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AT 2 LT RERZ N AL

F 3", &Y, kEF, s, 57 F R
(BREEARFEMEFZAMFEE DT AMEHFE, % RIE 150081;
PEREEMKERE S R ESFIZERLBHFTE, B RIE 150081)

WE: NABRESHAZMBNEGEZRERR, LEHHBE2MLE AR ML EXLGH A
%32 % A 1(glucose transporter 1, GLUT1)#&#5, % it fixi B % (blood brain barrier, BBB)i#t AAP 4240
BEEmie T KFARBRZERTHRRSY, EHBAREFTLAEAE. ShrPORNITHLES TR
& T EF18(3.9~6.1 mmol/L)i, #MZ A mABEAEFFH . wbERlEREL-FHEFREALH HERHA
AT, Frhf BT &RV EEE MR, FBFARAYE R Y(central nervous system, CNS)iz
iRt —F FIL, AREFHANERFTABEFER, AL ELEZWELBEASAETEFY, 42
L2 & KA bm o3t dn A5 GG R ANAn A R AR i 2 R AL T a9MA], L5616 R e AB A2 2 K Hr6d % 32 4 1AL
H, HAEAAE FF 5 ALY T ARAY BH A IERAE A BRIZ S, AKX AT AR ek,

KGEE: AEAEA AWZEL; AR HAENEANLA R

Mechanism of glucose homeostasis influence

on neural tissue function

YU Yang", PANG Jingjing", ZHANG Yanfen’, GAO Xu', MA Ning'*, QIAO Yu'*
(‘Department of Biochemistry and Molecular Biology, Basic Medical College, Harbin Medical University,
Harbin 150081, China; *Department of Experimental Diagnosis, the Second Clinical College
Affiliated to Harbin Medical University, Harbin 150081, China)

Abstract: Glucose is an important energy source for maintaining the function of brain cells. After blood
glucose is ingested by glucose transporter 1 (GLUT1) expressed on microvascular endothelial cells, it travels
through the blood brain barrier (BBB), enters into various cells of nervous tissue to metabolize and provide
energy and nutrients, and maintain the normal physiological function of brain tissue. When the glucose content
in the blood is higher or lower than the normal value (3.9~6.1 mmol/L), it is called abnormal glucose
homeostasis. The loss of blood glucose homeostasis leads to changes in glucose metabolism in brain tissue,
affecting and damaging the functions of various nerve tissue cells in the brain, leading to further disturbance of
blood glucose regulation in the central nervous system (CNS), and symptoms such as confusion and coma in
patients. In this paper, the intake and utilization of blood glucose by various types of cells in nervous tissue into
energy and other molecular mechanisms during the regulation of blood glucose homeostasis were summarized,

and combined with the pathophysiological mechanism of clinical blood glucose homeostasis imbalance, the
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basic theory of central nervous system complications caused by abnormal blood glucose homeostasis was

provided, and the theoretical basis for the research and development of related drugs was also provided.

Key Words: blood glucose homeostasis; neuron system; brain glucose intake and utilization

M PERSAS AR 70 1B AR FRE T, AR IR 4E
FF1E3.9~6.1 mmol/L, I HULH NRMALZL. 2140
i 5 R 0 T 5 0 1L e 1) 4 PR T DUR IR )
e o IIURE 55 LA vy IUBE B IR 1 28 I 0 i 20 4
GERENEAH B, BP0 & R A
>7.0 mmol/L#<2.78 mmol/L. JCit & Z i
e W B PR, TR 7K ST S35 0 2 i 25 0 1)
— AN EBRFAEN . R R S TR 4R T A4 12 A
BE PRI B 3 FF RORE AT A B Z O R, 4R LA
BE K E 1E 55 0 Bl 6 -2 B PR s 1 T S i 97
B EEE P,

HR X FH 22 2 St (central nervous system, CNS)E
i S5 U %) 7 B0 A 3 IE R T R I 4 4 3 AR
TR AREACHCY . i e AR i L 4
L AE B IO A P R A B b 3Rk 1 A B s iR
F11(glucose transporter 1, GLUT1)iH i I fixi b7
B4, g o i B G A L P R 4 i (brain-
microvessel endothelial cells, BMEC). &K )H 4
JEL O i R R A B i g B R T B 498 % )
IS B AR A B Dt NI 220, T R

2L AR N R B A R . I B R S, AR
0 23 4 1 2 T ) AS (7] 285 g T X0 i 2 0 A as A
B A RET . AT I B L B SR
IEHIGLUT3. GLUT4. GLUT6. GLUTS8# Akt
ITHEIE RS . BV M 3 ERIAGLUTI &
GLUT2, R EERIEGLUTL, MR
Y g £ ERIAGLUTI. GLUT3. GLUT4.
GLUT5. GLUT6. GLUT8. GLUT9. GLUTI0.
GLUTI2MIGLUTI3,

MREAR B R A oA, GLUTR AR [ 3Rk M A
B e AR, fildn, RS EEMT, 40
Ji PN i s ok LIS 3 B4 % (phosphatidylinositol 3
kinase, PI3K)/& B (protein kinase B, PKB
or AKT)f5 5B #EIE 5, N FGLUT1E H M4l
IS PN FR) i A7 /N R B B b, (i 2H 2 B
L,

B 7 M ERIGLUTE A SRS, Y ImpEk
B T AT, R AN M N AR 2R 4 T
Fak B A5 5 BRI R A A RARAL o A SC 3 BN Il
PERAS TR I FE b, b 8 20 41 % 20 TR 40 i o of A

&1 SNESKDENHZEANGEZMERERIERIE

MisaFr IR 2 AL BRI KR A KA AT HL ) UG T3 X 4o 22 2L 2 Ty i M £ 3 5 % A Lo BISLHR
MR AR IEITL s (R I IR 70 R A AL,
oy WEITERER R RMRG FNRSERESTRIS MR SEAER, RCRBMAZe MRUL
i i, mTORfSS @B ST, MM 5 S g R4 TSR T INRIDNAS i & 4 K PARp-  [10:11]
VWS, Bef SR AR, R fugEr-0Y
BNE KA, LI s G LR B I I 38
s DKIMHKSRIGOKPTHE, ECARACE T, HERARM ﬁéggggﬁmﬁﬁééé%flﬁﬁﬁii,ﬁ
éﬁﬂﬂé >~ Wy TR BERNECR, E%Hﬁ[ﬁ?ﬂﬂﬂ@*P-AMPKaEE% Wﬁ1§ﬁﬁﬁ'Jﬂ7%%%7Fﬂ%ﬁ:+ﬁﬁE%ﬁ§ﬁﬁky egpihgy  [12:13]
. TR, AMPKAE 5l B80S, (e HEVEEE 1) & A4 ™ Sl A 1L 975 484
FRIRBE R Foorn 1AM A -6 58 TR T 40 W1 10
N4 FFRIRAS N BRIk P A A=A 1IN, JFI R I0RE N R 5 4T B 1R AR AR NS R A TR RN
o B (A RECIR I, FEUTIES AN T, NADPRAMLAS AN, TR RALNE  [1415]
DL I IS AL & P AL B AGES 24K &, MR otk AT/ BT AL,
2 AL P )
71> 22 RS i 4 E i HET S E BRI R
s HIRAIEEPLE. MAGISkII: IIER M S0 (it £ A RO A A
ag UPBUHICREDIRIR, BRI, TREY AMpa/Kanaie A RINVIDAZ 1, b sieim g (6]

ALE B RAFEH]

15 K BB # I I

HK: CUF#E S (hexokinase); ECAR: Ju/MER1L 2 (extracellular acidification rate); AGE: MR HA (8 F BE 310 =4 (advanced glycation end
products); NADPH: & 1444 II (nicotinamide adenine dinucleotide phosphate I1); PLP: #ii#i5 A i & M (proteolipid protein); MAG: #E
HHAHICHE B H (myelin associated glycoprotein); AMPA: o-%3-3-J25E-5- F 2t -4- 57 T 5 B2 (alpha-amino-3-hydroxy-5-methyl-4-isoxazolepro-
pionic acid); NMDA: N-FJ-D-KA&Z R (N-methyl-D-aspartic acid); AMPK: BT RIS & 1 (serine/threonine kinase AMP-activated
protein kinase); PARP-1: % (ADP-###)% A H-1[poly(adenosine diphosphate-ribose) polymerase-1]
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M RN R @ AR AT VEAR R (R 1), AT H
L AR FRE S5 51 R A M 4o 2295 AR FRR I B LR
75 17 o

1 M¥EFRASITRE T RERY S0

L1 TR s

FHZE TG (neuron) A& B 78 #4128 22 5 45 44 T 20 2
L DNREHLE] I AR B fr, AR A R T e e
ZAR A MR ARG S . WAoo — R ER M
B 77 A B A A R R i 18] (1) 45 8 A2 At 3, S BE Bl
R E M A A R,

b JE I ) BE s e & T B
GLUT3"™ X GLUT4" Wz i BI40 ., #hE&eH £
Hd S A A AE N B SR REE R IE, I FERE
i T B 28 T AL LB T . A 2R 4 T
FIREARU A LA UMK . B9, A AN EAA
S, HHKE IR Ak 7= A i % B - 6- 1% R (D-
glucose 6-phosphate, G-6-P)". 7% bH-6-fklg il
DA T 0 T e A A b LR, T DL o g R T
BE & 1% (pentose phosphate pathway, PPP)IEATAX
e ERIZTTH, 6-BEER RNE-2- Wil R BE-2,6-—
1% B2 1 3 (6-phosphofructo-2-kinase/fructose-2,6-
biphosphatase 3, PFKFB3)%: K% 112,6- —BElR R
BRI A T b B B AR AR, 2,6- ZBEIR SR
B /D BT LA LB I A 1) A 0 AR B2 PR T AR
KWL, PFKFB3FEM 4 7t Hhid & 1 i st
M TTR BRI ER, T KRB K2R
Hoep g GE R T HOR, R T4 i SR T
171E HLR IR ¥ 12 /K2 (moncaoboxylate transporters
2, MCT2), MCT20] LLidk £ 1144 B b i 25 7L IR %
MU, e LR I S 1 7 F T AE RN IR
Mg, BEEHATERNZRBACEE, e =
M2 I 1F (adenosine triphosphate, ATP), 4EfFfpss
JCIER AP fJa, RS,
AT LAV UNADPH, A BGE R R A R H K, B FR
PZE T AR BN P A, A R 2R T e T AR A BT
1453 -

1.2 MESEREXNHETIER KB

W B 8 3 AT DL B i i 22 A 2 AR &
DiRe. &b ph&e oo ) F RN 52
ML Bl SRR TTRAEE, FH]

KIHIAC TR . #2870 B 25 R 4 0 AN D g T 1%
SHEF AR KRS &ML, FEit, 53
PR PRI NTEAR L, 0 R B KA R RE 0 T % T
19%, FRI A FREE AT REskia, S
SACEEEE T, s, R SIMPAT DI RE 2
P B R e A R RS PR AR Y AR AR
I HE AT DA a4 28 o B BB SN SR, H P ELAIG
118 P L 2D To0 oY s ] A

5 R BB AL EEPC 12 4 28 J0 4H i A1 i AR /)N BRUBZ
JFi#145 JE(primary cultured cortical neurons, PCNs)
JEREFER I, mE SR T I B
R AT, bk, i R I £ U i 4 TR R A
o, AR SRR ) 5 A B s R ot T A2 R T B
R E R EE R, iR, wipE
Z oMM NAY, LAYR ROBE FEFRAC, IF HKIH
A2k I 5256 2 B H KL 12 e 1 2 . 1X R B
e ML AT AU AP 2 Jo i R A5 4, sem K aid 1z
HOFIAD

Rk P ) 1 260 W 0 R R FH 52 380t b 7K1 B
T, G2 AR AR RE T A O BRI A 2 T
GLUT3&HH KV, (R#HEMCT2RMGLUT3
mRNAKIE B, A0 e 2 5 110 55 ORI R F 3
Int2el AR i E 5 S 4 e Rk A bk, AR
B2 RAZIR. BRI, JF A8 404 5L
NADPH %A A5 A 2 . b5 K A DNATR
5+ PARP-1[JBUE LA R e Rl B LAY, ek
KA MAET I,

Zi PR, M Toi)ThEe MRS YER R 5
2 EMBER R, AE MR CEAT, 4
R Th e (1) 15 5 3 % AT A 24080 1E2 R0 R 51 AL 1Y
0 22 45 LA B\ S Th e R T

2 IHEFRSXT 2 A Bl AR Th RE RO 22 Mk

2.1 ERRBRMAMBAKET =

ST RE T 40l (astrocyte) B F-7E A L HT 19140
o I E S BT R 5 4T A e 4 o 4
IR R K BERZ R,
IR, BRI 4 M5 4 oo A A R ECE
LRRI AR, R, e ATTHRBE 78 4 A Ak 2 B AL
P, (HEMZITURFER R, R N
Vit Vit R A A ) TR TR o R ke B, IRRAR
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WP AR B s 2 e, O R SR A ER 9P
YER

PAAERIE S0 R B, 41 %1 9% R GLUT 14z faid i iy
oG ¢ e N TR TR S A B s P R A i R R T T
FEAHRS 5755 000/ GLUT ALY, i 2 7%
JR2 5T 4 2 B IR AR 735 B D945 000F LAY,
FEEN T R AR . PR GULT 14 (AR
SERY BN T s R R B, 3 BRI AR X 7y o
EAFEREENIREAR . B IR 54 R AR
WA LU JLARHE: (DR A2k, 4
T 5 24 i v v e 3 A R A 1) 2 2,6- R SR WU
B R0 P9 R R W B M 2(pyruvate  kinase isozyme type
M2, PKM2), 75 14 B R i S B B 4 (pyruvate
dehydrogenase kinase 4, PDK4) 5 BB AL A B AR
It & B (pyruvate dehydrogenase, PDH)HI{EH
U, B R o N M Hh e 2 B S AT B
fife, K PIER R IE SR LR (2) B TR R 5 4 i R D
[Fi] B 2% 0K B BE #8212 % 32 /K 1 (monocarboxylate
transporters 1, MCT1). MCT4, K EATALLHE
I ¥ B2 T M o 4 i T2 e = A L R 1 R R LR R
WAL IS B AL, YRR P S LRI
BARE, Aol mARERDY, 3o, WE
T0 5 R TR I 0T A0 R R S A A A R
BB AR A i LR P LUEIEMCTL . MCT4
Hiz B Ak, ARG WA R T FMCT2 8,
(4) 52 T o 4 T R 1 2 e A O S A T R
B, R o Wb SR A7 e T R IR R Ay,
AR/ T A DR A A 0 R s A R I
1 R0 T Bk £ M v ) i e 2 e i g
2.2 MiEEEREX BRI EE R iR
Al

e BRI B T R S5t A L P 52 10 2 SR TN«
A 32 0 L S U0 PR AR (R I AR S B A
F AT SRR T R S A P F) 3 B A AR PTLL
il PR . B E R AE N B A P 2 i
BT, FLRE O RIE BROM 2 T R fd AT S A OC
O I o B A A A 32 B A {2
B TR I 5 4 110 R 50 L% i /N sh Bk A 5K, A
MRS e B AR R E 7™ B IR 2 o =4
PRIp R BN RN RE T B, T4 R TR I o 4 i
A FERLR D RERERS .

FH b 8% 77 3£ (25 mmol/L) &b B/ B3 5 i JEAR
RV BTAN, < L4 & R D 1A i
EADIMRB K" Embidk24 G, 2
JiE JR 4 A FJEC AR SR 25 384 0, 3 IR BB R A = A2 1Y)
FLER N . [, MCT1MmRNAKY&E Tt
B, JFHHKI1EZHK3 I mRNAK A & i
P, N HPEE S ERNRI, RS & WA
Mo R AR TR IR 5T 40 38 5 A T R RE ok, R
HiT#ae DA G 124 . HEE IR & &
(streptozotocin, STZ)F5 5 [1/)> FUHE R ps 155 1Y
BTV 40 M B A R BRI R 3 5, (A AR
IR RIR VA B, xb 2 AE 2 A B R I
PR B8 AT VPAL R I, R ot 5% fich ] S8 M PRI S R
IR A S R A FE B AT AT 610, I LA i R 9 973 2 T
M ] BB DA 2 A0

FEAR MBS VR RN, B2 TR o 44 i ] 260 W 4 L
i L3 & (cerebral blood flow, CBF)tH KA T X
. FEMEE R/ RACMBER A G, R e fid A
BFFHGLUTI mRNAR AR B, @i/ 3R
&5 S WME R R Ca® &, i S 2T
H| i % (postaglandins, PGs)FIFFE — ik =& 1R
(epoxyeicosatrienoic acids, EETs)IB, SN
ANE KA SR AN A At AR R AR L
Al 71 R I A A 1 RN 2 B R e RO L. A
BE R AR (recurrent low glucose, RLG)/)N FAH
R R AT A OG0 Mo &5 A AN T R, ke IR 7
rh R R RS 0T 4 4 K A4 35 1 % (reactive  oxygen
species, ROS)FR RAZERARTEA F o . AL F%
%+ ATP/KFFiA™.

DL EBFFEER A, IHE & & e i mT DA R R
SR 400 M P AR S ThRE R AP, i LU T
Ji2 J5 24 e i A B A 9 DR e R s o 22 95 R i
7 —AMBAER B T )

3 MAEFRZS X/ Br 4l MO Th HEHY 22 M

3.1 /MERIABE AT =

/N B 5 A B (microglia) /& — R4 T AR ff 48 &R
G5 (1) A% B A 2, 5 TR S e B R 4 4 Al
gl ¥tk B T, MR e, /D
Ji2 5 441 Ot Al M1 2R R M2 2R 4 i v A 1 7R TR
AL, N g S5 A0 A 7 AT A A T IR O S
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Wi B B T S AL HPIR S . B B A M2 7)
A S, BT A Wl R A S B AR Y B
AR TR MG, HACHRRES A
R A 568 MBI A% . GLUT1 XGLUT3IKIA
AR B, RS i, LR AR R,
LER AR A RN, ROSAEMEL . L LIMROSE
B 57 s A A% R T xB(nuclear factor kappa-B,
NF-«B)f& i, (RRHEFARIEL . KA
TnJEl e B AR BHEE ffe ik A2 o ATP IR 2B Bl bE 2 R AR A AL
Tl TR A0 ) I R 2D, (L i R e v ok A R T L
B AR T CASE RO B . IE R AN A I B B 75 SR
3.2 M¥E & 85 E X/ B 54 A X351 R Ih e
A

T BT T 70N 2 T 0 L ) 8 S 7 A R S B S A
TER - kAR 320 /0N s J5 41 it AGE B A0 IR 6 i
it FE 2L =W (advanced lipoxidation endproducts,
ALEs) K& R, 2 5 40 i 8 Ak e N 7= A4
O, 3 N R B AN i f e RE S AR otk
Ab, EREALTE L /IR 5T 4E BRI A Y R - 1B R
IRIEIN, RN 5T A B 3 G AR R . AE TR
B #15FIR M KRB R, T RURILKEROR
106 R A B CAL X /NI 5T A0 B TR 38 2 R A 50,
SRS A ATENRE, HHFESES
MR AEDL, Bhah, TR EIRPPIRE T, KR
4 T DA T e e 2 oo S [RAE T, Ok A A RE A
AT R A £ RO N R AN A A AR A 2
RGN [ I N AR, WA S T AR B
AN E-6. IR IEH F-o25 20E R T4, N T
FHORIR I IR A o T LB RS RIS, RN
4 1) 2R T AR A SR R 2 T LA AR 7T, oA
HIAHRPLR 29134 7 B E

4 BT 3EA B4l AT sERY R0

4.1 D RE MR R =R

D A 22 1 SR 4 S (oligodendrocyte) 2 FE 47 T
CNSWH B — P B PP 2 I R 4B i, B 2D SR s 4
Ji B4R 41 i (oligodendrocyte precursor cells, OPCs)
I I A S = NI S - el =
Jo o /b SR Join 20 I L A B v P R A T T BEAR
URANALR A K, JF BB @ A 2
AR, EPPPAE I 10%~15% A H &4 . /b

S A L e A T e AR A B TR B R . A
B, FIAERREIE & B il 9% 108 77 SR R0 HE 1 g
I T T e AR, D SR BR 40 A R FIMCT 1
AT FIMCT2, 4 7L M /D 5 118 53 40 32 %
B, ek, FLERS R A P A pk
AL A 4 22 0 Fp ATP IR A 5%, R 28 T 40
i B0 () v e T oK
42 MEESEREXT D RERMMAHZIEER
A
BRSNS, 2D IR S5 40 A o) A 6 0 e LR )
BECER . HA&, XGLUTI. GLUT3 &MCTI
HESHATRN, RIHREEHEEELC,
TRE IR T 4r i b, S bE AT DL O B s
I, WPLP. MAG, XXtT/b 5 5 5 4 i )
SAEERERPY. MR mBEREA R, DR
Ji O3 40 B o AL R 0 2 B T A ol i I RS s
5. WSS . AL SRIR T LAW SR B, BEE A
B A S R A, 2D S 0 44T e 4 400 L ) 34 5
CARER Rk b . JFH, KHEPRES T, %
B OC R I 2 DR Rk sz B A, UF B if b
SR /b 9 fi R 40 1) R 7 RN W A 1 O
/U % Jg o 40 L H R A 42 R 45 Y AR T e 4m
FiL, T RESEE O] DAGERERI R AR 0 IR H ThRg. /b
TR J5 4 M %) By i e i AN 2 5 B0p 48 7 Mot B
AR, gz H]EARE TR LA SRS # T R K o

5 MEFRESSE X EPA LR KRR

MBS Fp i AT RES K IS A B2 D RE 3R L, 3
o L 9 FE AU, AT -3 0K 45 A S
AOFE i B VEBEZE 0 BT NI =4 . B PR
J&] [l 4 2297 4% (diabetic peripheral neuropathy, DPN)
SRR RS J L AL A IR R RED . R R
IS A4 28 ()R a5 TN B D RE R RS . MR A IR B 4
I S R S JEC M3 JE A 2 A IR VR U 2
IR 7F S B 1 N 11 R M
58 EDPNK BRI« 2450 5 2Kk = SR
By 2 ARPUnT, R E 3 A4 E i P13K/AK Tl B8 2 it
MR T R R, 2 A 2 i i A
PE o AR N 1) 2 ol ik Ae, SEUL R
PR, WUBE SR BERR B I/, Na'-K'-ATPEGIE 1V [
Ko RIS, il AR S A a2 RS G 1 o it 28 0
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I B M I A T TR/ AR A R O T i iR MR e AT IR
(nicotinamide adenine dinucleotide/nicotinamide
adenine dinucleotide, NADH/NAD) VB = A] PL
e 200 i A LK T 1 R ) IR B e
FAL RGN, IR R AR R e
B Jig i A 3 NG AR R RORE A A, AT RRE ] T R%
JBOE N, FERTBOK JE S B BT, S S0P
BRGRAE, BMEITTIIRE .

ANy R FELAG H 2 A PR o R8 3 1) I 8 0 I
iE 2, i DX R 25 4 4 B M R A ) R 5 529
FNEANEN DI RE . S FE ML pE X IRZH AR LE, SRt
X 22 B S G LR 1% (magnetic resonance imaging,
MRDIERE 7 AT LW, ZERE PRI AT, &5 4 4
MURAE T RER T E,  [F I AFBE G DA R0 ) g 1 B
P, WFeR I, S5iukE e AL, 2800 R
I3 £ 3 B] IR 2% M ERIE (Alzheimer’s  disease, AD)fEH
TR IETR T 1.5~2.565, B-fr S ye M RE B ARl R R
H YR 1(B-site amyloid precursor protein cleaving
enzyme 1, BACE1) &V H (amyloid-B, Ap)
A 1 ) B S A LO0Y,  £E AD IR R ML iR e AR
Fo FE200E R 3 1, BACELE RIS KFF
w2 BRI E R AR, R RS Sk
i, AT SRR B R AT KA. X RPIBACEL
TR I R HE AR 7 AR R B ZR ARG 2 ALK PR
P93 RN T B R 1 R A,

6 R

AR, 2RUBE SR R R IB T, HR R
RN Z EEEE, BFROE. ME. e,
MR F MU I o b, B PROPT BIT B0 vh AR o 2 40 7
TR B PRI i o R PR I 9 14 S AL T
WA, AP R ERY, HRREESR
Wi EA RO JORE S MY 2 5 TR BRI I
RAR R o T B AL 23 E AR e,
R IC ML 5 8 57 0 ik 41 U0 AR & T B 1 5
Wi, XPAHREE > 7 o THLBIREATIR T, KA
Bl 3k — 20 WA AR S  BEAR AR AL, 9 FHRIA T
AR I QIR 25 BE 1 H B T
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