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Research approaches and status of animal models for acute Kidney injury
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[ Abstract] Acute kidney injury ( AKI) is a common disease in clinical practice, and its incidence is increasing
yearly along with a high mortality rate. Therefore, establishment of reliable, stable and reproducible AKI models is the
basis to study kidney diseases. AKI modeling method are diverse in accordance with different experimental purposes. In
this review, we describe the approaches to establish AKI models, namely drugs, unilateral ureteral obstruction, ischemia-
reperfusion, 5/6 nephrectomy, and infection. The purpose of this review is to discuss and summarize the current status and
method to establish various AKI models, and to discuss the advantages and disadvantages of the induction method and their
corresponding clinical signs in terms of their pathological mechanisms. This review provides a foundation for standardization
of AKI animal models and the theoretical principles and experimental basis for in vivo studies of kidney diseases.
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T HA TN 1% M B9 ( chronic kidney disease , CKD)
FNLAR I 5 ( end-stage renal disease, ESRD) f*) i
RIS 2 AR R —Fh e DL ME A PR , AKT 76 42
B FI IR B = A RO0R 75 2 259, 9 H., AKT
R Z CKD EZ 412 5 2R 5k 115 5l %
PR 2 2R E0R AR, WHE AKT #EE 2 CKD #L]
AT R IR AE R HE S5O AT L A6 7 AT
SEZE AKI [7] CKD Y JEHERR , 4% CKD U [ #R
TR BRI, B I AKT Sh AR A 11 5T g
RS B RL A ATk — 2B R o BHL ) Sk 97 J7
o ARTOK N AKT 1 Z2 R 3 W B8 i 57 S D
TrEAT RGEH 5 BT IH A8 45000 0 T 52 58 50 )
FORY 5 TR WFFERE 5C B B AL B K 24 W) i T 4
PERAY PP B2 e S SR

1 AYFSHERHRE

1.1 ERF

AKT J2 i A A v i R 52 700 F o S 1) DL
RAE  TES R B AR T2 AKT 45493 1 26 = it
PRI ph T 5 300 78 580 9 56 00 JUE 5 9 14 g T
BRI AT 2 0 2 B 28 1 I
o R T R AR Y AKL S5 O 0
AR,

7E 2019 4E 19— IS280 T Lamby %5 ;L2 2K
SRS R IS e B A LA B ) S B R
a1 T B 5 S /NBRJE i % ( glomerular filtration
rate, GFR) 1T i S B A il I SRR R B, Bk 17 %)
i3 2l 725 5 T [R] H2 52 W A1, Zhao 550 & %
27 d RIS G R0 S BUEYE SD R BUE NV
ZSULIR B A kR A T B4 15, T 2R A4 S RE Y
B A 15 SD A BB TG 4 (reactive oxygen species
ROS) 73 WA 34 INFNZE A& mtDNA 3 W34 22, 20 Jifd o4
TR, 51K R BV ™ i A S8 A IO R I, 2 T
FORBL AKT By &R X1 5 5 R SR sh 5 ke
B ) S — TR IR 2R X /N b R 40 i A9 2
PEBUOI TG R0 5 D AKT B9 18 B B LR, A o
FERIN, FTAT I3 52 0 2 2 0 B, 0 2 5 o
Qb AN R R /N L B A I Y 2
FEIBE, 3% ML N Ca® UK P, B = B R IR I
(adenosine triphosphate, ATP ) & it 3 F 8 PI3K/
AKT/mTOR {5 538, %55 W /NE B RN i T
BB, 3 B /INE R ZES IR AKTY

1.2 JiA

JEF ( ciplatin,, CP ) 2l AR H B — R 45 &
IR EY ., CPAE N i hm e 2y A sk
KA FH 24 05 25 Hh B S (E RT3 %) ' ) e e A, (1
HEZ R E Kl 255, 2 BN AT 33 i B 46
B5t* . WRRAFE & BR, i FH CP IR 7 98 AE 1) fR
FERIIAN S R AT (0 P A, (H 2 SR 3 R AR CKD
(A 30 DRI A A 388 o i B f6f 76 I PR P oK % B AKTD
FoE, BN CP Mt AR B S iRk th &
R

WFFEENIRI CP B Bk p M T, 3 28 i
HIRFIHE (20~ 30 mg/kg,3~7 d) B BIEH & (5
~ 15 mg/kg,2 ~ 4 /3 ~ 4 J&) Wik 2 6 =
ZRT/NE R B 202 0 0 B 4 O 5 8 ) T
filn, sk ra 210 gk H MM TCR /MR, il i 3 d sk
JE I B CP (25 mg/kg) A5 20 il B S0 B 7Y | i
JATSISE 4 SD KR — ke R IR ST 7.5 me/
kg 1 CP J&, T 24 h %0 & B PR & 1 2 A 385 LI
( serum creatinine, Scr) . Il JX E& % ( blood urea
nitrogen , BUN) ¥ 83 0 2 F+ 5, HIWPRUI 7 45 % i
TRV /IR S ik R A 25 R AR B /N T L 2R
FAE AL, B D) e M 4 A 3 V0, 40 A P e 24 400 it A%
[ 4R TR 2% 55 B 450 10 B R AR, AR A I
SR 4 SN INRUE — R MERE s 1 5 4 me/kg 1) CP
JE55 3 hoE, SEM/INEURE (Y IR 9870, Ser & BUN HE
HH SRR, O BRI 0 B ZNER St R B I /N
L B R P R S 9, A e N R B R R R
FIE AL 8 — WM I 5 CP R Tis S T 5t
ANEVRE R B AT S H R BRI FE AR I
4 20 mg/kg 1 CP 755 T bfEPE C57/BL6 /)N B A
HEPE BALB/c /NRLAKT P BLARSKR R, A58 & BR
% CP 5% 72 h J5# C57/BL6 /MR, SCr & & i
Fhen, B R Y R B/ INER BB N IR T
B A T 4 & - 6 (interleukin-6, 1L-6 ) ) mRNA
Pk AR T AR, O B ATP JKF- B 35RE
VT IO AR S 2 14 o, 2% s AR 1 3 B R
FERGY . CP S BALB /¢ /NEUS B R 3N
BN T R AN IR BE, B/ NERZE 4, I DY R MR
SRR B E RIS %t CP S
AKT FVEFIALHIS T A OCH T, EZR I CP AT DL
TR A Y 52 €9 B (5-hydroxytryptamine , 5-HT)
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G RN AR 5-HT BEA# , MRS E AR ROS
FHG, CP o m] LA ] 3k Je TR AT AR W X 32
(farnesoid X receptor, FXR) F 7% £k, M 1 4100 il B i
MR AL, FI0 1 38 TR R 5 19 PI3K/AKT {5 53l
B AR HE B AT N B, RAE , A R T AR 51
B

CP 75 S5 50 3l Wy B 100005 i ORI = 2R3 T
2T RGR) i B, 250 S W AN [R] i 2R 1) %) H
U FE B A R R M TR, ), Sears AT g
C57BL/6 /ML FVB/N /MUY CP U 22
1 C57BL/6 AEAE R 22 0 57 i CP DU B 4 4
b AT UL R CP A4 HE AKT 2l 8 8 75 2
RS A 23R XA F AT & Ak — 2P 5
SR,
1.3 Hil

R0 55 00 B 00 A B R B D 2 v
B, ORI T H IR B SR R HahR
PSR AT L5 1 J) 8 L PR IR B0 K i A8 PR ¥ I i i
i WLLL 2 R I 20 2 P 90 2 R, T LA A 1 A
LLAE 2T B A AU e , S BCH L AT GFR
B, 5 IR B i S BOR R

T HM s AL, 5 ke, Bl sn
B OB R AR 1] 5, Sh AR A 5w, DR T e 2
FEEATE FIR B B AT B, R A 4 fek
J5RE KA Ak A BROBUA 5 PR3 S 50% HIM% W (10 mL/
ke)3 h 5, WA RSB R ML Ser % BUN A9 & 3%
Thisr, I B BRBIRL R B B /N 1 S PR K
B /0N 3k B Ji ik F0E ) BT ARG R IR T, Madkour
SRR LA T M SD K BUBR U S 50% H b i
W10 mL/kg) S T AKI, AR 2, %0 58 ok
T WA 25 2575 2, 45 25 )5 R B AR R
RER, HL PR B R B0 SCr Al BUN % 53 3% 4
. SR Hb S A K BUE RBE S R E R
3 R IAEARAN NOD FE3Z (R PR 1 45 F JUAH OC 2
H 3 ( NOD-like receptor thermal protein domain
associated protein 3, NLRP3) , & #i1554> -1 ( kidney
injury molecule-1, KIM-1) , it K & H i — 3 ( caspase-
3) SERIRI I X T AR T H A T
SRE/ PTG DLV B, TS AKT, AR ABLRY ' 4
V34 RANTE R Rl R B, SRAR R 0 A R
B K (A R AU S 50% 19 15 mL/kg B9 H A

W5 3 h A UESE I Ser 2 BUN FHi5, T 24 h WL
FEEIE /NG T 200 B 1) ok B SR 88 B B /INER D

I 4 50 A 2 e L B e It K% PN B 2R N A
P AR, BRI 5 1 FH T S 760 i B B s 25
BHEEERE ) AKT FIBFFEH
1.4 BEFEUERSFEH

CHEZG (2015 48 ) ) ik 83 A EE D
2 Hrp s 24 RGBT 2 B4R
BB ERA AR Y O B AR
YR E &S T AN 22— B se & 4R
TR DA g T B B0 ) s i 80 ) b i R o L A el
BT AR (aristolochic acids, AAs) B . AAs
WIWLFZMp 2y, L 60 4F4R, 3R = th = A
SE 2P YRR A 1) PR AR 5 R ) R R R
BEJG , P AMIFFE 3 F 4k e B 1 4% S A ) Bl
O HAE ROEF DR h oA a5 ik
(0 AAs A 272 0 BTN THRIT AAs 1 d1
BUBEHEAT T AH N (4 Sh A (R A5

Cosyns % P REHH T AAs B S H V6 2% A
(B T AE (RS R I T 17 ~ 21 M H
M5 , BEFERFAIE I B & 2, AAs i SR Sh B 1005
ST R I B SRR R, T, 2021 4F, TR A 20 4
BALB/c /ML 5 mg/kg 17 1 18 I 132 5 AAs J&,
AT 137,14 28 42 KA/ BUE IR A
K I AAs X BALB/c /NEUE U5 T8 7 K ™
0, 2 A/ R A AR, L7 Ser . BUN B9 %
T IFFES 14 RIGHIE YA, LA Masson % (4 1
PAS oo )5 WA B AN BRUE /NS 1R 28 40 | 1R TR
i A 0 1135 10 R B /NS B 2 B P R o T VA IR A
LRI R, [A] JFK i 25 B R L, Wang 2577 44
etk CSTBL/6) /N U I T I AAs (10 mg/ke) I,
/IN B 30 g /NS T BR 5 B S T 2K S o /N B R ™
FEAE, B/INVEIRBE 2 H A0 A A0 3 J5 ORI 3
. PRI I, AAs BB ES 1E IALE,
FEEHT AAs EF T miR-382 (it ik, #mi5]
i NF-kB/miR-382/PTEN/AKT i80S 805 —
RANBGAEIR . AAs BB 05 00 Sh A5 AL i % 2y
AP — R AAs 1B R PELE 2 E T R
5 ERELAN, IF H o SE g ATl b 24 5 B 3
B R A R R AR AL T R A Sh AR SR
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2 Bk FEE %G (ischemia-
reperfusion injury,l/R) #& %

/R ASEHRL I — b M () SRS R B NE B A0 5h )
FEAY o d H AT T0F98 AKT & CKD 1 213
YRR ARG PR, K2 509% 1) AKT Y % A2 02 v
B R R, B /R R R AR TR S E A
BBt T v, B SR S st [ia] ) B ot AS 2 3 B 7 B
SRR TR R A, (PR T T L 1 B ) 1 2
SN BT E R 0 7 o RN AT

B /R BRI T AE 2 R0 sh i b RS e 1)
L EmE s b B /R S EARSEfHOR Sh ke L
il ke i S AR PR B B A I i S A T I
C57BL/6 /INERBRIALAS [R] B [E] (0, 15,25 .30 .45 min )
Je FHVETE 24 b, B RIIBORE 3647 B ) B A4 A 00 % g B
VT, B /R 3RS B0 30 min A2 45 min /)y
SR T PR ., JF B Ser, BUN 4 & 2 T+,
s PR (7,25 S Al 8 BRI 30 min B9/ BB T 3 /)
I VR 1 /NS b B A O 1) bR
2, ' BB s BEAb T LK i 4 PR E AN i B SE 1
B AR RIS A R 5 R ) vz o T R B
Rirh R /R B REENT , 3220 T B 5
(SR, LR 3h 7 45 7 T AR5, G e i AR ik
F /R 300 5 5 R TR (5 22385 4y 7 DA L 1ML 3
NS B UIREZ B R, I BN B & &
Go ' /R 05 IR, 25 90 B sl kol e 109 0 i 3 o
SR E B IR B M3 Ser . BUN B #i T, 94
TE 24 h k3w, WF5EE AT 2R S5 sh Yy
I/R B RUAL E AKT, I3 28 BF 55 £ Fl (5 5 3 I a0
Keap1/Nrf2/ARE SCigZ TGF-B/Smad i %, Wnt/3-
catenin 18 B R T AKL A FERLHL, RS54 T
1Z W2 W 5T Ry i R e i die 48P B A 40 Y 3
SEARAE T S MBS AR R

LR B /R BRI RETE R A A SR R
FEAE TR SO S /R, B S R S
25 (SCHRHRE 45 18 ~ 35 min AZE) (HBUN'E 1I/R
JIT BB 0 5 45 0 1 4 45 AR R A, X AT RS
SRS SN G MR AT B E T
AR S R B

3 Bl KRE %L AR (unilateral

ureteral obstruction, UUOQO)

B 27 2 A A S48 1 B S v i R Y R H iR 2
— HR A K e — HR AR B RS S R
UUO T 1970 4F 15 UHH THE5E R G ) ' 1) Jo £F 4
G KRS R ENTC 0] LUAZR N HTZ T A
BRI/ NE ] BT 4T 41k, JF H UU0 BAg 4 4%
SR A/ BE T AR ARG A, T, 1% B
A A A o AR A B £ AR A A 0

UUO A] LR T 2 Fh 525 s By b, (35 /0 B
RELKE ZZ R S R 2R3 55, JF H, UUO 1E5
P SETT R R A R NS R ) Y 2T 4k Ak
REAR T H N T~ 14 d AR T KA BTS2 5
T A JE B R AKT BB BE, 14 d R IS8 B
B B g B, R UUO rE Y sh B A A
EIPE L AL P 5 R BESE n, DAR AL A K 7
(transforming growth factor beta, TGF-B) A 55 A% £F
YRR 18 5 Ak, A0 APk BT RR, B b R ()
FEIU% 4k (epithelial-mesenchymal transition, EMT)
B SRR B A A R i 9 e g
UUO S T /NG AKT, I H & B UUO ARG /N
B0 0, RN B /NS 2 4 /N ) B
R AE A B B, an i A B BT AR a0 £ 4k e A T
(fibronectin) S T B¢ J5 4R 11 4= B8 W & 1 0, (2 2 4
AR T S S A C -4 TGF-B, G5 46 A 414 K
F ( connective tissue growth factor, CTGF) ;& 4% 4Jf]
fifafb 2 11 1 ( monocyte chemotactic protein-1, MCP-
1) SRS JF B EMT #8355 4, o —
HAHLHIBFFE & B UUO 51 Y B 6145 1T fE 5 4t
H:E D 34K (vitamin D receptor, VDR) /' & Il & &
7K 2 & 4t ( renin-angiotensin system, RAS) 515 & %
ARG KR,

BAR UUO J2— T i AKT 345807 5K, (H 3
W HA—E R B, BN UUO 3 A i) bR 4 A5 BEL
SR PR M , 3 S Xt B 1 PRV s 0 3R AT A
DU, BRI 52 38 25 AT A A 22 4ol P R BRUAEE Dy 52 36 3 A6
X RAHFTHSE ,

G KR UUO A5 1Y (14 3 452 5 =X 2 K e 15 1)
PRAETEBEE ' do b2 1 JEOR S T IR AL IR 5 LT
BT, (EVRE AR N R RV Y PR IR
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IS8 4 h L BE I 5 A0 2R, O HLAZ Ml ) o7 e S HR
JTF B R fg, DR i AR A B AR B B 5 &
BN BE R R BEETE R KA, N
MR i PR A8 Bt AT I AL I BR /N T 1 em fHAS
[T 2530, F A B, ot KR Y UUO 3k iR 5 4%
GETEM A IR EAT AR /N, KRR I AAE D,
PET- AR IR HIR AL S8 1 T A 5 30 1230
IRRIRFAE, H R 1 UUO EAT R AE A — P 5T
HRIFATTA,

4 5/6 ' SIBRAR

5/6 B Y BR AR S — Pl 20 i A7 S B 05 A
B RUE 1952 48 H A 576 ‘B UIBR A L)
PR R B AKT LAY % F AR E L F AR
BB ARCE RAEH , M5 R G S5 31
L 1% e U 23 R I g R e v I O
5| LB /INER RS Ak 2 T % B BT PR IR B R S
B ] RS | S 00 B B 1 ks 25 B AKT 3837 &
HE Ik e

R4 5/6 'EVIRR R W F R % —WF
ABF, VIR — M B 5 R =4y 2 —# 4, 8 s R H
OB VIBRIE VIR 2/3 #5020l 7L R e, 44T
TIAFARME S — I R IR AT
REAER 22 EB 9 A5 51 K SR G SFAR 5 A
RS, R e g 200 (o — 2B vk TR R
5/6 EUIBRIE B ALY, IF 525 5/6 B VIR
ARACTHIRL EL e, WFoR e R A, — Bk MMk
TR SIS K I AES 4.8 12 JE B SR i 3k
FH = B Ser AT BUN K- 150 B — 25 2 485y =00
BURPELT I H, — 203k F AR W] DL AR K BR A% R 3
UCBUBORSUER, FRARR T T AR X 512 56 K BRI 453 3 Tk
B ML TR 2 R R I RR e | 7 A g 24 X
W A JLR, I ELIR B T /6 & 19 TAE &, R —
B FARTRE F WA A 20, (Hir S8 45 F|
5/6 ‘B VIBR AR AT R 2 I FH A5 3k 5l el R 7Y
W, — R FARIEARE S, BN, 576 B UIRRY
B 451 P i B AT 7 i — 2D BT 5 S

TE5/6 BUIBRA R SC0 sh e 86 b AR AT
I, R SR 10 55 S 56 5l 1 359 02 B AR 1) 52 56 X
S0 ST R EUE A AR B A 350 2548 (0 AR (U | BT
PAK B R T R T3z 0 M LA 1 S50 sh )

M5, /N T AR RN, AR AR IR M B A
ARSI ANl & A ik b AR

5 REFSHBERGEE

TG RTE K AKL B9 R Z— . TATIR = 0E o
R R AT S 5 | RS B U g M 4 3 1) e 32 Y i
W, Jageit, T s e B b, 2 B IR i 1Y
AR IR 51% , Horb e w4 SOtk B D R S 0 1 &
RNy 5% , X BL R SR w0 5 | kS 1Y B 4
Je— AW AT B 2R g H A,
Yy A B 45 B AR o R DABIE 5 R A
B, 4G FARE S ERN R R AT, EEN M
Loan L/Rok TUNTIAN RS VST SN T
5.1 FRESBEERG

BHaFLEfLAK (cecal ligature and perforation,
CLP) S —Rh 857 ELRTAE A I REAE AKT AERY, 2
FREUSLE AR/ B B 4005 B R EE S %k
SN R R TR AR 0 52 56 Sl ) 1) [l AR v i S S, T
Bl 173 WA5FL, 745 FLAL i i LA BT 5138 28 il OF 5%
R NEY R KB Wik g iE b, 5 2 n0 v )
PR IR libiA: 2 LARG 1 S2 56 sh g R sET =Y

CLP 7R Ji5 5 35 %) I 7 50 0T B 1l &t | 40 A X 1
Bt 4 B LW 31 7 27 1) 52 i i B A IS ] 44
1. Lewis 2550 fn Seymour 2501 P HD-X11 TG
g ARk T 28 CLP #AHY C57BL/6 /NRAY.O
R IR LS SRR 7, IE A BT T AR R IV A R
RAEMNEN T AEHE AR Lewis 45 % KB, #% CLP
/INERFEAR ST AN T S BGRB8, I 7= A LA
RRERNEAMI T HER, RS 5~8 h B 1™
AR 72 S AKI EAR . Seymour DT T AN B
fE CLP RJ5KZ) 7 h R 254 H 0%k, I H
Lo REAR, A E PR XU 40 TL-6 , TL-10 i
JEEIRAE A T —o (tumor necrosis factor-or, TNF-av ) 45 1Y)
57K LTk, Holthoff 457 ] & B CLP A /NEAR
J& 2~3 h WL EITAG TR, JF1E 24 h TR ARL
AR IKF,

CLP 5510 M 55 M AKT B2 9K 5 116 IR & 9 12
FEARLL , BEAEAR S B AR AL I A Ik 230 T 2 AKT 19
AR AR T FARPRAEAC R, 40 . & 25+
AR ]| 25 0 % R 20 22 R I 24 1 ik
GEWHEA —EMES BN CLP FARJFIEYL A K
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S BAT ERE LA T, 3 BT 55 A TR 7 AKT AR 3
— P2 N, CLP 3 A% 7 X iy g8 — Ak & n] 8 5 1
R B

5.2 NEZFSBLMRG

& Z B (lipopolysaccharides , LPS ) 1 h—F &5 2%
T ST A 114 200 B R i 5, 2 — e 7 B 1) FH T 4
R R R W L N B R R TR
W25 B AKT B Sz Y R LPS i 5
W AKL (bR EALRR B v, — b, APk
. Seemann L1y C57BL/6 /N B B 3 5 LPS
(5 mg/kg) Ji 24 h POLEEEN /N BB I o i | 1A Je
PRI A RRAIG I3 U2 98 20 L B 77K B AE LPS 1 5
J& 12 h AR - TE AR RO Y T R, (EAE
B, RS LPS AL 2 h )5, /NEL TNF-a0 BT+ T
4500% , T3t & - (interferon-y, IFN-y) & 1L-6 /K-
58 2 T R, RS S BRI N SR R
R BRT RA b SRREA SRR AR (9 % A=, LPS 1S
SR/ GFR FEAIC, 1LE Ser K BUN 1 .35 Tt
1R, B AR LR AL PR B I T A T 1 1 0 45
Wi E iR,

HR SRR T AR AN /Y LPS 785 A rp t 23 7=
AR RN RCR, 3 5 LPS 4 A i R 45 25 07 =X
FASEES BN, LPS [ WA 45 25 07 sUAL 4R E
I e S B P 4 5 A R PR R e 1
LPS, %5 55| & 250 sh ™ AR I %, I 2EEU N
FET ARG Y LPS VES) B ] 8 R E8UE UIGen
Pt AR TC Ik 5 R B A B INVE B, 5 SR R
MY R, LPS 175 S R SRR 1 B 451473 107 F )
X [a)7% I HA N, LPS 1154 )5 37 BV A
B HG R A AKT® ) el WL, i LPS i
SR AKT 55 f ] N T e BRI B 9 BF
FEH AFR LA A 70 o B G s B DA i
B

6 RE

FISCRTIR AT v | bR 25 0 R 1 AKT A7 R
SRPRAE T | B LA 75 i Tl 45 K, HAMAR ] 22 57
WK, 18 A S50 Bl ) B A8 0 A B ] B AR B2 A
—F, SRV HZR, UUO K I/R AR 3 A AR Xt
faT(E , HAB AR — e K o 5 R4, O FL R e AR
FERT A PRI 3 A A5y 0 T3, 2 I

AKI B 27 ik, B 208 CKD 1 f A s 45y =0,
5/6 B YIBRA f TR YL R &, BeAE 8, IF H AR
SR A B AR DA A IZ I X S G Bh ) 5 R R AR
L 20 A DU P At 135 455 2R AR IR S Y
AKI AR 2 8 X i 2 1) F 5 o, 7 LAt 45
g rp A (L 1)

BT b AKTBERY DLAR 38 A 17 22 HoAth mT LA
SECE 0 14 3 AR Ry kB N 245 90 35 - T 3K
AKT A58 70 38 nf DL R FH i b 200 i 1
LSl PR EE RO R AR
A5 5 FE SR A A3 0 AL S ) B R AR T 2,
TR NIRRT AR SRR ik i
BEUIZRAT UKL HE B /NS BR3P R
P10 22 JR2 R R R o ok 1) sl 8t A 48 g FH T 1
PR ST, ANIE 5 25 A DR 20 et i S 2 B A G [
FALFE . 5 M7 8 H (osteopomtin) CD44 4 i J& 1 &
FA AT 38 4 461 77) CIP/KIP i P21 K P27
TR, S sh Wy B S5 Sy I A i O
TN, BRUK, B NEZE S, BN TR AT 4
PRI AKTSER ) Zhang %606 EMT A6
F IR % B 20 i 5Z 4K (urokinase cellular receptor,
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Table 1 Comparisons of the advantages and disadvantages of acute kidney injury ( AKI) model construction methods

S TN S

Classification

R RE 7 vk

Research approaches

it 175 % AKIT JELA

Clinical causes of AKI

s

Advantages

7353

Disadvantages
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Drug induction Glycerinum
B H 2

Renal toxic traditional

Chinese medicine

B it PR T B %5 (1/R)
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Al PR AE S5 HLAR (UUO)
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FARIB Y
Surgically induced
infection

Infection induction
A RE 2R 5 R

Endotoxin-induced
infection

RS I RAE
Cardiac angiography
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CP HUmREIE ]

Anti-cancer side effects

S B I e B LR A AE
blood
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Heterotypic

YL IR 2y

Aristolochic acid herbs

transfusion

WEBAE TR e B4 b

i

Organ transplantation, surgical

ischemia and hypoxia,
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A EL Y 1

Renal obstructive nephropathy

BB IR 45

burn
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elc.
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BER 4r b i T3 3 91 &
AKI BF5E

Better application in the study of
contrast-triggered AKI

RERCHT o 5 1 I PR CP BT By
AKT #ER:
Better replication of AKI processes
due to CP

GV IR, BRI E, L S Y
AR

Low cost, easy to operate, and
high survival rate of experimental
animals

A RS0 B 2 1 P 2 B R 1Y
AKI F AR

Good simulation of AKI induced
by nephrotoxic herbal medicines

BEHI ™z, 3 A58 J 301, 48 A1 A
X fif

Wide range of applications, short
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to operate

HEMG, SP O, FET R
{3
Good repeatability ,

low animal

damage, low mortality
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AKI process

E e (il

Low cost and easy to operate
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Qi

High degree of standardization,
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T i 58 4 52 I PR 1k
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clinical disease states

CP 2P K3 Bl 3 9y 19 4
Causes systemic toxicity and
high lethality in animals
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Limited applicability
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556 22 52 i RPEFIR A
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cause death of experimental
animals by infection

FARIRUENZE , AR
Poor surgical standardization
and low reproducibility

PR 2R M FH 0 4 3 LA

Narrow dose range for

endotoxin application

=

2

(1]

evolving terminology in acute kidney disease [ ] ].

Nephrol, 2021, 17(7) : 493-502.

% 3 #k(References)

Kellum JA, Ronco C, Bellomo R. Conceptual advances and

Nat Rev

[4]

Li Q, Yuan YG, Zhang B, et al.
on nephrology in 2020 []].

Advances in the basic research

Chin J Kidney Dis Investig

(Electron Ed) , 2021, 10(1): 25-30.

Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency
[J]. Am J Kidney Dis, 2002, 39(5) : 930-936.

SRART, R, BRI, SF. 2020 AR IR A IG R AT 5T
(1. AP mRBE T 725k, 2021, 10(1): 14-19.

Zhang CN, Zhang B, Mao HJ, et al
Chin J Kidney Dis Investig

Advances in clinical
research on nephrology in 2020 [J].
Electron Ed, 2021, 10(1) . 14-19.
29, BRI, KB, S 2020 AF B ME R o 6 0F 5 0E R
[J]. PRI T2k, 2021, 10(1) : 25-30.

[5]

Lamby P, Kriiger-Genge A, Franke RP, et al. Effect of
iodinated contrast media on the oxygen tension in the renal
cortico-medullary region of pigs [ J]. Clin Hemorheol Microcirc,
2019, 73(1): 261-270.

Zhao F, Feng LX, Liu Q, et al. Stanniocalcin-1 alleviates

contrast-induced acute kidney injury by regulating mitochondrial



962

o E SIS Eh ) AR 2022 4F 11 H 45 30 %55 7] Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

quality control via the Nrf2 pathway [ J]. Oxid Med Cell Longev,
2020, 2020 1898213.

BN, B, BhEEE, AF. S RIAE OC S BB i Y
B [J]. JRfEFAREIE, 2022, 31(3) : 270-273.

Shao L, Wang XQ, Zhong TT, et al. Research progress of
contrast-associated acute kidney injury [ J]. J Reg Anat Oper
Surg, 2022, 31(3): 270-273.

Holditch SJ, Brown CN, Lombardi AM, et al. Recent advances
in models, mechanisms, biomarkers, and interventions in
cisplatin-induced acute kidney injury [J]. Int J Mol Sci, 2019,
20(12) . 3011.

Latcha S, Jaimes EA, Patil S, et al. Long-term renal outcomes
after cisplatin treatment [ J]. Clin J Am Soc Nephrol, 2016, 11
(7): 1173-1179.

kAR, Jedh, ROL, S I At T AR /N L AR R 5
—FR Al R B AR TN 5 S BB (D). gy,
2021, 52(24) . 7501-7510.

Zhang Y, Guan J, Xu F, et al. Deer blood crystal inhibits
cisplatin-induced kidney injury by reducing synthesis and
degradation of 5-HT in renal tubular epithelial cells [ J]. Chin
Tradit Herb Drugs, 2021, 52(24) . 7501-7510.

JRWE, SpaAGE, B E, & RFEXIELYT BT ECE 5
13 B Nef2/HO-1 BRI [J]. PRI 2524, 2021, 11(5):
554-560.

Zhou SS, Guo ZY, Yang ZY, et al. Effects of apigenin on
cisplatin - chemotherapy-induced renal injury and Nrf2/HO-1
pathway [ J]. Anti Tumor Pharm, 2021, 11(5): 554-560.
#/NE, T3k, R, S WUABUN R SO s R A
[J]. S8Rl 2011, 28(5) ; 26-28.

Dong XJ, Ding D, Wu SG, et al. Established acute renal failure
model in Guizhou miniature pigs [J]. Lab Anim Sci, 2011, 28
(5):26-28.

Xu S, Jia P, Fang Y, et al. Nuclear farnesoid X receptor
attenuates acute kidney injury through fatty acid oxidation [ J].
Kidney Int, 2022, 101(5): 987-1002.

Shi HH, Chen LP, Wang CC, et al. Docosahexaenoic acid-
acylated curcumin diester alleviates cisplatin-induced acute
kidney injury by regulating the effect of gut microbiota on the
lipopolysaccharide- and trimethylamine-N-oxide-mediated PI3K/
Akt/NF-kB signaling pathway in mice [J]. Food Funct, 2022,
13(11): 6103-6117.

Sears SM, Sharp CN, Krueger A, et al. C57BL/6 mice require a
higher dose of cisplatin to induce renal fibrosis and CCL2
correlates with cisplatin-induced kidney injury [ J]. Am J Physiol
Renal Physiol, 2020, 319(4) . 674-685.

s &, i, SRIE, 45, 218 T R R 0B B W AL B 5T
R [J]. mrPERAZE, 2017, 38(12) : 80-84.

He PF, Gao M, Zhang Y, et al. Research progress of animal
models of acute renal failure [ J]. Yunnan J Tradit Chin Med
Mater Med, 2017, 38(12) : 80-84.

XH, SR E, R RS R A A AR S R
[J]. SLEshIRleE, 2009, 26(4) : 16-19, 69.

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Liu X, Zhang BY, Wang R. Experiences in creating four types of
acute renal failure models [ J]. Lab Anim Sci, 2009, 26(4) .
16-19, 69.

SRIGEUR, WREk. ANTERI X T R B S B S R Y SR 1
H (1], 282 5IRRSE, 2015, 23(3) ; 232-234.

Zhu XN, Han L. Protective effects of pollen pini against glycerol-
induced acute renal failure in rats [ J]. Pharm Clin Res, 2015,
23(3): 232-234.

Madkour AH, Helal MG, Said E, et al. Dose-dependent
renoprotective impact of Lactoferrin against glycerol-induced
rhabdomyolysis and acute kidney injury [ J]. Life Sci, 2022,
302 120646.

R, HhE S R S W E 5L TR AR EE SR
[D]. V0. WIHEEABE; 2014

Wu ZQ. Glycerol-induced rabbit kidney damage and caused
death; evolution of imaging experimental study [ D]. Luzhou;
Southwest Medical University; 2014.

ERME D 2. PRANRIEEZ M, —3 [M]. Jb.
o R 2R A 5 2015,
Chinese Pharmacopoeia Commission. Pharmacopoeia of the
people’ s Republic of China. Part one [ M].
Medical Science Press; 2015.

RINFE. A BB S SR s R (1], TaRh
B£, 1964,10. 12-13.

Beijing: China

Wu SH. Two cases of acute renal failure caused by Akebia
trifoliata [ J]. Jiangsu J Tradit Chin Med, 1964, 10. 12-13.
Yang B, Xie Y, Guo M, et al. Nephrotoxicity and Chinese
herbal medicine [J]. Clin J] Am Soc Nephrol, 2018, 13(10) .
1605-1611.

Kilis-Pstrusifiska K, Wiela-Hojefiska A. Nephrotoxicity of herbal
products in Europe-a review of an underestimated problem [ J].
Int J Mol Sei, 2021, 22(8): 4132.

Cosyns JP. Aristolochic acid and ‘ Chinese herbs nephropathy’ :
a review of the evidence to date [ J]. Drug Saf, 2003, 26(1) .
33-48.

W, ABZENE, RATY, AF. Th YRR W R B L 1 R T A
PR B0 5 1 /N B R B b [T]. R EE A,
2021, 50(13) . 2182-2186, 2193.

Tan W, Deng JH, Wu ZF, et al. Comparison of mouse models of
chronic kidney disease after acute kidney injury caused by
aristolochic acid and ischemia-reperfusion [ J]. Chongqing Med,
2021, 50(13) . 2182-2186, 2193.
Wang X, Xue N, Zhao S, et al. Upregulation of miR-382
contributes to renal fibrosis secondary to aristolochic acid-induced
kidney injury via PTEN signaling pathway [ J]. Cell Death Dis,
2020, 11(8): 620.

Heyman SN, Rosen S, Rosenberger C. Animal models of renal
dysfunction; acute kidney injury [ J]. Expert Opin Drug Discov,
2009, 4(6) : 629-641.

Wit sc, T, MR, S5 /0RO e ol 798 A e i
] 5 2 E B AR RIS [T]. MR AR i,
2021, 42(12); 1286-1292.



 [E SIS AR 2022 4F 11 A5 30 555 7 81 Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7

963

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Chen JW, Wang L, Li HK, et al. Relationship between acute
kidney injury and ischemia time after unilateral renal ischemia
reperfusion in mice [ J]. Acad J Chin PLA Med Sch, 2021, 42
(12): 1286-1292.

HEN, TAHNE, ZHE, % R A S EE S S
T TR JE AR T O W 3 K I 30 0 2 A B 5 T RE Y E R
[J]. "PEALN TR S5HEREER, 2011, 15(53): 9981
-9985.

Xuan JQ, Peng LQ, Li MX, et al. Correlation between renal
arterial hemodynamic alterations and renal functions evaluated by
color Doppler ultrasound using a rabbit renal ischemia reperfusion
model [ J]. J Clin Rehabil Tissue Eng Res, 2011, 15(53):
9981-9985.

Sun D, Cui S, Ma H, et al. Salvianolate ameliorates renal
tubular injury through the Keapl/Nrf2/ARE pathway in mouse
kidney ischemia-reperfusion injury [ J]. J Ethnopharmacol,
2022, 293 115331.

Cho S, Yu SL, Kang J, et al. NADPH oxidase 4 mediates TGF-
B1/Smad signaling pathway induced acute kidney injury in
hypoxia [J]. PLoS One, 2019, 14(7) . e0219483.

Xu ZH, Wang C, He YX, et al. Hypoxia-inducible factor
protects against acute kidney injury via the Wnt/B-catenin
signaling pathway [J]. Am J Physiol Renal Physiol, 2022, 322
(6): 611-624.

Ferenbach DA, Bonventre JV. Mechanisms of maladaptive repair
after AKI leading to accelerated kidney ageing and CKD []].
Nat Rev Nephrol, 2015, 11(5) . 264-276.

Soranno DE, Kirkbride-Romeo 1., Wennersten SA, et al. Acute
kidney injury results in long-term diastolic dysfunction that is
prevented by histone deacetylase inhibition [ J]. JACC Basic
Transl Sci, 2021, 6(2): 119-133.
Schainuck LI, Striker GE, Cutler RE, et al. Structural-
functional correlations in renal disease. II. The correlations [ J].
Hum Pathol, 1970, 1(4): 631-641.

Klahr S, Morrissey J. Obstructive nephropathy and renal fibrosis
[J]. Am ] Physiol Renal Physiol, 2002, 283(5) : 861-875.
Vaughan ED Jr, Marion D, Poppas DP, et al. Pathophysiology
of unilateral ureteral obstruction: studies from Charlottesville to
New York [J]. J Urol, 2004, 172(6) : 2563-2569.

JAATT, IR, MR, Emk bR A AR RE 28 R U A 3l fik i
WA BTSE [T]. IR RN SE 56 B2 27 Rk, 2018, 17
(2): 121-124.

Zhou CF, Zeng QY, Zhou J. Research of the hemodynamic
changes of double renal artery in dogs with unilateral ureteral
obstruction [ J]. J Clin Exp Med, 2018, 17(2); 121-124.
Eddy AA, Lopez-Guisa JM, Okamura DM, et al. Investigating
mechanisms of chronic kidney disease in mouse models [ J].
Pediatr Nephrol, 2012, 27(8) ; 1233-1247.

Manucha W.
ureteral obstruction [ J]. Biocell, 2007, 31(1); 1-12.

Lan HY, Mu W, Tomita N, et al. Inhibition of renal fibrosis by

Biochemical-molecular markers in unilateral

gene transfer of inducible Smad7 using ultrasound-microbubble

[48]

[49]

[55]

system in rat UUO model [J]. J Am Soc Nephrol, 2003, 14
(6): 1535-1548.

Chevalier RL, Forbes MS, Thornhill BA. Ureteral obstruction as
a model of renal interstitial fibrosis and obstructive nephropathy
[J]. Kidney Int, 2009, 75(11); 1145-1152.

Manucha W, Vallés PG. Apoptosis modulated by oxidative stress
and inflammation during obstructive nephropathy [ J]. Inflamm
Allergy Drug Targets, 2012, 11(4) ; 303-312.

Zhang Y, Kong J, Deb DK, et al. Vitamin D receptor attenuates
renal fibrosis by suppressing the renin-angiotensin system [ J]. J
Am Soc Nephrol, 2010, 21(6) : 966-973.

ThRHE, FRE, B, SF SRR K B R AR B
[E) FREF4Efbpi Ay [J]. " EAAL TR, 2020, 24(17)
2706-2711.

Feng HF, Guo T, Huang M, et al. Improvement for the
construction of renal interstitial fibrosis model with unilateral
ureteral obstruction in rats [ J]. Chin J Tissue Eng Res, 2020,
24(17) ; 2706-2711.

Zhao J, Wang L, Cao A, et al. Renal tubulointerstitial fibrosis:
a review in animal models [ J]. J Integr Nephrol Androl, 2015,
2. 75-80.

Kliem V, Johnson RJ, Alpers CE, et al. Mechanisms involved in
tubulointerstitial 5/6-
nephrectomized rats [J]. Kidney Int, 1996, 49(3) : 666-678.
fd, 2B RS, —DIERIPI L EST 56 IR B =
BRI LERTSE [J]. PRIl PRSI (TR , 2017,
11(11) . 1886-1888.

the pathogenesis  of fibrosis  in

Zhang J, Li JJ, Song Y. A comparative study of one-step and
two-step approach in establishing 5/6 nephrectomy model of renal
failure [ J]. Chin J Clin ( Electron Ed), 2017, 11(11) . 1886-
1888.

Gretz N, Meisinger E, Strauch M. Experimental models to assess
the influence of low protein diets on the progression of chronic
Contrib Nephrol, 1986, 53, 7-20.
Rangel-Frausto MS, Pittet D, Costigan M, et al. The natural

renal failure [ J].

history of the systemic inflammatory response syndrome ( SIRS).
A prospective study [ J]. JAMA, 1995, 273(2); 117-123.
Silvester W, Bellomo R, Cole L. Epidemiology, management,
and outcome of severe acute renal failure of critical illness in
Australia [ J]. Crit Care Med, 2001, 29(10) : 1910-1915.
Bejoy J, Qian ES, Woodard LE. Tissue culture models of AKI:
from tubule cells to human kidney organoids [J]. J Am Soc
Nephrol, 2022, 33(3) . 487-501.

BAR, W, — R B A LA R EOR U AT A A
Bk [T]. PEEERREREAR, 2020, 42(4) ; 468-476.
Li LJ, Yang GH. Establishment of an improved rat model of
Sepsis induced by cecal ligation and puncture [ J]. Acta Acad
Med Sin, 2020, 42(4) . 468-476.

Lewis AJ, Yuan D, Zhang X, et al. Use of biotelemetry to define
physiology-based deterioration thresholds in a murine cecal
ligation and puncture model of Sepsis [ J]. Crit Care Med, 2016,
44(6) : e420—-e431.



964

RS2 S E AR 2022 4F 11 A58 30 &

%5 73] Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Seymour CW, Kerti SJ, Lewis AJ, et al. Murine sepsis

phenotypes and differential treatment effects in a randomized trial
of prompt antibiotics and fluids [ J]. Crit Care, 2019, 23
(1) 384.

Holthoff JH, Wang Z, Patil NK, et al. Rolipram improves renal
perfusion and function during sepsis in the mouse [ J]. J
Pharmacol Exp Ther, 2013, 347(2) : 357-364.

Hukriede NA, Soranno DE, Sander V, et al. Experimental
models of acute kidney injury for translational research [ J]. Nat
Rev Nephrol, 2022, 18(5) . 277-293.

Seemann S, Zohles F, Lupp A. Comprehensive comparison of
three different animal models for systemic inflammation [ J]. J
Biomed Sci, 2017, 24(1) : 60.

Tateda K, Matsumoto T, Miyazaki S, et al. Lipopolysaccharide-
induced lethality and cytokine production in aged mice [ J].
Infect Immun, 1996, 64(3) . 769-774.

Tidjane N, Hachem A, Zaid Y,

et al. A primary role for kinin

Bl receptor in inflammation, organ damage, and lethal

thrombosis in a rat model of septic shock in diabetes [J]. Eur J
Inflamm, 2015, 13(1); 40-52.
TRAEFR, Tk, ZEOCH, 4. iRm0 | TLR4/NF-«B

SR RN M 0 2 WA (). P B R
i, 2019, 39(5) : 598-602.
Tan JX, He J, Qin WY, et al. Quercetin alleviates

lipopolysaccharide-induced acute kidney injury in mice by
suppressing TLR4/NF-kB pathway [ J]. J South Med Univ,
2019, 39(5) : 598-602.

Heyman SN, Rosen S, Darmon D, et al. Endotoxin-induced

renal failure. II. A role for tubular hypoxic damage [J]. Exp

Nephrol, 2000, 8(4-5) . 275-282.
Legrand M, Bezemer R, Kandil A,

et al. The role of renal

development  of renal  microcirculatory

Intensive Care Med, 2011,

hypoperfusion  in

dysfunction in endotoxemic rats [ J].

37(9) : 1534-1542.

SCH, RIRF, W, G AT MRS TN E A RN
FRMEHG A R B RBRL Y LU B ST [T, P E P R A
ZRidi, 2014, 15(12) ; 1043-1046.

Wen J, Wu LL, Tu WP, et al. Comparative research of murine

habu snake venom-induced glomerulonephritis in different mouse

strains [ J]. Chin J Int Tradit West Nephrol, 2014, 15(12):
1043-1046.
BAEEAE ) XERAR, T, Bk o i s e 1 T R 1 2

iR s esE (1], 4B, 2021, 10:
Hu JH, Liu XL, He JZ. Experimental study on improving acute

163-164.

kidney injury caused by hydrogen sulfide and Agkistrodon halys
venom [ J]. Renowned Dr, 2021, 10; 163-164.

SRR, JEIFHE, BRTEE, A MR E T IR IR e K B
Vi ERILHRIBT T (D], b [ R 25 B 2 R 3K, 2022, 38
(2): 142-146.

Zhang MK, Zhou Y, Chen YY, et al. Effect and mechanism of
quercetin on the renal injury in uric acid nephropathy rats [ J].

Chin J Clin Pharmacol, 2022, 38(2) . 142-146.

[68]

[69]

[72]

[73]

[74]

[75]

[76]

Ito S, Manabe E, Dai Y, et al. Juzentaihoto improves adenine-
induced chronic renal failure in BALB/¢ mice via suppression of
renal fibrosis and inflammation [ J]. J Pharmacol Sci, 2022, 148
(1): 172-178.

AT, TS, E5%, % BTN RRERBUN NS
B PRI E T BT AL NI 2 [ 7). T2kt 2021,
44(12) ; 2943-2946.

Xu ZQ, Yu Q, Wang X, et al. Protective effect of hesperidin on
gentamicin-induced acute kidney injury in mice and its effect on
oxidative stress [ J]. J Chin Med Mater, 2021, 44(12) . 2943-
2946.
Sharma I, Liao Y, Zheng X, et al. Modulation of gentamicin-
induced acute kidney injury by myo-inositol oxygenase via the
ROS/ALOX-12/12-HETE/GPR31 signaling pathway [ J]. JCI
Insight, 2022, 7(6) . e155487.

BRM, i, ST, S5 R BT A0 2 B kg
AR ) 2R K B SR A [0, A AT 27
Zeii, 2021, 30(9): 915-919.
Li TY, Yang Y, Wan SS, et al. Effect of bone marrow
mesenchymal stem cells transplantation via renal artery on renal
inflammation in

experimental rats  with adriamycin-induced

chronic kidney disease [ J]. J Interv Radiol, 2021, 30(9) : 915

-919.
Amarasiri  SS, Attanayake AP, Mudduwa LKB, et al.
Nephroprotective  mechanisms — of ~ Ambrette  ( Abelmoschus

moschatus Medik. ) leaf extracts in adriamycin mediated acute

kidney injury model of Wistar rats [ J]. J Ethnopharmacol,

2022, 292 115221.

T%‘%% WETHT, BRWE, S BB TH UMUK § miR-339-5p
P /INER B 6 K RASEFR PRAGSEM [ 1], o I A 2 2
WBIT 2022, 27(4) ; 457-465.

Gao JR, Shi MM, Chen H, et al. Effect of Qiteng Xiaozhuo
Granule mediating miR-339-5p on inflammatory indexes in rats
with chronic glomerulonephritis [ J]. Chin J Clin Pharmacol
Ther, 2022, 27(4) : 457-465.

NI, 20k, B E%E, A SALRITEUE LR S R A R AR
PIpLH SR RTST (1], Tk A SBYRG, 2020, 46(3) :
230-235.

Sun L, Li X, Zhao YJ, et al. Experimental study on the
mechanism of nephrotic syndrome and oxidative damage caused
by mercuric chloride [ J]. Ind Health Occup Dis, 2020, 46(3) .
230-235.

Sabir S, Saleem U, Akash MSH, et al. Thymoquinone induces
Nirf2 mediated adaptive homeostasis:

ACS Omega, 2022, 7(8) :

implication for mercuric
chloride-induced nephrotoxicity [ J].
7370-7379.

B, Xk, M, % AW “BESNRE N
Hﬂﬁiﬁ;ﬁirhﬂgﬁl?ﬂ’ﬁﬁﬁ (7], PEGEA R, 2019, 35
(3): 515-521.

Li DR, Liu YL, Wang X, et al. Role of autophagy in formation
of intrarenal crystals induced by ethylene glycol in rats [ J]. Chin
J Pathophysiol, 2019, 35(3) : 515-521.



o E S2IG E AR 2022 4F 11 A% 30 %55 7 Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7 965

[77] LiX, ChenS, Feng D, et al. Calcium-sensing receptor promotes [81] Rouschop KMA, Sewnath ME, Claessen N, et al. CD44
calcium oxalate crystal adhesion and renal injury in Wistar rats by deficiency increases tubular damage but reduces renal fibrosis in
promoting ROS production and subsequent regulation of PS obstructive nephropathy [ J]. J Am Soc Nephrol, 2004, 15(3) :
ectropion, OPN, KIM-1, and ERK expression [ J]. Ren Fail, 674-686.

2021, 43(1); 465-476. [82] Hughes J, Brown P, Shankland SJ. Cyclin kinase inhibitor

[78] WIBIR, &84, BE . 8 R 2 B xR R Bk p21CIP1/WAF, limits interstitial cell proliferation following
ABEBGER (1], B8 SHVEE:, 2005, 22(1) ; 35-38, ureteric obstruction [ J]. Am J Physiol, 1999, 277(6): F948
88. -F956.

Peng JJ, Jin FS, Ma GY. Nephrotoxic effects of ethylene glycol [83] Zhang G, Kim H, Cai X, et al. Urokinase receptor deficiency
combined with terephthalic acid [ J]. J Labour Med, 2005, 22 accelerates renal fibrosis in obstructive nephropathy [ J]. J Am
(1).35-38, 88. Soc Nephrol, 2003, 14(5) : 1254-1271.

[79] SRERL, BWAR, XN, S RMAE— PR 0 i s e i [84] MaJ, Nishimura H, Fogo A, et al. Accelerated fibrosis and
YIGB RSO P ERDE (1], PEPPEES S B collagen deposition develop in the renal interstitium of angiotensin
Zuii, 2020, 21(4): 298-301, 378. type 2 receptor null mutant mice during ureteral obstruction [ J].
Guo LM, Huang XD, Liu XM, et al. The role of complement- Kidney Int, 1998, 53(4) : 937-944.
neutrophil feedback in over-training induced acute kidney injury [85] Schaefer L., Macakova K, Raslik I, et al. Absence of decorin
[J]. Chin J Int Tradit West Nephrol, 2020, 21(4) ; 298-301, adversely influences tubulointerstitial fibrosis of the obstructed
378. kidney by enhanced apoptosis and increased inflammatory

[80] Ophascharoensuk V, Giachelli CM, Gordon K, et al. reaction [ J]. Am J Pathol, 2002, 160(3): 1181-1191.
Obstructive uropathy in the mouse: role of osteopontin in
interstitial fibrosis and apoptosis [ J]. Kidney Int, 1999, 56 [KFEHH#] 2022-04-01
(2): 571-580.

2238 . COVID-19 ZhiiE B f4d 5

FETE AR R G4 A E TR R FE 2 (Severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) f&
2019 4ETEIRIE R (COVID-19) R JEA , B e 2 1 1Y 42 KO AT 72 24 4 T Pl R 22 2l 76 D A%
LI BEE ATV, ShAI AR RIS A 1) B i Ao AL ) A R AL ) | 07 0B A 25008 v 0 25 ) O T AR 5% s TR, AE
SARS-CoV #l MERS-CoV K UiAT I I % (9 Sh P RUAG s B Bt BN F T COVID-19 Sh Rl it v

FIRT N 1k BFSEE N2 T Z29Fh COVID-19 sty f/ Nl B SR AR A R K22, Il
P KR s AR 1) AR R Ty AN TRD 7 AR A RR 1) R BB 2, AR SCHISE SARS-CoV-2 (R YL R A2 X%
YRR T 7 orS LA TR 2 R e A BUME RRRA E G A E S R R R AR S Y
R T AL) B AR B RRAE O B REAALURT e Il A8 A B R E , B 0 AR N RS SR R sh Wy ik 5 % — e fdi FH U
TR 77 LA Bl R AR BRILZ A1, A HRST SARS-CoV-2 HIEREALE], B 75 3 A /N KSR A A
REREGNY AT T RAUERE 7 N sh iy

25 B A SO G i 42 7 sUA T IR T H A S R e 2 W BB R A O AR D AR H AT IR
SARS-CoV-2 & SR e 58 452 i ™ 5 COVID-19 [ I A S HERFAE | 10 R fb /56 IR i bk — 1A Ak LA &
o B AT RFSL S T ELAN S 2™ J 0 3L 1) Sl AU () T R R A B T T J@ XS COVID-19 &k Ll (Y 2 4t 53
BT, IR 21 K B e eI SR IS s

AT R K 26 T Shi i) 5 5206 8 27 (9 30) Y HH | (Animal Models and Experimental Medicine, 2022,
8(5) :401-409; https://doi. org/10. 1002/ame2. 12278)



