groups
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Lane 1:Blank control group; Lane 2: APAP model group; Lane 3—5:Low, middle, and high doses of EC groups. "P<<0. 05 wvs blank
control group; “*P<<0. 05, ““P<C0. 01 vs APAP model group.

B4 F4/DRATALT NF-kB p-p65 Ml p-IkBa R ZEHIKE (A) XE&KE (B~C)
Fig.4 Electrophoregram(A) and histograms(B—C) of expressions of NF-kB p-p65 and p-IkBa proteins in liver tissue

of mice in various groups
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Lane 1:Blank control group; Lane 2: APAP model group; Lane 3—5:Low, middle, and high doses of EC groups. "P<C0. 05 vs blank
control group; “P<C0. 05, ““P<C0. 01 vs APAP model group.

5 F4/PRFARF N2 HO-1EHREHKE(A)XEEE(B~C)
Fig. 5 Electrophoregram(A) and histograms(B—C) of expressions of Nrf2 and HO-1 proteins in liver tissue of mice

in various groups
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Fig. 6 Pathomorphology of liver tissue of Nrf2™/~ mice in various groups (HE, < 400)
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Fig. 7 Activities of AST and ALT in serum and levels of MDA, ATP, GSH , and Fe*" in liver tissue of Nrf2™/~ mice

in various groups
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