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2243 3 A M SIRT1/Nef2 38 B v 0y U0 BR A5 2 1 I 7 1
(SIRT1) %P F E2 AHSCHH - 2 (Nef2) FIPA TR DGR AR B itk
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FUHFIEH ZUBES BRI BUR IR BT 12 W H o B DA o i
FRAG TR B85 SRR o A6 U JH 463473 48 A 4 R S 7 RE
(ALT) ([ TA G PRRE IS Mol (AST) (FLAR I 2 (LDH) Y
K, ER  SXTIRAAM L, ADLI 4 SIRT1 A1 Nel2 ZE 4 |
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Y45 ¥ 259 PE BF 1453 (antituberculosis drug-in-
duced liver injury, ADLI) J& T 45 4% 25 9 i ™ 8 H i
W OLAY RIS N, ™ FE ) ADLL 2 5 800 ) fig 32 0
ZHET (HH A R AL AR e 2 ], PUBRTE
HEITT 8 H 1 (silence informationregulator 1, SIRTI)
S — M i B M2 — A% R ( nicotinamide adenine
dinucleotide , NADH ) 4 i P4 iy Il 24 20 25 11 2% £ Bk Ak
ity , Koo A 408 F QWAL B9 5+ % 5 ADLL 1Y & 2E
REHEAT 4 AW SR A 1 LBk
S-S T S S A AN U T2 2 5 ADLL AR,
SIRT1 A ¥ KT E2 #H5%H F 2 (nuclear factor
erythroid-2 related factor 2 ,Nrf2) fFaEE S kD,
TEIEHHOUT , Nif2 BB 5 40 i 5T (Y Kelch #£ ECH
FHEFE H 1 (Kelch like ECH associated protein 1,
Keapl) 45 &, 380 Nef2 B3 20 8 05 52 B0 61, i
SIRT1 A fih % Nrf2 55 Keapl 43 %5, Nef2 5447 3/F A 41
JELAZ , TR B 240 i P T R A BDIRAS . RAR
WFFEHEN SIRTL/Nrf2 {5538 HfE ADLI 2 b n] i
RAFHEEANE

K0 PBE Jrig B W W — A% ¥ B2 ( nicotinamide adenine
dinucleotide , NADH ) figf6 5 NAD * fH E %40, 2 541
LA SRR ZS B 98 77, AR 45 24 7T DL TR £ ik
TR %5 5 1) 40 B A3 5 0801 O T AR DG BRI i ek
PRI AR5 4000 ] — R0 205 4% 25 90 S AR DE L ) A
- MERR RS HE ADLL /N USRS i NADH #E47
T, B ER T NADH 3 5 9815 SIRT1/Nef2 38 %,
AP TR TR/ N ADLL BFE HIBIL

1 #B5E7EE

1.1 #R5NE S5 .84-85-3) FlfR-F
245 :1329246-1) | Mk W& Bt Bl (535 :98-96-4 ) Il T
H 7 TCI /A ] ; TRIzol 5 & (555 RP1001 ) 14 T
JbatE & s A W H R A BRA Al 5 qRT-PCR 71 &
P25 MF303-05) I FIL st R A& £ EWRHE A RA
H) s R A & (595 . AGL1705) W T 191 g 3 Bk B
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AW TARRAT PR 2> 5 N2 R 24 5 5% 7% i ((alanine
aminotransferase , ALT) ( 555 : C009-2-1) || ] 4 & R
G F i 7 [ (aspartate aminotransferase, AST) (5%
5:C010-2-1) , FL R Bt & B ( lactatedehydrogenase ,
LDH) 7 £ (535 : A020-2-2) Wy FRE st gl 9 T
FERTSEHT 5 SIRT1 HLAK (15 5. 13161-1-AP) | Nif2 4
TR (17%5:16396-1-AP) | B kL 4 HIJE -2 H K] ( B-cell
lymphoma-2 , Bel-2 ) IR %N ( 25 .26593-1 -AP) . Bcl-2
5 X % H ( Bel2-associated X protein, Bax ) 3T &
T5 :60267-1-AP) _ caspase-3 P& (575 :19677-1-
AP) . B-actin JLIE (475 :8115-1-RR) . HRP Frid ¥
YU — P (525 : PR30011 ) B0 T 500 = J8 A= 4
AATBR2F] s NADH (5345 :ST358) \BCA HFHE#id
& (55 . P0012) I T 138 = KA Y B AR AR
23wl SDS-PAGE B BC il 557 & (535 . ZD304) 1y
T W BR A W B BR A A, H PR AN (B
Z.DYY-8) &Y K EEFR X (#Y5 . SpectraMax Plus
384 A1) T B SRA r TAEA FRA ) 5 P iR 4%
AC(HL5: 100686 C) W T R A€ = i B A= 0 RHH A7 FR
I 9IEE ' PCR X (75, StepOnePlus ) 1 F 3
= Applied Biosystems 2\ Fl; 't 2% W il 55 (A5,
CX43) W H A BAREL bk 2024t s Alpha BEIRK &
Z 45 ( H45 ; Alpha Imager HP %) 1T 32 [E Alphalno-
tech 2N ) .
1.2 ADLI/NRAEZE N NADH F i E &l &
24 H 6 JuiE SPF et/ N, 1) 3R T AL B TR
SIS W e R B S = (SE e B W AT RS
SYXK #£2020-007) , A B 20 ~ 30 g, flF= i 18
~25 °C, FIXFIRE 40% ~60% ., 3 W P FE 1
J5 L BERLY A 4 R 6 K Herb, ADLL 414 90
mg/ (kg « d) FHPF +135 mg/ (kg « d) F48F +315
mg/ (kg « d) NHR ot frie 72 ' Acb PHE (5] 4 BRI PR I
IEH 2G5 9 A5 TH R BTR )  X AL ADLL 41
AR AR A B 3R /K B s NADH 20 76 X6 JE 21 A 3
1 F NADH 30 mg/kg ¥ & 43 ; NADH T FilZH 7%
ADLI (9 5EAE 3% F NADH 30 mg/kg #E 5 b FH
dAHERE 1K ESNES 7 d, RUKHE B R AL FE /N B
IFUSCAE MLTE AT, - 80 C AT .
1.3 HE £8ZEKQNAFEAREE /DAL R
A J5 48 [ 78— - — U] e P BRI E
Y] HE B a5 70622 WA T WL/ U 20
LU BB A 22l s
1.4 qRT-PCR ;&% il SIRTI , Nrf2 . Bcl-2, Bax.
caspase-3 mRNA RiXFER 4R Trizol il 7] &1

IR 0N BUIFHZUT A S RNA | 32 18 B i 42U
S A5 H S S cDNA L FEE PCR Ry AR
%, 420 pl, Hrp Mix 10 pl, K 6 wpl, cDNA 2
pl, ERWES HAE2 s SO 254520 95 °C 30 5,62 °C
30 5,72 C 30 5,40 MEIF, UL GADPH /ERINZS,
BRSSP TR 1 iR,

®1 S¥FFI%
A SIMIFSI(5'-3")
SIRT1 F:CCAGACCTCCCAGACCCTCAAG
R:CTCCACGAACAGCTTCACAATCAAC
Nif2 F:ACGAGGCGGTACAAGTTTTGGAAG
R:AGGGACTGGAGAGATGGCTAAACC
Bel-2 F:CTTCACACCCAAATCTCACCTCCTC
R:TCTCAAGCCTTCACGCAAGTTCAG
Bax F:GGCACCCCTTTCCTCCTCTCTC
R:TGCTGTCCAGTTCATCTCCAATTCG
caspase-3 F:CGTGTGCGAGATGAGGTGTTGG
R:CCAGAGCGAGATGACATTCCAGTG
GAPDH F:TGCGACTTCAACAGCAACTC

R:ATGTAGGCAATGAGGTCCAC

1.5 Western blot XM EBRIEFER 1.2
e AN [FIAL AT /N BRUFFAL 2 SRR 1,
FH BCA 25 2 5380 &0 % 45 21 200 o 412 B 1 28 19 g
e, 4 FFE—SDS-PAGE H Jk— 5 l5— 3t —
—PE - W U B R
PR, Horp—$UEE A 11 1.000,4 °C 41T
BB FEPURTIOERE N 1 2 10 000, F il 5 AF T
W E 2 h, W Image] #AE50HT 26 FKEAE,
1.6 WHEEKRNFBRGERNREBTR R
ALT AST \LDH &7 & 223K, 4 3£ 7K | 7 Bl 8 b 14
W RFIAEAS R g ol Bl 1 1RG,37 CIRE
15 min, A 2,4- A EER MBS , HUOE S ,37 Clit
F 15 min, &5 A NaOH EWRIE2), T 450 nm %
ARG R S A
1.7 ZitZEaE &SR AR Sk A SPSS 22.0
b, HHEBIE R (2 +5) TR, RIAANE
2T AT Z2 2 ] F 8, 55 05 PR L AR ] LSD-¢
Kigs, LA P <0.05 HZERAGIE XL,
2 #R
2.1 NADH X} SIRT1/Nrf2 & 8 3 i% 7K T B4 2% i
xR e, ADLL 41/ B SIRT1 F1 Nef2 25

1 mRNA FIAHIREME (1 =5. 18 .6. 21 8. 09 6. 29, 14
P<0.05); 5 ADLI 1 #H [, NADH i J5 SIRT1 .
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Nif2 % 1 Fl mRNA 35 ¥ TF i (¢ =4.17.8.00,
6. 14 4.49 ¥ P <0.05) ,SIRT1/Nrf2 {55 5 938
I , W] NADH R4 S5 4% 25005 R 1 25 P8 b 11
kit W1,

r O3 SIRTI1
Nrf2

mRNAH X Rk &

SIRT1 120

Nrf2 68

GAPDH 36

[ SIRT1
Nrf2

*

a b c

B 1 SIRT1/Nrf2 & XIS mRNA FIZEBARUER(n=3)
A SIRTI/Nif2 i % AH 48 F5 mRNA #H X 3% 35 & ; B: Western
blot 2555 C. 2 K FEH; a: X #E4H; b. ADLI 4H; c: NADH 41;d.
NADH i ; 5% B4l HbdL . * P <0.05 ;5 ADLI 41 1L% . *P <0. 05

2.2 NADH X/NRIFALREEFHEIE HE 4
e R R, SXT A L, ADLL 24/ U 41 2145
FOZETL, 20 i B i K L i SR IE T NADH T T
J& P B i i R 28, WLIE 2,
2.3 NADH 3/NREFREFFEHNZ M S5X)
HEZHAH L, ADLI 20 /)N BRUFH8 S0 8 A T 2 B AR (o
=8.51.4.38,3 P <0.05) ;NADH )5, ADLI 41
/N B0 S AR A B R (¢ = 6.10.3.49,
¥IP<0.05), WK 3,

2.4 NADH X/MNRIUFEFEATERAZIE  S5XF
BEZHAH L, ADLL AU 08 1= F Bel2 M8 H & mR-

NA FEikFEME (1 =5.20 .4.89, % P <0.05) , T4
b5 Bax caspase-3 AU 1 .mRNA F LK FEFE (¢
=8.16.8.85.3.89 8.03,# P <0.05) ;7 NADH 1
FiU5, Bel2 B 2K . mRNA RikTH & (¢ = 6.16,
5.01,¥1 P <0.05) , T 4545 Bax,caspase-3 &
S mRNA F B KRR (¢ =9.39.6.10.3. 81,
7.29,¥1 P <0.05) , 5% T Hi &% 259 51 R 16 br
Ak, LIE 4,

C D

B2 /R HE £EBFFHALEIE( x40)
A XTREY] ;B ADLI 4 ;C . NADH 41;D.NADH T4l

JHHE%

B3 FBAPMRERERFIEHLLE (n=3)
a: X MBZH ;b ADLI 4 ;c: NADH #41;d: NADH F T4 ; 55 %} B 4
AL * P <0.05;5 ADLI 41 [£% . *P <0. 05

2.5 NADH X/MNRILE R RGIERMRN 45
SRR, SX R AH I, ADLL 40/NEL ALT ,AST \LDH
IEPERE SR (1 =6.29.10.81.8.51, % P <0.05) ; ifij
NADH T-7i /5 ALT . AST.LDH G P A% (¢ = 3. 64 .
9.63.4.80,% P<0.05), WK 5,

3 it

PUASAZ L P E T 5 2 S 0 I Sl T
J¥i L R P e 25— £ 0 45 A% 25 W I SR 5 o P 3 3
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B4 FAT#HXIEIR mRNA REARNUER (n=3)
AT AASCHE AR mRNA FHXT 2R354 B . Western blot £521;C. 2
FAMKE(E ;o X BRZH ;b ADLI 4 ;¢: NADH 41 ;d: NADH T #i 4 ; 5%t
M4 AL, " P <0.05 ;5 ADLI 41 [L#¢ . *P <0. 05

100r 3 ALr 13
D4 AST
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) f ™ FE A R S, FOL AR 224 i R e e BT, AR

WFFE N FHPL 25 4% 25 0 # /N B ADLL AR 45 7
NADH At #43F NADH i@ i SIRT1/Nif2 {5 538 1%
fE ADLI & Jrh iy = #1245 SR & U], NADH &b
S, SIRTL/Nrf2 {5530 BB /MU Al iR A
i 1S % TR | O R T
NADH 1] #7% SIRT1/Nrf2 {5 5@ 8%, Ik s 1745
PREE Il mRNA RiKIE 0L, Zf# ADLL,

AW TR ST, Pk i 2 Wy A B AC I A
RIS PR AR = 2 75 S AR S O R A0 L 1, (R L
ELURHLE w9 AR o8 4 i B, ASAF S8 #E ADLL A8 rf &%
PRPLES % 25 e % 5 6 AT 20 e Bk Bk s RS 5 2 30
% ,ALT (AST LDH FiFbi 06 br 2238 BH, P T4
FHH T Bel-2 ZE . mRNA 315 51K , Bax | caspase-3
H AR mRNA Fah T, SR a5 R —,

UEAh, ADLL ) & A 0N 5 4 R B % A ]
53, SIRT1 SE2HHE H L CBEALEE Sirtuins ZEM5 1) 34
B, EVHIESE T L&A 2 AL IR B b4 %
25 A A B 4557, SIRT1 38 1] L 25 Bk Nif2
FER S WEAR B, I3 3 AE bt S AL A E T
REMY & 4510 R, SIRT1/Nef2 {5 538 B 75 15 JIF 465
Pt R SR LA S AT DI RE, B
AR R 3Rk | 28 A AT 400 1 DG ol
%, AWFIE SR ADLL /N RUSEALY SIRT1/Nef2 3
Z M, SIRT1 F1 Nef2 B9 mRNA FlE 1235 K F
T 5 BRARG , T AE I ] NADH =, %08 B s, —
HUGE IR, AR SR AR 2 I
P50 N IEH 20 M5 45 W SIRTT A e S
B, AALE S SIRTL A3k, i G M | iE
A R E Nef2 BRI B 28 X L R R SR A
SN U455 . SIRT1/Nref2 38 ik 0] 75 2 Bigs 5
(1) T2 2 Ak P ) 5 1 PR 18 e 3, DA T o5 3 VS
PERFEF 4L X 5 AR BF 58 45 SR AH— 2, nl W 7E
ADLI i % A & Jg it A ep , SIRT1/Nrf2 38 Bt ] & 4%
BLRAE

SIRT1 1EA NAD * #4192 £ e ALl , B I
NAD* % it R % B & M i SIRT1 & 11 1 3R 3K AN
PENBT R B, ARHIESEAE ADLL /N B B o i
NADH, SIRT1 1 Nef2 BJ7K-F- 3475 , 7T Ul NADH 3
T /NEARPY NAD (98 5, Oy SIRT1 $2 4L, 3%
16T SIRT1/Ntf2 {5538 %, BRI 5, NADH [ 1E
FAMLE S e SR AT BE S8 nPria -8 A BN
T RO RBA K, AW E/R NADH 28 T
/NI T-AH AR BR Bel-2 | Bax  caspase-3 1Y
ik, 51 T TS 5 1924k ; [[IB ALT  AST LDH
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B R AR TG MR B AIG , ADLL /N ERUAE S 1 15 51
Sy

B AE ADLL /N B ] NADH, BER 1
NADH 7] g 4% SIRT1/Nrf2 {5 5 38 % 1 SIRTI , Nif2
A mRNA B3R 3K, G ADLL /N BRI A 5E S
ML T, 2 ADLL B3R Y7 3 Bt ay oy, (A
W m A AR ZAE, &5, AL/ S
G  FER N KA TRIEGY  IIF GRS SRANBESMEE . I
W AUEE T SIRT1/Nief2 {5538 6+ SIRT1 N2 25
FIAT mRNA BYFRIRNE O, I AR =35 Z [ A0 B
YERIBLE, B —E R R AR M AHE R 5h
SR OSF 3 — 2R NADH X% ADLI (48 576, 3f
RAWESE SIRTL X Nef2 (9 2 AR P& F= ML, A [ B
ADLI i & A= ML $ HE LS
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NADH alleviates anti-tuberculosis drug-induced liver injury
and apoptosis in mice through SIRT1/Nrf2 pathway

Li Jinfeng, Cui Mengxiang, Long Yifei, Meng Chunyan, Ren Qi, Feng Fumin
(School of Public Health, North China University of Science and Technology, Tangshan 063210)

Abstract Objective
lates anti-tuberculosis drug-induced liver injury and apoptosis in mice through SIRT1/Nrf2 pathway. Methods

To investigate the mechanism by which Nicotinamide adenine dinucleotide (NADH) regu-

Twenty-four six-week-old SPF male mice were randomly divided into four groups according to body weight, ADLI
group[ 90 mg/ (kg + d) Isoniazid, 135 mg/ (kg + d) Rifampicin, 315 mg/ (kg + d) Pyrazinamide were given by
gavage | , control group[ thesame volume of saline was given by gavage as antituberculosis drug-induced liver injury
(ADLI) group ], NADH group (30 mg/kg NADH wasgiven by gavage on the basis of control group) and NADH
intervention group (30 mg/kg NADH wasgiven by gavage on the basis of ADLI group), with sixmice in each
group. They were gavaged continuously for seven days, and their seruand liver tissues were collected. The mRNA
and protein expression of silence information regulator 1 ( SIRT1) , nuclear factor erythroid 2-related factor 2 ( Nrf2)
in SIRT1/Nrf2 pathway, apoptosis indicators B-cell lymphoma-2 (Bel-2) , Bel-2-associated X protein ( Bax) and
caspase-3 were detected by qRT-PCR and Western blot, respectively. HE staining was performed to observe the
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WO KRR EIE B AR

WE BH RTEEOENT(AG) REfE s gk sE T
) SLCTAL1l/GPX4 s MaiE B i, ik 1% 40
HREFENL > R F AR (sham ) BEFFRELH (CLP 4H) |
AGE B4 (5,10 .20 mg/kg) ; HE B (0 W8 1738 5
PHARE ; ELISA 51U 72 AL 3 6 (IL-6) JREIRSER F o
(TNF-o) JAHRNIBRES & 5 1 (I-FABP) \D-ZLER & & ; LA AG
A (AG20 ) BRITHRFET- ML, 40 H KB BEHL /A
sham 41 .CLP 2 ZRFETIMHI5 (Fer-1) 21 .AG20 + Fer-1 4

L, EmE R A

CLP #/N 451405 5, RRIEIKF- \1-FABP & D-FLIRIKF
HH 3 (3 P <0.05) ,AG dHii%% FidARfh, HL Sk BEAR
(P <0.05) ;55 CLP 41H Lt , AG20 4 % Fer-1 ZH /)N BE
5 3 Bl 3, MDA 7K Fe®* & A%, GSH &2 7+,
SLC7A11.GPX4 FTH-1 FEHE X T+ = (¥ P <0.05), AG20
+ Fer-1 4199 BRGS0 AL R0 4% , SLCT AL .GPX4  FTH-1
BARBFETERR (B P<0.05), it AG BRI
Bt AL ] BE S5 2R T () SLCTALL/ GPX4 s A

HE (0 F1575 55 e, i W2 g 18 5 B AR Ak 5 8055 &0 52 SR Ak 7 Ko
# MDA GSH 7K-F-F1 Fe’* %tk ; Western blot A6 Il 5 it 24 {4 IR MR IR 03; 0 E NS BRAE T SLCTALL/
FIWET B 11(SLCTALL) S REH Bkt AL is 4 (GPxa) . GPX4 Tl IR IR & H H

SEEEEL | (FTH-1) B (KT, B8 5 sham A4,  TESES RI6S
XHERER A XEHES 1000 - 1492(2023) 12 -2094 - 07

doi;10. 19405/j. cnki. issn1000 — 1492.2023. 12. 016

2023 -09 - 30 Uk
HETH . HR AR S (45 :81860336)
PR BRAL ] R AE BB, A F 832000
2R AT R B FRE S 2 — B B AL R 5 A YA M

JHeREE SR AL R SR S 2R S B 8 B A i
(M ae B IR 7ERRERAE K R R D, Il R
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morphology of liver tissue. The liver was weighedandthe liver index was obtained by dividingweight by body weight.
The levels of glutamate aminotransferase ( ALT), aspartate aminotransferase ( AST) and lactate dehydrogenase
(LDH) , which are indicators of liver injury, were detected by microplate method. Results Compared with control
group, the protein and mRNA expression of SIRT1, Nrf2decreased significantly in ADLI group. Liver tissue struc-
ture wasdisturbed, hepatocytes were obviously swollen, and their boundary was unclear. The weight of mice de-
creased, but liver index increased. The mRNA and protein expression level of anti-apoptotic factor Bel-2 decreased
while that of Bax and caspase-3 was raised. The level of ALT, AST and LDH were also elevated. The differences a-
bove were statistically significant (P <0.05). Compared with ADLI group, the protein and mRNA expression of
SIRT1, Nrf2 were higher after NADH intervention. Liver tissue structure became clear, and hepatocytes were po-
lygonal. The protein and mRNA expression of anti-apoptosis factor Bel-2 was elevated and while that of Bax and
caspase-3 was lower. The weight of mice increased and liver index decreased. The expression of ALT, AST and
LDH decreased. The differences above were statistically significant (P <0.05). Conclusion NADH may allevi-
ate anti-tuberculosis drug-induced liver injury and apoptosis in mice by regulating SIRT1/Nrf2 pathway.
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