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Research Progress of the Effect of Hypoxia Environment on

Neuroplasticity and Cognitive Dysfunction
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Abstract: Cognitive functions include learning, memory, attention, and reaction abilities. Learning and
memory abilities are easily damaged under low oxygen conditions. Neurons are basic working units for trans—
mission of various signals, and synapses are critical parts in signal transmission. If neuroplasticity is im—
paired, the integrity and accuracy of neuronal information transmission will be affected, thereby affecting
cognitive function. In various low oxygen environments, the production and accumulation of hypoxia—in—
ducible factor 1 (HIF-1) and reactive oxygen species (ROS), and the abnormality of apoptosis—related fac—
tors, tau proteins and amyloid B—protein (AB), can all cause damage to the cerebral cortex and hippocampus,
affecting neural plasticity and leading to learning and memory impairments. Currently, the mechanism of low
oxygen —induced learning and memory impairment is not yet clear. Herein, the research progress in the
mechanism of hypoxia—induced learning and memory impairments and the impact of low oxygen on neural
plasticity are reviewed, so as to reveal the possible influencing factors of hypoxia—induced learning and
memory dysfunction and provide new ideas for related research.
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SRR AT 1 T G R S R A
CE LD RTERG ) QL A i E S WL 2N S el v
AR AT AT 43y JRAGEHEIC I A A
12, P RIRHOAZ 5T 2 18] 1 PR B R % )
AR, R ICAZ 5 0 N A R85 B 8 5 ik ik
RIHANL B YIADC I RERRR 2 AV
W ) e i LA RER 2 —, AR R o B
15%~16% (14K 2 000~2 700 m A48 & )i,
R 51 Z NI RERRRT 2, AR, 75 11%
HIRE S5 T, SD (Sprague—Dawley) K %) & A
1C12 A BRCAC A I CAZ 3 B0 T B S 45 450
[, Zhang SRR AT ST A& U, A8 ] R PEAR A 2
it SD KRB i AZ D RE, [HX R A5t 25
TEEBMRESRM R RB 2 . 5350, AT
K, AR AL B AT DL AR AR S 5% A T SD R
T 24— AL A (NO) T 1 A (reactive oxygen
species, ROS)FIE BT kY (lipid peroxide, LPO)
BRI, AT B AR S 5 R 1) 2 ) A2 B i
P2 AV BRI P, i Ul IR AR | L A o 22
PO AN iS5 F S S AR B A D A 5

P2 ] ¥ (neuroplasticity) H Richard J. Da—
vidson T 1992 -2 1, JEFRANHUCAE HEE A MITIGE
HIRE Ty, FLA5HmT S AT se v] ¥ T A 4l B
SRR HIE S 5 ORI DR AR R BT e i
LS By A2 AL s J5 7 MR T sl el 2B, A
B~ PR Gt Rt 2 S5 AR it
. HAl, TEfaR g aillrh, BT a5tg vk sz ny
IRPERBITE AT, T U T sy ] 4, K
AR s S R i I PR S il BB, 58
fil T SR 0 LR AT Z2 R AN 5 i b R
[ 283 o A3 28 Ak, 200 X A 28 S5 1 S vz
BORIAEA . 1893 4, Eugenio Tanzi B X i
THRRRE o ) S G, MZ TTIE P Y E A T )
SxpeAe s, INIMaRAL 2 1Y% 4%, 32 Rk
B &, H22 A Ernesto Lugaro 4 7] ¥4 3X — R
TN E) T Tanzi B BCAE 9-5 52 BERAHSC Y 28 fil 28
A, FEREIN T 5 fih A 128 ) Al S M B R R AR, 31X
IR T TG ARG E SIS b ] SR AR AL 52 >
A Z [A] I AR B BRI FEAR R,

RIS T, M nl it o 81k, A
o R B, B N AR 2 T B AR SD R i T
CA3 X [HZfh % (synapsin, SYN)ZRIA /DY, Zhang
SEWIBIF IR, A8 P R] BT B4R 980 1 SYN
FIREM4ZE R B TS CA3 X A5 R84k, T %

TN A ICACRE T 1 T Fad SRR I 58
F KR I AT G A, AIFTE B, Hes2 i
B 20~30 H B Wistar KB, H 5D CA3~
CAT DX fih A4 FE At 5 fnh A 36 A2 1) 1 B 2 A
P, 1A S 7K B R HE 38 (long—term potentiation,
LTP) 7 A & W& 0 FRE, IHa N-H % DK
2 R (N-methyl -D —aspartate, NMDA)3Z 14 37 %4
2B (NMDA receptor 2B, NR2B)ZK-F-f i 3 T B A
T3y CA1 XS Al 2 1 BH AR S AR 2, 3
BE AL 5 B Wistar KRBT B AR 50 I3 b 52
PR A A DAz, A, fRAAE0A
HITH RERE A FIA 28 AT SR VEAS A ) BRI 5 AT
AU, DR, RSO LR LA T TR SR R
2 TS DI RERE AT & LR AL LA S AR SR b 28 mT
SRR SZ R GEAT A, LAY Oh 5 SEAH e T $ At
=%,

1 #WERFGRESH

L1 EEFESFEF-1

K2 80% 1Y RE AR Wl 22 TR AE, M4t
TG BT RE ISP A1 AU 78 L AN, AU
FIE AR, e S QT 25k 2F e, Hifs &
A2 B ROS 1R A5 2 U RN B Jo 6 T 26 15
XS H 5 DRE SN, fc s FEAUATCAZ AN
g2, KA 5 B F -1 (hypoxia—indu—
cible factor 1, HIF-1)7F_L iRt R rh 4 T 29
At HIF-1 2 HFTCE i E 2 A A F 508y
T, Bl o WHEAN B WL L1 57 B AA, H
Y HIF- 1o 388 22 00 4801 FH 222 A ) Al S S0 P T
RAEWTVER], AR HASME T, HIF-1o 2B
PoEE2 AL (prolyl hydroxylase, PHD):R3EAL, 2K 1T 4%
Z R - F MK G R, RS R AT T,
o WEESS N B ALY A 16 PR 1Y HIF-1, T2
55 Z TP DR A Sl 10, FEAS RO SR PE T,
HIF-1a BB AR, W 2K [k
AR PSR IR 4R, NI RE 32 5 e 1 A T
IRGE e, FHOCHFFEAGE, SEIRIEIR SD KB
BRI IR U B HIF- 10 . NMDA Z AR
Y 2A (NMDA receptor 2A, NR2A) FI4F & 12 &5 1
RIAZ K AMPA (a—amino—3—-hydroxy—5-methyl —4—
isoxazolepropionic acid)ELIEFA 2 (GluR2)AIFRIE,
[Fi) i 2 PR AR 1 16 I 5 ) 4 11 ) 2 ) (phosphata—
se and tensin homolog, PTEN)H Rk ; A KM T
HIF-1o BY3E A PTEN B 3¢ T PR 0 1 fi4
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ATEAYE, TSR BCA R B0 PRERES o0 24 )
ICIZIIRER I,

FAWFFE o (AP IR A 2 (o B A /N B i
I CA1 XM 228 flh 1Y) NMDA Z R %35 i,
LTP 355, [RIEHEA 2221012 RE S R I, (HAE%
THEAIRIT 5 X RS BN E A T HIF-1a
BRI 25T (HIF-1a")/N Y NMDA 32 AR 1K
A T, LTP 1IE%, H2%30101288 i i thot:
AR, XHIR HIF-1a 35 7 #h2a] SR R
¥, I XA 5 HIF-1a 4 S 002 ALV 07
N e 53 R R HIF-1a PTAEHELL NADPH 4
TR A 3 1 AR R R B, I 7 2R K& 19 ROS,
1M1 J5 3 T 5 e i e 20 K A S A N SR N, I
& NMDA 3Z/&# 1 (NMDA receptor 1, NR1)fYJ
Fik, FEIXLERRVERR, P nT S8R Z 40,
M-S 8028 (BRI BERTFT . ROS M REASAE HE AR 5
&, R EIRITIEE R, FALHIBRR N A
TEHIE”, FEFERE ROS W@ HAFHA
WA PR HE IS S T S R 22 T R TR T, A
240 T8, 55 48, ROS %4 A ik
S| EE LA R P 223 ST AT S R 1 2k B Rk, AT
R TEE RN, 500 LTP; [Rl, #A 2R IY
G NMDA Z 25 ca® M A, i3 fin iy
ROS %5 H LA Ca XAHEIE tau HIBEIRILIG N,
NS | A RS ) AN Al 2 TT AR 19
1.2 Zehifk

RAAPREE T ki At 43 1 [ B A e 22 ]
SAVERY AR AL, dniE ECME SR T 1R R, KT
LR UK A T AR RIS O, AR
T EERE N, A% e e 5T v 4 O ) A% BRI SR AR
FELTAT PR 55 DO HES) ZE L 22 A JBEAIURE, 58 fil 4544 43
TR, Sl INOR B . S ICRI, KRS R
22O RERG, AT R, TR R R R AR A
T, SD KREUEFBUKRE B U BUL A ZH B 2
WD, I HEER ARG R 4 B 1] (5 4 Dk B ]
(A 3SR i SR A B S o, S R,
T T B S A5 1F R Y SD R B B T 3R 2 A
ZEfih AT YRR AL, e IUAE HE T 52 il A 2R AR T3
B AT AR 2D, B % 38 55 (electron
transport chain, ETC) Y B 1 F1E A A7t R 2 b
FRALE, XEERLRAR AT PEHRRL TR,

WHFREHGE, AR T i ROSZ 5T 8
TEMEE S F (amyloid B—protein, AB)IFE TR
T, I e e AR v, T AR AR D R R Sk

RIIREA 2, 75 ROS BYRIHCT, S Ml 5 I
)85 30 T TR, (AR ARSI Ca2 it B0 Y
BRI A2, T3S WAL Y™ A, T 4E
A DR 1) A A S 257 A ROS, 4T 5304k
REAR B DI [F)R, BEBTH Y Caid 34 AT fih
RERRNEE E SR AE B AR ALIT T, 2L
2R A4 5 HL 57 (mitochondrion membrane potential,
MMP)Jii5t, M TTZE— 2D IR 2R A 5 45129

AN, 18 AR A A R R ik 25 3 30 SD KB
T3 A TR P R # R (M 2T Z PR IR
PITAR, DT [ RELRLAAR S R4, RTINS kA 5
125 (synaptosomal associated protein 25, SNAP-
25) N, T SNAP-25 (533K T fig 5 58 fir f5 Bt
A4 e et i A R T ) 5 s ] BB AR OG, X 4R
TR T 152 IS RRAG h, SRR 518 v
Ko ¥ ph ] SR R AR AL, TR I s T R A
TCHY AN 20,

2 WHZBmRREEZE

2.1 MEMEHEER
DATRET RPN R G E L 2
Jii, FEA 302 S fk T BV rp R FEAE RO John
Olney B YCIERH T 1 3 (4 &R W] 5| & #h 408t
T2, RPN DA PR X SIS T
ARG ROS Kt A ¢, iX 2L ROS 2l
P Car N IREBS N, M — 215 ROS 19772,
gk A AR IR N & TR, ROS i 4%
51 E NG i E AL Bel-2/Bax K& A2 A, 44k 1 fk
R INEMER AR T, A6, MBRMESEZIA
Zhao SEPORIBIFFE AT LIAFEIN S« IR AEUAS 1 T R BB
WA R A I AR 2 B FRELLf 52 m, R, %
A5 | A R 7 T 4 A 3 o s i)
BAEFAVAE RN T RRARZIR. AR AEN, 12
PEMR AR R TR T Y SD K BRI g A f Jo
PREETUAZAN, TIT- R MR B I B (caspase)-3 B3R
IRAIAH M T4 SN, NMDA 2R AMPA Z{KHY
FEIR RN, (IR HLAA 30 B S R A R R A
AN, IRE P20 ROS 255 [ R Ml 45
RERREIE 2212, i i i BN SR S R AL |
PG M5 %) NMDA 211 AMPA 3214, S8
Ca® il Na 3t BETRA, 300 A0 A8 TP 0,
SR, ATP BYAE RIS/, 18 5 ia i A FICa® -
ATPase [ZIRE TR, X L2 i & 55175 T 1055 HE 25
N, EAFZR PR R BEIR, Mooz, M
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-2 T 4 (gamma—aminobutyric acid, GABA)
SR R GE Iz A3 A B A 2 T
2 509% A HX ZE AR L GABA SAish i, HiAZ k43
5 GABAA .GABAB Fll GABAC 3 Fh2iAlsl, A
FEMR, TEARRARAET, KEUES CA3 XY GA-
BA i 2 W FEAR, H GABA FRik/KF-Hy T [
S AR R R BRI S T AR DGR, B 5 (IR R RS
FIFRFLEIELT, KRGS AL E) GABABI Z 1A
kB, IR 2 G ICRE 1 R RE,
B THUA Y T UGS, GABABL Z AR~
Nt B, [FIEHCIZEE Gk &8 P2 (fork—
head box P2, FOXP2)RZ&iA il ¥l i, H2z>Jid
1CHETIAS B, X UL GABA B AZ 1A Yk
s R A 3] G2 R HT o (A BN R,
GABAA ZMHI/KF-Toie FiH sk F &R ez )
AR, 346, GABA M ILAZ ARG I alpsl b xf2¢
TICACIIRERYFE R T REIS 5 K B AB B (K,
RO AB T LIS B AR AEA GABA REFFZTT
Sz G, It HSTENZIREER GABA HERY APP/
PS1 5L R/INERUR AR T AR R,

3 fEEETHEXETF

AT RAEVFZ N T2 5T R A IR
T e, XL 7 EEALHE Bel-2 KR p53 LA
F1 caspase ZM, Hi, Bel-2 S0 AT #7174 g 7
ToRYFERE; pS3 FED AT AR G1 401 s 1A 4 ik PR 41
DNA M5E 8, 76 caspase K, caspase—2.cas—
pase—8 .caspase—9 Fll caspase—10 S 541 I T 1Y
U7, caspase—3 .caspase—6 Fl caspase-7 W =15
ML JH TR BT, DRI R, R R 4
FIEMAITTHT . FEHALH], RITAHFFEIA
iy, ATRE MRS T X OESUR TSI B (X -
linked inhibitor of apoptosis protein, XIAP) (%
il T A W, DT I SR TR PR T,

RIS SO e S R BN, R DR R T
SD R EifEh pS3 FEDFRIX MR T, (HL524514
CLAEH P LAY PS3 A5, AT ORI T e 22 40
ek Hahse. A58 as: TR AT, SD
R SR 22T BUE S r i, IR A AT
AE I B BE  AHER I 8 X BRI R T
M 1% X F-—1 (apoptotic protease—activating factor
1, Apaf-1) \HIF-1a.caspase-3 S&f# caspase—3 .Bax

FAMA R ¢ (cytochrome ¢, eyt o) EK Ik
AN, (AP ¥ (malondialdehyde, MDA) .
FLER M S (lactate dehydrogenase, LDH)F14E fL7E!
45 B H K (oxidized glutathione, GSSG)FA7K -t 3%
i, AHAF B H K (glutathione, GSH)RZKF-FEAKH,

4 Tau ZEBBEMEER

Tau & FJ2 & s I RUE S B, 2
MR E Y, HoOR A S 2 R 28 [
] 22 5 fik B R S AR . AT FIE A 3, AR 4]
755 SD KB tau 8 HE BERERR L, T3 1HEIC1Z
THRE AT IZHETEINN tau HE I BERR AL A0 1S 2
BT Tyr216 BERRALATHEIR G A -38 (glyco—
gen synthase kinase 38, GSK-3B) UL Fl Tyr307
WL AL I 8L FIBE IR 2A (protein phosphatase 2A,
PP2A) ARG, T3 A HGEFE Y, tau 25 11 095 BE R
FRAL 2 5 GSK-38 Fll PP2A 11 AN V- I8 45 A 5
117 HLid FEREIR LAY tau 85 IS TR TP R A
GRS FAFARIIE LI, o BRIk
) tau AU TR ZTTR I TR, 2
A A oA s, g1 SD R BRI
SR BT . MRBTAERIE, tau FHFAY
it BRI A 2x 2R SD K B VRS TTHY AM -
PA SZAR%CE, T2 AMPA 32K 7E 2 il J Ji5
b Bisk R, RIS EINIZNRERLAT . AT, tau
A B A E 2NN N A BITTTRRI,

AB /2 HH V& M FEHT AR & 1 (amyloid precursor
protein, APP)7K%§W5§E, n] i o Z R A FE
MR H IR BA TR E . A
WHFE R B, TEMRASIE T, AB RIBIE A R i,
AB RPN e, LIV E DR N A B 2R T ALY
TR SRR, AB KT RHE I 2 e ik S AN I
KMo Aghsami e . X R Bgh 24 AB &, HAR
AR Z R UV ) (thiobarbituric acid reactive spe—
cies, TBARS)Z/K V- T, 5 1ELRAEROS,
IEEA GORL AR I SMES A eyt ¢ BURERL, [F]
I B 0 A O I Ak 0 0 e R AL e T DL
MMP [FACEREAR BEA1, AB FITTRUA 2 3800k 5
LTP 543, DTSN fh a] gl

WFFEHGE, APP BErlE A 5200 B
AALHN (K*—CIn) 3L fe iz B F KCC2/SLC12A5 M H.
YEH, RAES MG GABA RefldI4EH, vl i
5RHAL GABAB 1a Z & (GABAB Rla)l sushi4h
M EE I8 M &, Feis RS AT, 5
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G, G USRI AL 5 R APP A FTVE NG AB-
AB Rla XIS G ELAR, 18757 5 il iy 2 36 A R,
AP, Olajide SECIRIMF TR, AB, ., PT 1L [F] Y
BOE A H NR2A A1 NR2B (9 NMDA “Z A& A HLiH,
PAIR IR R 2 A R R e AL i3, X UL AB 7T
DL i 5 25 R AE A GABA BEM 4 T Ia] (40 B
YERISER2E 2T RN .

5 RESRE

g5 BRIk, HRRSASOA I RE R AT A HL ]
WFFE 2 B A R TR S T HIF-1 k85|
Y ROS FHABAA A th B D) B AR R BT 51 & 1Y
AL LA Y 1 238 ot B LS ARTEAR ST Y22
b AREAIE K R 2 A A T LK taw EHEFI AB
MRS . RN RS TIREA T g n e
A, i H., ARG R AR D RE RS I AR R A
PR B — R PR SE 2R, T 24 N R 3L [ B
WA, AR 25 6] e o 2R GE B Ak 614 T B o7 ' 240 Ji A
PRI R J22 P 4 TR A A 2 R A Il bt K 4
B RBAER, Long SR - N IR K 2 A&
)25 L2 [R] TE A3 2R G Z AN AR R e J2 SR
BT BT R “GPS” (global position system), FfH.
TEZB)Z R T 5 25 (Rl HAR SC R 4R g s e, []
TR X A B T 57 B AR Sk D7 e 4R i L4
I PO 00 R 2 ML R A o (B TR AR R A
T, RS AR BTS2 B SEE, AEEA AH SR
IE, Pk, PRE bR A0 MR RE RS PR A AR
T T Bl R AR X i S A A8 Ak, B
— P RERA G N Z AR R T35,
TE PV 40428 (activity—regulated cytoske—
leton—associated protein, Arc)TE 24HIHEIA A IEZE ik
AT IRV S FIIA N R I P ) G HE A 9 R, LTP
KB REIIH] long—term depression, LTD){H i H:
AR ZERIL AP s, [, PR AR R AR
ST SR, R T 2D A R R A T
ML B R L xR, A T2
I I RERERHI R AL P REAF R G R 2 HE R
RN R . (B EREE RR B AWITRA, H
B SR BRI o 3000 TN T e i AR AR R A5 %
NI RERIRZ MR LA ARG 25 IR T e HAT GO i

B
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