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WE BHM WS R A4 R (all-trans retinoic acid, ATRA )il 4% Bl 1 E2 AH 5 K F 2 (Nvf2 ) FlIMLZT 28 042 1 (HO-1) &
2R R BB RS L PV E RS (IRD 3k . 7735 20204F 10 H 2 2022 4F 2 A PRI 24 F {5 sl AE HEE SD R BT 4
I BENLECTF 27257 34 (n=8) , WM TR 41 (Sham) | 'Bf RSk i -3 4 (/R ) 4 42 S =04k HF R (I/R+ATRA) 41 . Horp Sham 41
FUR A AT HE TS A (1 mL-kg™'-d™) 18, ATRA 2100 25 7 18 s v A F KT AY ATRA (10 mg-kg ™' -d™) 1 JE )5, 341K
R 10% (97K & S48 (0.3 mL/100 o) 47 BRI 812 DU AL , 8 JLAE 37 “CA44F R IE h & ATH IE oy B s A2 W s ik . Jerh
Sham AP ERATE , AT LLIEH 4215 Bk VR 20 ATRA 2R FIAG B DI BRI 22 B S IKIE AT 45 min J5 PR 24 h 9 5 s i K
FUBFIUE /RS, SIZ56 45 3R YACAR 3 4K BRUIML I B B L8R A, T BE Gyl Al i 35 UL (Ser) (i PR 38 20 (BUN ) MR & 5 HE He (3%
WL 2 205 B s TUNEL R 2EF 7 5 2 VA IR P8 T2 (R 5 — %0 2B (DHE) ZEG YL (il B 4 2005 M S0 2R T 00 5 il 1
Ll A B 2 20T R (MDA VR B R A Ak 40 B A I (SOD ) 196 1 5 28 1 5 B 38 5 43 1) 5 Nef2 \HO-1 Y FEB dE AT A . 45
£ 5 Sham4IAHEL, VR 4R BUE A ZINe2 \HO-1 B IR AN (P<0.01) , IS M S ERE I, SOD 16 £ T B, MDA % it
I3 Ser BUN ¥ B2 55 (P<0.01) , B /INE B 5 P43 S A T A0 i 22 38 ¢ 55 (P<0.05) , Herf Nef2 25 11 AT HO-1 85 143714 0.52+0.09
F10.37+0.79, 5 T Sham 2 19 0.06+0.01 #1 0.02+0.01. 5 /R A Lk, VR+ATRA 2 K FUEF 20 20 Nef2 \HO-1 25 (1 5 35 08 2D (P<
0.01) , 1 M 48 2 35 5 W B 389 i, SOD 1% 1 ™ B R B, MDA & £ L IfL 7 Ser . BUN & BE A &2 155 (P<0.01) , B /NE B AS PE4) 1 348
0, B O T AT R SR 3K R 5 (P<0.05) , FE P I/R+ATRA 20 Nef2 25 1 1 HO-1 25 1143 %14 0.29+0.04 #10.15+0.03, L T I/R
M., G Nef2/HO-138 %55 J0E B i PR vE SR 5 A2, ATRA AT G - 301 Nef2/HO- 13 35, Jin g S8 A0 Ik, B — 5 &
UV e ot P Y 4845
FR AMEEHG; TR, BT EMCH T2, MARmMER; S AgETR
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ATRA inhibits Nrf2 and HO-1 expression to aggravate the renal ischemia-reperfusion
injury in rats
DONG Yiling, ZHANG Wenwen,YAN Yan,TAN Zhicheng
Author Affiliation:The Fifth Clinical Medical College of Shanxi Medical University, Taiyuan,Shanxt 030012, China

Abstract Objective To investigate whether inhibition of nuclear factor erythroid 2-related factor 2 (Nrf2) and heme oxygenase-1
(HO-1) expression by all-trans retinoic acid (ATRA) aggravates the renal ischemia-reperfusion injury (I/R) in rats.Methods From Oc-
tober 2020 to February 2022, 24 healthy adult male SD rats were selected to remove their right kidneys, and they were randomly as-
signed into three groups: sham operation group (Sham), I/R group, and ATRA group, with 8 rats in each group. The rats in Sham and I/R
groups were given intraperitoneal injection of corn oil (1 mL+kg"'+d™) for 1 week. The rats in the ATRA group were injected intraperito-
neally with ATRA dissolved in corn oil (10 mg-kg™'+d™') for 1 week. 3 groups of rats were anesthetized with 10% chloral hydrate (0.3
ml./100 g) and fixed limbs. The abdominal cavity was opened along the abdominal midline and the left renal artery was separated at
37 °C. In the Sham group, the right kidney was excised without blocking the left renal artery. Renal I/R model was established by right
nephrectomy combined with left renal artery occlusion for 45 min followed by 24 h reperfusion in I/R and ATRA groups. After the ex-
periment, three groups of rats serum and kidney tissue samples were collected. The concentrations of serum creatinine (Scr) and blood
urea nitrogen (BUN) were detected by colorimetric method. HE staining was used to observe the pathological changes of kidney tissue.
The apoptosis of renal tissue cells was detected by TUNEL staining. The expression level of reactive oxygen species (ROS) in renal tis-
sue was evaluated by dihydroethidium (DHE) fluorescence staining. A colorimetric method was used to determine the contents of super-
oxide dismutase (SOD) and malondialdehyde (MDA) in the kidney tissue. The protein expression levels of Nrf2 and HO-1 were detected
by Western blotting. Results  Compared with the sham group, the protein expressions of Nrf2 and HO-1 in renal tissues of rats in I/R
group were significantly increased (P<0.01). The contents of ROS, MDA, Scr, BUN were increased and SOD activity was decreased (P<
0.01). Renal tubular injury score and positive rate of apoptotic cells were higher (P<0.05), among them, Nrf2 protein and HO-1 protein
were 0.52+0.09 and 0.37+0.79, respectively, which were higher than those of Sham group 0.06+0.01 and 0.02+0.01. Compared with the
I/R group, the expressions of Nrf2 and HO-1 protein in kidney tissue of ATRA group was significantly decreased (P<0.01). The con-
tents of ROS, MDA, Scr and BUN were significantly increased and the SOD activity was reduced (P<0.01). The renal tubular injury
score and positive rate of apoptotic cells were significantly increased (P<0.05). Among them, The protein levels of Nrf2 and HO-1 in
ATRA group were 0.29+0.04 and 0.15+0.03, respectively, which were significantly lower than those in I/R group.Conclusion ~ Nrf2/
HO-1 signaling pathway is involved in the process of renal I/R injury. ATRA may further aggravate renal I/R injury by inhibiting Nrf2/
HO-1 pathway and aggravating oxidative stress.

Keywords Acute kidney injury; Reperfusion injury; Nuclear factor erythroid-2 related factor 2 (Nrf2); Heme oxygenasel (HO-1);
All-trans retinoic acid (ATRA)

' JUE G5 it PR 1 452475 (ischemia/reperfusion inju- Nrf2 5 3t A 4k [z ¥ JC 7F (antioxidant response ele-
ry, IRI)IEH%?'%‘HEIM{MVHTE Fxﬁf WA MMBHE  ment, ARE)FYZ5GRE ST, HAM I M AR HGE o84 H.
e BN RETCEMR B AR R, i LI Re A R AT R AT AR B AR IR PR AR SY T 2020 4F 10
L B AE 2 A Y — ﬁh’%}ﬂﬁw Ellﬁﬂ?i BRI E 2022 4F 2 F SE i DLOR BRUEFIIE IRT AR RL, WL 4%
HEEB e AT #H 1JJ (acute renal injury, ATRA $I] Nrf2 \HO-1 F 3k J& 75 23 i & 5 Wik IR1, []
AKD B 2N 22— HOpR B AR PR PR R 40A B, I P ] Nef2/HO- 1 38 B 7 5 JUE TRT A B4
W SAE VE/NVE BRI T BT AR b 1 MR E TR
A L P 0 A 005 i Ay D R R R {%5( H 11 SEmewfsl 24 FUMEE TR 2 0 JRU A (SPF) 4%
B AR OGS & B Nef2/HO-1 5538 B2 5 AL 6~8 JAIES SD R B, 140 T 118 [ 260~350 o, 1 F 1L 75
MW EEN . T E2 K F 2(nuclear fac- A ANRBER Y SCR Lo R IESE FEEE
tor erythroid-2 related factor 2, Nrf2 ) f&— i 3 K §% 5% 12 h i I FAR L5, 320 - 4 5 aC 4 H R (all-
IR, 42 B o R R W S A I I 2 25 4T 1 trans retinoic acid, ATRA ) F3& [ Sigma A 7] , /K&
(heme oxygenasel, HO-1) & [K 5 1 41 A 19 42 46 Ik S N T BT TR A BR A FD L ST R B N2 $T
A, DT 8115 248 L 1 AP D P Al 4 S 4k T BT HO-1 HUAR 1L ET A 1gG BRIl T 16 5 i B
1% (all-trans retinoic acid, ATRA) X 4 B2 , B K FRAEWA R A, AR o i 4% 1 1R 5% 7 g 7 1)
e R A B S Y 2 —  ATRA AT LA dUTP 8k 1R 355 45 32 (TdT -mediated dUTP nick end
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labeling, TUNEL ) 4 Jitd 18 T A6 3 701) & B8 SR AL P
{1k i (superoxide dismutase, SOD) i 5] & . N . [if
(malonic dialdehyde , MDA )& 7] £ R Z A (BUN)IR
7 & B it LEF (Ser) 350 5 20 T 5 5 2 A 2y
A, A A & DAB & (55 (PIPA 24K . PBS 2% if
T . SDS-PAGE ¥ Ji i #5150 7 & W - ik D ZE 4t /R A=
IR A R A A . AR A — M sl 50 5016 3
2T

1.2 XWHZE

121 Zhp R HE & 24 HEMESD KEBEVL K
3 ARF AR (sham 2H ) B I B L FEE 78 2H (Isch-
emia/reperfusion, /R 4 ) f& 4= = 4 B iR 41 (I/R+
ATRAH) , B4 8 H o 1 JHATFF AR 3 2H K A7
JE FE ST, Sham 41 T/R 218 B6 1 5 1 mL/kg FOKH
KK ;¥ ATRA % T 1 K30 (100 mg/10 mL F 2K
M), ATRA 2118 5 1 S8 T KM Y ATRA (10 mg/
ke) , BER 1R FFEE 1 E LU, 3 41K R4 BIIE s 7
5 10% KA 50 (0.3 mL/100 g) HEAT R , 145/ BV
ST S 0L I, 2 W JRR T ) B, 8 JH Ak A0 RS [
FEALE 37 CHEIRE b S F AR XU E h &g )=
YT 4 220, 2 88 XU B L, S 2504 s &, 4%
JE B AT E o Sham 41T DL Je 41 22 B B bk /R 41 -
FR IR 3 ik e Je PA 26 gh bk, 4 2 B ke af. , Je 1A s
B B BF U 2 €0 A8 Shy I 5 €5, A e it 0 [l e A 1
FHEOAT B 35, 48 58 0.9% AL I, B 1M1 45 min
Je HUHR I A e, kA2 B U O AR, > U R ] 2 GE
WA, R FVE T . URFATRA 4L 5
UR ALt B AR R), 7 B AE UR A . B2 %A
FARY O, A g BRI WA K
BRGSO E h AT 5% . 3R R T SE g0 2
24 h 5 BR HUAS 2H T S B AR AR

122 F o RepidEmnFarEakt HY
FER B L2 510 BR (RIPA 240 00 4T 78 ks,
O JE PRI TE WA R . FH BCA 35 &5 e 4
LR R 38 A B KT AR VS IR R S A AT
HLUK B IS BRI A —$T (N2 24 1: 1 000, HO-1
9 1:1000) B w5, InA 50 (4% 1:5 000 #17
i B ) FE 2 T & /NS, B TBST 22 i v
3. HJE HECLAL22 BB . FH Alpha #f
AYHT S B FTKE 0 S

1.2.3  H4042SOD MDA #m  HBUE 4125 50 mg,
W L B 10% 57 5, AR U700 G i B 5 i
Fb (o A B 2 21 A SOD 5 11 B2 MDA 254

124 BapiErmasdn  DHE § @ iFfh 44
TEPES OB R TR B LUK B, 354 DHE et
FEZE e (B A JE R ) B MERLL 50, 435

Wi g 56 U1 R 6 A 1L BH 4 19 82 RO % R B
(10D) LA Skt iy i 20 U5 22 18 AR (Area) , JFH5
T P A 6 6 3k i BV I %% )2 (Areal density) =10D/
Area HEAT53HT , 10 s K dE: .
1.2.5 2% Ser BUN #2047 5256 K BLIM 7S
() EP A HEAT 0 B2 10T B4, i ad 4 [ sh A
A0 B ASC, AR I 50 8 150 BH 15, 4G DU LT AR R R
) F i o
1.2.6 AZmEFHEE  HAWNCQHE T ALK
KERBEHLY R VI3 pm 5, IR AKE-JHLL (HE) 42
AR S, B TS B R R AR . B/
BIRRE V5000 AR IE R 5 140 ARG
(HMEE T RN B SRR IR <5%) 52 43, A FR 4% B i 3R (4
B I A B2 TR IR 59%~25% ) 53 43, A% 3 TP IR (4h
B I 0 12 o W IR >25%~75% ) 54 43 , A% 26 ™ T i 0
(HMEE TR B IR >75%) " . A5kl 2 /01 8 4~
B HEAE PR SR (x200) .
1.2.7 BRsag A Tamiethn  HR4E TUNEL J (4
W& U B T E . R A B 6 ANl i o A
AESIEF, REEL . i H Image-Pro Plus 6.0
AR MR AT 537 o
1.3 SFitFEFHE R SPSS 26.0 B #1758t
AT, K H GraphPad Prism5S #4017 8011 I 2 1/,
TR DL & + s 7R, 21 18] 9 G HL 48R H LSD-2 46
55, P<0.05 W ZEFA G E L.
2 #R
20 BAXRBALAN2.HO-1EAEXNRELE
Eb %8 5 Sham ZHAH FE L VR 4 K BUAY B 2H 23 Nef2
HO-1 2 (A KRN, 2 57 Gk %2 X (P<
0.01) ; 5 /R ZHAH [t , /R+ATRA 0 Nif2 . HO-1 55 1
FIR¥W D, 2R A58 X (P<0.01) . WHE
1,%1,

4 5 6

3 eGP == 3( K Da
2 e 3)KDa

| e ep e 43 KDa
T o 1 1 -3 1R 8 S (GAPDH) 5 2— il 2T 3 Jin 4 g 1
(HO-1) ;3—#% A T E2 #H 2 N F 2(Nif2) 34— F- & (Sham ) 4H ; 5—
5 O e PR (/RO 4 5 6— 4 S 24k H R (I/R+ATRA )4
E1 4K RE4HLINSG HO-1 2 A AHX Fek &

22 'BHLASOD MDA KIE 5 Sham 4 H#E, /R
20 "B 140 SOD 1% M8 55 , MDA &5 23 55 (P<0.05) 5
5 UR4LHH, ATRA ZbHS (1) B 2021 SOD {14 P
TR, MDA & G 5 (P<0.05) . WLER2,

23 BHLAFEEERIE HIEEETOGEE DHE
Jer,, 5O WA T g & B, A T Sham 41, I/R
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1 BAHKEIFHL N2 HO-1 FE A R /x + 5

28 51 BRE N2 AHX ks HO-1AHX Rk
Sham £ 8 0.06+0.01 0.024+0.007
I/R4H 8 0.52+0.09" 0.37+0.79"
I/R+ATRA 4H 8 0.29+0.04% 0.15+0.03%
F{E 120.62 106.79

PE <0.001 <0.001

L Nef2 R E2 M SE K T 2, HO-1 M ML 4T 28 4 1o
D5 Sham 4 4%, P<0.01, @5 I/R 4 Hb#, P<0.01,

K2 KAREEFHLSOD IEPEM MDA & & LR /% £ 5

215 Ak SOD/(U/mg) MDA/(nmol/mg)
Sham 41 8 366.92+36.01 15.71+1.73
R4 8 281.99+9.96" 23.14£2.517
I/R+ATRA 41 8 190.37+11.23% 30.47£3.74%
F{4 122.92 56.17

PAH <0.001 <0.001

1 :SOD Sy S AL B ALl , MDA ST i .
(D5 Sham #H [ #5 , P<0.05; @5 IR £ L% , P<0.05.,

R g R ) S R R CE D EAR S R Y ek = W RO s
KRN (1=7.76, P<0.001 , H:H Sham 2H 1 1/R 2H 1)
1% 1 A8 AH X 3R 38 3 29 0l R (0.20£0.04) % 1 (0.97+
0.27)% ;5 IR 4 HL#E  I/R+ATRA 4H 2T (056 G [ 4%
S, T MR A R 2Rk 1 (2.14+0.46) % W 14 i (F=
79.34,P<0.001)., VLK 2,

24 HBAHKRSer XBUNKIE 5 Sham AL,/
RALIM I Ser BUN ZKF-¥ 715 (P<0.01) ; 5 IR 414
b, I/R+ATRA 41 IfiL 7 Ser . BUN 5 1 4 HH g & (P<
0.01), W3,

FR3 KAKREIMIEG Ser BUN K Hi/x + s

217 TR Ser/(wmol/L) BUN/(mmol/L)
Sham ¢ 8 74.38+7.57 6.3621.33
/R4 8 121.97+13.947 16.46+1.37"
I/R+ATRA 4 8 341.48+23.73% 23.31£1.23%
Fid 597.89 338.21
P{E <0.001 <0.001

11 - Ser MNLEF , BUN MR E A
(D5 Sham 41 L4, P<0.01. @5 VR 411L%E, P<0.01,

25 BRAKXRBRESHREBIFERILE Sham 415 /)
BRVE/INE VB R SR B LSRR R B NE UG
W BEPE43 4 (0.7540.46) 73 5 5 Sham 2H LA, /R 4 AJ
DR 53 B /NG I R 4t ek i AR P ) B 8 1 A
LI, B /N A 8 A0 T 43 (3.130.64) 43 8 (1=
8.50,P<0.001) ; 5 UR 41 #H kb , UR+ATRA 215 i ek
A5 B SRR B NS A s B K R RIR 29
NI SNt o = A N = 1 D B e R A S
PER T R PEAR IR , B /NE B 11753 (4.88+0.35)

Ay B e (F=137.17,P<0.001) . VL3,

26 BAAXRBALAMEMATER Sham4f
foCHR R T AN MR GR U T A0 AR P M R Dl (0.48+
0.09) % ; 5 Sham 41 AH L, /R 41K BB 42U T 40
I8 18 (P<0.05) , U/ T 40 M BH % ol (1.06+
0.26)% ;5 IR 2H HL4E , /R+ATRA 2H U8 T~ 40 Jfl 2% ik
W] & 3 i (P<0.05) , 8 T 4 A BH P 28 y (1.74=
0.08)% , 2 5 A Bit2# & L (F=117.64, P<0.001) ,
ULE 4,

3 itig

SO B A 5 DL R R DE TR, B DE TRT 2
— P A A% A g B A B T SR N O B E TRT
M R R B 2 B B AR BEAIL A B O dpl o
B B, A SV T AR AT ST 7 AR K A T PR AR
L 1 A M P AR T B R A R L
TR BOR AP A A RE 7 SR A, 0 = 40 i A 5 IR
FE A AHDCUESE R I, 00 5 5 TRTAR DG 4 Ak
N AT B T B IR AR AR R B R
IRI"

N2 1 R MU S8 A0 I 110 E B3 S PR 7, IE
HAF LT, Nef2 32 28 5 H AN 157 Keapl (Kelch-like
ech-associated protein 1, Keapl) 45 & % B4 75 20 Jifd 5
L AERRIREG SRS PE Y R 20 R A2 30 5 L s
3 P 4 5 (3 P AR T, Nief2 5 Keap fif
B, 15 Ak Nef2 DA LS5 A 20 A A%, OF- 5 Maf 25 1
GEATE R R R G 5 ARESS &, S 8— R 5%
D] Ay 2 SR80 L R 11 A A 3 1 B AL B (HO-1 .
I E A -1 A R P e R e 5 ) sk 2 W e
B SR PE Y HO-1 REAR HE - AR IHSE 2 4k
B A — AR A Bk, X S8 ) 7R DR 20 4 52 S kA
Py VRS SRR T 20 P9 LA B A I A A
JHRAEEEER . BRI 2N &
A= k5 Nef2/HO- 138 B4 il S 000 4804k 0
SR G UNAE R SONL 0 2R B TR, Nief2
G PR R o3k %) /N B A A 3 1 o, L T e R AR A
R WAL . R Nef2/HO-1 S22 9y Ak 3 72 v
Xof A1 FERIEOY 55 A8 1 — R s s ALt 2 AL
PrE AL Y £ B S e

FE I RS AR P Y SR B R
B AR TR i 2%, S BUB R it i A Ak
S, AR T AR, AR S g AR RN HE— 2
TR o V20T 3 IR T R S R Y5
ALY, AT LSRR B BT i T A s AR A )
Jo ;[ Bl S SO M A RS 375 PR 14, BT ATP 45 1,
HE—2 A AR R T, A B A A R R R
JRET S SOD AR A 48 M N 4 A E S T R R AT I B
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TG4, AR DR IRL P R R E ZAE . | iR ]
VR AT IR & AR A A RN AR T
(MDA), AT ELHE5 [ 40 i s 40t 47 , PR, 421 MDA
RPN R T A — A E R AR AR
SIS SE IR R, 5 Sham ZHAH L, /R 415 42U PEE
FihTHE, SOD MG MESZ B, MDA & & L F+, £
177 Ser . BUN F+-57 , B AE g 1 |55 JUE 25 2 48 e 0 1
SO, 18 B A B U R P A 4 2 S B AR
B e . TRl Sham 41AH FE , /R 20 K BUH 24040
) Nrf2 \HO-1 38380, i — DU ] Nef2/HO- 1 38 %
Al RES 5 B I i L P T 8 5 A e

AR GR 45 5 B, 5 UR 4UH B, K Rl A
Hi4T Nef2 IS ATRA FiAb B , B 4140 Nef2 \HO-1
[ 2238 I 28/, SOD I M ™ 5 T B, 1 M4 MDA
o B G, A D RE B R B N R
SUAM MR T IR WG 0. BESE A 4R ATRA
1A TR A Nef2 F HO-1 25 B 35, IR 2H 21
PrAE AL 0 VR R o i B 2 2 4 1 B A 45 A
PR T, gE— 5 hn B UE IRT, 156 W1 ATRA 110 Nef2 |
HO-1 3K 25 i e B R ot ol P8 4 0 i

ZE bR, Nef2/HO- 1 38 %2 55 B I el oy P30 v
L R 4T ATRA TR B 5 25 30 i R BB AIE Nef2
HO-1 %35, e S8 A W, i — 20 i B e IR1.
FESS FAE R 76 B I B i P A O R R SO0 N2/
HO-1 15 53 i, v] LIS 5% 21 2040 it 1) B 8 fb e T
Ul A2 I TR 45 , 3 A FRAT TR YT slai 6 B JUE IR L3
TR T BB IRHE .
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