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WLk B Rk 1 17 2 5 S R B D s 70 Bl ' P 2 D T2 TR & i 114 55 i

iR XIHBEL % B SRR

HE BH® HIUUK(CAR) W EERIE R & (STZ2) i1
BRI /N U IERRBE T R R AE B RE I, Fik UL STZ i
C57 /NERASHE | BB RN BRASERL (STZ B8 ) | LLIE# €57
INERAERIEF XTI, /N S (Bl 6 ~8 H) L IEF X
FE(NC) 4 LK (CAR) 2H \STZ #7 (STZ) 2H STZ #£5) + i)l
BK(STZ + CAR) 4 STZ KL + FET- M F] (STZ + Fer-1)
., WEFR/NE 16 JES  WCHE /N BRI G I it LI ( CRE) Al
PREZE R (BUN) K-, SR /N R 24 h JR AE A KT, HE
Yufn, PAS Yo A RS BRI . 355 5 el B L O
RRRIEAS . PCR R DU/ KU I 20 21 4 i Y 1 Al A
F(IL) -1 1L-6  FARZ AN I ¥4 1 2 -1 ( MCP-1) 1 [ SR 28
Pl F-o(TNF-a) I3k, Gusie 5 Sk Rl )N BB I 7 4 4R
(ROS) IRk, Western blot il B i 20 2Lk FET-FR 4R 15
I i AL B 1l 4 (GPX 4) R BERE BEAT B A 4 R 4
(ACSL 4) F HFRIBACE M As . St/NRUE IR 2L 0 —
B (MDA) A BEHAK(GSH) #il Fe** SRMWME, &8 5
NC A4k, STZ 41 CRE 1 BUN /KT (P <0.001) ;5
STZ #HHH I, STZ + CAR 41 CRE F1 BUN /K F &A% (P <
0.001,P<0.01), BNEHLURHEAmER/R, 5 NC 4
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Lt , STZ 4/ BB L 40 /NE ™ Tk B I | 5 0E 41 35 T Ao
SRR IN ;55 STZ AT H,STZ + CAR 415 /NVED 3k  RAE
IR RO RO D 3 ) R BRI 25 R R STZ 4
71N B AR A P S5 32 B, R A 0 2D s 2K
STZ + CAR #HH1 STZ + Fer-1 2B /NS 5k BH 8 00 3% L R IE AN
MEIRIE L, Real-time PCR Kzl 255 B 7x, 5 NC giAH L,
STZ #H/INEVS I 46 5 L F (IL-1B . IL-6 \MCP-1 Fl TNF-o [
mRNA BT (P <0.001 5 P <0.01) ;5 STZ £H4
It ,STZ + CAR £ IL-1B . IL-6 \MCP-1 1 TNF-o) [/ mRNA %
KTFRE(P <0.01 8L P <0.05), HIEVEERER, 5 NC
AR, STZ H/N BB ELH 2L ROS AKSETHE (P <0.001) 55
STZ AL, STZ + CAR /N EUE IEHZY ROS /K-35 T %
(P<0.01), 5 NC #HAHIL, STZ H/N BB IE GPX4 Fik 5
GSH & R (P <0.001), ACSL4 ZE F143A5 MDA il Fe**
EREEAN(P <0.01 B P <0.001),STZ + CAR % GPX4 % ik
5 GSH &34 (P <0.01) ,ACSL4 %5 1351k MDA il Fe**
SR FHE(P<0.01 B P <0.001), &1 CAR Refg3M
STZ 755 AOAB IR /N B R BE TR A AE , A5 4 R 9 /N B
5 B 455 .
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CD161 ", MPO" and CD3 " cells in the hippocampus at 21 days after HI. Immunohistochemistry was used to detect
ICAM-1 and C3a expression in the hippocampal CA1 region; and Western blot was used to detect tumor necrosis
factor interleukin IL-1B, TNF-a and IL-10 expression. Results
TLR4 expression was observed in the left hippocampal CA1, CA3 and DG regions( P <0.01 or P <0.05), while
the expression in the TAK-242 group lowered compared to the HI group (P <0.05). The number of GFAP " cells

Compared with control group, significantly raised

in the CA1 area of the hippocampus in the TAK-242 group of neonatal rats decreased compared to which in the HI
group at 21 days after HI( P <0. 05) ,but the number of CD3 * T lymphocytes in the hippocampal CA1 area of new
born rats in the HI group increased compared to which in the Control group (P <0.05) , but the difference between
TAK-242 and the Control group was not statistically significant. The number of Iba-1" cells, MPO " cells, CD161 *
cells, the expression of ICAM-1 and C3a in hippocampal CA1 region, and the expression of TNF-a, IL-13 and IL-
10 in hippocampus of rats were not different among groups at 21 days after HIBD. Conclusion Early inhibition of
TLR4 may ameliorate adolescent neuroimmune disorders by reducing the increase of hippocampal astrocytesafter
neonatal HIBD.

Key words hypoxic-ischemic brain damage ; hippocampus ; TLR4 ; rat ; neuroimmune
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& FELRIE i (end stage renal disease, ESRD)
BB Z 2 R AR R KB T RE Y
PEATPEIGR | AE 2% FCE AT AR J& — > A BR PR MR
HILRK ( carnosine , CAR) /& —Fi iy B-TN &R Al L-2H &
PR ) AR K, RARAFAE T i L A
e, CAR TEARIN) 20045, H A Z T A=) 250
PEARPT R  BUA AL B ID 6] RAS ZRGe00 P 40
AGEs ¢ ALEs FIZE w4 BRER DA ), 1350 20 77 1]
W5 F B CAR T L3 o 410 i) £ T sl e i D s
P RN, SRS O R R SET e
BRI B 9 K A R v e SC BV T o B A R
E2 #H5¢ H F 2 (nuclear factor E2 related factor 2,
NRF2) A] DU 2k SE T, DT 4 G2 4 SR o ' o 2k
JET R S AR CAR WHEENRAA T 2 ( strepto-
zotocin,, STZ) 53 A I /] Bl ' JE 2R 5E T F1 R SiE
Y52

1 #MREF*

1.1 SLWEHMEBEHAE ALKMEH STZ iFS
C57BL/6J (29 6 ~8 i) /N 1 ARUHE IR /I B
B F H MEME CSTBL/6] /N BUAE g %o BB e Pk
C57BL/6) /INER( 2 6 ~ 8 Jilih ) W B = Bl K2
SES L A PR VE AT IE S SCXK (€ ) 2017-001
8 P ATHIE 5. SYXK (B8 ) 2017-006 , I 75 22 = F}
KB bl SPE REh W B il 3%, 256/ R b
HEARME R EFrh i T iR 5%, IR AEE IR (22 £2) C |
MREE A 60% JERE AR 12 h/12 h B 5 RIH, AT LA
HHREEYAIK, 258 12 h 5, B4/ AR
W4T/ N ERUE ST 50 me/kg 1Y STZ, %425 d,
75 1 JE G BN SRS R I L, P IAREA S 2 i AR , 5 1
16. 7 mmol/ L VI A5 i Ty Jy 5 PRI ALY i /N B
PBEAL o 5 4 (B34 6 ~8 H)  IEW X IR (NC)
20 WURK(CAR) 41 | STZ 8 (STZ) 41 STZ =AY +
WUBK (STZ + CAR) #H | STZ &8 + BRFE T4 i 1) 41
(STZ + Fer-1 #) , RGN BB, FRiTHELF
MR CAR ¥R T EP &, 45 25 i 35 4r 58 2
U R IR R K Bt R AT CAR R TR K
. CAR ZHA1 STZ + CAR 4/ I FIRELS 25, CAR
W IE N | o/kg, BEHZAZYIE 16 J7, I H A5 KM
RSN R OK SRR TR, 4 Fer-1 By A I i
FE DMSO 1, FH A= #ER K B, £ DMSO 1) e 28 9k
BER 1% , AR5 A5 2N BRUR T 115300 2 3, Fer-1
IR R AT I BT 45 25 VR EE N 5 mg/kg, FE452Y
16 J&, SEEsh¥) ¥ 20t ERE R K S sh i 5 16

PRZE SR UE (45 . LLSC20170487)
1.2 FENE AEEIL AR PLIRKZRED]
R AL E & Lecia 24 H) ; Z I REME bR {0 B 22 &
PE A7) 3 BX 50 S62 BN B H A OLYPUS 24 #l;
HL UK ASCRITR % AU B 55 B AR A w5 980 s R 40
Li-Cor/Odyssey 4 H 32 [ LI-COR Biosciences 2\ F);
NanoDrop 2000 #4366 THE B 1 Theromo
N B STELEE (JEM 1400) 1 B H ASHL T4 7,
1.3 FHik
1.3.1 —fxAdaregian  FRaHc s/ R
e, By R/, SR/ U I 1 1l A
s/ NEUEE, /NEEE CAR 16 )G, WA 5% %
SRR PR IN B, 5 T 5 /N BRUIR 3K el R 1, DA
SO IR, FH S B6 4 BN BRI R Bk A4 T R 3k
I, R 22 P42 A0 Fe /N RGO I B i e S 7edm i
UFH EP 4, 25700 wlo B ISR S B0 BRI VR B
TEZERAE 2 h, ARSI BOHLES . 20 min, 54534
2 000 r/min, Y& IfLVE AE A i BESEBI 546 00 1l
i CRE A1 BUN 7K~ B/ U IEZH R, 2 A
W R W 2K o1, e B JE Y o & 0
Fiit SRR E, #EAT3Y) SLIR T, JEAE SPF
Y SR A I8 B B HUNERRA, 48 T B AN
7K, 24 h R R UINER PR, B0 L ES O R AT
AE R PR PRI BLAEAE 0 S R, # FR U R 5 20 JR K
ML 24 h IRAEA S &,
1.3.2 BBRAZBEHEFILE BFUE4H8
4% Z R EEEE K G EAR D, VIR 4 wn
JEU R # RUE F AT IR AKS — DAL (hematoxylin
and eosin, HE) & {8 F1 B 5l Yt 4 ( periodic acid-
schiff, PAS) ¥e(f,
1.3.3 FAResEE KEEHADI 2 mm
x2 mm K/, FeAKUKECE T 3% 1% R 1% iR
R A T I S AR PR R X K B IR E R
XPEHAHAT A A, RIAE D) R, TS R
R IR AT U] R AT AR e 8, RIS FEIE ST A
TSR A L LR A S RN G A I R
1.3.4 SRR EEE AW THAH 70 Chn
PEIERAL AR ORI T ORI L, T
T A AR e AR A S L BT ) 7 o A 2 & R R 20
min,, fff MR ER $h #EAT OB Ve s, B S
10% I ZEIME7E 37 CH 1 b, TG4 (reac-
tive oxygen species, ROS) a5 G il /)y BB AT
ROS, IF7E W Ad5E T WA R TR (] Image
I TS D N R AN e
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1.3.5 Real-time PCR 523 i ] TRlzol 15 M
HAUP PR RNA, ] NanoDrop 2000 43656
TG RNA NS K RNA 395 5% A eD-
NA FE#ATY . PCR B ZRAFUNT 95 °C |1 min,
95 C .15 5,60 °C .15 5,72 °C 45 s, 3L 40 PMFH,
*H SYBR® Green RT-PCR Rl NS BT (inter-
leukin , IL) -1B . JfE SR L Kl F-o ( tumor necrosis fac-
tor, TNF-o) | ¥ 41 B #4625 F 1 ( monocyte che-
moattractant protein-1, MCP-1) (IL-6 | B-actin A mR-
NA K-, Bh 27389 g o il s ik P R ik K F . 5l
Y H L 1,

®1 ZMEEPCR BHEESIWFT
I3 (5'-3")
F.CTTTGAAGTTGACGGACCC
R:TGAGTGATACTGCCTGCCTG
L6 F:CCACTTCACAAGTCGGAGGCTTA
R:TGCAAGTGCATCATCGTTGTTC

EIEZEA S
-1

TNF-a F:CATCTTCTCAAAATTCGAGTGACAA
R:TGGGAGTAGACAAGGTACAACCC
MCP-1 F:CTTCTGGGCCTGCTGTTCA
R:CCAGCCTACTCATTGGGATCA
B-actin F:AGTGTGACGTTGACATCCGT

R:TGCTAGGAGCCAGAGCAGTA

1.3.6 Western blot 5% HEEBEHAH, A
LU (RIPA : PMSF =100 : 1) #£8&E 1, I 17
BCA EHEFE R, EHHAT T e S mmR N -
SRV 5 TR e B JC HL Dk, i 5 B 1 6 7% 22 i R 21 4
EWE L B 1 ox P B P W, B 15 ~ 30 min,
Bt I 5 B4 B AP B-actin (1 : 5 .000) P GPX4
(1 :500) AT ACSIA (1 : 1000) —Pih 4 CHEH
&, I TBST Y 3 ¥, &K 10 min, A HRP
Fric Bl 2P/ /N 1gG —HT (1 = 5 000) 7 EF 50
min, TBST MR 3 Wk, (i AL 2= RO R GER O 5541
i FH Tmage J I 4547 AU K (A

1.3.7 MDA GSH #= Fe** A& & APk
B LHZ1(50 me) , BT AR AR, HIRIY R
BB HLI R, B0 10 min JE O BT, I E

AN AL SR GSH MDA FERMR L, Fie FE 0 I 45 5
18 TAREGR AR s m 2] 96 LR #4754
1.4 SRITFA0IB RA SPSS 23. 0 4 E4 14047,
FITAT S B R HAE + 22 (x +5) Fom, 24
[ BI85 LU AR FH A DR 28 7 22 0 B, I LE 34T LSD
K, LA P <0.05 HERH G XL,

2 FR

2.1 CAR M/MR—MIEROFIM 5 NC HAH
I, STZ /NS B /AR it (P < 0. 01) FLIIAE (P
<0.001) F+ 55 5 STZ 4 #H kb, STZ + CAR 41 ' i
s/ BRI B2k, 5 NC AAM 1L, STZ
4 CRE .BUN EJF(P <0.001) ;5 STZ 4HAH I, STZ
+CAR #{ Ml STZ + Fer-1 241 CRE (P <0.001,P <
0.01) BUN(P <0.01) 7K FFFE, W32,

2.2 CARX/MREBHALRBRSHIME HE §
B R ER NC A/ EUE /NETEARIER , Joy ik, o
H S SR 210 L2 10, 20 AR 25 E MR, T STZ 41708 B
B/NEBIRY K R E R MIRE, 5 STZ 4441
I, STZ + CAR 4/NEUE/INE Y 5K W] i 08 | R E 4
R D, UL 1A, Z2 R A G E (P <
0.01), PAS Yt 25 1R, STZ 4/ BB R LA ]
B/ NEY K T STZ + CAR 20/ BB RS S5 AR
WD B NVEY ks, WLIE B, ZR A ST FE XL
(P<0.01),

2.3 CARXM/PMNEREBHAKENFM Real-time
PCR il i 7, 5 NC 414 b, CAR 415 k44t
IL-1B . IL-6 \MCP-1 F1 TNF-a mRNA ik F L5
VAR T STZ A i Rk 7 (P <0.001, P
<0.01,P <0.001,P <0.01) ;5 STZ 4 #H !t ,STZ +
CAR 4 IL-1B .IL-6 MCP-1 Il TNF-« ) mRNA £k
TRE(P <0.01,P<0.01,P<0.01,P<0.05), %
KW STZ /N EUE I LH 2R RAE S 3G hn, CAR A DA
W STZ /N IESRE RN . LI 2.,

2.4 CARM/NRBHEL ROS IR  Hpesdt
R 255 BoR , 5 NC 414 H, CAR 413 414 ROS

%2 CARX STZ /NR—MRIEAREIBIA (n =6,x =)

WH NC 41 CAR 4 STZ %1 STZ + CAR 41 STZ + Fer-1 41
B /TR (27100 g)  0.62 0. 17 0.66 £0.19 1.16 £+0.44" " 0.78 £0. 57" 0.84 +0.69"
B ( mmol /L) 7.12 £0.47 6.76 +0.64 23.58 £3.55" "~ 22.28 +4.27 22.50 +5.32

13 CRE( wmol/L) 50.52 +3.57 44.23 +2.97 191.85 £12.73 % * * 86.22 +4.69%# 130.31 +4.26%
1L BUN( mmol/L) 4.71+1.13 4.80 «1.21 10.25 £1.52% "~ 6.23 +1.93% 7.57 +1.43%
24 h JRAEM (mg/24 h)  18.27 +1.03 17.33 £1.25 431.46 £19.57***  168.37 £16.28" 194.76 +17. 45"

E 4 )&:** <0. ’*** <0. LB q 4 )C: <0. <0.
5 NCHl#E: " P<0.01 P <0.001; 5 STZ 41 lb# . * P <0.01," P <0. 001
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a
d
B
a
d

El1 CARXfSTZ /MRS

## ””

iPFI (%)

Kk

1k

L

B (%)

€ c d e

AFAARIB T AR x 400

A HE Y655 28 B g B 405 1 1 8 B HL 5 R 0T 3 B PAS H(EREE CAR X STZ /INFRUB MIE AL 208 B e AR B4 52 i B H 1 7 /0 M 5 a
NC 41;b:CAR 4 ;¢.STZ 4 ;d.STZ + CAR 41 ;e:STZ + Fer-1 41; 5 NC 411038, * * P <0.01; 5 STZ 41 Hb4%. P <0. 01
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AAFIL-1p mRNAZK & >
AHAITL-6 mRNAZE &
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el

d e

CtJ D'b!
'4,3' kKK '/4'
p P
3- Kk

%2' w 2 é
— gz- L
A =3
olr
: ﬂﬂ Al ﬂﬂ
= -
%O -%0 lll

a b ¢ d e a b ¢ d e

2 Real-time PCR i%#ill CAR 3t STZ /MR 'S BEA 4 IL-1B.IL-6 MCP-1 #1 TNF-« 3% B 200

A Real-time PCR ¥E 40 /1N BB 2 21

IL-1B 35 ;B Real-time PCR 3246 /) P HE2H 21

IL-6 [ 323X ; C; Real-time PCR 346 /)N

FUBFEZH 4L MCP-1 (92635 ;D : Real-time PCR 4610/ BB IEZH 21 TNF-o 35 ;a:NC 4H;b: CAR 2H ;¢ STZ 4 ;d . STZ + CAR 4 ;e:STZ +
Fer-1 4;5 NC 4 4. ** P <0.01,* ** P <0.001;5 STZ A H# . *P <0. 05, P <0. 01

FkER TG 2= X, STZ /N B IETH ROS /K
SEFHE (P <0.001) ;5 STZ Ho48, STZ + CAR 4 #0
STZ + Fer-1 41 ROS 7KF- TP (P <0.01) ., LA 3,

2.5 CAR/NEBREEAEESHNZIN B5H
BERGI /N R 2R A TE RS, 5 NC AU A L, STZ /N
BRI AR ik JHK |, H5 285 3 344 in , A 5 ik /> sl it 2

SR, STZ + CAR ZHF1 STZ + Fer-1 41/)> Bl £k L 14 i

IR | T3 JBE AT, £ AR 1 i, 1568 STZ 71 B

B E R AR e A T ERFE T AR RAR , CAR AT LA |

STZ /INEUE LRI S s, WLIE 4,

2.6 CARZ STZ FSR/NMNREESKIE TN
Western blot Al 25 20 5 lE41 21 GPX4 LA Je ACSLA
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D

B C
200
. *okk
= st
=
ES H#
2 107 i
8
lils ﬂ
0
E A B C D E

3 BEWHEKRN CAR X STZ /MRSAFHAL ROS RIERIEN x 400
A:NC 2 ;B:CAR 41;C.STZ 41;D:STZ + CAR 41 ;E.STZ + Fer-1 £ ; 5 NC 41148 . * * * P <0. 001 ; 5 STZ 41 b4 . # P <0. 01

A B

C D E

B4 FESHEERN CAR X STZ /MRSHEARERERSHIZNE x 10 000
A:NC 41;B.CAR 41;C.STZ 41;D:STZ + CAR 41;E.STZ + Fer-1 41

FEKFRER, 5 NC A, NC + CAR 415 I
2121 GPX4 Fll ACSIA R ZER TG ITFE L, STZ
U ELHZY GPX4 12K FF% (P <0.001) , ACSIA
FikTHE (P <0.01) ;5 STZ 414k, STZ + CAR 41
H1 STZ + Fer-1 41 ' EZH 2 GPX4 F ik T+, ACSLA
KiIETRE, ZRA50F%E X (P<0.01), MDA,
GSH Fl Fe** il 25 5 7R , 5 NC diAH L, STZ 41
WEZHZ] MDA Fl Fe® 1 KA TH i, GSH & it &1k
TRE(P <0.001) ; 5 STZ ZHAH L, STZ + CAR 4l
STZ + Fer-1 20 ' 20 20 GSH % 1 3k 7+, MDA
MFe’ HRBIETHE, ZRARITFEEL(P<
0.01), IRZERIEIR STZ /N EA 208 4 T 8k
FETZ, M CAR 46 T W% IR B st T, LA
5

3 itig

W DRI B9 1) 2 LTI 52 2 , R AT G PR s
WRIMAIE G FEAR R AE AW T AR 4R SE B IR
B AL A RIR YT, R, S AL SR )
TR S o, WP BRI IR = DL A
JRFNE DIRE A AT ME AR R AE . B e 2% 3%
MY B 2% 28 3 i 4 ) PI3K/ Akt/NF-kB 15 53 #% ok

O PRI B T B /NS L B A R AR 4T, /) BE
T JAK2/STAT3 5530 8% 52 fifk e W53 1 A2 240 L
EMT #1981,

BRAET S — Pl LG Fe ™ A0 A0 114 200 It 81 5 1
FETT, FLEEARE SR A4 ) ROS A RFLE R
2, AP AR B S A B HE R, b
H KT ALY 4 (GPX4 ) J& FERAE T 1 S Bl
YA I A BEH K (GSH) H#EDE GPX4 2336 nl 5 T4k
FET-) L BRBETS S 2 A R B AR O AU EE
FETE PRZRIRAT VRS | S B R PR 4 N )
AEREIR ' HORMZ AT RIRIET T e
WE R B B3R 97 #0 5 BRAE T W B3l & HIF-1a/
HO-1 38 5 R B /NS

CAR YENRIRI K, fEAR N T2 40 A, H AL
2 AY2E bt R PUEAL R P RAS
ARGt I AGEs Sz ALEs 1% wh Az PR Bl 15
P CAR HA R MBTAALAE ST, BETE bR A LR
WA AE T 24 L R e sk B B T IR ALk 7 A2 1Y ROS A
o, B-AEFIEE, IZAFFR R, CAR JAYT 5 B PRI /D
% CRE F1 BUN T B, SR CAR A28 STZ /N
K%, F2HH CAR N2 ik R AP il B R e 34O 47 i 0k
() VB . e A, CARA BB 2le 3% 5 IIE 41 20 19 s B 461
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A B L5e C 10r
N B sk
T ¥ 08F
a b C d e ku % s
2 ror B o6t wo M
GPX4 17 H_é woo z 7
z =
ACSL4 85 = < 04}
; 0.5F sk d
—acti 42 ] L
B-actin % ﬂ 2 02
0 0
a b c d e a b c d e
D E F
201 i 151 4r sk
2 T = T
& 3 _
1.5 o0 31
H w I 210 o "
S g i § #
E ot B # & 2r
e b pu
41 4o 0.5 sk 4y
< 05f % = 1r
0 a b c d e 0 a b c d e 0 a b c d e
Bs5 /NRISHEAL GPX4 fl ACSL4 EAKFERIER MDA GSH 1 Fe? * S E2ME

A ~ C:Western blot {0 CAR Xt STZ /N MELIZY GPX4 FlI ACSLA /K F-258 IOy R K BT L D /NEUEIIE MDA 5 5 E /D BURFIE
GSH & F o /NEUB IE Fe?+ &8 ;a:NC 41;b: CAR 4 ;¢:STZ % ;d:STZ + CAR 4 ;€:STZ + Fer-1 £ ;5 NC 41 b# . * * P <0.01,* * * P <0.001;

5 STZ 4 i . * P <0. 01

B E—WF5E W], CAR BN AR PR /D BB
I 48 i 40 I F (TL-1B8  11-6 . MCP-1 , TNF-a ) ) 7K
Vo, EST R R R CAR BGE T STZ /MRUE
JESRL A 1 i i | B85 i 34, A A o ik /> s ke
&Ko [EIEF, Z B 58 45 B WoR, STZ /N BB E 41 21
GPX4 KK TR ACSLA FRiATHE, CAR b3S 7%
TR AR gk S ZE L] CAR X STZ /)N BLUE I
W5 EA PR FFTPIETAEA

P E , CAR AT DA i B AR R o aot 4 b ok el 3
RAGE SR O ILERG CAR R S AR T ok %
BEDR 95 B 5 R A A T IR S AR T
CAR RERIETBYSZ A, 45 R UESE T CAR A] LA
STZ /)N LB I P R AL T2 BT

ZE FRTR  IZIFFT I CAR 404l T STZ i S1Y
WEIR /NS IEZH U R TR SR E . [RIIRE, CAR
RIT G WA B EE T STZ /N BUAY B 3 i A B i s B
Bifh. PRI, CAR TERE IR IR B 2 4 697 EA 7
FERIATBEPE . B 5T A AR Y SE 50 W 25 38 05F CAR
XPBE PRI B 0 2 A TR E {2 CAR IR 4K IE
T HARHLUE A8 A R — 240
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Effects of carnosine on ferroptosis and inflammatory

responses in STZ-induced diabetic mice
Zhang Song,Liu Xueqi, Jiang Ling, Wu Yonggui
(Dept of Nephrology ,The First Affiliated Hospital of Anhui Medical University ,Hefei 230022)

Abstract  Objective To investigate the effects of carnosine (CAR) on streptozotocin (STZ) induced renal fer-
roptosis and inflammation in diabetic mice. Methods Type 1 diabetes mice model were induced by STZ, and nor-
mal C57 mice were used as normal control group. The C57 mice were divided into 5 groups (6 —8 mice in each
group ) : normal control group (NC), normal control + carnosine group (NC + CAR) , STZ model group (STZ),
STZ model + carnosine group (STZ + CAR), STZ model + ferroptosis inhibitor group (STZ + Fer-1). After feed-
ing the mice for 16 weeks, serum samples were collected to detect blood creatinine ( CRE) and urea nitrogen
(BUN) levels. The urine of mice was collected to detect the 24 — hour urinary albumin level. HE staining and PAS
staining were performed to observe the degree of renal pathological injury. Real-time PCR was used to detect the ex-
pression of interleukin (IL)-1B, IL-6 ,monocyte chemotactic protein 1 ( MCP-1) and tumor necrosis factor-a( TNF-
a) in mouse kidney tissue. The expression of reactive oxygen species( ROS) in mouse kidney was detected by im-
munofluorescence. Morphology of renal mitochondria was observed by transmission electron microscopy. The protein
expression levels of glutathione peroxidase 4( GPX 4) and long-chain lipoacyl-CoA synthetase 4 ( ACSL4 ), which
are ferroptosis indexes, were detected by Western blot. The contents of malondialdehyde ( MDA ), glutathione
(GSH) and Fe’* in mouse kidney tissue were determined. Results Compared with NC group, CRE and BUN lev-
els in STZ group increased (P <0.001 ) ; and ompared with STZ group, these indexes decreased in STZ + CAR
group (P <0.001, P <0.01). Renal histopathological examination showed that compared with NC group, renal
tubule dilatation, inflammatory cell infiltration and glycogen deposition significantly increased in STZ group; and
compared with STZ group, tubule dilatation, inflammatory cell infiltration and glycogen deposition decreased in STZ
+ CAR group. Electron microscope results showed that the renal mitochondria in STZ group were swollen, mem-
brane density increased, mitochondrial ridges decreased or absent, renal tubule dilation was improved significantly
in the STZ + CAR group and STZ + Fer-1 group, and inflammatory cell infiltration was reduced. Real-time PCR test
results showed that compared with NC group, mRNA expression levels of inflammatory factor (IL-18, IL-6, MCP-
1 and TNF-a) increased in STZ group (P <0.001 or P <0.01) ; and mRNA expressions of IL-1B, IL-6, MCP-1
and TNF-o were decreased in STZ + CAR group compared with STZ group (P <0.01 or P <0.05). Immunofluo-
rescence results showed that compared with NC group, ROS level in kidney tissue of mice in STZ group increased
(P<0.001); and compared with STZ group, the expression of ROS in kidney tissue of STZ + CAR group de-
creased while ROS expression in STZ + CAR group decreased (P <0.01). Compared with NC group, GPX4 ex-
pression and GSH content in kidney of STZ group decreased (P <0.001), and ACSI4 protein expression and
MDA and Fe’* contents increased (P <0.01 or P <0.001), GPX4 expression and GSH content increased (P <
0.01), ACSI4 protein expression and MDA and Fe’* content decreased in STZ + CAR group (P <0.01 or P <
0.001). Conclusion CAR inhibits ferroptosis and inflammation in the kidney in diabetic mice induced by STZ,
and improved renal pathological injury in diabetic mice.

Key words diabetic nephropathy ; ferroptosis ; inflammation ; carnosine



