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WE: BE HODKEEEE-9(AQP-9) TE GRS S I MM (HIE ) 3 A= /N BN HI D RE R fi b A4 F AL
Fik A 90 HERWIHT A/ RBENLIY A %] IEAL BRI AQP-9 41, 4320 30 Ho X BRZL/INRUIE W IR IR, A 57 HIE £
B RERIZE AN AQP-9 Z1/IN FUR FH L BEVE P45 B9 S Ko a7, HIE LAY s B IS 30 min, AQP-9 £/ Bl 45 T U IS
TESS 20 ng AQP-9 X HR AU RIAE Y A /) R I v S 2 i i AR B K . 203 T F UGS 1.3.7 K, A4 10 /[t
HEEFALFE , BCEF EhZH A, SR FH S Bt S5 SR 03 T 52 7 126 A6 00 ko M ZH ANASE R 2 /N it S 2 28 rp AQP-9 mRNA 3Rk, 4
PEPEICTERN /N RIG DAL AQP-9 B [ (X FRAL IR R ) A Ki-67 2 1 (X WAL BRI F0 AQP-9 41) Rk, T
JAHE 3 ~ T KALFE/N AT HEAT Morris KK E SLH AN 3 41/N SRl 200 E . SR THUGREE 1.3.7 KX
AN AL ZU AQP-9 mRNA FIHE I A A ek i L AO2E S ToGe 12738 L (P >0.05) o BERIZ/INE T UG 45 3 KIS
g 21 AQP-9 mRNA FIHE H X 2kt B T FHUGEE 1.7 K (P <0.05) BN T HUS S 1 RE5 7
KIS 212 AQP-9 mRNA FIAE A Rk B LB 28 S e A B (P >0.05) s THUS S 1.3.7 K, BERIZL /)
B L ZH 2 rh AQP-O mRNA FIHE [ H AR X Rk it i 35 3 T X BRZH (P <0.05) o XFHRZH/NR T HUS S5 1.3.7 Kifg 4
U Ki-67 F PN RIK B AR R G022 8 (P > 0. 05 ) s BRI RN AQP-9 2/ ()T HIUR 26 7 Kt ig Hh 2041
Ki-67 3 FUARX Rk B85 T HUREE 1.3 K(P<0.05) BB A1 AQP-9 /N TilJa 55 1.3 Kt &4 41
Ki-67 25 AN Fak it AR 22 R LG (P >0.05) s T HURS 1.3.7 K BRI/ U S 4 U Ki-67 B AT
RN E R TAIRAL(P <0.05) ,AQP-9 41/l iy S LA Hp Ki-67 £ [ AR ik B 1 35 o T X IRAL AL B 41 (P <
0.05) o THUGES 3 ~7 K, % HRZH A AQP-9 41/ Morris 7K 2K 7 5 56k ik VS AR 101 1 38 e 4 Je (P < 0. 05 ) , TR HRL 24 /)N
B Morris 7K 2R B S5 6 BETE AR JC R F AR AL (P >0.05) s FHUS S 3.4.5 K, 3 417Vl Morris 7K Rk 7 552 56 1k ik 78 AR 30
HAE RIS (P >0.05) 5 THURHS 6.7 K, BRI 20 /) B, Morris 7K 2k B 55 56 06 38 185 AR 309 M08 25 1 77 0 IR 201
(P<0.05) ; THUSH 6 K, AQP-9 41 5Xf BEZH /N L Morris 7K i B 5255 M6V PRI LU A0 22 57 TE e 112 2 SL(P >0.05) ;
THUSEE T I, AQP-9 2/l Morris /K 2k 5 5256k i vER (R ) dnt 8 8 T2 (P <0.05) o #5ig HIE /]y [ A
AQP-9 ik F i, SMEME AQP-9 3 ] LAk HIE /N U 25 18] 27 > 142 RE Iy, HEAL T AT fE 55 A E AQP-9 4 i fie ifF
Ki-67 kA K.

KA BRSEERIE AR 5 KA A -9 5 1 B s Ki-67 55 2] L IZRE T
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Role of aquaporin-9 in cognitive dysfunction of neonatal mice with hypoxic-ischemic encephalopathy
BA Qinghua

( Department of Neurology ,People’s Hospital of Henan University of Chinese Medicine ,People's Hospital of Zhengzhou , Zhengzhou
450000, Henan Province , China)

Abstract: Objective To investigate the role and mechanism of aquaporin-9 (AQP-9) in cognitive dysfunction of
neonatal mice with hypoxic-ischemic encephalopathy ( HIE). Methods Ninety Kunming neonatal mice were randomly divided
into control group,model group and AQP-9 group,with 30 mice in each group. The mice in the control group were fed normally,
and the HIE model was not established. The mice in the model group and the AQP-9 group were used to establish HIE model by
closing common carotid artery with electrocoagulation. Thirty minutes after the successful modeling, the mice in the AQP-9
group were given a single intraperitoneal injection with 20 g AQP-9 for intervention,and the mice in the control group and the
model group were intraperitoneally injected with the same amount of normal saline. On the first, third and seventh day after the
intervention, 10 mice in each group were sacrificed by cervical dislocation,and the hippocampus were collected. The expression
of AQP-9 mRNA in hippocampus of mice in the control group and model group was detected by reverse transcription polymerase

chain reaction,and the expressions of AQP-9 protein ( control group and model group) and Ki-67 protein ( control group,model
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group and AQP-9 group) in hippocampus of mice were detected by immunofluorescence method. Before killing the mice, the
spatial learning and memory ability of mice in the three groups was evaluated by the Morris water maze test from the third to
seventh day after the intervention. Results There was no significant difference in the relative expressions of AQP-9 mRNA
and protein in hippocampus of mice in the control group on the first, third and seventh day after the intervention (P >0.05).
The relative expressions of AQP-9 mRNA and protein in hippocampus of mice in the model group on the third day was
significantly higher than those on the first and seventh day after the intervention ( P < 0. 05). There was no significant
difference in the relative expressions of AQP-9 mRNA and protein in hippocampus of mice in the model group on the first day
and the seventh day after intervention (P >0.05). On the first, third and seventh day after the intervention, the relative expres-
sions of AQP-9 mRNA and protein in hippocampus of mice in the model group were significantly higher than those in the con-
trol group (P <0.05). There was no significant difference in the relative expression of Ki-67 protein in hippocampus of mice in
the control group on the first,third and seventh day after intervention (P >0.05). The relative expression of Ki-67 protein in
hippocampus of mice in the model group and AQP-9 group on the seventh day after intervention was significantly higher than
that on the first and third day after intervention ( P <0.05). There was no significant difference in the relative expression of
Ki-67 protein in hippocampus of mice in the model group and AQP-9 group on the first and third day after intervention (P >
0.05). On the first, third and seventh day after the intervention, the relative expression of Ki-67 protein in hippocampus of
mice in the model group was significantly higher than that in the control group (P <0.05) ,and the relative expression of Ki-67
protein in hippocampus of mice in the AQP-9 group was significantly higher than that in the control group and model group
(P <0.05). From the third day to the seventh day after the intervention,the escape latency of Morris water maze test of mice
in the control group and AQP-9 group decreased gradually (P <0.05) ,but there was no significant change in the escape latency
of Morris water maze test of mice in the model group (P >0.05). On the third,fourth and fifth day after the intervention,there
was no significant difference in the escape latency of Morris water maze test of mice among the three groups (P >0.05). On
the sixth and seventh day after the intervention,the escape latency of Morris water maze test of mice in the model group was
significantly longer than that in the control group (P <0.05). There was no significant difference in the escape latency of Morris
water maze test of mice between the AQP-9 group and the control group on the sixth day after the intervention (P >0.05). The
escape latency of Morris water maze test of mice in the AQP-9 group was significantly shorter than that in the model group on
the seventh day after the intervention (P <0.05). Conclusion The expression of AQP-9 is up-regulated in the hippocampus
of HIE mice. Exogenous AQP-9 protein can improve the spatial learning and memory ability of HIE mice,and the mechanism
may be related to exogenous AQP-9 protein promoting the expression of Ki-67.
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1.2 FERAFMME 5T AQPO Hl Ki-67 £yl
Pk A 22 Sigma 24w, e 9Ot &0 A L
N2 EYIBECA PR A A, AL AQPO g A 116
R AR BRA 7], AQP-9 I H il -3 -BE R it
& B ( glyceraldehyde-3-phosphate
GAPDH) 5111 A 3¢ [ Sigma 2% &, AW R ARICHY
FHRRIEIRE A GBS W 5E L (polymerase
chain reaction, PCR) A5G & B i3 = K4E
PIHARA R AT . PCR 734U A £ [ ABL 24 #,
WD-9413C BUBEC AL 53 B ZR G0 A AL s 78— £ )
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FHICA LA ], Champ Chemi™ Top 610 4: [ 3 fL2%
RIS HE A VG % A AR A R A A
CR22GII 5 # &5 .0 WL B H 4 H 572 #], Etho -
Vision XT 7. 0 7 N 1% R E RS W A fi7 2= Noldus
ol

1.3 ZBAE

1.3.1 SEIG4y¢E7F0 HIE 8% & 90 HEW
/INERBERL 3 A %t REZH AR 20 T AQP-9 40, 4 30
Ho XfRZH/INROE SR, A Sy HIE fA, BAl
A1 AQP-9 41/ S I NEMETH 25 438 (9 )5
Fagdt HIE /)N BRSETRY 4570 ) 48 7 1% - 5 o8 I AR
B R AT S E ) 1, A3 B A ISR Bl K, R FH re e
BAG BRI, BRSSO 1 RS sh a7
37 CHMAM AN, BA TR 5% CO, AR,
WA EBU RO S 8% ,1.5 h IS BUH , % 8] 1 L%
RIS . @A KT E 30 min, AQP-9 41/ %5
THEE YT 20 pg AQP-9 HEAT T 5T, X HEZH il
BT 2 /) RIS s S 45 1) A R K

1.3.2 FALEH SR TTHEH1.3.7 X, 45
IIEEL 10 H/NERSHEBLF AL SE , B9 T /N Bk B ) 57
RIFEVK A, o Bt U i S8 brid)s + - 70 °C
VAR o BRI BEHLIE I S H/INR 1 S 24
LU AW R AT s A o5 5 RN
M50 2 4, — T4 RNA, 75—y H
F Western blotting £

1.3.3 ®R#Z PCR ZE®M/NREZHLZHRAQPI
mRNA RiE O BE L RIS 41 /N BRI T 41 20, R
FH TRIzol ¥: 2B RNA, DL ECH (19 4 RNA Ay 8
M, 2R FH % S50 & B i eDNA | SR J5 £ 47 PCR,
F 24295 °C 30 5395 C 5 5,60 C 30 s, M3} 40
AMEER, LIGAPDH N2, AQP9 L5197 51
5'-GCAGTAGCCATGTACAG-3', Fiit 5| ¥ %51 K 5'-
TGACCATGACCATGAC-3"; GAPDH |81 #1551 Jy
5'-ACCATAGCCATGGACATAG-3', Fiiz &l 41 51
5'-GTTACCATAGCCATGACA-3', ¥4 ¥ 14 p= iy vk 17
BB WREE IS HL K , I FH B I E1AE 3 AT 2R Ge A 4 iy
FR AR, 2R 2 724 323155 AQP-9 mRNA fi A1 %
Fikit, LIELE 3 W BIE,

1.3.4 REREZFRINRIEIHAL T AQPI fn
Ki-67 EARIE BUNRIGLL441,40 g - L7 ZH
FHEE [ /K e BB R BRI R A
WAL IR S o JEAY A D) R K U kAT
REEI S PR E R ARBUT B 5% 11 = 1l B
P15 im AQP-9 (xf BE 21 FAsE AU 21 ) 1 Ki-67 (i B4

B4 F AQPO 4 ) it/ Bl — Pt (i 1 ¢
1.000) ,4 CHEHE LK ; BERREh 2 v s WIH VE 3 Ik,
BRI S ming BRI A ALY bRac B LSBT
PLOREE 1 £ 500) , = RMFE 1 h;4',6- pRIHE-2-0%
FENG| WL 8, 15 min, A Tris 22 pP3h 7 PEES min;
B R, VOB T METHIM . AQP9 Ki-67H H
PHE 2 38 R 40 B o 25 21 €6, 40 i A% 45 5 €6, Merged
i 2 e fmt B, N Image-Pro Plus K553t
AR AT R OB RE A, IO RE (2 AQP-9 F1I
Ki-67 & H AR Rk &

1.3.5 Morris 7K 5 L1646 /s R =5 18] 2 311212
BES THUSH 3 ~7 RAFL/NEHET#HAT Morris 7K
PEM, K 3 /N BN 4 AR RECAIK
JER/ N LAV Bir B ] CF- 5 8 T4 3 2R, %
FKAf57 2 em) , 1 F EthoVision XT 7.0 17 A544% R 4E
RGCR/INR 60 s PC L5 T B 8] (96 3k Ve AR
L DI | i = NE:L I I TN N = =2 TR VAN
(LTI

1.4 ZEitZEsb3E W SPSS 19. 0 B 47 5 4is
Gttt THEVORIAIE £ R 2E (& £5) TR,
Z2 20 8] Pl AR TS R R 25 4304, PR LR T ¢
Kige, P <0.05 HESAHGITFE L,

2 #R

2.1 WRAMKBANREBEDHLAF AQPI
mRNARIALLE 4PRIE 1, THUESH 1.3.7 K
Xt B/ U S 21 AQP-9 mRNA A X 23k i
FUE S G2 R (P >0.05) o B4/
BURH 3 K 2 2 rf AQP-9 mRNA AR 3% 3k
BERESTTHES 1.7 K, ZRARITEEX
(P<0.05) ;BRI /N T RS S 1 RE% 7 Rt
g U AQP-9 mRNA AN 254 5 HE % 5
Gt X (P>0.05), TR 1.3.7 K, H7
A/ S 1T AQP-9 mRNA AR 3%k it i 2

TR R, 22 A A (P <0.05)

x1 WRAFERA/NRIGEHLA R AQP-9 mRNA #H 3]

RIZEBLLR

Tab.1 Comparison of relative expression level of AQP-9

mRNA in hippocampus of mice between the control group

and model group (x x5)
AQP-9 mRNA x5k it

eR] F P

W TR @ik mix

Xof HE AL 5 0.65+0.08 0.67+0.10 0.66+0.07 0.070 0.932

PR 5 1.25+0.08 2.54+£0.23* 1.56+0.21 65.779 0.000

¢ 11.859 16.673 39.396

P 0.000 0.000 0.000

55 1.7 RILE"P <0.05,
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2.2 MRAMKRBANREDHAAR AQPI EH
EXFAELE APRILK LRk 2, THUEH 1.
3.7 RAFHEA /N R S 2R AQP-9 3 HAHRT Rk
i HBZE R G AR X (P >0.05) o BERIZ /]
THURS 3 Kt SH A AQP-9 3 M X %Kik
BEFEFSTTHES 1.7 R, ZRARITHEX
(P <0.05) ;BRI /N HUS 2 1 R5% 7 Kt
i hZH T AQP-9 3 AR ikt [ 22 7 L4
HFEX(P>0.05), THUSH 1.3.7 K, BAH
NS R AQP9 TR H A X RIS B B R T
XA, 2 A iR (P <0.05)

AQP-9 DAPI Merged

- .. .
B ..

E1 FHEE 3 RNBAFMEIEA/NRFIHLA S AQPI
BERFIE(REBERIALEE, x200)
Fig. 1

Expression of AQP-9 protein in hippocampus of
mice in the control group and model group on the third day
after intervention (immunofluorescence staining, x200)
x2 WMREAFMERANRESHR D AQPI FEHMEI R
KELE

Tab.2 Comparison of relative expression level of AQP-9

protein in hippocampus of mice between the control group

and the model group (xxs)

g AQPY M Fik P
BN 3K FTR

XA 5 785.26+101.23  780.26+124.31*  783.33+118.94 0.002 0.998

FRIAL 5 104231 £185.36 1424.35+201.34° 1124.36£214.35 5.021 0.026

t 2.12 6.087 3.111

P 0.035 0.001 0.021

V5 1.7 RILECP <0.05,

2.3 HRAKBAM AQPY A/NRBELHA

Ki-67 ERHEMRIEZELLER 4R IK 2 Mk 3,
xR/ HUS SR 1.3.7 Kifg A2 Ki67 i
HAIRS Fk i A 22 7 G i 22 i (P >0.05)
BRI AN AQP-9 2/ B TS 268 7 K ifg 41 41
K67 HAMMRRE R E ST TGS 1.3
K, ZFAGIH AR (P <0.05) ; THURE 1.3.7
KT/ B S A AU p Ki-67 8 AR Xk i
B R T XA, AQP9 £/ iy T 41 21 Ki-67 &

FURAS 5 W 25 v T IR R B 2H , 22 S 3 A 458
HAR(P <0.05)

Ki-67 DAPI

Xif R

AQP-941

B2 FTHEHETRXIRAEREF AQPI H/NRiFEAH
Lk Ki-67 EARIE(RBRALRE, x200)

Fig.2 Expression of Ki-67 protein in hippocampus of mice in
the control group, model group and AQP-9 group on the 7"
day after intervention (immunofluorescence staining, x 200)
F3 ITHRAEBAF AQPIY H/NRIEEHA S Ki-67 F

BENRASLE

Tab.3 Comparison of relative expression level of Ki-67

protein in hippocampus of mice among the control group,

model group and AQP-9 group (xx5s)

Eibl] n Ko7 F p
EADN HIK BIK

papitil 5 469.32£85.26  485.36+100.02  524.33£115.32  0.393  0.684

(LSl 5 512.36+71.33%  569.32£63.35%  680.21 £86.54%> 4.403  0.026

AQP9 4 5 639.21 £96.54%  685.36 £84.39%  836.25 £96.32*> 6.386  0.013

F 3.957 6.087 12.149

P 0.041 0.009 0.001

T X R R P <0.05; 5545 1.3 Kt B P <0.05; 51
UL P <0.05,

2.4 XTERZE . IEBIZAFN AQP-9 AR Morris 7k %
EXOkEEE AL AR ILFKR 4, THUSS 3 ~
7 RN HRZH AN AQP-O ZH /MR Morris 7K 74 5 52 55 36
WET R 25 22 W 4 48 (P < 0..05) T AR L 2 /)N B
Morris 7K 2K £ 52 55 ¥k 38F ¥ 4K 0 Jc B % A2 4k (P>
0.05) , FHGE 3.4.5 K,3 41/ Bl Morris 7K 2K B
g Wk R R I LB = R RS I R L (P>
0.05) ; THU5 45 6.7 K, LA /MR Morris 7K 2k
B SR HE R B E K T IR, 22 A Se it
B (P<0.05), THIUSH 6 X,AQP9 4] 55X} it
ZH/N B Morris 7K By 5 56 96 BV R L35 22 5 040
TR (P >0.05) s THUE5 7 K, AQP-9 2/ id
Morris 7K 2K B S 56 16 3k v AR 0] S 35 0 TR AU 2, 22
SAGIFEX(P<0.05),
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x4 XRAERBAT AQP-9 H/N R Morris ki F LI pkigd i A HA LL &L

Tab.4 Comparison of the escape latency in Morris water maze test of mice among the control group,model group and AQP-9

group (x%£s)

] . RS R/ s " P
$3 K 4R 85K 6K EPS

X HE 2 10 45.23 +9.32 42.30 +6.38 36.02 £7.03 33.28 +4.39 25.39 £6.12 10.265 0.009

HERIZ] 10 46.25 +5.36 45.26 +7.14 42.36 +11.52 44.39 +8.07° 43.25 +6.27* 0.201 0.681

AQP9 #H 10 45.02 +10.00 43.29 +£8.17 38.69 +£13.07 36.32 £9.01 31.52+5.01" 6.352 0.039

F 0.536 0.496 2.025 4.021 7.021

P 0.680 0.821 0.102 0.038 0.008

T X R H A P <0.05 5 S5 EI4H A" P <0. 05,
3 g

HIE 23R LT MR A M 2 R G0 Jm it 1
SRR ITAEA, B S T H R (9 % i HIE LAY
TR R L (H HIE LA A7 7 A R RE i
ZRGE)GBE , 4 LR R RE FE v st E I 7
U HIE RARHLEI R 2%, e — 230 SR &K
(g B0 AR PR A, PR, BB S 80K 2R L HIE 1%
FEHLHD A HIE 1) {55% R 2 A EEE

2 3] FINCAZ 2 N2 LA A 77 S W Bt 2 1 25 2%
M2 A BRIE Sh , i B AR 2 P EUR S I AL 40 7 ,
ERMGI 2 A2 I B, 1 T A 3 K O A2 Y
TEREFE AN E M 2 Th Rk, 5 2% > RCAZ D g 25 1A
F0 0 AQPO I AEAE T UM |, R HAT A2 K
AT P S AN A 3 R T B K i E B
AQP-9 7EMNZ 250 14 3 A F R 2 5K P A ik
AR, X P K G2 0 A6 PR A A
FIN7 . B BE ST & B, HIE /) RS 30
60 .90 .120 min, TRM-2HZH A AQP-9 mRNA F17E H )
FF Ik B R T IE /N R 3278 AQP-9 A RETE
HIE {54 K R R IE R EAE R . AT 4s R W
L, THURS 1.3.7 K, BN /N RO 54 4
AQP-9 mRNA FIZE [ %) 2 1k i 18 35 w5 T % I
AR/ T BS54 3 KA Sy 41 41 AQP-9
mRNA FIE AN Rk B8 T TG 1.7
K, AR AQP-9 7 HIE /)N RURF S 414U p ik i,
H. AQP-9 [ 33k 1] A I ] 7, AQP-9 1 g 5 /N il
HIE [ %A R AT 5o /0N RO 30 fok 1t e 4 ] 2 5%
YRR I Na ™ -K ™ -ATP FDIfREREG , 88 s A
(435, B AQP-9 mRNA 43K, T {fi AQP-9
FETVE . AWFSER A Morris 7K 2K B SCH AL 3 41
NI ZS (]2 D02 RE ST, 45 R SR, Bl DS A ]
T, X BEZH T AQP-9 21 /)~ B b b 8k R 309 24 1) S 4
g, MR ZH /)N BR e e R B A DL I S A8 4k T 1
6.7 K, BRIZE /N L Morris 7K 28 7 512 56 1k 38 s IR
W) 4 2 KT B, 4R HIE /N BRUAY 23 ]2 215042

BE 2. THUGE 7 K, AQP9 /)il Morris 7K
A BT S GREVES TR 0 S S TR A A 4R R A R
AQP-9 ] L 3 B3 HIE /) B 25 7] 2% 21 e 12 fiE
J1. HWANG 2" B 58 % B, v BUI B 1 Bk 46
5 min J5#E CAL X I R4H AQP-9 mRNA ik
W R IS B R B, e B U D B
P T E R LA A R B, ELE
AQP-9 7K 13k AT B 1Tt

Ki-67 4 M358 i A R MR S . E st
BFFE % B, HIE 3726 /N BUR 420 b Ki-67 23k K
WS e , 77 Sk L e 40 4547 2 AR A0 o 28 4 L 3
ABFREE R R, THUSE 1.3.7 K, BRI/
T2l 4 h Ki-67 5 [ 753k % @ T Xt B4, AQP9
ZH/INBRE L4 Ki-67 25 7505 1 3 i To0 IR 4L
FIRE TR A, 3278 M I E AQP-9 2 11 ] Al i I 3
Ki-67 5 [ 323K 1M 75 S 2 A0 iU 34 5, M TTT B3 HIE
/IR ZS ]2 ST 0L g

£z B R, AQP-9 7 HIE /)l Th 41 41 33k
i, B A I R A AQP-9 T REIE 1 42
P Ki-67 25 [ 19 72 1 T 375 5 bl 25 200 I 084 3, TG ek
/NI ZS )2 S0 RE ST o AR MAREAR 2
Ak, AR BAMEPE AQP-9 T REE 1 fL ¥ Ki67 K
[ 7 34 T 75 2 200 i 1 9, LR B EG LA g L
5 A ASHFFER I T W T 4Uh AQP9 [k,
AT A B J2 R L5 X AQP-9 (152 3% , Tij ik
T DX S I RE 55 YA O 5 3 26 07 T A 1% T 015
B — B

S 3k

[1] MASSARO A N,WU Y W,BAMMLER T K, et al. Plasma biomar-
kers of brain injury in neonatal hypoxic-ischemic encephalopathy
[J].J Pediatr,2018 ,194(1) :67-75.

[2] YILDIZ E P,EKICI B, TATLI B. Neonatal hypoxic ischemic en-
cephalopathy : an update on disease pathogenesis and treatment
[J]. Expert Rev Neurother 2017 ,17(5) :449-459.

[3] GOREN B,CAKIR A,OCALAN B, et al. Long-term cognitive effects
of uridine treatment in a neonatal rat model of hypoxic-ischemic
encephalopathy[ J]. Brain Res,2017,1659(1) ;81-87.

(4] BB, T RS, 200, 45 KT AE Lt i i 0NE s 1 BT 52



57 4 B RAE K3 P -9 i e S R L A MR B 2 /) B A R S RE R+ )/ - 611 -

SERELT]. IS AE Y S 2 3k g, 2018 ,18(3) :585-587. ¢lial activation and hypothermia [ J ]. Nanomedicine, 2017, 13
CAO Y Y,WAN Y X,LI Y,et al. The research progress of neonatal (7) :2359-2369.

hypoxic-ischemic encephalopathy[ J]. Prog Mod Biomed ,2018,18 [13] WANG Y Z,HAN S,HAN R Q,et al. Propofol-induced downregulation
(3) :585-587. of NR2B membrane translocation in hippocampus and spatial

[5] BADAUT J. Aquaglyceroporin 9 in brain pathologies[ J]. Neuro- memory deficits of neonatal mice[ J]. Brain Behav,2017,7(7) :
science ,2010,168(4) :1047-1057. e00734.

[6] CALAMITA G, PERRET J, DELPORTE C. Aquaglyceroporins: (14] T2, 2200 Bk LBk S BR  E f59 04 s BRI & s AL i A 55
drug targets for metabolic diseases[ J]. Front physiol ,2018,9(1) : BRI, 2 BE2Episrdik ,2019,36(2) :194-197.

851-859. WANG X,JIANG H. Research progress in etiology and pathogenesis

[7] LAFORENZA U,BOTTINO C,GASTALDI G. Mammalian aquag- of neonatal hypoxic ischemic encephalopathy[ J]. J Xinxiang Med
lyceroporin function in metabolism[ J]. Biochim Biophysica Acta, Univ,2019,36 (2) :194-197.

2016,1858(1) :1-11. [15] ZHAO Z H,ZHENG G, WANG T, et al. Low-level gestational

(8] HIEM, FWr, Bom, 25 K@ TEE E-9 78 /)N Bk B 4= Gk i lead exposure alters dendritic spine plasticity in the hippocampus
R I 4L G ek R [T ] s ARSI AR Ak, 2013 ,30 and reduces learning and memory in rats[ J]. Sci Rep,2018,8
(9) :1851-1852. (1):3533.

TIAN P C,WANG H L,LUO Q,et al. Expression and significance [16] HAN X J,HUANG Q,LIU L,et al. Changes in the expression of
of aquaporin-9 in brain tissues of mice with hypoxic-ischemic en- AQP4 and AQP9 in the hippocampus following eclampsia-like
cephalopathy[ J]. Chin J Exp Surg,2013,30(9) ;1851-1852. seizure[ J]. Int J Mol Sci,2018,19(1) :300.

[9] JIW Y,WANG J,XU J,et al. Lack of aquaporin 9 reduces brain [17] SULYOK E,VAJDA Z,DOCZI T,et al. Aquaporins and the cen-
angiogenesis and exaggerates neuronal loss in the hippocampus fol- tral nervous system[ J]. Acta Neurochir ( Wien) ,2004,146 (9) .
lowing intracranial hemorrhage in mice[ J]. J Mol Neurosci,2017 , 955-960.
61(3):351-358. [18] HWANG I K,YOO K Y,LI H,et al. Aquaporin 9 changes in py-

[10] CHEN H Y,IINUMA M,ONOZUKA M, et al. Chewing maintains ramidal cells before and is expressed in astrocytes after delayed

hippocampus-dependent cognitive function [ J]. Int J Med Sci, neuronal death in the ischemic hippocampal CAl region of the
2015,12(6) :502-509. gerbil[ J]. J Neurosci Res,2007,85(11) :2470-2479.
[11] BRSR, B0A, 225, 45 AQPY 78 APP/PSI XUk Jt [N/ Rty [19]  EHE, FfR, FKHE, % NEP1-40 Ao B4 ik i 4 M B A=
PR LT ]. FREERI R 2241, 2017,42(1) :120-124. B Wint f35-5-300 (8% B 1 B 1 9804 4 R L0 ] 5 P R 12 245 2
LU W T,HUANG J,LI Y, et al. Changes in expression of Aqua- ,2017,21(5) :14.
porin-9 in the hippocampus of APP/PS1 double transgenic mouse WANG H,WANG J C, WANG Y X, et al. Role of NEP140 in
model of Alzheimer’s disease [ J].J Chongqing Med Univ,2017 , regulation of Wnt signaling pathway and regeneration of neonatal
42(1):120-124. cells in neonatal rats with hypoxic-ischemic encephalopathy[ J]. J
[12] NEMETH C L,DRUMMOND G T,MISHRA M K, et al. Uptake of Pract Clin Med ,2017 ,21(5) :14.
dendrimer-drug by different cell types in the hippocampus after (AXRE:£2EBB8)

hypoxic-ischemic insult in neonatal mice : effects of injury, micro-

(T2 EXRFMN2022 FAEITEE

(#r % B FEF4R) (Journal of Xinxiang Medical University) €] F] T 1984 4F , 247 9 EF R £ 4 £ 5 B NIr AT LT %
SMEFF AP B RAREE L B R T ISSN 1004-7239, B M e — % 4 th 5 .CN 41-1186/R., HA AT, A5 A
M, R 16 FA,BH 100 R, ARZAFREE FHERE BRARAMFALEM TR AT AL BEREFRA .
Yo AT RAG T B A SF EAARAT ZF A, B TR A RAAAL B R R AR L

AT A BAER LA RIAF (F BAEAESHA) P BRI R P B SR SRR T — BB
RCCSE B Azw 2 KRB (A), B AP B AR (GLEM) &b R HIEE) (7 7 BB FHHFIE)  EFB(FEL
WY EBR(LA AR E) LB (AL T AHKIEE) (Global Health) (¥ B % KMAXH)(FPEESIH)(PEHEX
)5 B AR R R AR AR E AR R R L ANAWE AL F LR AR ER, ER G 4o
2RI N ARIAR R, R E N INE S TAES SRR EAS . kI 7 KIT P AT AR SR B 3T 1, o E AKX 51 36-145 , A 2
FEAH10.00 5T, 44 120.00 7T %8R T B3 5 T A4 K R B % B F IR FIRSB B30, oF B 4 #5:453003, & 45
0373-3029086 , 4% A :0373-3831371 , 4 4t ; www. xxyxyxb. com, E-mail ; xxyxyxb@ 163. com,,

A FI R EEF



