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FE BRI AT R R M O 8 A A RE S s, —Fh i W ROME BRI, JUH IR T 245 2 BURE IR A
G WETEEM, NRITAHLUM AN T, WAEEE (adiponectin, APN) % (leptin, LEP) 5 A{LAEASTH T ERAT
W, SRR IR DI RERL G 1 & A R R VIREOG, T REAE B PR RH OGNl RERR A5 A= )b i) . APN FI LEP REfS %
o I AR B A, 3 455 e 2T s 2 B (NI B2 AN BT B B ) RS2 A, S S P i
) p38 MAPK, AMPK, ERK, JAK2/STAT3, PI3K/AKT FlISIRT1/PGC-1a45{5 5@, JHE D& kA . sfhn] 884
MZESE | SAACNDORAN Z2on i T A AR R, IEMTRPEA I TIRE . B2, APNFILEP & Al REAE iz shtl IR A
HIDIRERE A A BT, @ #IBT APN A LEP SHEPRIGIARIDIRERE T Z M OCHR , Al APN I LEP PR HITRE A 75 AR
el R TS 3 5 APN FI LEP S8 Ml RS A I RERE 51 W] BERLRN , B AE it — 03| “R-IG” crosstalk Bt {4

A, HRE IR IR AT RERRIG 127 SR M T4 8

XEER WEROE, INHITIRERRRY, 28, JRIRE, BER
hE4S%ES R749.16, Q71

(EEEYSE) JAMA) KENEFPI
BE R, 7E2013~20184F, [ RGAE A PRI AY
BRRRT N 10.9% 5 12.4%, Hri, 7040 &
AE N PRI ) BRI R L 20.7% 35 52 27.3% . bR
B B M BERS B RUERE I KU AR 2,
AE R SRR LR 2 BB RIA  (type 2 diabetes
mellitus, T2DM) i Al & INFIDIRERR RS °4, 5
B /R o R (Alzheimer’s disease, AD) Flfil 4
PEFIR (vascular dementia, VD) ¥R & A XL
G hNAT 56 9 T2DM 5 & W A1 Sl BE R A 14 1
P C0F v IR TR R . AR PR RS A AR
PR 7 B T E D B R e, &
AE R T2DM G I N A DI RE BB 45 41 S AN R BE AT
RUTESA, Ft, 87 B R AR D RE
BERFIS YT TREmE A il 52 5 St

BRI T (adipokine) J&:F-E:HH I EARMT L4
(white adipose tissue, WAT) 5 I3 b I —JE 41
MR F-, AT RE IR AEERE A KN . 15 WIURD I 2
HEAVEE, R, S R U R AT A
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1 BERREFSHREKF NIRRT X R

1.1 REEXR SHERRINF T BEFERS

APN & A I 3% v 5 o B = & W IR R
J& FAME 1q &5, W& 244 NE IR, FZH
WAT & I, FEPEAR LS . RIS+
S AEIE A " BHET, CRIMIRIKE
% {K (adiponectin receptor, AdipoR) I Ff
AdipoR1, AdipoR2 Fll T-cadherin, H:*', AdipoR1
1 AdipoR2 J™ 42 73 A5 T FR X 22 R GE N Y E i
SRR B AEERAL, EMA T M (neural stem
cell, NSC) ., MIZIT . /M40 AL e o 240 i
A RIS

NAEWFGE KB, JEI APN 7K -5 24 A
ARINFIDIRE . SRR 1 ST 2 0 ™ S AR
ARG P, I RIS 2 AF T2DM B AR L)
AE R A 1) IS TR A Y T4 S M AR 04 A
AR SRR L, T2DM B E K N R A
APN [R7KF- 1 25 A, il HL S5 i SRR R
FRUR A 1 2 WA A FE AR 7 DL AR AN B B
(mild cognitive impairment, MCI) 0% & &
WA 2 Y SE  BE, APN kR
(APN™") Y4/ B BRMRTEE 5 ZRARPT . Ak
BE AN AD FESEL 22 3 APN 90 (0.1 pg/g) AT
i 3 380 W A e UL 3 ¥4 (phosphatidylinositol
3 kinase, PI3K) /B f2 ¥4 ¥ B (phosphorylase
kinase B, PKB, tLFK AKT) /#5504 1 At 34 it 36
(glycogen synthase kinase 3B, GSK-3B) 15 5 i %
ARG ER, 1055 tau 85 M2 JE B 1L
O PR R SRR 22, 25 1, APN A g
VEINRIZRERY S S 4% S RO AH O 1 TA
T RERER
1.2 EZEHERFRININEEFERS

LEP J& H ob BEK Ght i) — P35 167 P2 EER 1Y
YU BT, A>T TR 14~16 ku, EEH
WAT & BJF i . HAT, 2% Wi 8 R Z K
(leptin receptor, LepR) 4 6 Ff, 43 %l & LepRa,
LepRb. LepRc. LepRd. LepRe fll LepRf. EA17E
KM RGN Z 500 TN Bl W . A AR
INIGEETRAL PV, LEP 5 LepR &5 &5, BERRILILTS
Janus & M & & FR IR 2 (Janus kinase 2, JAK2),
HE TS AL T Ui 09 1F S R S R B SR B T 3
(signal transducer and activator of transcription 3,
STAT3) . PI3K I 4 Mfd 4 15 = 4 7 ¥ i

(extracellular regulated protein kinase, ERK) 2%
59,

TEEH AEFRRA R, LEP & i S rh H B A %0
Haag R 2, SIS & B, LEP A LepR JEH 2k
(4n ob/ob . db/db M fa/fa) Wit 25 3l 4 2 20 H BH
b U AR A B B . BRI, FE T2DM Y
WHLRAST , LEP KV 5 T i S SO UM R
i, wERCPACRSNRE R ICPT, (RSN )
RERERG 2R, SXTRREMLL, BEFHET2DMEE
PEFRLEP /K- & Fm, H S5 INMIIReE BE i
AHIE Y, JEER LEP /KPS i LA & LEP/APN Y
LU AE 3G T J2& T2DM &8 55 G JF MCL R fa s I 3R 2
AN, WA AM, Z4FET2DM &I MCLE#H
&I LEP H/KFE5 4 %-1B (interleukin 1B, IL-1pB)
KA 56, X R ot | K SF 1 LEP il fg 2 5
-3 T2DM MK RAE . ZiA DRiEERE, R
LEP W RERE IR N AT ARG, (AR R R A BRRES T 1Y
LA BT R] . LEP 7K -F i AR AT REXELL A& # ph 28
PR VERT, 7Kk g W) m 5 50 SR T 2
HEPT, BN RA KN D RE LA A AU .

2 REREFIEERIAR I BE R E W F AL E

WEDRIR T B0 R A A2k AT R IA R M) BE
BEAT 19 T 2L . APN Al LEP AS{BE I 15 I 4% A1
Jige 15 AR, WP S LK 5R B (blood-brain
barrier, BBB) #f A KNG ">, B A M 4o
VR 22 e T A A (/) e Jo 4 A 2 0 Jise o &4 )
JEE A2 A, SO S i N A R, TR
Ml . RANRTIAE | M SAE . ALK
G 2Tl 7 S N ) 11 20 N < | R
fig (1),

21 BLWMERE

S pi 25 % H= (hippocampal neurogenesis) fE
S MnCC i R E A . PO, BEIR
S AN D) BRI RS AT RS2 F Tl Eh b 28 R AR A2 4
A e R D S BUW P ST IR AR
b, FiRYKE (high-fat diet, HFD) 25&8EMKA: M
% (streptozotocin, STZ) 5T T2DM /MR B 2
HIE S5 N Ki67 . Wit & (doublecortin, DCX)
A2 oo S PE R B 1 (neuron-specific nuclear
protein, NeuN) MR, 17 H2RIN S
]2 2] FNCIZRE T W 2 T I 20 pFE R, 5EY
ARUNEAR L, APN™ /N Y5k [l (dentate
gyrus, DG) N NSCHEFE A2 206, BAEHr
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Ki67, NeuN, DCX, NMDAR, AMPAR, LTP, IL-6, IL-1pB, TNF-q, iNOS, ROS, LPO, SOD, Bcl-2, Bax, Caspase-3,
BDNE, etc. LTD, PSD95, etc. GFAP, etc. MDA, GSH, etc. Caspase-10, etc.

Fig. 1

The biological mechanism of adiponectin and leptin in regulating cognitive function

E1 BRECEFEREEIANMIIGERNEMFEISH
AdipoR: JEEEEZM; AMPAR: o-283E-3-F83E-5- 13-4 S M N RS2 140 AKT: BEFRIMANB; AMPK: BRHRATG LR M ; ATF-4. 3
Wk F4; Bax: Bel-2AHCAE Mx; Bel-2: Bk ANMEIE2; BDNF: JGIRPEMZE TN T; CHOP: iR T45 & E A FRE; CREB:
AR TS A 8T DCX: BUETRE; ERK: 4RSME 1 H; GFAP: IRFZF4EMMERE; GSH: SMHK; GSK-3; #
JA TREEE3P; IL-6: P ZE-6; INOS: HFH—EAAH; JAK2: Janush RS ZIRINM2; Ki67: AHIGFHS%0; LepR: 8 HEZ{K;
LPO: JRMitEfk#; LTD: KAFREEINE]; LTP: KAJFEEE; MAPK. 72024 50% L H#HE; MDA. N _%; NeuN. #igocdiqit
Bt ; NF-xB: B TFxB; PGC-la: i EALYIBGEANE S80S 2 Ry 2L T 1o PIBK: WEASBELEES-; PPARy: i ALk
FE YOS 32y PSD-95: S<fil )G B E 11955 ROS: IHPE4; SIRT1: JTEME BT F24H6R/1; SOD: B4k fLAt; STAT3.

{5 S S AEE SRS N 735 TNF-0: IR F-a.

A URE A 22 oo KR /D, T APN T T (0.5 /L)
NIREA e NSCHEZE > itk n] W, APNRERS
S5 S kA . APN RIS p38 41 2477 %4
JE G AR 134 (mitogen-activated protein kinase,
MAPK) /GSK-3p/Bi#E S & H (B-catenin) {7 5 il
P, DAL 0 [R] AR 1% 7 A 9 E NSC 1
gE B XFiEPE /N BRAEAT AdipoRon (—Fh AdipoR1
1 AdipoR2 ¥t a5 T HlE R4 R o, (RF &
(20 mg/kg) A AdipoRon 15 T $4 i i35 g 54 i
% % 4% I+ (brain-derived neurotrophic factor,
BDNF) K-V, kil Sl 2 oo g 5, 1 e ) ik

(50 mg/kg) 1) AdipoRon T~ i Il 1 il ¥ 2 4ot 22 T 44
B ST, BE/NRES e IR B
16— HFSE h, Song 25 B¢ & B, APN T i
(30 mg/L) REHE 101 4% w2 Bl #1455 %) NSC 4 AdipoR1
FEIRAMH], HERENSC R ZER AN, {2 NSC
WEE 5504k, 8 BT HEWT, 15 FORI AT APN RE6S
o DR MR S BT o 2 A 2 R SR

LEP L n] J& 5 i & . F9E &M, LEP
Tl (1 mg/kg) REAEHERUAE A4/ N B S DG il
A 28 55 XA NSC 9 E , e E 3 A= ph 8 oo i 14
B 54y . Garza 58 PY WFSTIESE, LEP Tl
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(1 mg/kg) X F/NEUEE D DG P NSC 458 A e A
5 PI3K/AKT F11 JAK/STAT3 {5 5 i B 09 15 b A
K. HFD % 5 A8 5 3E B A 2 Ik (human islet
amyloid polypeptide, hIAPP) TS P RFFENE
T2DM & J&. W58 & 8L, HFD 55 hIAPP 4% 3L A
/NERHE SN RVE R RN, HAL S RIRE S
FgEsh T RETT B FRE ™. = (50~100 pug/L)
(1 Jige UE 2R 30 1) M 22 JCHE B, T LEP T (10~
100 pg/L) i i P76 STAT3/MR 1 R 15 1k 25 (1 P
(adenosine  5'-monophosphate-activated ~ protein
kinase, AMPK) /ERK {5 S, il i liE R
Xof U By R A R ARIVE A . i, LEP ATRE
L IBE R R R BN A R A
2.2 ST

ZEfi vl ¥AE (synaptic plasticity) 2 = A Al
TR PRZE LG SR, T Wl PR BE A0 5 76 T 58 fih
RIIAVE, bR T R BRI R AT, DIk
Jr T OFE 2R MO8 K BT K 5R (long-term
potentiation, LTP) 54, Ui T N-HIJE-D-RAHR
% f& (N-methyl-d-aspartate receptor, NMDAR) .
o- g B3-SR 4 ROl T R % 1K
(a-amino-3-hydroxy-5-methyl-4-isoxazole-propionate
receptor, AMPAR) FIB[ &) i@ B ez AL
XF KKay /ML (—7Fh T2DM /) BRUEERL) 19 BF 58 %
B, HIAHIBRFEFI LTP 55 7] BE 2 28 i f 4 2R
AESZ M B Y 5 RB BB R A 20 . %)
Py#E7 NMDAR % NR1, NR2A 1 NR2B I H (1 %
PRI TESE R, {H NR2A FINR2B W73 (14 1% 2 R
FPEREIR LK B R, A% FE R p-Sre
KK REAR o 55/45 8 3R K I AU
(calcium/calmodulin-dependent protein kinase I a,
CaMKlIlo) H B % MR fk /K °F B { , AMPAR #Y
GluR1 W HEd /L, GluR2 W I 0 ', Vgl —
Fh Z Dy RE 0 e 5 R IGEGN], APN R RO 5wk 145
Wit DG mAUUS B LTP, 4 il I il i
PRI > A, WG B, APNT /)
BRRURL A 22 TT IR SAC B | 3 SOV P 500 R
WD, MK = S APN (0.5 ¢/L) e s
A R A 28 TC A S BRI 98 52 22 1, TR
LA, APN /NG S Schaefer Il 7 3 1 1 SL Atk %
BACRE W E R, AT AR RCRS I, &
SR fiE3Z /K AMPAR ) GluA1 5 LL & NMDAR 11
GluN1 1 GluN2A W & 7K °F ik b, LTP 52 #it
AdipoR 1/AMPK/GSK-3/FR i i 24 W e AR 45 45

1 (cAMP-response element binding protein,
CREB) {55 it B0 V2 B, W] 8] 2 > A
PO RE T 0 2R AK 2. Song 5 B W5 AR,
HFD A0 /INR B 2 . SUIRAAR RIS P A AdipoR 1
N5 fir 5 BU% 85 H 95 (postsynaptic density protein
95, PSD-95) LK Bz RN DCX Kik, T2
ST REREAT, W APN Tl (30 mg/L) REimLL4E
FF AdipoR1 Y IE R RIK, RIS il 5032 1l Y = B 2A
B

MR &P, = 7K FH LepR 1EIE 5 iY 2447 1k 58
fimgbFeik, HARIEHAESE A&, LEPRRIEIHTY
SC-CA1 F1 TA-CA1 & il i) ¥ . LEP ikt = 5B
TR ) W VR 2 B ) 4 TR 5 2 fiph T SR R A R A Rk
Ffi, 1 LEP T TiAEHE5E NMDAR Jifig, $f 2kG 1
HauR H 4L LTP, & Hd 12 Y)fg . Hamilton
S, TEAREar BB, LEP Xf SC-CA1 Al
TA-CA1 % fill R AFEXCE P EEMEH] . X T SC-CA1 %
fil, TEZAEH, LEP T-TREMS 205 fil %326 th L
BECE RREL NG, R M GluN2B L A
ERK 5561k, FERMAEI, LEP @t BEREME
& A GIuN2A f) NMDAR, % 5§ NMDA & #i 1
LTP, %3l P 6 B 2 1 i 2 1R 1l 1 T 1) 3% A o
TR NR RN BER IR AT DL = GluA2 T
HE) AMPAR B S filiddi A o XFF TA-CA1 & fj, 7
Zh4AEH], LEP T AE % 18 i Ml NMDA 52 {4 7. 5k
GIuN2B, Ff ¥ & PI3K 9K 2 (% Bt = GluA2 fiy
AMPAR 2 fil i A5 5 LTP, 7ERUAFEHE, LEP T
KA T GluN2A . JAK2/STAT3 {5 515 S LA K MK
Z8 filh 2 BRELZ GluA2 /) AMPAR 15 5 LTP, 5K
L, BAE2001 4, EAWSEINA, LEP Ali@ L
1% PI3K . MAPK 1 Src i Z R i 7 NMDAR 4
T Ca A, AT, HAZd AL
A e S8 O A N D RE B A A AR A G 1 TRk
FERE PRI b — 2D B UE LEP 7R85 2 fil Dy fig
(R B AL % B b PRvs -5 DA 0 ) BB R k) )
KAEAAAEERZ L,
2.3 MERIEE

M RIE (neuroinflammation) 12 4% FR 55175
FINHIRERERG IALH 2 — . IR ERH, T2DM /)
S e g 5 HLi S P 16, TL-1B iR SR 4L
K F-a (tumor necrosis factor o, TNF-a) 25444
PR () FRB K TR O R BEEREE AT JE v Ak
WL 3 W) & A% = #4511 (mammalian target of
rapamycin, mTOR) /#% A ¥ -«B (nuclear factor
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kappa B, NF-xB) {55, L ifHT-2216 S
JGIL-6, IL-1B I TNF-a ik . ALk, &bk
ISR /N 5 240 B ) P 5 AR TR S A P
W75 R 2 RE I B IR AR ), 1 APN AT fig
A0 R /0N P o AT R A B o AT A A PR
MR RAE . SXTIRALFHLL, APN /N IR
L DA /N S5 248 L/ 5 e 240 i 3 B T AR O e i 8 4%
JiE 1 S AP DN R BB, 1 AdipoRon T il
(5 mg/kg) AT b U400 il AR 184 B D DTG A2 AR y
(peroxisome  proliferators-activated  receptor vy,
PPARy) {55, WifFXSRRJEH ', APN 1]
iR Z B (lipopolysaccharide, LPS) 75 4/
JE S A A AR S, I RV K AdipoR 1/NF-xB Fil
A20/Nod #£3Z IR ZZ 5 & pyrin 45 #4808 F1 32 e &
PR I 1 (Caspase-1) S5 5 18 % 19 1 Ak 5l 417
il 2, peAh, APN AN (10 mg/L) BEIE/> AR
FRIKFE S0 BV2 41 M0 IL-1p F TNF-a B, KA
AMPK B2 1k /K F-, 0 NF-xB 5% 00 . m bR
AdipoR1 Tl AdipoR2, 7] #iz A FLRUN I 5
H AT UL, APN A3 9 /0N o 48 e 4% e iy 22 /0
#B4r HH AdipoR1 4o TE7 — W5 H, APN#%
P 149 P B AEL 240 B T T e IR ) BRI I B A4 I AL
TFIIL-6, IL-1p fI TNF-a %51k, 3 D-galifS
ARG o f LRl L, JEF APN LB Y
A7 2t P RE R SR A R 28 R LA CE A I T RE Y
AR

LepR 75 /)N Ji52 5t 40 e 2 T Jie o 44 2 3k
WEE RN, LepR™ BRI PN /NI 5t 240 A ) 16 AL 72 2
I WEBE ) 0] IR g 25 v o, HLAF LPS Il
IL-6. IL-1B Flifs 7 A — & fb A & W (inducible
nitric oxide synthase, iNOS) 1432 g 1,
A B4 5 PIBK/AKT {5 538 i A4 3 PR 4 il
K LRI, LepR{F 5 MY EL S M4 SE T
HIAN A DI BE B AT OC o SR AT o IF YR IH
LEP 7EM 8 9 E o il Re R HEAU I VER . 1B
AFRRAST, if & LEP A6 JAK2/STAT3 {55 54
%, fRi BV2 4098 0E N s MifE LPS % T,
1 5 9 LEP 1 10 S AT 22 ff /1N ¢ 5T 248 i 48 6 S IV o
A, R, LPS /55 LepR ik
i, EIL-18. FREALEE 2. Toll BEAZ 1A 4 Flji Jfi £F
AR MEHE H (glial fibrillary acidic protein, GFAP)
SR %, U LEP I LepR Al A8 B IE I I 40
BTG AL S 3 A BV Koga % X HFD i AR
JBE PS19 /N EREAT O BF IR 45 0 o, AR RES LAY

98 R IME V] FEORIE I AL E AL . LEP MU N
1 LepR Fih /K Fad v, LUINEE PS19 /N LAY tau I
Mo L ERlED, LEP XN o 20 A A T I Jox 20 i
R R A & 4%, H T2DM AHSE 73 LEP /K
VAT RES A PR SN o
24 |AHMH

bl E AR T S B R B A, R
Nk, PUENNALEEM, JhRBOAMEE . Xt
W RS T T2DM S HEA T R LR I A A Y 45
RN, MR 2T 8 KR T S R ey
[ 45 Bt H BE  (L-glutathione, GSH) 7K-F [ KA
K0T, g Ak, T2DM R F AR YRR R bR S
8-S HI MR R F2o BY/KF- T i 55 HORS Al R 36 PR AT
BRI EACCR Y fEshiitsed, £F
A L) R WY, MRS A B AE AR RO TS R BRI A
T RERREAT A B N 2 . WD R BT ES N I oL
i E ALY (lipid peroxidation, LPO) Hifi, #i%
e AL (superoxide dismutase, SOD) ik
RS, DASOEASRRER A T s

WFgE R B, K< 3 HFD 0] 38 1 4100 i #f 28 o0
AdipoR1/AMPK {55 1iE 1k, 4/ U A 1 PR 4R
(reactive oxygen species, ROS) /LPO /K, I/
GSH & & , [k GSH/AL B4 e H ik (GSSH)
LUAE, M R AN O T S BON G . X IRG
/INBRUTEE E5 41 it 22 mHippoE-14 FEAT AR &1 52 56 4%
7R, AdipoR1 3 [H il 2k AT F: 3 ROS/LPO 7K *F-F
o, K E2 M K&K F 2 (nuclear factor E2-
related factor 2, Nrf-2) FIMZLZE iM% 1 (heme
oxygenase 1, HO-1) B it 3R IkIKFFEAL
HIBE AT L, APN Rz HEAZ PR AH 5055 n] RE 5 v Sh 4
EAPIVEEN LAV} € ST OB I e 4 =W | TR B KR 7 St
M HT22 #1280 ', Sw-APP 5L SH-SYSY 4
JL LT RIAT B A R S T 1M Sy R 20T O R R
S APN HAHUAMRN, SR APN fE 7522 fif = b
WEE R SN T — D k. AR
W, eI ET R, PC12 41 P9 ROS HITA %
(malonaldehyde, MDA) 7K 2 755, ifif LEP
T (125% 24 nmol/L) AJ %Ik ROS FI MDA /K-,
HOMGSH & &, S =M FREE PC12 i i 1 S Ak
Pi ' HIERT L, 35 A LEP RERS ORI S BEIABE
AR R R R A
25 WEZuTAT

mBE AR S S WM 4 o B T (neuronal
apoptosis) MR ZRE AR Y B LR Z —. B
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FE I JEARIE D i 2298 . Neuro-2a Fl SH-SYSY 4§
PRI TR SEIR A RUESE, mREA AR
IO T 4, ShidE ' MR RI], DIERIEE
VET R F 2 AHCHE 1 (silent mating type information
regulation 2 homolog 1, SIRT1) /Y& ik LI &
p53 LWEAb T FE RSN AEAR 5 1Y S5 AR AL RR B8/
ZOCT, EHEREIRI N BERE AT

T A I, APN BEAE IS 208 BRI /1 BRI L if
JEHIRZITIT . PR REBBI AR A . EARA
EFEAEE R, AdipoR1 1% 1k i i 3 16 p53/p21 Al
c-Myc 55 75 NSC#£1E . APN AN L) Smad3
MR 7 AL A AR G TR W 52 A y 3
¥ 3% N F 1o (peroxisome proliferator-activated
receptor y coactivator la, PGC-la) AH 2R R4
rae W &2, BRI % sk I 7 4 (activating
transcription factor 4, ATF4) -CCAAT/H5%T25 &
# M [ W & M (enhancer-binding protein
homologous protein, CHOP) {55155 (£ I0 4
7=, L RENS IS SIRT1/PGC-1a (5 S, [
Btk fifidE 2 (B-cell lymphoma 2, Bel-2) FRik,
T JE 55 )% Caspase-3 (Cleaved-Caspase-3) 7 Bax
Fik, dEmAEI LT T N Ak, AR
JRAp /I SR e AL 453 £ A A 35 15 APNAT 5K . APN
A] 3 o AR JE R 42 8 AdipoR1 A 5 1) GSK-3pB B ik
Ak, DT XA DR /I BsUiq e KPR 3 40 e F LR A
ER Y. AR GE, LEP 2 574t
JH T, LEP REHE LA ] 1500 1 R v 1 o7 030G
JAK/STAT. PI3K #1 MAPK §%5, FHEET-H T
Caspase-10 I TNF A T SRR LR, LI
filt 2o T L TR E B S S 1Y PC12 4
Hi, LEP il (12524 nmol/L) ] 4141 i 244
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Fig. 2 Mechanism of exercise regulating adiponectin and leptin secretion in adipose tissue
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Table 1 Effects of exercise on adiponectin levels in diabetic animal models and patients

F1 BEEhXRERE SR EN B E AR R K A
WFcE GERD T R BETWIT & ESES
FEIN el AR HA it i)
CRARR KD
De Castro%F ~ HFD+STZi5 Mttt 6l A HZ3), PiHEZ, 20 m/min, 50%. 75%- 12/, 30/,  APNT
(2019 P01 SRR P4 & A Hiss) 90%#1100% load, 30 min/¥X
Parastesh% NA+STZ R S  HHiE3) 27 m/min 10/, sk/JE,  APNT
019 1) FH R 20~60 min/i¥%
T HFD+STZ#%  #EtE  6fAky Rz 10~24 m/min 8/, S/A, APN 1
(2019 11051y TR 60 min/iR%
Wang?2%: db/db/NR RIRE  SHEEEY HRIES) 10 m/min 8K, sU/A, APN 1
(2020 11051 ) 60 min/ik
Abd El-kader T2DMHE#H B/ 4153+ REHEHIEEHHIZE) 60%~70% HR_,, 12, 3%/,  APNT
(2020 1 5.18) ¥ 30 min/?X
Dunnwald%  T2DM&E#H  F/4c (59.5+ PEESREFLIEE, & 70%HR . 70%. 90%~ 4, 3U0/4, APN—
(2019 11071 6.0) % GRSERIEIZE) 95% HR, 42 min/iX
(59.6% 4, 3WAE,
51 % 50.3 min/IX
Heiston% HERIRHIY B/ (610 PEFSRFEFFLIZEN, W 70%HR . 50%. 90% 13K, 1%/d,  APN—,
(2020 11 ) B 94) & wRJE[REUEE) HR,, 60 min/I% APN 1
(60.0+
7.6) %
Petschnig2% TIDME#H B/ 1.0+ HikEdiLEs) 70% 1RM 32/, 20/A, APN 1
(2020 [101) 0.8) % 50 min/¥X
Sokolovska®$  T2DME#H /& (60.64+  [AECEITIZE) 40%~70% PEE 1208, S/,  APN—
(2020 11021 74) % 60 min/YX
Viswanathan® ~ T2DME#H  Ji/& 508+  Hillniga) F il 1204, sw/E,  APN1T
(2021 BT 8.3) ¥ 50 min/¥X
Zaidi%% T2DM& e B (65.0+ PB4 & EEBE) RARTE 124, 150 min/l  APN—
(2021 18Ty It e 8.0) ¥

APN: JEEZ; HFD: M8 ; HR

max *

FRETE.

R HR,: I 0% 5 load
PEE: AEIHIHFEVE(Y; STZ. #ENRMEZ; TIDM: VUG ; T2DM: 2WIMRI%; VOL,

max *

ARG NA: JABERE; 1 RM: DREREKIE;
BRI —: ARFRBEEL; Tk
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Table 2 Effects of exercise on leptin levels in diabetic animal models and patients

R2 EEHHERFEYREIN B EE R KRR

WieE GED IR R BT % R
FEEN P SR St HE IR R /T
YD
25 75 ke HFD+STZ%ES Mtk KARIE TPk 2 B/ AN JEE RAiE 8/, S/A, LEPT
(2019 11241 1K B EZ 60 min/%
TS HFD+STZiES  HEfk 6 A HHIEZE) 10~24 m/min 8, SUU/E, LEP|
(2019 1051 (PN 60 min/iX
SRYE HFD+STZ Mtk ARARIE PRIz 3] 4J, s/ LEP|
(2020 171 ) A 50%- 75%741100% IRM
X HFD+STZiES Mtk RARIE 1B 15 m/min 4/, s/, LEP|
(2020 11287 ) {IPN- 30 min/ik
Dinari Ghozhdi%  HFD+STZ M RARTE HHEEE, P 26 m/min, 50%. 70%. 80%AM 124, 3%/, LEP|
(2021 127 7 TR i) 100% 1RM 60 min/IX
Borges’ T2DMEH B/ (70.0£3.0) % HAiE3) 55%~60% HRR 164, 2%/, LEP—
(2019 11261 60 min/iX
Dunnwald%% T2DMEE B/t (59.5+6.0) & PESRERLNES), 70%HR ., 70%. 90%~95%  4Jf, 3k/E, LEP—
(2019 11071 (59.6£5.7) % e R P 1) B0 ) HR,. 42 min/IX
4F, 33U,
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De Sousa®§ T2DMEE B/t (611+64) & JEERIZF] 50%~100% HR 12/, 3%/, LEP]|
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(2020 1131 BH (60.0£7.6) ¥ el 58 P TR 2 3] 60 min/iX
Sokolovska®% T2DMEE B/l (60.64£74) % [ E P ATIES) 40%~70% PEE 168, 5/, LEP—
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TS BCID R AR 28 o0 B A 28 e BT 48 L e Y p38
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HISIRT1/PGC-lo 5845 Z il %, LA T k4
FAMATEAME | PRZESAE . EALNORI SR 28T IR T4
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LEP i W] 1E hyiz 2l e W PR T R D) fi e A 114 B 22
Mt X TR SRR R B T S, i
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KT EEA; <L

s ACFREREAR; 17 KPRET .

B ] RE T i 32 = TEER APN 19K F-, F&AIK LEP /K F
IFHEE LEP s, DMEURR i, HRER
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A AT ) S B2 5 T BT TR 0 )
a. BAR R EIFGT CIESE, 4R R P93l Bk Y
APN F1 LEP AJ 8 /2 2t 28 15 PR 95 TA 41 D) B e A5 1) O
e, EHEA CFIE-RY T KR MR TE T
b. B APN FILEP 4, Ir4E0FoE &8, HABAR 5 A
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25 T B0 PR 5 A0 T R B A 22 [R) A7 X5 o
I st fH B R LN AELRIAT A R i — 2
7R o RRKTFBIN TG F BB R IA
HITHRERS R A AR | SRIE . SRR R
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Abstract Diabetic cognitive dysfunction refers to the impairment of cognitive function in diabetic patients,
which is a common complication of diabetes. This is especially true for elderly patients with type 2 diabetes

mellitus. Studies have shown that adipokines, such as adiponectin (APN) and leptin (LEP) secreted from adipose
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tissue are implicated not only in the regulation of energy metabolism, but also in the development and progression
of diabetic cognitive dysfunction. APN and LEP may serve as biomarkers for diabetes-related cognitive
dysfunction. They can cross the blood-brain barrier, enter the brain, and regulate multiple physiological processes
such as hippocampal neurogenesis, synaptic plasticity, neuroinflammation, oxidative stress, and neuronal
apoptosis by binding to the receptors on neurons or glial cells (e.g., microglia and astrocytes), and activating or
inhibiting downstream intracellular signaling pathways, including p38SMAPK, AMPK, ERK, JAK2/STAT3, PI3K/
AKT, and SIRT1/PGC-1a, efc., and subsequently regulate cognitive function. Importantly, APN and LEP may
also act as key mediators in the improvement of diabetic cognitive dysfunction by physical exercise. This study
aimed to open up ideas for further enriching the theoretical system of “fat-brain™ crosstalk, and developing and
refining the diagnosis and treatment strategies of diabetic cognitive dysfunction through analyzing the relationship
between APN or LEP and diabetic cognitive dysfunction, sorting out the underlying biological mechanism of
APN and LEP regulating cognitive function, and exploring the possible mechanism of exercise-mediated APN

and LEP in improving diabetic cognitive dysfunction.

Key words diabetes mellitus, cognitive dysfunction, exercise, adiponectin, leptin
DOI: 10.16476/j.pibb.2022.0109



