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Molecular mechanism of protective effects of mild hypothermia on hippocampal neuron damage in OGD/R model newborn rats
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[Abstract] Objective To observe the protective effect of mild hypothermia (MH) against oxygen—glucose deprivation/reoxygenation
(OGD/R) injury of hippocampal neurons in neonatal rats, and to explore its action mechanism. Methods The hippocampal neurons of neona-
tal rats were cultured in vitro, and then they were randomly divided into control group, OGD/R group, OGD/R+MH group and OGD/R+MH+Chl
group. The neurons in OGD/R group were treated with OGD for 6 h, and then treated with reoxygenation for 24 h under 37°C to construct 0GD/
R models. The neurons in the OGD/R+MH group and OGD/R+MH+Chl group were treated with OGD for 6 h, and then treated with reoxygen-
ation without or with chloroquine (Chl) for 24 h under 32° C,respectively. The cells and cell supernatants after 24 h of reoxygenation in each
group were collected. The ultrastructural changes of neurons were observed by electron microscope. The activity of neurons was detected by
MTT. The leakage rate of lactate dehydrogenase(LDH) was detected by ELISA. Neuronal apoptosis was detected by TUENL staining. The ex-
pression levels of cleaved cysteine proteinase 3 (Cleaved caspase—3), cleaved poly ADP-ribose polymerase (Cleaved PARP), lysosome—
associated membranes protein 2 (LAMP2),ubiquitin-binding protein P62 and microtubule—associated protein 1 light chain 3—1II (LC3II) were
detected by Western blot. Results Compared with control group, there were obvious neuron injuries (organelle damage, degradation, mito-
chondrial swelling), declined neurons activity, increased leakage rate of LDH and apoptotic neurons in OGD/R group (P<0.05), the expressions
of Cleaved caspase—3 and Cleaved PARP increased (P<0.05), the expressions of LAMP2 and P62 decreased, and LC3II increased (P<0.05).
Compared with the OGD/R group, organelle damage was reduced,neuron activity increased, the leakage rate of LDH and apoptotic neurons de-
creased in the OGD/R+MH group (P<0.05), the expressions of Cleaved caspase—3 and Cleaved PARP decreased (P<0.05), LAMP2 increased,
and P62 and LC3II decreased (P<0.05). However, in the OGD/R+MH+Chl group, the above—mentioned effects of MH were significantly re-

versed(P<0.05). Conclusions MH may alleviate OGD/R—induced nerve injury by improving autophagic flux and increasing autophagic activ-

VEF AL 475000 TIREITES  IFETT LR B BER AR LA}



544 55 6

ETFFAE  ARIEAR I OGD/R AL A= K U 2T 9 70 LRI BF 52

630

2023 46 H

ity of hippocampal neurons.
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Ak L Bk o 6 4 M i 9 (hypoxic—ischemic en-
cephalopathy , HIE ) J2 [l A= 11 22 8.5 | 2 19 5 DL I 463 40 1
PR, 2 RO AR ) LN D RE R 5 1 FEE R 22—
FEAETH 1Y HIE 8L, 20%~30% it B A5 AN ) 2 B2 1 ol
ZIIRe A . WA (mild hypothermia, MH) EL 8% 1IE
FIEIRYT HIE AR EZ —, HIG™ E i RIvEH™ .
MH Xf HIE B PRAPHLEN 52 2%  WF 5 A B MH i 1 3>
P2 IO TR B I 22 D RER 1 . MH AT 4100 ] 4208 1
25152 B 42 %A (oxygen glucose deprivation/reoxygenation,
OGD/R) 5T 1) K B #2850 caspase—3 LT ,
SR A TE YL i A TEAE . A R 4R A0 i N AR
A EZEHLH , 78 A SR 1 FFE 1 (ischemia—reperfusion,
VR) 450005 Je s O R A 2 R4 VR T, H AR F AT 9%
FI WA R BB AR MRS R W], MH @t A
Wi AR DRI I FFEAS 5032 UR 0. ESh, AIES
AP AL RIAFAE S VIR T AR B
738 3ok A SR HET A B Sh M 2858 OGD/R AL LA
BEALL /R $ 05 HIE, JFULEE MH 2 7530 o 9475 3w
PEMGE OGD/R M & et . BUHRE I .

1 #REFE

1.1 S25eshY) SPF 9UE 1~3 HIRFLA 9 2,
HEAKR AR BT i 12~15 g, W [ AU 5t 238 ) 4R S2 56 5 )
TORA R, SF AT IE S : SCXK(51)2016-0011,
L2 KFI5HUEE  DMEM/F12 53304 H 36 [ Gibeo
25 )5 DY 3 ) Z( #E #5 (methyl thiazoyl terazolium,
MTT) . M (chloquinate,, Chl) g H 3¢ [F Sigma 23 7] ; FL
PR 1 Ui (1actate dehydrogenase , LDH ) J§H G2 528 W fRF %
(enzyme linked immunosorbent assay, ELISA ) £ Il i 5]
&l H R R BT RS 7] TUNEL 20 T
o IR & b 28 2 A W R AT B W 5 b B
B-actin Cleaved caspase—3.Cleaved PARP % liff {4 FH 5
Ji 25 11 2 (lysosome—associated membrane protein 2,
LAMP2) P62 il LC3 —Hil H L[ Abcam 23] ; — ¥
Wy A b 50K E R PR 7] s Tecnai G2 15 5 HLUE
FI i == FEL 2 7] 5 42 [ 3 B AR S22 20 A A0 A 36 9
Biotex 23 A

1.3 Jrik

1.3.1 B RRIBES &S BREEE K
A R BT BE 5 TSk AR B, TG A PR b MR DR BLOR
IMZHEL A F A 4°C PBS RYRE SR, T FR iR
T e A LUR AT A DMEM/F12 K537 B 55 .0

o RT3 B, 1 000 r/min 250 5 min J5 3 b
L& 10% 6 48 17 (fetal bovine serum, FBS) fY)
DMEM/F12 3537 3L H B AN M . K A B LA 1x10° 4>/
ML AT 6 em AR IEFR LY, ¥ T 37°C,5%CO0,
RFRMP R IR, B 3E 24 h 5 B 0 & 2% B27 mY B
FEBLAk 3R . B 3 R MALMKIE N 5 wmol/L
B4 BATAE B A 24 b, LRI IR R AR B K . 2 )R
3 d Wil gk et 37 5 8 KT MAP-2 e v e aE .
1.3.2 WSR2 50 OCD/R RIS 5040 Hr ik
K D250 OGD/R BRI EE T 2 BESCHRN Y K5 9750
8 KK Bl hph £ T i 5 37 LB J5 3 L 85 3R 4L,
ATISCHEL ] B9 TCRE Earle”s W, 6 =S RE 32860817 0
B 41 (1% 0,.94% N, .5%C0,) ,37°CHi % 6 h J7 ,
#1%5 10% FBS ) DMEM #5373 , T 1E & & 5514 (21%
0,.74% N,.5%CO0,) K3z 24 h, F553% 15 5 b 2570 b
ML R %f BE4H L OGD/R 41 . OGD/R+MH 41 fil OGD/R+
MH+Chl £, XF B8 40 ¥ 28 o0 T 1F 5 K5 7% 3 fn & 51
37T CHEFRA R % . OGD/R A2 5C OGD hb3 6 h,
GBS AT 24 h, OGD/R+MH 4H #1 OGD/R+MH+
Chl A2 TCI 45T OGD AbEE 6 h, SR )5 705 F 32°CR
Jnsshn G 2544~ AR E AL PR 24 he

1.3.3 HBEUENE S c MM KB EMESA
ALEE 24 h 5 YRR T A 2 o0 AR I RS FRAR TR U 3R 2
REFRW L 2% TR T [ 7 2 h, PBS 36, AR BE 2 i
Ko FRASRK G A A EAM NG 618 =i 1 ; DIEGH
WL R, PSR I AN AP TR A e (05 25 L B 5 LS
1.3.4  MTT A D4 20006 1 KA A 4o
LI 10 000 4~/FL % B2 32801 96 FLA Y, AR HE 1. 3.2
WSS A A A T AR AL B . BB 24 h S A
20 wL B9 MTT R4k EL 5 5% 4 h J5 78 5 MTT %W, IF
JIWA 100 wL DMSO, fifi HEGFR I E 490 nm Ab#5FLHY
A EH (0D490) .

1.3.5 VFEpZ 50 TUNEL Yeft,  F 2852 i S b 3
24 h J5 I Sl 2 e R & 6 FLAUT, 4% £ B F R
%€ 20 min, 2R JG A 0. 3% Triton X-100 #% & 10 min,
F 4l TUNEL e o 45 7] &5 5 B 1525 3847 TUNEL 4
. FHZEG R RURTE 200 1558 T BEALE 5 SR IE40
1, FH TmagePro Plus 6. 0 #4114 TUNEL FHE4H il
1.3.6 LDH s M ZhEE AL 24 h J5 , B
50 pL M onss 75 LiE W, F R U LDH ELISA i
G E N A LDH 357 o B &4 Triton—100 41 it
SO RS % L, K 1 VR 40 i A LDH 3%
LDH ¥ R =41 i /b LDH 7%/ 5. LDH 75 4:x100%
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1.3.7 Western blot Kyl S pf 2 oo R Rk IR
SWEE SA AL B 24 h )5 A ALM 2T, PBS i) {40
LRI OK b 38 0 BRI 1 o R ] e bk FH iR
1% (bicinchoninic acid, BCA ) ¥ X #& HUE 111 i b A7 2 &=
Joi 25 g A i AR 20 3R TN 0 TR Y 56 JC P DK e B &
Rl — I LI, 5% BiRGFWha B 2 h )5 A B
—actin , Cleaved caspase-3. Cleaved PARP, LAMP2 , P62
FLC3 T —3 4 CHF a2 Ve , In A a5
A 2h,ECL ¥ R4, Image J BAF 50 HT 8 1 45010 IR EE{EL.
1.4 GiitJrik (i SPSS 20. 0 o4kt i

B xes F2o , Z24100) Hods (d FH B R 5 2200, I
Fb B8 SNK 3% o I A K 56 349 R BRS04 56, o
B2 0.05.

2 H#R

2.1 HAEKRRESHAITNEE BESMAITH K
Fhse 26 MAP-2 Yefa 5 & 20 s, It ir A K5 3R 40
it (55 M S 20 ) 8 2 0 A% 2 DAPT Je ot )i & H 5 €6 ¢
Jo 2 P s YL Rl A IS 45 3 BRI SR 4T
Hi A KA A 90% LA . UL 1,

H AR MAP-2 B9 Y A4 5 s B DAPL Y 55 5 ; C A [R—HLEF MAP-2 FI DAPI YL (ARl & 4551 .
Bl1 SR Z 50 MAP-2 FI DAPL 44 (7

2.2 MHX} OGD/R Fr &g Spf oot nsgm  5Xt
HEZH L3, OGD/R 41 22 0 H B S 1% 41 #5453 47 1k
R fifp L b A I ik S5 483 45 2R 3, M8 0T 1 R R (P<
0.05),LDH 7 tH #4411 (P<0. 05) ; 5 OGD/R #H M %%,
OGD/R+MH 2H i 28 J0 41 ffd 7 453 45 0 4 , #h 42 036 1 7

OGD/RH

5 (P<0.05) , LDH s 5 236k /> (P<0. 05) ; 5 OGD/R+
MH 41 [ #8 , OGD/R+MH+Chl 21 B £5 7T 41 it %5 453 43 fin
J) | #2806 1R R (P<0. 05) , LDH I 4 2 58 Jin (P<
0.05), WL 2.5 1.

TE < Sk AR R 10407 60 40 M %

B2 i DehEITHEi
F1 #WHETESN . LDHRHELE (xxs)

2H531) B #hZoeiE (%) LDHIEH R (%)
Xof HE2H 6 99. 98+2. 75 20. 78+2. 77
OGD/R# 6 48.60+5. 137 64.55+5.90"
OGD/R+MH 41 6 70.767.82%  37.15%3.96%
OGD/R+MH+Ch1ZH 6  50.18+5.53%  60.88+6.04%
FA4 109. 799 108. 174
P{E <0. 001 <0. 001

T8 : LDH R 7L R 0 S0 , 5553 B4 A, ©P<0.05; 5 OGD/R

7] He 48, 2P<0.05 ;5 OGD/R+MH 41 5%, ©P<0.05.

2.3 MHX} OGD/R &y A LT T- R 5X)
FEZH L5, OGD/R 4 1= # &2 o0 3 £ (P<0.05) 5 5
OGD/R # %% , OGD/R+MH 4H ¥4 T # 28 5T ik /b (P<
0.05) ;5 OGD/R+MH 4 tt%: , OGD/R+MH+Chl 241>
P ICHE £ (P<0.05) . VLE 3.3 2,

2.4 MWGEHMAITCHTIREYRELE SXEALL
¥ ,0GD/R A 1=+ &Y Cleaved caspase=3 , Cleaved
PARP & £ 5 715 (P<0.05) ; 55 OGD/R 4H %%,
OGD/R+MH 41 Cleaved caspase—3 . Cleaved PARP % 1
FR B MK (P<0. 05) ;55 OGD/R+MH 41 H 48 OGD/R+
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OGD/R+MH+ChlZH

OGD/R+MH#AH

B3 A A4 0 TUNEL B 15 B (TUNEL 4 )

632
FagicE::] OGD/R%H

%2 TUNELEMSEDHETE DL (xxs)

20531 Bil%t  TUNELFEPERIZITE 4 H (%)

PUPHEE) 6 3. 88+0. 51

OGD/R# 6 40. 76+5. 08"

OGD/R+MH 21 6 10. 52+1. 73%

OGD/R+MH+Chl £ 6 28.37+4. 02%

FA4 217.529

P1H <0. 001

T SXTHRALILE, TP<0.055 55 OGD/R 41 H 2, # P<0.05; 55
OGD/R+MH 21 [L 45,7 P<0.05.
MH+Chl 4 Cleaved caspase—3 . Cleaved PARP £ [ ik
HTHE(P<0.05) . WK 4,55 3,

OGD/R+ OGD/R+
ML OGD/R#L MHAL  MH+ChI4L

Cleaved caspasc-3 | G_—Iu— 7.0

PARP | o 116kDa
Cleaved PARP [ SSSSS i 89kDa

Bractin N 0.

B4 oI TN OCE A RIB K

*®3 BEOHMETATHEXBEARIEKTELER (x2s)

20531 %% Cleaved caspase-3 Cleaved PARP
Xif HE2H 6 0. 18+0. 03 0. 15+0. 02
OGD/R 41 6 0. 73+0. 07" 0. 820. 09
OGD/R+MH 4 6 0. 3820. 042 0.22+0. 03%
OGD/R+MH+Chl4 6 0.70+0. 07° 0. 74+0. 08%
FAH 136. 374 182. 114
PE <0. 001 <0. 001

1 : Cleaved caspase—3 J°1: R 22 KA &R &1 1 1 3 59 1)
&, Cleaved PARP 3 ADP MR G R0 UIIA,, 55X} FR4H b4,
©P<0.05; 5 OGD/R 4 H#¢,2P<0.05; 5 OGD/R+MH £ [t %, ®P
<0.05,

2.5 Mg BRI E X A WEAR G I RIS T
o OS5XFIR4H A, OGD/R 40 LAMP2 P62 & 13635 1%
ik (P<0.05),LC3 Il # BT+ (P<0.05) ;5 OGD/R
ZH I #, OGD/R+MH 40 LAMP2 & 1 = ik T & (P<
0.05),P62.LC3 1T # 1 FRIXFFEAL(P<0. 05) ;5 OGD/R+
MH 4 %, OGD/R+MH+Chl 20 LAMP2 & [ 2 ik [& 1%
(P<0.05),P62 . LC3 Il #& H# ik I+ (P<0.05) . VLA
5.% 4,

OGD/R+ OGD/R+
XA OGD/RA MHA

MH+ChlZd

110 kDa

LAMP2

P62 -~ - 62

LC3I
LC3II

16 kDa
14kDa

. 42kD
B-actin ‘

B 5 A2 50 LAMP2 P62 #1 LC3 11 25 #6357k F

R4 BEHETHEXBEERIEKFLE (xes)

45 W% LAMP2 P62 LC3 T

Xof HRZH 6 0.49+0.04 0.71x0.07 0.080. 02
OGD/R# 6 0.18+0. 03" 0.49+0. 05" 0. 84+0. 10¥
OGD/R+MH 41 6 0.40+0. 052 0.22+0. 032 0. 13+0. 03%
OGD/R+MH+ChIZ] 6 0.210. 03% 0. 67+0. 06 0. 8120. 09%
FAH 90. 847 100.487  214.474
P1H <0. 001 <0.001 <0.001

T LAMP2 IR R SC A 1 2, P62 Wiz RES G H
P62, LC3 [l NS AR S 1 1 555% 3- 11 . 5% IR b4, VP<
0.05; 5 OGD/R 4l 1t %% ,®P<0.05; 5 OGD/R+MH 41 [L 4%, @ P
<0.05,
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3 itig 155 g R 45 50 [ W B 52 . LC3TT J& [ W/

VAR IR S —Fh )32 0 A A 2R SR, B RIE
AF X 45 T 2 A0 P B B2 05 80 SRIE A RS A
FE7E A M PN A P RN 2 A A 3 1 1 A A L G L
LEZFHLEI S5 T UR 0. A W — R B #
IR AR, 38 ZEYLER (/R AR K PR Bl 2 il 3 25 1 150
RO R AAE il R B RINRR ST R E
BUEH . HWE T LASOHT A0 N IREE  7E UR B e A
XFAEFE MRS R BRI & B, A L ki IR
H WX OGD/R K S o AR EH . 5
RZ UR BGRAI R B W/ IMATE WS40 E 2 BT
8 N A Wi T A O ST RGBT AR A
BL,0GD/R 1] LS 20k S 2850 B Wl & D) Re B, i
MH ©] fE 3 8 236 [ Wi il i 3G 0V Sl 2200 [ TR
P, T4 OGD/R FIr 8y 24651405 -

OGD/R 75 5 A 40 A 08 1~ 38 5 38005 2 5 B0l i 22
JUH A ) T EALH] Y ARWFSE R TUNEL % o R
MH T HH B30 #H T OGD/R 7 510 T 2 i 7,
KA AR YERT ; 5 e AH— 3 2 , Western blot 25
1, OGD/R Ab ¥ 5 B9 # 4 oo BH B /) Cleaved cas-
pase 3.Cleaved PARP Rik/K-F L3, i MH 1 il J5 i%
FEARI B GE . L L X S gE R MH X OGD/R 7
S A0 W LR S B R T AT G AR
FAE— 204 T MH X £o0iE 1 A LDH Jw R 1Y
SN, 45 B E—E 52 MH 7] LAZEf# OGD/R 75 S04
25005, TN [ I 3 35 ——Chl 7] LABH WX — 4
YER, iX 427~ MH AJBBZ: A W& 42 %) OGD/R 75 51 4l
W5 & R VR

H AR — A sh S R, S T AW /IMEIE AL . H
WA 5 7 TR A 11 Bl A LA R 200 i PN 28 . 1 W 3 it A o
IR . ABEgE R, A W/ IMA S IR LG
Z B, T LAT S /A Y SRR I S e ) BT
A TE A WGE PR B EE /RN, RN
BRI A A%, 2 A W R A R ) Y G L e . R
THFSE MH S 7538 1 238 W36 PR PR 316 B ph 28T
%52 OGD/R 5 F RO 24851405 , A 53 18 4 Western blot
SO R OT TAAR T e S WA DG B R R ARk .
LAMP2 %35 7K - 2 S i it 1R 3 i RN D) 68 1Y) 22 4
bro TEARMEIEH DR I0E OGD/R Ab B | 1% B
EARICE 1 LAMP2 323k BB REAIG, i MH Zb B AT D42
AR AR IC B 1 LAMP2 3235, SR M H/E 9k Chl Jir
BELIK 5 AHOCHIFFE 7 B 7%, Chl 1 S —Fh iz B A I 1 591 , fE
I AR VS AR PH(ELRELIET 1 /NS Vs AR B Rl o
X ZE LI MH R 203% OGD/R 5407 ) 1 S ph 4ocC
S BEARTIRE . deah, ARWFFEIEAL T MH X OGD/R i

FEE 1) DB B3, E 1 W /MR 5 9 AR il 65 i sk o i [l
W, T P62 It S LC3 Z5A A A M, Bl 7E
] W Tl AR HP R, TR I P62 ) TR M [ kv
DA ) % e Ao R, DA T s B 9 W/ ISR P 385 o AP 102
TEARBSEH, OGD/R J5 LC3II FikI4hn, i P62 F2ik ]
98/, F W] OGD/R 0 J5 A W/ IMATE U3 in . 1 e
257 MH F 5, LC311 (Y SRR 2 I 52 28 ¢ , [R) st £
A P62 JKF A i 3 R X — IR AE A Chl J5 9%
WA DL g R MH E2E T A W /MA S B R
fl A DA S g /NS Y R i, AT BN B 1 LC31T A1 P62
() R i, 2R W1 MH RT3E 0 2% 3 W5E 98 OGD/R 5
S P2 TTi i

ZE LTk, OGD/R 1T DL S B0 #2870 | Wi i
DIfekEss , i MH AT e ok 2o W a5
2200 AWEIEME, NI 42 OGD/R Fr8U AR 28405 . SR
1M MH 238 B W & 0 B0 AT AR E— 25 5 0F 58 A

P
75%0

S 30k
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