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Research on the effects and mechanisms of liraglutide on
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TEE:HH ARSI 5 S0 B /NE 1 (HK - 2) 40 Sk B 45455
HIVEFA RAESEHL . ik 8 HK -2 2 BERLSY Jo %o IR 4L TR 20 FS2 a2 .
Sof BEL M bE 3 AU ZH FH 20 pmol - L7470 4b B 48 b, 57 56 4 7E A AR 44
YR B 100 M A i & ik 3 500 5t [m] 40 21 48 b J 40 3 HoalR & - 8
(CCK —8) ) 241 A 15 H0 75 44 , I3 8 10 0 B0 32 ) 2 DG 0 R R & R AR
fif —3( Caspase 3) \IHALIYF L RR K& R BRE B - 3 (C - Caspase3) B 4 ji
WRELRE —2(Bel -2) #3¢ X B[ (BAX) BHEF E2 #CHF 2(Nrf -2) 41k
YIEALREE 2(SOD2) (MELEN%REE 1(HO - 1) FIA S B - actin 4 AR FRIAK
-, SR 5 6 B A R BN T A U iS4 F - 1 (Kim — 1) (Bl -2 il
BAX HHIAE M AZ %R (mRNA ) AR 235 7KF, AR A K A 1 % ( TUNEL) K
T 40 B 0] T OO, T A Ak ) [T 8 T 2 DGR BT ( DHE ) 35 4 T 1% 14 %0 (ROS)
Ko BER CCK - 8IEKFFH , 100 nmol « L~ Jhy 4765 Jk 5+ Hil vk 2 .
T 48 h J5 , % B AU FN S 56 20 9 KIM — 1 mRNA AHXF 235 K 4351 ok
0.98 +0.25 56.23 +23.25 fi1 2. 61 +0.79; BAX/Bcl —2 mRNA 5%t 3 35 7K 4>
FA 1.01 = 0.08,15.47 = 3.01 FI 5.41 = 0.54; 41 g 3 1= % 4> 3 K
(5.60 +0.40) % (40.00 +4.79) % F1(6. 40 +0. 87) % ; DHE [H 2255 (843 3
H1.95+0.03.3.01 £0.28 il 1.51 =0. 13; Nef — 2 75 [ F0 X 38 35 /K 45 51
0.80+0.01.0.47 +0.01 1 0.68 =+ 0.02; SOD2 & {4 i %t 3 ik /K 45> 31 K
0.96 +0.04.0.57 +0.28 1 0.91 +0.04; HO — 1 & 1 4 %) 38 3% 7K F 43 5 K
1.01 £0.08 .0.47 £0.05 F11.56 0. 18, A&7 2] 5 %} HE 41 HL 45 | SE 56 41 S A 7
MR, FRfERESR I L ER Y ESITEZE X (P <0.05,P <0.01,
P <0.001,P<0.000 1), &5i& FlH& BRAT LARARMEITE S 10 2 B 545 /)
B LR MR TR A AR UK, IR R A A KT

SRR PG K B 5 2k B 4% 5 B /NS T B ML AR A bR 8
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Abtractiv: Objective  To investigate the effect and mechanism of
liraglutide on cisplatin — induced acute kidney injury in renal tubular

epithelial ( HK - 2) cells. Methods

divided into control group, model group and experimental group. The

HK - 2 cells were randomly

control group was cultured conventionally, the model group was treated

with 20 wmol « L' cisplatin reagent for 48 hours, and the experimental
group was treated with 100 nM liraglutide reagent in addition to the model
group for 48 hours. Cell proliferation activity was detected by cell counting
kit -8 (CCK —8) method. Western blot was used to detect cysteine —

aspartic acid protease 3 ( Caspase 3 ), cleaved cysteine — aspartic acid
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protease 3 ( C — Caspase3), B cell lymphoma —2 (Bcl —2) associated X protein ( BAX), nuclear factor E2 related
factor 2 (Nrf —2) , superoxide dismutase 2 (SOD2), heme oxygenase —1 (HO —1) and reference 8 — actin protein
relative expression levels; the relative expression levels of kidney injury molecule — 1 (Kim — 1), BAX and Bcl -2
related messenger ribonucleic acid ( mRNA) were detected by real — time fluorescent quantitative polymerase chain
reaction, and cell apoptosis was detected by terminal deoxynucleotidyl transferase — mediated dutP nick end labeling
(TUNEL). Reactive oxygen species ( ROS) levels were measured by superoxide anion fluorescent probe ( DHE).
Results CCK -8 assay showed that 100 nmol - L~'
48 hours of intervention, the relative expression levels of KIM —1 mRNA in control group, model group and experimental
group were 0. 98 +0.25, 56.23 +£23.25 and 2.61 £0.79, respectively; BAX /Bcl —2 mRNA relative expression
levels were 1.01 £0.08, 15.47 £3.01 and 5.41 £0. 54, respectively; the apoptosis rates were (5.60 +£0.40)% ,
(40.00 £4.79)% and (6.40 £0.87)% , respectively; the fluores cence value of positive rates of DHE were
1.95+0.03, 3.01 £0.28 and 1.51 = 0. 13, respectively; the relative expression levels of Nif — 2 protein were

was the optimal intervention concentration of liraglutide. After

0.80 +£0.01, 0.47 £0.01 and 0.68 + 0.02, respectively; the relative expression levels of SOD2 protein were
0.96 +£0.04, 0.57 £0.28 and 0. 91 0. 04, respectively; the relative expression levels of HO — 1 were 1. 01 £0. 08,
0.47 £0.05 and 1.56 +0. 18, respectively. There were statistically significant differences in the above indicators
between model group and control group, and between experimental group and model group (P <0.05,P <0.01,
P <0.001,P<0.000 1). Conclusion Liraglutide can reduce the apoptosis rate and oxidative stress level of renal

tubular epithelial cells in cisplatin — induced acute kidney injury, and increase the level of superoxide.

Key words: liraglutide ; cisplatin; acute kidney injury; renal tubular epithelial cell; oxidative stress

JTEA ( cisplatin ) 2 i PR & A & S0 97 2590,
Xof iR Sk SR I | B DG 98 S 22 T SRR iR 9T A8 R
F A G TR i B /N b R A R AR i a0 A
To 15 5 S8 AR B S R AR 5 5 T X 2 B0
PE R A 25 4 P S 484 (acute kidney injury,
AKD) () W . B2 IR YT 1Y & AKT K3
2130% "2 RV BUA B YA I AT LA A G, B
AT BRI ) 2R R . FIBLE K (liraglutide )
YERNIEE R FERK - 1 (glucagon — like peptide — 1,
GLP — 1) ¥y, i K I T WE IR i I 7, OB R AP
P ST T GBSO o 48 1 HOR A PR B o ) It
PR EL AKE (S A L3 40 0 1 45 0 R AL )
55 GLP — 1 Z{U Y11 P05 HE S 4 T i
RIS S 1) AKT, AR BE5E LLNE /NVE B B 41 i
SOOI 5 R B RO AKT (45200, 38 1 4 g 4 5 5
)20 A0 P A R, FH ML B IR 6 AT 39T, DA 4355 7
PAToIK - | A R AR A B A DG R 11 3R 8 4% J
PRIE L RO LA 75 - 2 P B 463 40 400 i ) DR 4 4
FH RS AERLAR

MH 5T %

1 ##
R NE/NE LA (HK -2) 0 B idb

DB TRA R IR A A

I o (VAR 7 NS S T/ (3
3 mL/18 mg( WU 58 4 %) , #it %5 : 2020500257,
&M AE S E® 25 U 5 JS20190122, FF & Novo
Nordisk 23 7 A5 7 5 U BH, KL% : B SO mg, 25 B .
99.84% ,#t5 .S116618 , £ [F Selleck Chemicals /%
AR 5 R i 5 AU TR e Mo g UTP A il 1A% &
(terminal deoxynucleotidyl transferase dUTP nick end
labeling kit, TUNEL) , ] 3t 2 150 4+ 35 3 ¢ 4= W) B 4%
B A7 PR 23 Az 7 s 4l i i B R & - 8 (cell
counting kit —8,CCK -8) Fll & £, B¢ ( dihydroethidium,
DHE) # E 4 B B 72Ot R4, W B =
KA BB 7 AR 77 Trizol 3R 57 £ 39 4% 7 3 )
PO E R A W HE I (polymerase chain
reaction, PCR) i 7] &, 5 th Jb 5t & 0 & & A
H

{%88 Varioskan LUX £ I fE i #5 /X . NanoDrop
One fE 4 )66 1. Sorvall LYNX 4000 & 3 2 %
B ML, Bk E Thermo Forma 728 ®] /= fi;
Mini — PROTEAN Tetra Cell % i 5, 7k 41X . XRS + B¢ )i
AR AL CFX96 2%t & f PCR X, # y 3¢
Bio — Rad /A w] 7™ il ; C2si LS A B e, - 165 JE PR AX
A BR 2 F ™ i 5 SP8 O 1 4L IR AR 2 R, 8
{73 S/ D 8
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2 KWHE
2.1 ZhpmiEsR"

¥ HK -2 4015 T 37 °C 5% CO, 858, & F
10% 4= 1M 37 ( fetal bovine serum, FBS) 1% ¥ 4 5
G AL R DURE S R A% 2R B 97 5 (Dulbecco” s
modified eagle medium , DMEM ) /1) 5 26 1 55 i B 57
W BE B R, RIS 1 R 1 UG SRk, 15 B IR0 40 i
B iR F) 80% UL b, AT AL AL AREE TR LU MG
2.2 #pEsrESRERE

K HK -2 40 Jfa BB 73 S % B2 A5 70 2] 0 52 B
2o OXF MR A0 e E AT R RS IR, P R RR £h 22 P U WK
( phosphate buffer solution, PBS) 4b ¥ ; 5 % 2H 21 g F
20 WM B AE3E ; SR 2 A0 20 wmol « L™ U0
100 nmol - L™" F4i & kAL ) ab ¥, 43 3 AE AL B 12
24 F148 h WLHE IRAT FERYZH FN LB 2 B O
2.3 CCK -8 kil paE '

ORI E K3 i HK - 2 200 i, 35 o5 40 it %5 2
1x10° cell » mL™", 87 & 96 fLAR 1, £ 37 C,
5% CO, IS5, 1 W BE J5 FJC I3 /) DMEM A& fi
BEFRIERE TR 12 hy WAL 255005 20 umol - L71,
L& R By ) &= 40 o 4 0.1,1.0,10.0, 100.0,
200.0 nmol - L™', 442524 h J5 , FHLINA CCK -8 %
W10 pL, 3 BIFE A S #9 0.5.1.0.2.0.4.0 h,
FRAI 450 nm (5% FE(E
2.4 EBARMDHERAEABESETREAET

PO HE KT HK -2 20, 98 4 40 i 2% 5
1.5 x10%cell » mL™", #“2. 27 )y gk oE 47 43 2 Fn 4k
P KGR 48 h T FERE SR AR P R AR, G A 22
MhRR IR 1S min, 75 4 CF, R R RS B
HHE LI B 5 (595 nm P Wl E & 4
FIRE o O I B A UK BRI , SR 5 WROBURE i 10 L
PATKIE PR LT . LUK SS dG , FE it 1 4 1k
JBE 5% G- W30 2 b, 23 B ACE Dt E R R A2
B H i — 3 ( cysteine — aspartic acid protease 3,
Caspase3) | 1if 1k (1 2 bt 2 R K & A TR & H B - 3
( cleaved cysteine — aspartic acid protease 3,
C-Caspase3 ). B 40 M0 # =2 5 - 2 (B cell
lymphoma —2,Bcl —2) #§5& X &5 H ( Bel — 2 associated
X protein, Bax) . #Z[HF E2 #H3[H F 2 ( nuclear factor
erythroid 2 —related factor 2, Nrf —2) iS4k Yy 15 Ak il 2
( superoxide dismutase 2, SOD2) | Ifil 1. & Ji & B 1
(heme oxygenase 1 ,HO — 1) F1NZ: B - actin 475714k
—P0,4 CiI i, P (1:5 000) S FEE 1 h,

FHBESR R 2 &6 BB A BUR AL RE 2E N A
R, LA B —actin g NSXF IR, THRL B LI AHRT 3R
KK
2.5 RT -qgPCR %4 40 B 48 5= mRNA #83t R ik
7KE

WA LA PR IS 4521 HK -2 20, Fi Trizol P4
HUE RNA, I i o e pile s, 2 JE il B
FRiAT PCR P34, 138 G {8, Lk B - actin NS, H
2 A 554> F — 1 (kidney injury molecule —1,
Kim —1) .BAX F1 Bel =2 mRNA %} ik /K,
2.6 Tunel it F &% ERIAT R

WCEE S A A R S 4% 41 HK - 2 40, 3 Fh 2 F
TCR 1 12 FLARH, I 4% 22 38 P Ik 1 5 il 47 [ a2
FH 0. 5% TritonX - 100 38 % 0% 5 J5 , 480 IR £h 5% u
OB e, H Tunel SR &, Fifi I 1 I 4 i A e €, T
VR, G &, XA e T B Y, F RIS
THICR MG TS TR E A TR B AR
T3 = Tunel B HI% S0 HIEL x 100%
2.7 BEWLYIEBEFRE AR ( dihydroethidium,
DHE ) 3t & 3546 U S 44 Rz gk 71

W 3 H AL PR Y 45 4 HK -2 200, 32 Fh 24
R B 12 FLER Y, F 4% 22 58 W [ 7 A 7 11 5
HIBC4r#9 DHE e 8 3% ( BC & L 12 1: 1 000, 6 56 )
FIREE KIC 2wk BR +h 92 v s vk, B R, 2
JE BT T 535 nm AR K, AR YL A B
3 GritFaeE

FH Graphpad Prism 9. 5 #7580 40 0o $icdis
F x =5 FoR, Z2 B LB A R 207 2550 #

# R

1 FIHRE/RXTINSEES AKI B HK2 40 /817 i R 1)
A

FHMeEE R 0.1 .10 ,100 ,200 nmol - L' (1) | 4 €&
JRIB 5 M1 A0 35240 1L 24, 4G 000 240 MO A7 1% 23240 30l
(81.68 +3.08)% . (84.77 +7.20)% . (83.78 +6.34)% .
(98.87 +£6.96) % F1(95.44 +4.76)% ., 5 0 nmol - L'
HA G, AR BRIP4 K (1,10 nmol « L™1) BK A 4b B
BF, 40 M AE G RAE G i B E R R IE E X
(¥ P >0.05) ; 4H)h & fkigk B2 7+ = 100,200 nmol + L™
B, RS R B TR gt e L E R A ST
B (#P<0.05), RS K], FH & BRI EH
VA 7E 100 ~ 200 nmol - L™ BE X [ v L &
FUGEANMEAETERAS , AL 56 T 100 nmol - L™ i
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BRI B T SR 250
2 FFEKTIRHEFESHEA TR SREGREDH
AR

AbFR 12 F124 h B B2 5520640 1) Caspase —3
C - Caspase —3 ¢ Bax £ A MXIFRiBKFLLE, TESE
IeE 2R TIGHE L (¥ P >0.05) ;4031 48 h
B, SEIGZH SR 4 A L, C — caspase —3 Fil Bax [
FEXS 2R I5 K F- 1 2 R R (P < 0.05, P <0.001),
Caspase3 R [AHX R B K FTEG % L 22 RIS 1T
FREX(P>0.05), 0% 1,
3 FHERXAMERG HK -2 4 h /4G H0
A T-tH3% mRNA Rk R #200

LR 2 55 %6 RE A AH L 32, ZM A P () KIM1 \BAX Fi
BAX/Bel — 2 mRNA H Xf &k K FE1 B & F &
(P<0.05,P <0.001),Bcl —2 mRNA # %} % ik 7K F-
I BRI (P <0.000 1) ; SE50 4 FB AU AR 1L, KIMT |
BAX F1 BAX/Bcl —2 mRNA FXF 2235 7K -2 i 25 A
(P<0.05,P<0.01),Bcl -2 mRNA #5351k 7K F
(P <0.001) , W32,
4 MAuERMBEERG HK -2 @A T XN
Al

X BEZH B ZH RS2 B0 4 9 HK - 2 4 R T %
A5k (5.60 + 0.40)% . (40.00 = 4.79)% FI

*1
( Bax) AHXFRIKKF A LR (% £35)

Table 1 Comparison of the relative expression levels of Caspase — 3,

related X protein (Bax) in cells in different groups(x +s)

(6.40 £0.87) % . HERILL ()40 HE IR TR B 35 0 T X
HEZH (P <0.05) , 5256 21 110 41 it o T 3R (g 25 K AR Y
4 (P<0.05),
5 FIRERMESMSHRMG HK -2 @EEWE

o A2 TR 2] 1S 060 21 40 B 1 S8 Ak 17 S8R AR o
BEVCAE 4314 1.95 £0.03 3.01 £0.28 1 1.51 +0. 13,
B2 1) 40 i AT 7 S8Rt I 2 S S 35 v T 0 B AL
(P <0.05) , S50 24 (%) 248 i 4010 17 S35AE 0T 298 A I 25
EFHRIARILL(P <0.05) .
6 FlhExt 2SR5 HK -2 405 S0 #
HXEARIEH M

TETRUZH 50T REZH L, A i %) Nief —2 . SOD2 Al
HO — 1 FIA X 2R K P34 2 BRI (38 P <0.05) ;
SR SRR A A LA, A0 i ) Nef - 2, SOD2 Al
HO -1 25 [ ARXS R IR K -1 W35 T s (¥ P <0.05)
L1 Fg 3,
7 FMANEKI2MEEHRG HK -2 @l ERNLY
mRNA i #) #0

X AR LAY AN SZER 4H () SOD2 mRNA A X} &
ik 7K F 4y 3k 0.91 + 0.10, 0.28 + 0.03 Al
0. 69 +0. 03 LRI 4 fift 1) SOD2 mRNA FHX} k7K
WEACT XL (P <0.05) , 5255 2H 20 ffd (1) SOD2 mRNA
AEXF IR ik 2 TRARIZH (P <0.05)

A L2 Y2 I EURR KA R AR FI Tl — 3 ( Caspase —3) \{& LMY (C ~ ) Caspase -3 J¢ B K LU - 2(Bel -2) A6 X A

activated (C — ) Caspase —3 and B cell lymphoma —2(Bel -2)

Model Experimental
Item n
12 h 24 h 48 h 12 h 24 h 48 h
Caspase 3 8 0.83 £0.06 0.83 £0.08 0.85 +0. 05 0.95 +£0.07 0.82 £0.03 0.68 £0. 04
C — Caspase 3 8 0.51 £0.02 0.81 £0.03 0.97 £0. 04 0.65 £0.02 0.90 +0. 06 0.78 £0.05 "
Bax 8 1.11 £0.02 1.47 £0.04 1.66 £0. 05 1.20 £0. 02 1.38 +0.03 1.46 £0.05" "~

Compared with model group at the same time, * P <0.05, * * * P <0. 001.

R2 AN E LA TAIE mRNA AR R IE AP A ELE (2 £ 5)

Table 2 Comparison of relative expression levels of renal injury and apoptosis related mRNA among each group of cells(x +s)

Ttem n KIM -1 Bel -2 BAX BAX/Bcl -2
Control 8 0.98 0. 25 1.02 £0. 10 1.02 0. 09 1.01 +0. 08
Model 8 56.23 +23.25* 0.21+0.02%*** 3.04+0.38"* 15.47 £3.01**
Experimental 8 2.61 =0.79* 0. 50 0. 04%# 2.59 +0. 11 5.41 0. 54%

Control group: Routine culture; Model group; 20 pmol - L~

cisplatin treated cells; Experimental group: 20 wm cisplatin and 100 nmol + L.~" liraglutide

treated cells; Compared with control group,* P < 0.05,*** P <0.001,**** P < 0.000 1; Compared with model group,* P < 0.05," P <0.01,

##p <0.001.
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Control Model Experimental
N2 | w s | 110kDa
SOD2  at— e St 26 kDa
HO-1 m _—— '1 35 kDa
B-actin Sy  cs——— o —» 43 kDa

B 1 S B A I A L 6 JIRO 25 4 HK - 2 240 g 4804k 17
PORE DGR LA R K
Figure 1

The relative expression levels of liraglutide on oxidative

stress — related proteins in HK -2 cells of each group

R3O AL A0 M A O G R B R X 3R 0K K B LR
(x +5)
Table 3 Comparison of the relative expression levels of oxidative

stress — related proteins in cells in each group (x +s)

Group n Nif -2 SOD2 HO -1
Control 8 0.80 +0.01 0.96 £0. 04 1.01 £0. 08
Model 8 0.47 £0.01* """ 0.57+0.28"* 0.47 £0.05"
Experimental 8 0. 68 £0. 02%# 0.91 £0. 04"  1.56 0. 18%

Compared with control group, * P <0.05,"* P <0.01,"*** P <0.000 1;
Compared with model group,* P <0.01,*#P <0.001.

oo

AHIFFE RS, P75 RO L3 2 470 4 42 Ak o7 38 A
A0 M A T R AR 5 S ) HK - 2 5 4% . 4 2
N Z AT 25 2 — , AKL B IAIA T i) 5
A R = & 2 o o G 9 O i = 0 N 1
FBE B 17 , U H 0 o B /N b R A i, PR v 3R
IRV 325 2 190 T e P A0 0 ) 2 A
SRV IEORR 20 L 0 T 8 3 e DA X — i AR A
DR ER IR o AP AROE — P A GLP — 1 254
2,5 )\ GLP — 1 B4 97% i) 51 R I rE"™ , H A,
FIRrE IR 32 F 3697 IR BERE OB PRI | O 155 95
et ARHFET A HK — 2 20 Sy R 7E 40 R T
RGIUE T FIBr S R IR B 4 R4 E L IR
A B AR 0O A% o B, A SN R 1R T
ML 25 .

AR, GLP — 1 Iz 1 B R4 1E F H 2532 3
S, XU % Esh My sc i i s B, FL 6 ok AT AR
BT T 10/ B AKL, HF5E 00 2 F 5 T REF8 s 2
F NSNS M= W LA - £ 0= A 7 NI 5 JE A G 98
EL — GOHARY %510 15 A UL TR o 2 B, A1) & ikl

DA Nef —2/7HO — 1 il NLRP3 4 i /A 5 1Y
Fas IR Bax/Bel -2 SRR B 32403, 2 & E
BIFFEXF G 0 /I B, 427 DA 99 75 P 88 i 9, -5 1l AR 52
RN I A A — RE 220 . AW 50 A2 L )2 T i 5
TR IO B N B 0 B R R, RS
DAL T AR IO R4 £ HK — 2 200 it 7 e J3E A1t
PN AR B PR 3P 8O0, WA 1 A R IV L
FERGIN J] T35 45 75 ThT, il 4 Tunnel SC85, W] i AL T
BAX Fl Bel — 2 mRNA A% 3 3k K F A8 4k, IF 1T &
BAX/Bel =2 YUAH, Z24EBENESE T FIRLE IO 2 i 4
R0 ) A 5 A W A D 17 SR I IR O B 4 A
(ROS SOD2) , ¥ Bt S AL 80 55 U T 40 ] 45 S K
VIARR T 2 HIRMZ R EHREEANRE, A
FEAERS GLP — 1 JUZGAEM PR A T B3 DR BIL
1R BE— B, SR GLP — 152 AT (5 5 B AE AN [
W ] REAFAESE PR R PR BILAR] , 3 — A B2 2y
Wy 0 5 3 O I P B 4 T BRI . A S AR AE
— B RRIE . ASWFFEAUEE T HK -2 4 g, (B4
P IRl 2R R v/ NE NG 8 48, A S5 e AURE LI
A& ORI s /N b B2 40 Y B R DR AP VR T, ek
FIEBR HAE A 52 J5 40 it 6 2R v mT BE AT A 1 AN [7] 5%
I AN SR

AN, 78 HK - 2 41 fi A58 7 e iF 52 1) 4 6
JORCRT LA 4 ) A V7 R 4 O Dl A O i
AR /N b B AR A o 2 2 B R R B TR A A I
B REVEAE BA YT 25 W A TR R SR AL T AR i =
(SIS I, H B T GLP — 1 2R 25 (1 B P &
AT 75 Bl PRI e R 3 36 o ik — 20 B e
AR 2, IS R R AL .
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