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Research progress on diabetic cognitive dysfunction via intervention of traditional
Chinese medicine on blood brain barrier
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Abstract: Recently, diabetic cognitive dysfunction, as one of central nervous system complications caused by diabetes, has attracted
the public’s attention. The central nervous system complications caused by diabetes is associated with the disruption of blood brain
barrier (BBB) in structure and function. The BBB, unique to the central nervous system structure, plays a crucial point in maintaining
the homeostasis and molecular transport in brain. Many factors such as hyperglycemia, AGEs, and proinflammatory cytokines result in
the lesion on blood brain barrier in the process of the development of diabetes. They cause brain neuron dysfunction, and then lead to
cognitive dysfunction. Maintaining the BBB homeostasis may be the majority strategy in diabetic cognitive dysfunction treatment.
This article reviews the improvement of BBB on diabetic cognitive dysfunction, and the intervention of traditional Chinese medicine.
Key words: diabetic cognitive dysfunction; blood brain barrier; central nervous system; traditional Chinese medicine

BRI N EI D RERhs K 2 2 AU AL 80 AEIRIR P AT Pk . U 7 A2 4 i i i 7 5 e

IS AR, A AR R G, BEIT P BORINAE
Gik . PR AR AR AT T R B AR
B PRI A L BE RS LA PR e 28 45 47 5 B3R A AN )
AR A A= B2 A B PR A T RERRAS 1 R A=
EAT P B A D7 B 25 K RN DD RE 224 o S S
B W PR3 I Ji 7 R (453203 T RE A2 PR TA 1 2 i
SRS IR L TN 3R, i S 5 R AR W e 3
FEAE TR RO, DR B0 o i 7 s 1) 4500

Ut BHEA: 2017-02-13

28 115 T 40 R T2 S 1 1 2 55 i 40 Bz ) D B e o i i
Jo I 14D R AN 8 ) 55 o A ML P 2 A R,
RO S H ) 4 0 B A AT i 22 2o B bR o
e 2B kR eIt o S A I Y, ot g g
(1451477 fie 5 | A IR 0T AE Ak N K A 2R A
JUIhBEREAST i i 5 B B 9 AT S ECE 247
FY, IR ) (AGEs) RAEAH G
R4 AR, 5 1R I A BT L, e

EEWE: FEXRARBEIESKIIH (81403213, 81673707); KL 2& MEIH A& kI hI5 H (IRT_14R41)

EERN: A (1991—), T3, WiLfEsL, FEHFR A2 . E-mail: veflyl 5@163.com

“BEMEE TN (1982—), Y, EIEIZ, Wil Tel: 13212082363 E-mail: zhuangpengwei@163.com
IKHIE (1967—), B, #E%, W LAERIT, Tel: (022)59596138  E-mail: zyjsunye@163.com



B XL Y Drugs & Clinic

s B3I 2017E3 A <549 -

i85, AT FECA KN ThBEREAES . IR 2GR ST
RFHEZ 2] h 2 BAR DL K ARDCEE % I B b
2 TN, A2, 28k, 23
TEERE R, VAT I B R A DG A AR A
B, R i B R ] LUK TR PRI DA N ) Be R A £
BERTI S . ASCN RIS AL I R T
M N A K RF (VEGE) . AGEs 257 T 251
oL i 5 B A0 B B WA N D) BE RS EA T 50
1 S#E

e BT /I8 ML A7 T4 PR 1 42 L7 P 52 40 B 2
RERRNG . VEVLIRD PN B A0 6 18 S o R 1006 4
PESE I, B PRIIR S i IR 2 2 i P B 4
G RETE, o | E f E E  ve, A f a
25 3 250 B B AR (1) 638 B, F T IR A
A EAER, BT CAHED U A S 4 i o B
Bf i 24 2 SECA AN ThRERREAT ,  HE I I B IR,
gy DRI . DR A K 1 EE R AR ) R R U
WA BEEIE A8 (GLUT) 7EIMLiBERE bk 45518
AR AR o AR g Pk I oBE & R A
GLUT-1. GLUT-3 mRNA LK FIRIE. R
Bl DR K BRI A B2 B 1 1 RISANEEA T T
B, X PECT MR B, 5 m il fi 57 B Xt 48]
IR IS o R 25 S BORMN P I & R R,
iy BRI R A ERE R 2 25 ),
AJ HEIE— 2 i B 6 AU B2 L R RE R
W, BRI AL T — AN DL RE AN 2 G,
AT B0 0 D) RE R 1 A A

ANEEGRE T . A UKy, AR
INBERGEAT — € (B S A T, iy LA ek B il B
S SR R K RO SN S RERE RS 4 Y. B
bl A4 IE 5 2 AR ) ) 10 25 5 R R ) S8 BRI R
I /0N BRI IR T L 7 S 3 SO B PRI /N BRL A 30l
(VA = B e Sl = VA B e N R 37
A, WFFURINETIE - A7 B 20 B B S 1 G b
AUAA G BEIE ] o A Bl e el 718
AU A VA AR A TS 7 0] A0S B BRI I R SIS
AR S, i ELG I i B B B A — s IR R A
AR FHALEI AT R85 7w i i b B 25 % 0% B2 B
(ZO-1). MM (0-SMA) FlFRAGIE R
(ColV) A%, iy HLAFFE R I e U A4 A 1 7 e e
5 GERE RIR IT R AR IE R ALK BN ARG . DG T
IR 254 5 A BRI L A B G I i 5 B £
LR

2 |

PR PRI A QU 8 B S BN B,
A 7 S8 I 5 A R 1) o B s L 2 — 1), 4
e NO LUK PKC 3 Aa4510 145 A i 20,
AR O P B 4 S B LA A S2 48, I
AL A AP0 S o ER T P AR I o o g 3
Ghk, DR AE A ST BT Y B B 4 2 A i i
Ry e dE AR H RS TP AR A E R 48 (CNS)
PRI T S e TR KN SR .
FE(P) 3G 22 B — DR T AR Y, B
PRI (ATP) (6 sz 2I40H], AR 40 M () DNA
M RNA 45t 50068, BARMBE s, 18 hniw
ZEVE, 1 RARIZ I . W R ARSI, DNA 2 RNA
IEAE . R AR IR S e S EOA G Th g AP,

P BT 222 5% o B 1 A2 7 I B )t U DY
S T OB PR /)N BRI i e B L P-RE R 1
1M HL A8 2 PR/ UM LN TS P4 (ROS)D /KOF,
iR LSS N A= I P S N S B AT BliBUN
E i A A8 B R IS AR B R /S B T A B B o 4
AFFER, 45 TR K SR 2 SRR AR
Ja A B SGE N G Th R AR, i HLREIH 2 0
I Ly R AL S OTR 2T, DR A 4 TR TR
ARV A VT RE I8 I R A A S IRONT A PR I i o i
H—E MR 1EH
3 RMERAF

18 MR K T JE S 8 PR R 1) 3 R AE 2
—, JOREAE ML B A I 57 it T R A AR A T L
HIrP A EEEA, FIRNIRRIF TR I 2 OB PR
SR R RIS S IR D BE R — 2 1
RSN, A8 g RE R L B b B — e,
A T e R e K % S R i A S ot e g 1 4
IOl i 28 BRI~ T LA S 3o S M A R 4 R
JRE R -9 (MMP-9) Bk iy #5347 1 fivi 5 i o 4
PRI AL i 7 Bt 52 438 m] S 50 N /e A B vE AL, R
TR REN T, WA -1 (L-1D MR IRIER
F-a (TNF-o) Fly-FH07 (INF-y) &, gE—2hn
I R MRS AL, sl . M2,
Bl R 5 v 9 RE J 3 T LA T IS MMPs (1380,
A5 K B e i 1 R BRI, b T S EOA S T e R R

G e A SRSVt g 2 W 1 FH 2 3 3% ml S e A
PRIGTEF I RIE RN, Thim B3 IERE T claudin,
occludin [FJFRIL, LRAHE PR IpG A BRI Jix g i 11 25 4
AyRer ek, 1 H e Rig R HARAEH e S



* 550 - NS E LYY

Drugs & Clinic

ERH HE3IH  2017FE3A

] NF-«B Gl B E0E A O, [FINAA BRI 28
X HAT SR R K BA NS R T, DR
N 22 6 2 T T I AR AR5 i A 9 R S IR AR A 1 i
o i 23 T A W PR A SN D) e

4 VEGF

VEGF 7ENUAIAE A 3% WLAE KA AR
A TR P, VEGF 7E8E 5 1 5 Mg
PRI R 53 A P e F S B RN, A PR 05 M 75
HAF U >, (H VEGF 78 PRI s w3 st o 22
fth. T VEGF fefi I @& S, VEGF
WPRAE LA B P 1. Argaw Z5P2 1A 4R s2 56
TR B AL 40 i = A= 1¥] VEGF-A R T 1 ik
I3 PN B A0 B %% 8282 11 claudin-5 (CLN-5) FI
occludin COCLND [P, 4P S48 it [ C57BL/6
JIN BRI 22 A0 2F BR R 5 VEGF-A J5 & Bl VEGF-A fig
B 451405 P 2 CLN-5. OCLN, “S3ifi f 5 B4 473
BE— DRI W R T 41 R VGEF-A il ik
VEGFR2/PLCy 15 ‘5 18 0% eNOS, 5% % 4%
M1 CLN-5. OCLN 3 ff ifi s g B 4 450, ol
AiE ST la (HIF-1a), &P s S sas
PPN < (1 =W~ AR S 1 Rt NG L P R AT P 3 N 4
HUFEIR VEGF (%555, HIF-1a 75403 1 40 i
PR PR, (PRI S B RSN SSR
PR TS, HIF-lo S8 T m, 80NN B
oI A 55 % 3 PR R B I AN S E R (I RIE T
B, 1 i VEGF &MY, sRifn, e
WF5T W] HIF-1a Al VEGF [RIFE R AT fh &3 (14
i, FrLh HIF-1a 1 VEGF S2UARZE ) BARPLHI
B ARMTCHIE I, TERE R I B R A h A
RpE—DWEoT. eab, I BV AR IR /N e I 4 o S5
IL-18 #4%, b1 SO BY 4 i 43 s VEGF-A,
Jr L eNOS 38 i i i 57 ks (1038 52 L5,

FAT APV R B I B AR S e B b
B PR 955 WA 0 T RE B RS K BRI ) B R B
occludin. claudin-5. ZO-1 LK JAM-1 I H &&=
K, BRI SCRE B Y, BRI I g B B (1)
WIEPE, (HAE RS H N B AR S & 7 fe 2~
HIF-1o 1 VEGF mRNA & & #%ik.

5 AGEs

AGEs {ERERIF NN T REREAS A L R rh s
FHME, STt AGEs 7E/A A it 2 I EPT,
AL RERRS 5 AGEs /KT 2 IEMISE, A5 RH
AGEs #4I7) 5LAT o35 A A ol e B i 4 O, o

JRIRARAS T AGEs w3k b i ot it 2 Py i 4 i
VEGF Ll K& MMPs 48 5% 15 452 1 1 FRIA FRAIK,
38 0 a5 5 P 5 P RSO g /N BE
B RE I RSN IR B SE L S N FE B AGEs, IR
FEE WA /INBE B AT W S 1 5 R R 9 U 0 ) i A
., T INEER S A5 AE M I 406 AGEs R4 ifi fii 57
e SO PRI N A D eI A eI — DA
6 RE

L F 5 5o K i PAY P55 PR B L S ik A
TAER, R A s AR A, X YERF
KLy fie 77 TR ES A BB, B B i % e 1) 43
A7 2 W PR 9 i ) B 52 458 1) T AT o B PR 1 i

TR BB R BRI 2, AR 2 PR3 LRI I 52

ERERIINEI T RE, (EHEARPLEI AT b 2xt

Bl s S FEOF ROERN AT BT 8 IR 28, il

Ao I 5 AL I e i £ B DR 905 DA SR By E B A A A AR

FE wTRAA 365 B B DA R0 B RE R A F) 18T 24 1)

TIF A SR AEHT ) S 5 S

S0k

[1] Alrarez E O, Beauquis J, Revsin Y, ef al. Cognitive
dysfunction and hippocampal changes in experimental

type 1 diabetes [J]. Behav Brain Res, 2009, 198(1): 224-
230.

[2] Mogi M. Horiuchi M. Neurovascular coupling in cognitive
impairment associated with diabetes mellitus [J]. Circ J,
2011, 75(5): 1042-1048.

[3] Manschot S M, Biessels G J, Rutten G E, et al. Peripheral
and central neurologic complications in type 2 diabetes
mellitus: no association in individual patients [J]. J Neurol
Sci, 2008, 264(1/2): 157-162.

[4] Manschot S M, Biessels G J, de Valk H, et al. Metabolic
and vascular determinants of impaired cognitive performance
and abnormalities on brain magnetic resonance imaging
in patients with type 2 diabetes [J]. Diabetologia, 2007,
50(11): 2388-2397.

[5] Persidsky Y, Ramirez S H, Haorah J, et al. Blood-brain
barrier: structural components and function under
physiologic and pathologic conditions [J]. J Neuroimmune
Pharmacol, 2006, 1(3): 223-236.

[6] Starr J M, Wardlaw J, Ferguson K, et al. Increased
blood-brain barrier permeability in type II diabetes

demonstrated by gadolinium magnetic resonance imaging



PR R ETY &

Drugs & Clinic

EnE H3W

201753 A - 551-

(8]

(10]

[12]

[13]

[16]

[17]

[J]. J Neurol Neurosurg Psychiatry, 2003, 74(1): 70-76.
Yonatan S, Jaime L, Hadar S. Vascular pathology and
blood-brain barrier disruption in cognitive and psychiatric
complications of type 2 diabetes mellitus [J]. Cardiovasc
Psychiatry Neurol, 2011: 609202.

Clifford P M, Zarrabi S, Siu G, et al. A beta peptides can
enter the brain through a defective blood-brain barrier and
bind selectively to neurons [J]. Brain Res, 2007, 1142:
223-236.

Takeda S, Sato N, Uchio-Yamada K, et al. Diabetes-
accelerated memory dysfunction via cerebrovascular
inflammation and Abeta deposition in an Alzheimer
mouse model with diabetes [J]. Proc Natl Acad Sci USA,
2010, 107(15): 7036-7041.

FIOAg, B 2, Ebue, SR (T
1L % BE AT ST (9], 29I BT ST, 2015, 38(4):
384-389.

SERTR, BUCE W G AR RS B LN B
B R AL 3B T GTHERE [7]. TP EZY, 2013, 44(15):
2183-2188.

Ergul A, Elgebaly M M, Middlemore M L, et al. Increased
hemorrhagic transformation and altered infarct size and
localization after experimental stroke in a rat model type
2 diabetes [J]. BMC Neurol, 2007, 7: 33.

A5, X, Sagl, S5 /NBER B R K BA
Sk KlE S AL SR AR (], T 2H 2 IR 2
B, 2012, 23(6): 631-636.

Wiz, & R, sZAamR, A5, R RO bR I /N
SR AR K 2 S IZ B RE M R SER T T (0],
FREE 2R, 2015, 22(3): 264-265

AN, B, RO T - A 20 T B R
i/ BN AN T BERR S [T]. 25 25 IR, 2012,
28(5): 132-134.

b R T, BUGR, AR Ze VBB AR TN B IR
o3 RIS K Bl T T O o o e B S R R L TV Y
IR FA o=~ DUILEN 8 AR IERIFEm (1], hHe
24,2015, 46(21): 3214-3218.

EFL, b, TYERBE, R Lo VAR AR AL B IR
Joi I R AIAAE K BB I AR PRI S (0], Fhsdh, 2014,
45(11): 1602-1606.

EFA, b E W W, SR L VAR AR B PR
P I RAMAAE K BUAT J 28 KON FI D RERISE M) [1]. h

[19]

(20]

(21]

(23]

[24]

(23]

[26]

[27]

(28]

BN F 242, 2014, 31(12): 1427-1431.

Zhao B, Pan B S, Shen S W, et al. Diabetes-induced central
neuritic dystrophy and cognitive deficits are associated
with the formation of oligomeric reticulon-3 via oxidative
stress [J]. J Biol Chem, 2013, 288(22): 15590-15599.

Pricci F, Leto G, Amadio L, et al. Oxidative stress in
diabetes-induced endothelial dysfunction involvement of
nitric oxide and protein kinase C [J]. Free Radical Biol
Med, 2003, 35(6): 683-694.

Markesbery W R, Lovell M A. Damage to lipids, proteins,
DNA, and RNA in mild cognitive impairment [J]. Arch
Neurol, 2007, 64(7): 954-956.

MR, 0 &t W B EERIHE PR N BRI
Bk b PR R A RIE S DI RE IS ()], 2B
24,2009, 13(5): 483-485.

B L AT R B EORRE PRIV R B DA N ) BE FRD S
BURIRESE [D]. $FRa: AR B 25 K%, 2012,

Suzuki M, Umegaki H, Ieda S, et al. Factors associated
with cognitive impairment in elderly patients with diabetes
mellitus [J]. J Am Geriatr Soc, 2006, 54(3): 558-559.
Marioni R E, Strachan M W, Reynolds R M, et al. Association
between raised inflammatory markers and cognitive decline
in elderly people with type 2 diabetes: the Edinburgh
Type 2 Diabetes Study [J]. Diabetes, 2010, 59(3): 710-
713.

Huber J D, Witt K A, Hom S, ef al. Inflammatory pain
alters blood-brain barrier permeability and tight junctional
protein expression [J]. Am J Physiol Heart Circ Physiol,
280(3): H1241-H1248.

Hwang I K, Choi J H, Nam S M, et al. Activation of
microglia and induction of pro-inflammatory cytokines in
the hippocampus of type 2 diabetic rats [J]. Neurol Res,
2014, 36(9): 824-832.

RIEE, FHREG M B, S LR FORHE KK B
i BB (R (0], TR B B RER SR AR, 2015, 44(4):
298-301, 306.

Kuhad A, Chopra K. Curcumin attenuates diabetic
encephalopathy in rats: behavioral and biochemical
evidences [J]. Eur J Pharmacol, 2007, 576(1/3): 34-42.
Ferrara N, Gerber H P, Lecouter J. The biology of VEGF
and its receptors [J]. Nat Med, 2003, 9(6): 669-676.
RO, B #, R R, AR FRORREREY B K



*552 -

PR R ETY &

Drugs & Clinic

EnE H3W

201753 A

[32]

[33]

[34]

R B AL D0 JBE 95 A2 B HEHLRIAIT 5T (7], IARZY ) 5 I K,
2015, 30(5): 492-496.

Argaw A T, Gurfein B T, Zhang Y, et al. VEGF-mediated
disruption of endothelial CLN-5 promotes blood-brain
barrier breakdown [J]. Proc Natl Acad Sci USA, 106(6),
1977-1982.

Argaw A T, Asp L, Zhang J, et al. Astrocyte-derived
VEGF-A drives blood-brain barrier disruption in CNS
inflammatory disease [J]. J Clin Invest, 2012, 122(7), 2454-
2468.

Yan J, Zhang Z, Shi H. HIF-1 is involved in high glucose-
induced paracellular permeability of brain endothelial
cells [J]. Cell Mol Life Sci, 2012, 69(1): 115-128.

Park H J, Shin J Y, Kim H N, ef al. Mesenchymal stem
cells stabilize the blood-brain barrier through regulation
of astrocytes [J]. Stem Cell Res Ther, 2015, 6: 187.

FEATA . OIS A3 1 W PR DA R0 e i K B

[37]

[38]

[39]

[40]

PR M PIBK/AKT/CREB {5 75 4 (11 FIAL 1
WE9E [D]. k. pehl b e 25°K°7, 2015,

Huebschmann A G, Regensteiner J G, Vlassara H, et al.
Diabetes and advanced glycoxidation end products [J].
Diabetes Care, 2006, 29(6): 1420-1432.

Li X H, Du L L, Cheng X S, et al. Glycation exacerbates
the neuronal toxicity of B-amyloid [J]. Cell Death Dis,
2013, 4: e673.

Shimizu F, Sano Y, Tominaga O, et al. Advanced glycation
end-products disrupt the blood-brain barrier by stimulating
the release of transforming growth factor-f by pericytes
and vascular endothelial growth factor and matrix
metalloproteinase-2 by endothelial cells in vitro [J].
Neurobiol Aging, 2013, 34(7): 1902-1912.

W ANBERPURERALAE AT [C). Hh [E 2y R
KT RAEFEERSWE R, Jont: PEGH Y%,
2009: 1.



