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HEZE B4R NE-«B/HIF-1a 43 5 i 5872 %P AR 12 7 AL A 22 Fm 3 A2 7 09 4F R U] . T3k o SRR S0 30 3 3 ok A b2
3U(Unilateral Common Carotid Artery Occlusion, UCCAO )7 %k 3% 1% MR AK G 2 ) RAE R AL A 3 K4, 20 50 R, 55 A4
SEAFRR L R F KA UCCAO 40, % X 204 1d.3d.7d.14d.21d 5% 540, )8 Morris /Kik B 7 5 Jileie H . LA
RT-PCR 4] /s s 28 22 HIF-1oo mRNA #= NF-kB p65 mRNA #8 3t & ik K F, KB EIUSA 5 k4 s R s 20 22 £ g8 35 47
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ABSTRACT Objective: To explore the role and mechanism of NF-kB / HIF-1« signaling pathway in the neuroinflammation caused
by chronic cerebral hypoperfusion. Methods: The chronic cerebral hypoperfusion mouse model was established by unilateral common
carotid artery ligation (Unilateral Common Carotid Artery Occlusion UCCAO), randomly divided into 3 large groups of 50 mice, normal
control group, sham group and UCCAO group. Each large group was divided into 5 groups according to 1 d, 3 d, 7 d, 14 d and 21 d.
Learning and memory abilities were assessed using the Morris water maze. The relative expression levels of HIF-1a« mRNA and NF-«B
p65 mRNA in mouse brain tissues were determined by RT-PCR. TNF-a and IL-13 were detected by EIISA. Results: Compared with the
sham group, learning and memory was significantly decreased in the UCCAO group (P<0.01). Compared with the sham group, the
relative expression levels of HIF-1a mRNA and NF-KBp65 mRNA in UCCAO mice increased significantly (P<0.01), while the relative
expression levels of HIF-la mRNA and NF-kB p65 mRNA increased significantly from 3 d and peaked at 7 d, and the relative
expression level still increased significantly after 21d (P<0.01). Compared with the sham group, TNF-a and IL-18 were significantly
increased in the UCCAO group (P<0.01). Conclusion: 1. Chronic persistent cerebral hypoperfusion can lead to progressive cognitive
dysfunction in mice. 2. Ischia and hypoxia after CCH can not only activate HIF-1a signaling pathway, but also be a stimulating factor of
NF-kB signal transduction pathway. These two signaling pathways have many intersections, and NF-kB activation provides positive
feedback on the regulation of HIF-1q and the formation of inflammatory response.
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124 ik A HE 132 ( chronic cerebral hypoperfusion, CCH) 245
B TSI 005 A8 B A A T B0 IR sl 2> , PRI 2R A
MG & W — RV IRERGAE, 835 2 b B4R RER L I
Al — et R A2 S 3 A A AL, WIRRSEAEAE ol (Rl W i & 1
(1, CCH AT S50 1l 38 1V A B 2 Ui 4L, Fr sl ot ke
SRS PRI 240 5 R AR BT, IE XS P A 807 A — 2R 5
EAEBGRON o B T -«B (Nuclear factor-«B, NF-«B )&
FEAZANM G RN+ FEIN AR 2R A N3 R, 5%
E VR AR T R A kTR AR O, AR BRI L AR S 2 e
RIS OLT Al gei® 9, B4R T -1 (Hypoxia Inducible
Factor-1o, HIF-1ou )72 ELAT 5K B G SR 4 Ve T B0 6 S R 7, 16
TREFREE AT LUFE S RIS ™, 402 HIF-1a F11 NF-«B {5538
8 e ] P SRR PR , A AT 9 2 W) 01 T 2% A 5 3 B AR T
AR A T 200 18, DUARAE SR MBS TF , Sl &
HIF-1a 245, 35 shB i S 6, HIF-1a 35 1R, 755 R i
FEDER IR, T I R A A, £ i i 28 2P iR 45 A BT
L REAE I A AL R AN 28 RAE RN o PRI, LA HIF-1oc 8 55 0
TR, ATA G L AL R, Nt 2o B =, i B p 2 AR 40
MOV o LA, 381 NF-kB /HIF-1o {553 5% 78 i 20 SR HE v
Bt VR FIBLIG TG CCH B EZ R E X, R It &
HAIRVAE CCH 2542 (i 5Eml .

1 #8575 %
L1 Zhi55a

ARBIFGT R FH S SR S ko A PS5 $LIY ik E S7. CCH 5
RIS Y SPF 2% ICR /R, MEVE 1A 25+5g, 3 150 K,
REDLSY R 3 KA, B4 50 5, 43 51 1 8 % FR A, TR 4l
UCCAO # B k4% 1d.3d.7d.14d.21 d 43k 5 /N L #2218
ST S S A B T RV A B 2 RS oL SRR A
BRI R RERIZT R S HE .

1.2 shipEELTEMARE

/NFRTE UCCAO FK 12 h Ji5 v % 3[R 0 28 4N 455 5 A,
FIUN [FIAR G T 2 AR 2/ INBEFLAE /S IRERIMIBE SRS 0]
SR BT RS B R, ) A B
1.3 iIRERESKE

TEARE 1d.3d.7d.14d.21 d HAMALE 10 BN, FF
B A4 EUL 0.5 mL, 3R F9EE 3h,3000 r/min 2.0 15 min,
GBI , BIFFEEAE -80°C kA, F§ T ELISA K, 10 HU/N
FRABEHLE 6 H, 2T+ B IRk i A 3K WSk U
FRMELER /N AV i T, — (0K fii 2 3k 57 BV -80°C R vk
FER, FH T HEI RNA 55— A 23R 8 ki 7 7 i 2 21
SIIEAN IR AE 4°C £4F LA 1500 r/min 2.0 15 4350 B TSR
FFEFEAtAE -80°CukAfiTh , FH T ELISA Kl

L4 5185
L4137 /MRAA 2 -18(Mouse IL-18 ELISA Kit, -1

aREYWEARARAR), /NRMEIREHEF o (TNF-a)
(Mouse TNF-a ELISA Kit, i3 = KAEYHRARAF ).
HIF-1ae mRNA ,NF-kB p65 mRNA , B-actin ( }Z:)( g4 T4
Y TRRMARAR, T 1),

% 1 PCR ¥ 385|751
Table 1 Primer sequences were amplified by PCR

Primer name Primer sequences(5' — 3')
Upstream 5-TGAGGCTCACCATCAGTTAT-3'
Downstream 5-TAACCCCATGTATTTGTTC-3'
NF-«kB p65 Upstream 5-TCAATGGCTACACAGGACCA-3'
Downstream 5-CACTGTCACCTGGAACCAGA-3'
[-actin Upstream 5'-AACCCT AAGGCCAACAGTGAA -3'

Downstream 5'-TCATGAGGTAGTCTGTCAGGT-3'

142 SRBUEE  ARPhIREEARE R R A TR-30 o TP fE il
TG R ZE LR IR W), PPAG S 0 23 6] 2 > Al
1L HETIR F Morris 7K i B 386 B R AR A3 BT R G0 ( it o =4
FBHECE FRA WD), WO R I 5 2R T L RT-6100 FEARAX CRDIE
FhAE R B AR A B AR ), BRI 1S R A PCR 47 34 (&
GeneAmp PCR System 2400 1 ),

1.5 MRFZE

1.5.1 R Morris 7k i 5 LI M/NREYFESIIEIZEES K
BB S 60419 ( Morris Water Maze, MWM) fH &4 8. 0 &
DA TSI, 4 A IE 5 0 R4, (BT AR 41F1 UCCAO 41y
21 d /NH/INELERT PO YN 25, BRI A IR I TE] Dy 60 s, Y125
SRR N R IR — = DU R AR U A K

I HAFR B AT BARAE— B WRAE 60 s /NS Tk 2k
HEE R TGRS, T/ NRFE T & A5 E 10s, A/
FERUE BT[] N R BER B &, WA L5 3 H LV &, R
VG LSRR 20 s, AU Zrad Fa i UG b RS EA T4
JOSR, BLSCEFFEE H R . 0 ZS[RIERRSLE, 27 6 d bRk A4 7
B /NS — 5 BT ) i BE AT B R A K DU, 15 TRk
AT (BLERE) Tl I SNE M 2 £ 48 10 AR 23 [H)id
TCIA BIX I, /s BRAE G X P 1 AR 60 s RnllFEHRA < /N
FUEFRET & A B X3k B . 7R P BRI B A4 B ] DL R i L
1.5.2 HIF-la mRNA #1 NF-«B p65 mRNA 13 &EKE
PEAT IR A /N R 2, 3 LR RNA I T4 fb Ab B
B B T A TR A BRA FlA 5 19, LA B-actin
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YERNS I8 PRGNS B3 0L 178 PCR ¥ e RA T3
GeneAmp PCR System 2400 RI4" BG4S, I AR AN 514384 7
P4 N 2.0%0Y SRR WEGEE IRE L vk ;A T ARSI , B IE IUAR 3 HT A
XFEKESSRIEAT T IR ERH, H RS 9 ImageTRO Plus 4k
PESEAT IR BE A AN E B34, L PCR 7245 B-actin 1Y JKJE 2
H.#7% HIF-1a mRNA % NF-kB p65 mRNA [AH%T k7K
1.5.3 IL-1B 1 TNF-o 2KF  /NRUKIGAIZUEA TARER , B H
TE5 6 R RG2S P TR B, 1 4TI
T, LA 1500 r/min 2.0 30 2080, B0 WO s U, BEER
PEERIMIK A A2 -1B(IL-1B) AN -6(IL-6) LA K i
JAIRFER T -oo( TNF-o) B 512
1.6 SEitZE ot

ALK SPSS 22.0 AT 30T . A2 SR
R B bR 22 (s ) Rm o SEIERAT & IE S50, >R H
LR 7 22531 (one-way ANOVA )YE AN t #5565 47 i 2 40
BARERIZES . L P<0.05 F1 P<0.01 B R & D REAR N EA

S AR S B YOk AL BRI

2 BR

2.1 UCCAO B30 IZER:

TEE TR, BFALF UCCAO 41 21 d /NRAE MWM
SEH RV R T S A AR X R B P A B B D
EKBUR A R G ange 1-1 5% 1-2, 0 1(A B.C) iR,
TERT 5 d P TSEge b, IE8 X IR, AR 41 F1 UCCAO
HAY 21 d /NERIRBIKTE T FRIBCT 65 00 306 Ve DR 0 s ] 30 32 7
W o WS 5 d BB e LE Y, UCCAO 20 /)N B4R 3 Bt F-
BRI BT FRAE RTF AR/ NRI AE K (P<0.01),
UEHA T CCH Al /MR zs )2 ) i o 28 MR SE 00, 7565 6
FAT o EH TR T ARG/ AL, UCCAO 41/l i sk
S5 A 20k DR B B P B B ) 2 ek b, LAY B
5(P<0.01),

% 1-1 UCCAO mouse MWM Fh k388 AR MR £ B (ws ,n=10)
Table 1-1 Results of UCCAO mouse escape latency in MWM( x+s, n=10)

Groups 1d(s) 2d(s) 3d(s) 4d(s) 5d(s)
NC 20.08+3.07 19.78+6.12 18.61+6.37 18.69+7.34 18.67+8.07
Sham 59.05+5.1%* 36.11+£9.39%* 22.03+5.24 22.13+4.88 20.06+3.92
UCCAO 79.84+9.16" 69.43+5.81" 50.63+8.71% 36.75+9.01* 31.83+7.28%
Note: **P<0.01,vs.NC group , #P<0.01, vs. sham group.
3 1-2 UCCAO mouse £ MWM H B85 & F IR0 B0 P ER T BB B 1) 25 3R (s ,n=10)
Table 1-2 Test results of the number of times UCCAO mousecrosses the effective area of the platform
and the residence time of the inner loop in MWM( x5, n=10)
Groups NC SHAM UCCAO
The number of times a valid zone has been crossed 6.67+0.72 6.11+0.95 2.04+0.53**
Inner ring dwell time(s) 2.42+0.39 2.39+0.37 1.11+0.25%*

Note: **P<0.01, vs. sham group.

22 B ENRGALR HIF-1a F1 NF-kB p65 mRNA 7k

RT-PCR Il i 41 21 2 3% i v HIF-1ae mRNA (NF-kB p65
mRNA FHXF kKT, WLE 2(A B) R . &R AR50,
HIF-1a mRNA 7§ UCCAO RJ5 3 d FFEaH4 N, 7 d Fikim i, b
JEBH TR Bk UCCAO RS 1 d SIRFARA HLEIC % 2% 5
AR (P>0.05), Hi4x41 P ¥ <0.01, UCCAO £ NF-xB p65 mR-
NA 7 UCCAO R J5 3 d FFiaHE N ,UCCAO RJ5 7 d B,
HH 5 TR AR (P<0.01), BJ5 B B %, UCCAO RJ5 21d
EBFARALEA(P<0.01),
23 hhEEHENRINALR TNF-o F1 IL-18 B2

ELISA Il /)N UK ZH 21515 W TNF-o AT IL-18 1 5535k, UL
% 3(A.B), UCCAO ARJ5/MEMZHZ H TNF-o £ UCCAO A
J5 3 d FEUEHEM, 7 d B 21 d 4B B Uk 35k, UCCAO
AJG 7d FBEEFRE; B UCCAO A5 1d S5EF AL
B W EZRINP>0.05)50, HAYH P15 <0.01, UCCAO K5
/NG ZH S IL-18 YRk mAE UCCAO ARJF 3 d FFURHEM,
7 d B, W TR TR (P<0.01), fifif5 IL-18 AYFKA &

BT B, UCCAO RJ5 21 d 5RFARH i 8 & I+ &
(P<0.01),
3 3tig

SEGES IR RS HEAGHE /N B UCCAO 5 251 g 7%
PRI AT S B0 N R 2102 feft . ELISA 346 UCCAO
ARG RHEHF TNF-o F1 IL-18 47, HFFESAFRbmkas.
RT-PCR {%:45l] HIF-1oo mRNA NF-«B p65 mRNA %} £ ik 7K
B, BRI R A o R B MR = 38
3.1 NF-kB 25 CCH g#Z % fE & i

NF-kB J& T EAZ NS 5% F 1, LA p50 F1 p65 W ILTE i
TR BRI, FEIEF AR B NF-«B 5H
i1 25 A (Inhibitor of nuclear factor kappa-B,I-kB)JE i3 4 &2
AR ENE, YA E G SRS, PIE R,
NF-«B AN 5 R 2 ANM0A% N, I8 15 20 08 72 3L P A 5 o 3o
JRRIE , 2 AL MM S s i . NF-«B fERZZUh 2
FRAMAG PN T2 M3k , FE SR B4 55 2 PR BLA 1 T 1T 1k
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Fig.1 Effect of rutin on learning and memory impairments induced by UCCAO in mouse

Note: **P<0.01, vs. Sham group.
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Fig.2 Comparison of HIF-1« and NF-kB p65 mRNA expression

in each group

Note: **P<0.01, vs.Sham group.
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Fig.3 Comparison of IL-13 and TNF-« content in each group
Note: **pP<0.01, vs.Sham group.
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1%, SR AR T 2E R Jr BB ARG . CCH i PR
T, i R4 A — R R R RIS B0 1B g (1 B),
fiff 1B BRIk, 512 2 VR T IR UZ Z ALIkB, Bl 2 5%
N5 51X, NF-«B B i 1 NF-«B, i 1% NF-«B # A
MR, SRR ES G, Az R AN ] 04 25 (57 ) 40 240 B R
(IL-1BIL-6 \TNF-o 55 ). Fifff 73 F (VCAM-1.ICAM-1), fif}
(COX-2.iNOS) % 5% H F(IkB . C-Rel) %™, 5 Lufft 5y e ik
PO AE AR A8 P Bz AR Bl S 75 4t AR v, NF-kB X T
ICAM-1 gene f) IR AYIG I8 T B A & SU MA@, fEASS
oG 5 I 5 PN B A L e, NF-k B 85 K% 381 e SR A6 R ( TNF-o0) 8¢
TR TS SR ICAM-1 25 [H A,
32 HIF-la 5 5@ R CCH R EENEE@KZ —

481755 N 7 -1 (Hypoxia Inducible Factor-1, HIF-1), X 4%
REFE ST -1, J&—Fh il PIFP A SRR HE 8 1 HIF-1o Al
HIF- 1B AR BA e s i v i e SRR A, 9HUARLE T
BRSBTS HIF-1, & 4E AG 41501k B4
A A PE SN 4 o A ISR R B2, ] D S MR | I A A
I BRI R G 1 2 R L (RS Bl FR s 5 o 1 (IR 4eU B I TG
{4 (Hypoxia-Response Element, HRE )5 54 45 &, 412 UE Xt i 48
BRI RIS Y o HIF- Lo S5 2 5 iU Y SCBRBE AT
g HIF-1 A siG k. Bk & 28 5, HIF-1a 823005 ,JF 5
HRE %54, JA S LR E 76 5% 0 HIF-1oc 1 R RS RE R 22840,
. MM KT (Vascular Endothelial Growth Factor,
VEGF) & 21 48 fifi 4 ji%, 2% (Erythropoietin, EPO) | 7 #4: %8 (reac-
tive oxygen species, ROS) Bcl-2 \Bax %, 24 ik 2 21 5k 1fi, Bk &
I, HIF-1o 635 B8, 15 5 UL R 1Y 2238 , MR e
i AR HE AG I s 2 UM JA T 4509, AR HIF-1a A3 A
TESAE R AR H TG, 38 R SR A DGR R 3R 35 , |
L A B 200 KRR R LA A BT (R S A SRR, EAh , SE
SN AR 2 1 R AR 5, IO i T fiff HIF- 1o
VT | AT 55 At SR 8 A R 2 A A P B SR BP9,
3.3 CCH J5 NF-«B 5 HIF-1a R9tHEEA

AR P CCH Jm B ifi B4 vT LUKS HIF-1o (55
i P, N E NF-kB 555 A I E 7, X 45155 1
FAUEBEZE L. BRINEE R NF-«B i b, NF-«B B2 R AF
SR AKX, 2 NF-kB {553l # 1 Th [ AX A, IS AL 5 Re g
P AHOCHE R % S AR, O ARAE R T S AL PR 5, A
I B4R SERE ST, ST IR F- R I IR 5 LB i — 200
Ak NF-«B /. A 5T s B0 e i Bl 4 NF-«B i 4k 2 3%t
HIF-1oc 2 RIGAE SN AR S 157

25 LR, CCH J5 Bk I k4 55 /1 NF-«B/HIF-1o {5538
7 EAER], JR4% NF-kB/HIF-1o {5 538 %000 18 PRI
W5 4% e (A ZH 2R A A S 0 A B, Ko P AR 3 3 L P i
P EA BB PEN, PR 5484 NF-«B/HIF-1a
MY, &R CCH R EZ RIS Z —.
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