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FLIRTE BV B o 248 it v 3 2o A SO e i A
i e R (B1©) . A E R (aerobic
glycolysis, AG) j=AFLER, IV 5T 4H M i
WL ia K 1 (glucose transporter 1, GLUT-1) Al
[ 5% R UM R 121K 4 (glucose transporter 4,
GLUT-4) M E4H 4 W o 0% . 7 O R
AAVE T A B B -6-15 R (glucose-6-phosphate,
G-6-P), G-6-P 7E 1 11 ) 2 1 5 ) il R0 AT I 1% 35 it
M2 BUAE T 280 — R8I SO AR LS B PR, R
Ja 1 FL M B & B 5 (lactate dehydrogenase 5,
LDHS) MIfEH T A ELER " fE25 g1 AT 55
wh A SRR, R I DN TR [ LR 1
b, SRR/ NRZS BHEICAE S W3R, (EXTE 2t
SERICICR BB SEm 2 R D o3 A 3R
Dy o X VAR V=21 A N R e D 1 14
Wi M IS, FE OO VR T AR B G-6-P,
G-6-P TEA I G il A A T 280 — R 9 Y e g A
BRI, 25 B AERE R R AL B VR T 28—
FIN RN A LR 1 I R o3 A R L
i o 4 F 25 o] TAE IS 2 3kA5 0 ZH eI i
AR AR SRR IS B ARAT AT L
1.2 FLERMEEIHEIZA M

IR IR 15 HR R AL Sh W A s | — S e
SR a R, MoTFLIR . RBENR DR S IR IR
KA YRER s, NEH 4Rz EA
(MCT1~4) . L3RRz H 1 1 (monocarborxylat
MCT1) F1 53R R ¥ iz & H 4
(monocarborxylat transporter 4, MCT4) 7E 2 ¥ K
P e e MR IL, RRMIKZEN2
(monocarborxylat transporter 2, MCT2) 7 f#£ 0
Tt PRIk U, FLER AT LLE A MCT1 #I MCT4
MELIE I A i P R B A a4, SR Al i MCT2
AR ZITh B R AZ I SRS 24 h A
72 h, 00D H A MCT4, MCT1 ., LRI A i
A (lactate dehydrogenase A, LDHA) HIB )5k
W E L . Suzuki 1 ZERMEICIZ YN R ) K B
g T VRS I SCEE LA A% TR MCT1-ODN 8 MCT4-
ODN. MCT2-ODN, 7354l MCT1. MCT4 1
MCT2 7 By 3Rk, i 1 ZYRICAZ g L R
KT HTE B, 0 MCT1 A MCT4 635 11 h

transporter 1,

(A5 5 T L o T S LR B 4ok, H 2 A ol
MCT2 3B rid R icA i - A RE B ek . 4
MCT1 FIMCT4 KR PAN I, 5 FLRR Ae i i
MCT2 #EAMZTE, Ml MCT2 FLIR A BEZE A
20, X ULHIFLER I AR T XA RIE 43
Eg [4, ISJO
1.3 AEBNHEERERAEIBH~EXZIZH
=AU

BT 28 IR 245 ) 38 o YT T B -l -
(hypothalamic-pituitary-adrenal, HPA) RO 57 i
R, O B I 0T A R R B R 2 A
(glucocorticoid receptor, GR) I & M FL R 19 B
i TEAMIRE SRS, AT GREER Y AIE AL
LM S, 7EIEE & A GR YA IE I 40
HZEKHN (GRS AT LLE 0% GR i 4
MOACAR DG R Ay 2k CELAE IR W i A3 A 1) 2 [
(Pdk4. Sultlal. Map3k6. Nt5c3), %Wz
S (Slc2al. Sgk3) . 4 & MR & W %
(Sle7all) ) HEHM ARV IE I 240 H ) 4] 26 % 09 B B
TR o, SEINFLRR A REEL, ppg Tt
FEEHE, AT AT SR, PR RS ER
FORURE DT AR 2 R S 0y B IC A2 )
Ji2 A

TERIE R i) A G R rh, B B R AT
DM, fEADE R At S AR
FEIE B2 'E FRZAK (B2 receptor, P2AR) iE it
B 8 G Al K 32 K (G protein-coupled
receptors, GPCRs) -FABifZ iR (cyclic adenosine
monophosphate, cAMP) - 45 [ # filf A (protein
kinase A, PKA) il PgIE#EpE 0% =, L I
PR AR P DASE o R 2 s AT Y, R
R Y G o 240 A s e AR PR, R AW R R B
S r 2ok A SRR I A R L o3 e, DT I 2LR
7= o TERBRARMEYI R, R R R M
BT 2 P I 4 i P B2AR & R EGE L2 Y,
I FE RS A A AN 380 55 0 5 LR 5 2 %) 1 fim ]
LAIBE B2AR M FEMEAE ST ICT118551 FriliBR, i ba
FEBE B2AR WY sl AT DLl i ¥ 5 2AR fi i
w81z, MRATHE S BERR LRI ) (1,4-dideoxy-1,4-
imino-D-arabinitol, DAB) | ZLER A9, 22
SR SRR P A R IO R E R . SR E R A
TR AT, A LG T bR B2AR 19/NEL, 48
SRR AT DU A BN B Ey v SRR s AT G
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MCT1. MCT4 f15ZLI2 44 ¢ LDHA Rk I
Ft, I HG D N FLER AN RS SLRR
W, B2AR LI J& AT LA i #4 5 % GPCRs-PKA i
% B 1R b cAMP 2 1 T 7F 45 & B (cAMP
response element-binding protein, CREB) 1#77&JE
BT MCT1 Y FRaE, s E L BN 1/42
)50 Ak 8 P e/ 45 2 T 1o (hypoxia
HIF-10) —JC & &% M #
MCT4 1 LDHA ik >,

2 FLERMZIZHH G —REERY

2.1 EREKRHAME-#HETIREFRZmIZIZ
FURAE I R A= A 2 e, g MCT1 A
MCT4 M\ B I B 5t 40 A P9 R Jc 21 20 Jd Ak, 38 i
MCT2 #EA IR IO, 7l 20 b FL IR i 0 1
(lactate dehydrogenase, LDH1) " fVEH Fi44b N
OB R, 3 A ZRORL IR B AT =R R R R
(tricarboxylic acid cycle, TCA), A bLBEmRfk/=4
32~36 A~ i B % B = B M (adenosine
triphosphate, ATP), MHfiZcitfitags (K1@),
R 35 AL s B8 1) 2 Ol 2 R 1 1 7 % L R A% S e
Laconic 455 300 B U H ARIESE 171N B o
%) BT J5¢ o 240 R R 28 T AFAE FLIR AR E P, i)
JOAZ 38 T S BB R BT, mRNA F% 5% J5 7]
LB R H BT, WAL 300 mRNA (9 G ik 75
BRI 20% (1) ATP, 7ER BRAMEICIZIN% 2 h 5,
Mg o iy B R 3R T N (surface sensing of
translation, SUNSET) ¥/, I mRNA ¥ B %
Hahn, S oA AR FLR , SUNSET Hhn2s
FHAE, P RE LT DA ot i LR P i, X i
FLIRXT T8 & R 5 1 8, TR /& TCA
PEFIRE SIS, LI 1k L2 i S A P T
B2, JT DA S N R R R D) ok pih 22 T de A fE
i, el MCT2 ks oo, 7aRME
oAz, LR RN TR TR R T LA R ) 2L R A RN
MCTI1-ODN, MCT4-ODN 5 £ 4 i 42 I [ #4531
UM AR R, DB ER BT R r AR (R LR
YENRERIRYIIVER & —S0Y . e REICIC RS
R, SRIELRR A I A RS, ANRER
TEST N R BT, X BEWITE UG IC I ARA I ] 2L,
PR AR RE L, [ s AT RBE o 50 {5 53 A

inducible factor-la,

F e, BT DAERMRICAZ hFLIRAE N RE R 143
HE, FLRRAE REIC I AR A AT BE & FEANIA]
AIFER
2.2 FLERS M/ S8R B 40 B it T &2 i g 12
DA (oligodendrocyte, OL) 1] LI&
JSCHERE LA N S RERH AL R 2 A, B ) DL i
FHEE B L HEZ R A PR &, PRt
OL XMz T4y »", OL iy FLIRA PR KR,
o TS5 A L okl D P R SR OW T e 7 A=
HFLIR %23 OL, pH % (pH imaging) 7~k
BRUA) /I AP A4 ) OL 3 ik MCT1 HEERAL AR . 3L
R AT LASCRE OL 1Y & B MRS I I, e 24
HRe B AIEOL T, OL 4 A A% Bt P i 2
B, CHEREEAMEVEFLRRET, IR BERE
MA B, X UEHIFLIR AT LR N RE R N
OL f2fitae s *>, fEh Xt KRG, Hafs A
T B /D B AH 41 Bl (oligodendrocyte progenitor
cells, OPC) HYMEFH , fZor1k i) OL IE il
WERHAE Y, BH 1k 2 20 155 S 09 20 5% JR Joi 40 L i) 48
) | I 17 - e 11 TR VAR VAN IR - B iy =S TR VA
W I o3 i 7 AR 0 FLER W] LA 3 I AR 20 A Bk 5 v
OPC 1% 24 Jfi J&] 199 35 23 1 53 £ AT A B 10K P 5 4
A OV, BORFLRRAA YT ISR A oy T
OL 4 B nJ LA it GLUT-1 WRICHT A0, 176 %
WEEESR 7 AL FLIR . OL b M & oniHAE T 2 FLIR ,
FLIR T LATE OL YR AL Ry N BRIR , 3 128 1 & I
i A, HITRRRTG U™ A RERENG , XA H T8
TERL ™ TERERSIE UG I OL, SRR RERERA
ST R AN AFTG , A AR AR 1
ATP AJ LS OL BUAFTG ), XA id 252 3] OL
[ NMDAR $%1ll, OL " NMDAR 7k I 23 Bl I fi 4
JUHHR B RE G, NMDAR X4l 2 43 2 iR B
RO, AR 3l 58 Ha i Sh A RE B R AR AR,
2398 GLUT-1 75 OL HY3RIK, S i it f e,
K OL A e = R 2LIR2 , FLIRAFid i MCT1 §#%1z
Mo, Mgl ERE O 2 R AE TR
(F13) . fEXA LR MCT1 X T2LER BRI 5 1Y
FREEE, MEFRIEK, MCT1RikbR
2 B I AL PN ERTIE b, OL v MCT1 1Y
Il /b ] B S G I 28R AT PSR h i S A P 2= 4
LAY SN 7 S TR VAR
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Fig.1 Lactate affects memory mechanism
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% . NMDA: N-FIJL-D-RAEM,

3 FEZmiciZH—AER TESEE

31 FIBEREATESER

PIR EAFAE—26 GBI SZAR, RO A
PRI A BE B A QI A H AR B R S R R 2 ]
R, s IR IR (hydroxy-carboxylic
acid, HCA) =2 &, M b e ot % W % 1k 1
(hydroxy-carboxylic acid receptor, HCAR1) J& ¥
R3Z M B, FLRR AT ARy S HCAR1f§ﬁ1
TR U AT R 3B AR g RN i ) R 28
S fiJ JE fﬂﬁiﬁéﬂﬁt)ﬁ?ﬂiﬂ@*ﬂ]ﬂl%ﬂﬁ?ﬁiﬂ@qﬂ@
FAAE, IE AL T B R HCAR M2 HCAlem
TR 0L af A5 ) T R A A o A v Rk

M5 id ik HCARL, 4 oK i i 48 o9 B2 A K 7
(vascular endothelial growth factor, VEGF) Fik#l
MAE . VEGF AT LURIH A A= B, 14 A i ]
DL KA DI AE Y, VEGF 8 REMS AR i b 25 & A=
FZEfhdyag ', VEGF ¥4 al LME#Fic14, VEGF
I AR T L2 o AL T HCART R /D,

By RNz B ﬁi*fziﬂﬁi‘m&ﬁﬂﬁﬂi&ﬁmﬁ%
TR A5 L O 5 5, 38 3 MC T2 fE AR S, i v
VEGF KB FLRE A B IR e LR 3 Yt/ 25 1
[ B (phosphatidylinositol 3 kinase/protein kinase
B, PI3K/Akt) MFSHIE A CilH (protein kinase
C, PKC) R 1L 20 o 415 5 8 77 25 11 i 172
(extracellular signal regulated kinase 1/2, ERK1/2)
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B4 VEGF iy 3kik @ (E1200). Kk, FLE2 A fE
i i HCAR1 2 #F K i VEGF iy 3R 3k , DT 42 i
it
32 FRMEEEATESER
321 FLROELE PR AL

IR L S b 28 A F AR R PR P 22
70l A = = N 1 [ 1 e~ N
(subventricular zone, SVZ) FlE Itk {k 8] i ki
)2 (subgranular zone, SGZ) ', RAFMZ K
REVA 1927 I FICAC R E T 1T, JUH R i AF I ik
RAEI (DG) W KA XS T2 2 T e & 26
L, AT LABGEICAZ IR JE R ZESy e, )
WAy AR 25 (042, R 3E AT 552 2
FLIR AT LAH A 35 0580 A AR 28 507 1 B 5
MM R AW, X AT R KT
MCT ¥/, ML T 40 (neural stem cell, NSC) Hil
L ATIARYf (neural progenitor cell, NPC) f&—
FEAENLAE A FREHT AT ERO AN, 2 E A 2 TRE
MIZIME, BBAM bR AR PR 2 R G AN [A] h Z2 A )2
AR, TEM KT I bk 2 3k AR
F PO AR NI R B ELIR I T AN 520 NPC 1) 21 g 4
B A 22 A0 A S A B3 s (B AE— AR SMIE Y
Hh, LR T BE IE 0 1S BE A 45 R 5 Y ERK1/2
o PI3K/Akt 3 % , 155 SGZ i) NPC ¥4 8 , {H X}
SVZNPC IR o 7 —Wiat s M, FLIRAH
R ERAEME LA, LR T e
NSC 5 95, WA R L NSCHES, Wb B
AEMZTT, FEONHINRESZ . N R A0 B RR
fiff )z 5k 71 25 A [A] ¥ %) (phosphate and tension
homology deleted on chromsometen, PTEN)
PI3K/Akt i 3 1k I 8 MCT1 345 LR AL Kk P4 J2
AL Feis, A A PTEN B8 5 MCT )i
IR FEGURMIRER, RO SZ & A
INAIDIREZ 0 ™ (K12@), &5 Bk, FLER XS pf
2R ARSI A — B Z5 R, X ATRE S FLIRIY
WA RS FE I A O ™ R FLIR S 4
M Z 8] 9 & S AR SCHLHIR L AL 1) 52 i Bk —
AIAIETE
3.2.2  FLERIE i NSENMDARE PE (L E 2 fi T 581
FEP 20 B LR ik sz id 12

FLIER 7] LA ] 422 38 3 NMDAR A975 ¥, 40 o
L-FLRidE i MCT2 ¥z B e oerly, TENHME IR e
W% — #% F 8 (nicotinamide adenine dinucleotide,

NAD") HIFL I UM A1 A i A i 7 e i 22

i M 1 (nicotinamide adenine dinucleotide,
NADH), NADH 3 2 i 40 i ik JsOKF, 33
1 NMDARs-NR2B W. %, 1 5% NMDAR 9 1 14
SR EF AR E

—J5 T, Ca™ 55 455 MR iR
IAL AN, 8 22 OB R I 1T (CaMK 1D, 5[5
EH GluA1 3L AMPA 52 14 [i] 28 fis J5 3278
Sl 5 R AL O, KA RS 9 (long-term
potentiation, LTP) [y~ % LTP HHK I FE 4]
(long-term depression, LTD) &% filin] #8142 1Y
PRZEHLE 2 il AT S MR AE M 2800 2 (Rl HE o B Y
AL, X EFCAZ BB BRI 4E 4 T o E
LTP MILTD AR AT AAFfif (S, LTP il # F1 BEEOR Y
SRR SR, E L UG TR S, SRS ik
SURE R IE SR, i LTD A A3 £ Bl 42 /0N i 2 fish Fn AR
SR, SIS AEEa S . Mg, FE
TE B DL ) FH v A5 LI RT A5 3 S CAL
X schaffer AL X LTP, {HJEAEHIHIZLIR ™4 )5 ,
5 LI H RELE S W) I I 2 b s O RCR, 31X
P HE S 7E 75 min TR R AR L 33X U BT R FL
PR 1) sk /D AN 23 BELIBT LTP 19375 T+ (H 2 23 BHWT LTP (4 4k
£, I FE K EHCAZ BB ML, 3 58 L-21
PR J5 AT LA % LTP A BHIT T, PR M2 Y
JLE . XU FLER X LTP A 4Efr Al i 2 i
BCFIILLE 53 B2

FHM—TTH, BE N, S
BERP LTS , 5 R B R 3 S AR B B
Ot H 2 Bp 2] BB 5L N (immediate early genes,
IEGs) 3k P, IEGs J&— X il ™ At Fil
IR O R, XS AR AR S A R R
OCHZEMAEM Y. A4S E A
(activity regulated cytoskeleton protein, Arc) J&Z
PR 3 )27 2] Fc A iir b 75 19 . NMDAR 3
W AUAEPY Ca* 1Y THE ) cAMP/PKA 5530 % . 22
4505 1k B H BB (mitogen-activated protein
kinase, MAPK) ZIK 5 7 (105 23 52 R Are 5%
S, Are [ 47 22§ 15 X F2 8 LTP 9 1+ 4
B R R Are R AR /N, HLTP 4E4F
A, WFRBHCAZ, X R Arc /2 P A LI
T iR o FERI P [k S, A
FLRRH ™, I Are WERIASZ4, P 7 RMEID
TR, BEsZm TR EHEIZIE R ¢, Rt TE
RUEICIZILIE P FLBR T Arc BOFRIA T B2 . LY
AR T 1, WERR R ZIF268, S —Ff ] LAk
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T EEFE SR G SR, Y& R S S AT
J& . OS2t A NMDAR, 4N Ca s,
Y% PKC il CaMK 1145437, i MAPK k4=
Wl Ak, PR MAPK/ERK GHE B, i T ii7 A
S I F Elk-1 A1 CREB BEFR 1L, 435915 1L S
L G4 SRE 1 cAMP J b Je 4 CRE 454, AT
5 ZIF268 (4L 5% 0, FE filnT YA M AL 12 i L I
DL S LTP (375 5 2 ) il B2 rh &R AR Bl % ZIF268 %
INHEEIN, ZIF268 BRIk &K WAL Bl AN /]
AR — Y (E120) . FEAT R R R
weAeH, IR RAMUA A AZF LR A, T LA
RELIBT ZIF268 & 1A il 0K 1T - PR i ic A2 3k A5, T4
LR AT LA i 46 B ZIF268 19 3 35 WA 1 46 B i
1R AR AT, PRI AE B0E IC 12 3R A5 b FL IR X F

A OGN AR 1 it R Gk, S 3L c-Fos. Arc,
ZIF268 ., ZfillJ5 2% & 1 95 (postsynaptic density
protein-95, PSD-95). pCREB [t Z&iAM] i FR&E 2,
3.2.3  FLMiE L BDNFIY BN

P E IR N TR — 2R . /N A R
H . BRI 2 eAs Aok S s 5 fil 4 RN
REWINEE. A MLEFRH T, BDNFAERT
AT, IR TR e R E A A ik
IX . BDNF7E & & i fe 1 a] DL 35 # 22 0 A1
AERFIME, BRI ST NG 5 A 22 TT Y
AT IR LR T LA R ol 5 R, 3
EMCT2 #EARZIT, #4757 NAD/NADH HfH, &
A N AR AR JFRAS TS DO B B 1
(silent information regulator 1, Sirl). Sirl A LLfii

ZIF268 [ ik +4r s 2l Voo (H 2 21 K LR AL W) W R B BE W BT 2 Ry I
ey (8, Aﬁiﬁﬂ@llﬂﬂ@aﬁ’] YRR AL (per0x1some proliferator activated receptor 7y
B 257K, Iil2= 002 00RE, FRAREEMPT M coactivator-la, PGCla) £ ZWEfL, fdE S M A1
AR
|
f \
HEEH k(] l
HCRAL [ERKI/ZTJ f PI3K/AktT] [PTEN/Aktl] P(S;iéIILT
\ FNDC51

/.

%w l

PI3K1 PKC? Arcl
[Akt/PKBT] [ R 2T] c-Fost BDNF{
l l l ZIF2681
- o] {® ]
VEGF? W RAE Aumr (0 T
B A {2}
O]
Fig. 2 Lactate affects memory mechanism——signal pathway
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OAMRE A TAMRZI; QAL KA OFLFRIAIFEIEENMDARE P 785 fil v] $8 1550 R 2] LI IE K 1 2R3k s @FLRR ]
AL UEBDNFRY K IL . HCARL: FREEFRIRSZIK1; PISK/Akt: BENRIEALRE3 /& B ; PKC: HEMMEFC; ERKI1/2: 4UAEAMS S8

EAPAEL2; VEGF: MM AERKKT; SGZ: LUK IR FJZ; NPC: #ig

ZRTRANML; PTEN: PA R A0 i it B R It K sk ) 2 1

[ ; MCTL: HURRRFLIZHE1; NMDAR: N-HIIE-D-REEMRZA; Arc: IS ZRIEHIIT N c-Fos: FURKEM; ZIF268: FIH

RN HF L
PR PE 2 B IR

Sirl: VIB(EB AT F1; PGCla: i AL YIEEAIE 58 P 32 Ayl ] 5 FNDCS: IR 428 (IR & H5; BDNF:
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FERFIE ., F UL ERE A EAS (fibronectin
type I1I domain containing 5, FNDC5) FJFER Kk
2% PGC-la Ji¥5, PGClo AR 2 52 AL Z K o
(estrogen-related receptora, ERRa) T/ [F) 8 1% 1 15
X FNDCS /3%, D175 5 ¥ & X BDNF ) %
ik DR LR AT DL A O A N AR A I SR
A, #% Sirl-PGC1a-FNDC5 il 17 S BDNF 13
ik (Kl 2@ ), BDNF 7£ 5 M 2 2 ¥ 6 52 1K B
(tyrosine Kinase receptor B, TrkB) AZ{&%54, A
DA PISK/AK 3 [ . Ras/Raf-MAPK i@ . #fli
fitf C-PKC il 5 = ad i ', 527~ it me ) .

4 BEMRE

T 20 4F (1 5 T FLIR X A B 28 2R 48 15 e B
FEE, WEMFLRRTEM 2 R G TIRE Dy T H A AR
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The Neural Mechanism of Lactate Affecting Memory

ZHANG Qi", ZHAO Xiao-Xuan"?, LI Xin-Wang""

("Department of Psychology, Capital Normal University, Beijing 100048, China;
Dlnstitute of Education, Cangzhou Normal University, Cangzhou 061016, China)

Abstract In the past studies, lactate has been regarded as a product of glycolysis, namely an undesirable
metabolic by-product. In recent 30 years, studies have proved that lactate can be used as an energy substrate, and
it can also participate in neural activity by affecting signal pathways. Lactate can play a role in spatial memory,
fear memory and addiction memory. Lactate generated in astrocytes and oligodendrocytes is transported to
neurons, so as to provide energy for neurons and affect memory. Lactate can not only directly act on lactate
receptor, but also indirectly promote neurogenesis, synaptic plasticity and immediate early gene expression by
enhancing the activity of N-methyl-D-aspartic acid receptor, and induce the expression of brain-derived
neurotrophic factor, thus affecting memory. Lactate is also a potential therapeutic target for neurological diseases
related to memory, such as Alzheimer’s disease. This paper reviews the effects of lactate production on different
memory, the effects of different neurotransmitters regulating lactate production on memory, the neural mechanism
of lactate affecting memory, and the role of lactate in neurodegenerative diseases related to memory. Through
combing the above aspects, it is hoped to further provide new ideas for the study on the role of lactate in memory

and the role of lactate in nervous system.
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