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[ Abstract]  Objective To investigate the effects of isoliquiritigenin (ISO) on cisplatin-induced acute kidney
injury (AKI) in mice and explore the potential mechanism. Methods Thirty C57BL/6 male mice were randomly divided

into a blank control group, model group, ISO-L and ISO-H groups and a positive control group. A single intraperitoneal
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injection of cisplatin (20 mg/kg) was applied to establish the AKI model. During the intervention, both blank control group
and model group were treated with an equivalent volume of saline, while ISO-L group and ISO-H group were administered
by gavage with 7.5 mg/kg and 30 mg/kg ISO, respectively, while the positive control group was administered by gavage
with 20 mg/kg irbesartan. After 3 days, serum was collected to determine the levels of serum creatinine (SCr) and blood
urea nitrogen ( BUN). HE and PAS staining were used to detect pathological kidney changes, while immunohistochemical
and western blot analyses were used to detect inflammatory cytokines’ (IL-6 and IL-1B) expression and the activity of
Smad3 and NF-kB. Real-time PCR was used to detect changes in inflammatory cytokines and long noncoding Arid2-IR.
Results Compared with the model group, ISO intervention significantly reduced the SCr and BUN levels in AKI mice (P
< 0.05), in a concentration-dependent manner. Histopathological staining indicated that ISO intervention significantly
reduced the infiltration of inflammatory cells and vacuolar degeneration of renal tubular epithelial cells. Furthermore, it
significantly improved renal injury. Additionally, ISO significantly downregulated ( P < 0.05) inflammatory cytokines
expression, the activity of Smad3 and NF-kB, and long noncoding Arid2-IR expression, suggesting that ISO inhibited the
activation of the Smad3/Arid2-IR/NF-kB axis. Conclusions
possibly through regulation of the Smad3/Arid2-IR/NF-kB axis.

ISO effectively reduced kidney inflammation in AKI mice,

[ Keywords ]

2B Hi45 (acute kidney injury, AKI) J&EH £
Fofr PR 22 5 B304 155 T B S 1] P 22 TR A A1 A1) i R 2
B &P R I R e BE T A A i I IR s R
W o FEIPRSE e WU DY ™32 I T 4% 2898 1
fRy7t R B AKT M E BN E, A H Y
1/3 BETEZ LT )G &4 AKT | 8 H R
R R R R R 1 e PRASE A W40 BT 30 AKT (1Y
FREAEPE s Pl A 2 B /N — () T R | R S
NS R TERHB AT S BUg i eE R &
“F-kB(nuclear factor kappa-B, NF-«kB) &/ 5 M #4
VAR B G i FNEF e B #0001, 52 25 B 24K 57
A9 B DR 3R TR B T R IS O A o % A M TR T
(IR SR 1T A 40 A Ea Ak TR B, S 30E &
PEFE MK B | K 40 0 A A 2V, X B 4 208 iR
ALWRE T E T JE T TR AKT & AR R
FEACE OREFEE B DI fE 3R T R AN R AR ROR
JY 25y, T o 30 ) NF-«B i 5% ] fE 2 — Rl i
AKI Fr8UE RIE A g RAEieny ik,

Ok i 2 (IR HE 2 B K4 JE 4 5 RNA (long
noncoding RNAs, LncRNAs) 75 B #5 i & SCHEE
FH') Smad3 7E TGF-B1 455 4 e A2 Ak ad 72
H e — A SRR T A0 Fl A ST & B LneRNA
Arid2-IR BYJA ) X BUAETE S Smad3 AHZE G007 51,
TE B G MR AR B AT A 2 Arvid2-TR R34 in, i i
Fi5 Arid2-1R A JEE J5 42 NF-xB 4> F 300 R 1
TR e HERT Arid2-IR & — FhE B4R Smad3/
NF-wkB A 115 B 98 i AH G I K 55 JE i RNA il
i T Arid2-1R B9 &3k M Smad3/NF-kB 15
S PR IEPE AT BB VAT AKT B 80T 19— Rl 7 1

long noncoding RNA (LncRNA) ; Arid2-IR; isoliquiritigenin; acute kidney injury; inflammation

S HE £ (isoliquiritigenin, 1S0) 7E 5T & 30
A R BIPR B LA BT g A LA
T8 2 A w8 AT LA s e R I N X 4 2 1
FI A H AT T HAE AKT SR i (4 7 F 4
EFEA AHE FT 400 2 WL S5 H B2 A
AKT /NEUE 9T 2 18 T, I3 2 4 0 S 38 0t
Arid2-T1R/Smad3/NF-«B 15 55l (1 5% i , £ 1F HAE
B, I S H B R AR BIR AKL AH B 7 T )
25U (B B JL Al

1 ##FFEE

1.1 SRz

ey SPF 2% C57BL/6 METE/NE 30 2, A
18~22 g, 8 J& W&, W T Ji AR 3k A S 56 5 ) A B2\ )
[SCXK(J11)2015-030] , 4% sh ¥ 52 56 o (1) To B F R
AT T VU R BE R K 2% SPF SEI s W b0 5E
[SYXK(JI[)2018-065], /NREE T ZiHHIE, =
ik 23°C ~ 26°C, HH X B 45% ~ 55% , B I 28 B¢
12 h, 25500 FE T D@ R RN A H oK, 18K
B H T DA B IR — S, S50 B v 9 T A AR
6 70 M BB K 2% 3 W) 18 B 5 b oE R 2 R
(2017DW027) , S 46 it # v 2 38 <P s 1 S8 56 1) 3R
J 0,
1.2 FEKFSUEH

DT A ([ 245 1 7 20040803 , 4it5 19030, 7T
MERAT) s FHEE (L HPLC >95%) (Hit5
PRF9082923 , P J1| 5 K i A F] ) 5 &4 RNA $2 Bl 5
B (S Q5111 JbH RARA LR ) 5 386 57 55

& Go Script TM reverse Transcription System (it 5



vp [ L BE 2R 4 A 2020 4F 6 H 45 30 %5 6 ] Chin J Comp Med, June 2020, Vol. 30,No. 6 27

A5001,35[E Promega /A F]) ; NF-kB % HLt (L5

AD120519,dt 5t TR AR 2N F] ) 5 Smad3 f o4t (5255

9513S) ,p-Smad3 HHHT (175 9520S) \p-NF-xB

BT (5245 3033) 1 T £ CST A F];IL-6 Rt
5247 ab9324, Abcam A~ H]) 5 IL-18 B HT (18 %

sC-52012,Santa Cruz /A7) ; ECL BER % 248 (3%

€ BIO-RAD A #]) ; B #r{X ( 2 [F Bio Tek 2AH]) ;

Light Cycler" 48011 PCR {% ( Hi-+: Roche 2A#])

1.3 ELWHE

1.3.1 SCEeshpordl S5ab e

30 HiKHE 18~22 g A SPF 9% C57BL/6 HETE /N
FUBEALS> A NC 20 AKI 21 1SO-L #H 1SO-H 41 # Irb
41, B NC dLoh, HoAs 25 20 Y445 52 I s PRk i S It
120 mg/kg, NC 21 1 i 1 9 45 i A= BRAR UK, 4R
WG 24 h )5, 1S0-L 1 1SO-H 2143 9HE 8 & H %L
EIEW 7.5 mg/kg 30 mg/kg 3 d,Irb 47 H )L ¥
HIAEW 20 mg/kg 3 d,NC 411 AKI 21 D455 A= B
KHEE 3 d, HEH 3 d JFARSE/NER BUMLE T 4°C it
5 A S, F AR A PBS s i ys, T 4%
ZRPEEFE 24 h, LW FEBLK A7 WAL
Ze B R B RT A7 AT~ 80°C UK AR o
1.3.2 V& WUEF i bR 2 &R

KA T 4°C # & %5, F 3500 t/min B0
10 min 5 W HCE 2 0003, 42 B8 150 B A5 VR A 00 1 35
JULIEF PR 2= AR
1.3.3 BIBE¥A

SR HE [ PAS S5 B0 P Y £2 X088 5 (1) 9 B
AU F 65C M1 2 h Ja, ZH RN, &
WS IK . HE (PAS Ye (o 7 4 42 BE 156 B 45 25 BR 45
1B, TOLEE Tt HE Y 00052 B 25 4 g B AR
PAS Yo UL B 20 2L 45105 P M LR R
1.3.4 fpEH gk E Y@,

K e 1 AU 22 R I B b S SE FE AR 16,
IL-18 MR U & LR FIAL 3RS | 3 in i 4204k
ZBHWTH 10 min,5% BSA A 15 min, WH—40 (1
:150) ,4°C %, I — )5 W IR E 1 h, L DAB &
) A5, 311 R 5 A8 7 Tmage J 5 AE%H) H o BRI X
Wi TR,

1.3.5 Western blot Bl %E & H /K

YIHAS 40 26 B J2 i 30 mg T~ 500 L 1P & %4
fi AN 10xPMSF 1R W, 7E VK BRI, 2 WL S
e, K LR A% 30 min, JREURE A, % D=
WE IR B2 I 5XLoading Buffer Ji5 T 100°C 7

10 min J5 b #f, 28 SDS-PAGE ¢ H1L ¥k 43 55, THE &
100 V #6015 5% BSA ZiREA 1 h, In—dr IL-18(1:
1 000) .IL-6(1:1 000) .p-Smad3(1:1 000) .Smad3
(1:1000) .p-NF-xkB(1:1 000) NF-xkB(1:1000) .
GAPDH(1:50 000) F 4°C¥EPRiIR, J5 I HRP #3ic
ZHi(1:3000) TEEMFE 1 h,#IN ECL 2GR T
Bio-rad BEBUR RAE ML, UHMWEASANSE
1 GAPDH 1Y 10D fi i Fe B A S AR 1 0y A X
ki,
1.3.6  RAEFFHI Arid2-1R 114 35 PRAG

HA%- 21 20 B2 5 25 mg, FH 2K T A0 B HR B 8
TERRRT T 09 240 W RZ 8T 5 22 JC DA HR AT 00 i
B, %M RNA simple Total RNA Kit 351 &0 156 8
YEM B i 3 B 41 21 8 RNA, B J5 i A 30 pl.
Water & 2J, Fisher
NANODROP 2000 73543 Bt I RNA ¥k &, il
21 Sk ) AR R, i B Go o Seript™ reverse
Transcription System % ] & #f 7% LU ] ic & . 4 pL
5%XReaction Buffer,1 pL PCR Nucleotide Mix (#%H IR
IBAEY),1 pL Go Script™ Reverse Transcriptase ( 3%
BESRWE) ,1 pl MgCl, ( 9K FE 2. 5 mmol/ L, i3 5% 55 il
1EMERETER]) 8 WL Nuclease-Free Water, K12,
H45 WL cDNAJIA G 5% Sk & IR A B0 J5 i 5%
SERFUT :25°C 5 min,4°C 1 h,70°C 15 min; i¥i%%
SESEEEINA 80 wL Nuclease-Free Water, —20°C {17
#% . TE LightCycler® 480 II FHLAG I Arid2-IR |
IL-1B Al 1L-6 MY F ik &, LALLE R PR 27
BT 00T, S I R A A0S 1, K600 21 ) 55 DR AR 6 7K S
Ll GAPDH 1E#1k.
1.4 SFitFEHZE

K H SPSS 19. 0 X it Bdi i 7 48 i ot , A
V] P VO LA D K, 22 4 ) FH B TR R 22000, 41
] 2 5 LR LSD- 5, 24 P< 0.05 /n 225+
HAEGE X,

%1 Real-time PCR T fH2|¥1)%%1

Table 1 The primer sequences of Real-time

Nuclease-Free Thermo

A FPa(5'-3")
Gene Sequence
Arid2.IR Arnd2-1IR-F AGCAGGCTAAGTCAGGGTGA
Arid2-IR-R GGGTTGAGCTGCCATGTATT

IL-6-F AAAGAGTTGTGCAATGGCAATTCT

IL-6 IL-6-R AAGTGCATCATCGTTGTTCATACA
IL-1B-F TGCCACCTTTTGACAGTGATG
IL-1B IL-1B-R AAGGTCCACGGGAAAGACAC
GAPDH -F CGAGTCAACGGATTTGGTCGTAT
GAPDH GAPDH -R AGCCTTCTCCATGGTGGTGAAGAG




28 o ] P 3 2 2k 2020 4F 6 145 30 %55 6 ] Chin J Comp Med, June 2020, Vol. 30, No. 6

2 #R

2.1 REEZHEX AKI /MR—RIERA 0

B /NI TCAET IS, AKL d/NRIAE L NC
LGBk A L AKT 4, S H R I b TR L
b s /N BRI B
2.2 REEZEX AKI/MRALEF . RE RN

55 NC 41 L, AKT 21 (74 1M 38 LT 0 AR 28 (0B
WA 5 AKT 4UAH He, S H 3 T T n] i i AL
BFAI IR & B IA TR (P< 0.05), H 1SO-H #H Ay Ifi.
T WL AR R &K T Ieb 41, WWET 1A (1B,
2.3 BHEZWAKI/MNRSAHALHYT

HE Y n] W, AKT 4/ BRUEF B /N I Bz it R
TZEYEIRAE , BN 0] M B S T) B B 5 A A R
PR SEH R R AT B s A 2 N
B AR MR SR B, 980/ B /0N A8 TR o 3 [ B, o 45
FPRIE R 4T, PAS Beam] UL AKT 41/ BV A B i
LM CE AR TR, 5 H R a8
WA TURY, WK 1C,
2.4 RBHEZREI AKI /MR REISFEHZNN

5 NC A Eb, AKT 21/ BB P 1L-6 1L-18 75
RS EAKEAZFRIA Y H I B I 5 5 AKL 4
A S S| ENVIRTS s i O A 2 N 5 | DO
IL-13 7EREPUF R /K- Rk WA 2,

2.5 R HEZN AKI /MR Arid2-IR R i 0
Smad3 NF-«B & 14 £ 20

Real-time PCR 45 iR, 5 NC ZHAH L, AKT 21
B2 Arid2-1R FESE R KO- 3Rk & T & e S5 1
WRTHZ G R R E T #, Western blot 45
RN, 5 NC A, AKT 240 ' 4148 p-Smad3 Fil
p-NF-kB £k B B30, e R HE K WL, p-
Smad3 Fl p-NF-kB FKik W] BV, KU r HEH R T
FUAT LA AKL /D BV 1 Smad3/NF-«B {5 55 3 i
BT LA 3,
3 g

AKT AR AL 3 A% rh BT i S R L A 45 A A0 1
W HOREFNJA T H R G S — T bR R A
M- 2 AL E W 22t 8 RAE7KF o = AT
SR R G ZE AL AR Y AL AN 2L 407, AR DG 1)
HLHIP K 20 L PR %) RT3, b P R 200 L A T 24
RGOS F IR . AT ST AE 75
S AKI /N ERUBEAY B 5 H R X AKT /MR Y
PRAPVEH RALTIBESE . BF9E 45 R R, AKL 4585
B A R S, B SO R B Rk ) i 2
L S H R R T UG, 32009 B A 25 43 0 15
WK, HARAE (1 ik b 2 T, #en 7 &
RHABAFPIR B B A RCR

A B
= 100 =
> )
E E
3~ 2z
ES 50 ®R
= %
3 i:
= =
NC AKI ISO-L ISO-H Irb NC AKI ISO-L ISO-H Irb
C 75 X R AL Isofi& =4 Iso i 7l &4 BA X A
NC AKI Iso-L Iso-H IrB
HE FNN %
1|90 iy ] lﬁp»y_{l" my
PAS FapBt. i
100 pm , ‘N };1‘1‘ ‘ 100 pur ]0'
A B AN R ILE WUEF i PR A S50 C. A 4/NR HE A PAS Je B 25 % 5 NC AL, ** P< 0.001, ™ P< 0. 0001;%5 AKI Z14H

L, #P< 0.01,% P< 0.001,** P<0. 0001,

1 SHFZAIUEIE S AKL /BB BLZ5 R 9520 (HE (PAS)
Note. A B, SCr and BUN results of mice. C, HE and PAS staining results. Compared with control group, *** P< 0.001, **** P< 0. 0001. Compared

with AKI group, *#P< 0.01, *#*P< 0.001,** P<0. 0001.

Figure 1 Effect of isoliquiritigenin on renal morphology in AKI kidneys induced by cisplatin
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Figure 2  Effect of isoliquiritigenin on renal inflammatory markers in AKI kidneys induced by cisplatin
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Figure 3 Effect of isoliquiritigenin on the activity of Smad3/Arid2-IR/NF-kB axis and in AKI kidneys induced by cisplatin
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Figure 4 Constitutional formula of isoliquiritigenin
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