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AR R KA NRED B - ERHEE G (amyloid B - protein, AB) VT AAE & , I 45 & 7K LR 4T ik (B EBR &2 R MK
(enzyme linked immunosorbent assay, ELISA) , 48 % 4 & % xt AD & 1L 5L oy & v, (Z)Lﬁr]%\é/gfﬁq—ﬁ&’,ﬁ HEEGWHE
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IRBEHBRRAGEEBREE,WB LRI A B AL N2 fo HO -1 WRZ AP, REFHACNHER. k. £
B E AD DR ST TR A B AR A, R AR R R, SR R ALE 5 48 Nef2/HO -1 8 B P A X B A Rk
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Action Mechanism of Shenghui Decoction Alleviating Oxidative Stress via
Nrf2/HO -1 Signaling Pathway and Improving Cognitive
Dysfunction in Alzheimer’s Disease

KANG Yuhan,LIU Jihong, WANG Haoran, LUO Rihong,ZHANG Zijuan,HAO Li
Henan University of Chinese Medicine ,Zhengzhou Henan China 450046

Abstract : Objective ; This study aims to investigate the mechanism by which Shenghui Decoction alleviates cognitive dysfunction in
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Alzheimer's disease ( AD) by counteracting oxidative stress through the Nrf2/HO -1 signaling pathway. Methods ; From a total of 45
mice,9 were randomly selected as the normal control group, while the remaining 36 were injected with AB25 —35 oligomers via ster-
eotaxic brain injection to establish an AD model. The model mice were divided into a model group,a low — dose Shenghui Decoction
group ,a high — dose Shenghui Decoction group,and a donepezil group,with 9 mice in each group. (1) Behavioral experiments were con-
ducted to assess learning and memory abilities. Immunofluorescence technology was used to detect hippocampal amyloid B — protein
(AB) deposition in mice,and the effects of Shenghui Decoction on AD — related oxidative stress were explored in combination with fluo-
rescent probes and enzyme — linked immunosorbent assay ( ELISA). (2) Through network pharmacology methods , the active components
and related targets of Shenghui Decoction were screened and intersected with disease targets for AD and oxidative stress, thereby con-
structing a " Shenghui Decoction active components — targets — AD — oxidative stress" network and protein — protein interaction ( PPT)
network. Key active components of Shenghui Decoction were identified. In addition, Metascape database and MCODE algorithm were
used to obtain target cluster modules,and molecular docking of key active components with cluster module targets was validated using
AutoDockTools software. (3) Western blot (WB) experiments were performed to assess the protein expression levels of molecules with
the best docking binding energies. Results ; Behavioral experiments indicated that Shenghui Decoction (SHD) can improve learning and
memory abilities in AD mice,reduce AR deposition (P <0.05) ,increase superoxide dismutase levels (P <0.05) ,and decrease reac-
tive oxygen species and malondialdehyde content (P <0.05). A total of 48 active components and 114 overlapping targets related to "
AD — SHD - oxidative stress" were identified. The key active components include kaempferol, § — sitosterol , stigmasterol , scopolamine,,
and tetrahydropalmatine. Eight core targets were involved in important biological processes such as oxidative stress response,reactive ni-
trogen species response, and hypoxia response, including caspase — 3 ( CASP3) , signal transducer and activator of transcription 1
(STATI1) , peroxisome proliferator — activated receptor gamma ( PPARG) ,nuclear factor erythroid 2 (Nrf2) ,intercellular adhesion mol-
ecule =1 (ICAM —1) ,heme oxygenase —1 (HO - 1) ,vascular cell adhesion molecule 1 (VCAM1 ) ,and caspase -1 ( CASP1). Mo-
lecular docking results showed that the core target HO — 1 had the best binding effect with key active components of SHD. WB experi-
ments verified that SHD exerts antioxidant effects by regulating the expression levels of Nrf2 and HO - 1. Conclusion: SHD can improve
learning and memory abilities in AD mice,reduce AR production,and inhibit oxidative stress,with its mechanism related to the regula-
tion of protein expression levels in the Nrf2/HO —1 pathway.

Key words ; Shenghui Decoction ; Nrf2/HO - 1 ;signaling pathway ; Alzheimer’s Disease ; cognitive dysfunction ; Oxidative stress ; molecu-

lar docking
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TRESRARLF A S S I RAR G . BIFSE 5 7 DA
B GE AD 2 2] 0L BERT I AR T RBOR R
Hoh I RERI BT AN AL, D A 20 s PR B T
U35 AD BEE SLER LA .
1 ##
1.1 zh4¥ SPF 2% C57BL/6 /NER,45 H,8 JE %,
PR (25 ~30) g, W ) Re 35 5 DUIST A 0 Rk ik
A7 BRZA F] (SCXK($5) 2020 - 0004 ) o /) Bl 32 5 iy
THRUETEIE W PERR TR, A bk, 1 35 AR TR
(22 £2) C, /B BB 12 h/12 h, AR i B
50% ~60% o 5250 A B ARG e S 2 R S g
P FIAE B2 51 25 %K (DWLL201907311) #E 47
HIEALERAE
1.2 ZyEiRH A X h A 30 g, 1R
12 g, AZ 10 g, i85 6 g, A2 1S g, T (%
1S g, M 10 g, AAETH 1.5 g MIEITT 6 g 4
B R W RS B 2K A — [ R I B
ABas 55 (525 118M4893) , 3¢ [# Sigma — Aldrich 2%
A ZRURST (525 1701069) , 1 [E TR 2501 A BRZ
Al HAVE ] (525 MMI1501 ), 26 [ Sakura 24
A 5 9P Il P (5245 SL050) \BCA 48 1 A6l 1k
& (515 SLO38) AT IR NIt B Bl (515
PC0020) 5% BSA Ef A1 (175 C1032) &4 RIPA
2 (75 SW3015) , Jt 5T Solarbio 23 ] 5 1L 3E4T
% TeG HRP(1 : 5 000,452 ab0101) .11 2E40 L 12G
HRP (1 :5 000, %5 ab0102) , t. 57 Abways Tech-
nology 2~ ] s BT f IgG (1 @ 400, 4% 5 ab150072) ,
AB, (1 : 1000, %%5 ab201060 ) , & [E abcam 7%
F;B —actin(1 : 5 000, %75 BM0627) Keapl (1 :
1 000, 575 PBO813) , )i i L4 )28 w] ; HO - 1
(1:1000,£52 GTX101147) .Ne2 (1 : 1 000,45 5
GTX101147) , 3 E Gene Tex /A7 ; MDA 257 & ( 52
B E - EL - 0060) .S0D i # & (%2 E - BC -
K020 = M) , #7X Elabscience 2 @] 3 ROS % Y5
& (175 BB470536) , b i DL AR ]
1.3 8% 7KEEE (ORI iR 8 A RHECA BR 2
H),63031 B1) Y 2K E (BYIE IR A8 A R FRA
) ,63006 £1) (W31 Ry A (I3 IR T8 A= Akl
BAMRAF],63041 AY) B HEE (75 E ZEISS A+,
Axioscoped ) FEFHE K- (Hi-+ METTLER TOLEDO
ZyH], MES4 BY) A7 85 D) 5 AL (8 [ LECIA 2w,
RM2245 1) | 4 2L )3 K Bl (£ [ LECIA 24 ],
TP1020 ) 77 B0 3HL( FE LECIA /A H], EG1150
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2.1 Y E LEEMEIHRESE A
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A I SCKAEEE 20 min, 27 2 YOI 6 18 R JC I 2518
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Geg AT AE B B AR B IS R E S min 5 IR TE
GF, MK AN 3 mg - kg, SRS S £ L4
TN 2 3 min (LA -8 #20E A B T 1 54 TE
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2.2 MEHEEMRRFE

2.2.1 BB ARIERABRAIFE #Edh
IR G2 WA R R 5 43 B F- & (Traditional Chi-
nese Medicine System Pharmacology Database and A-
nalysis Platform, TCMSP, https ;//www. tcmspw. com/
temsp. php) , UL 0 iRA: Y ) A & (oral bioavailability,
OB) =30% F125245 4 (drug likeness, DL) =0. 18 2}
e SR K R A B h b B NS LR T
1 A B AR A AT TE A R B AR FHRE A
[RIEs), f Bh A< 25 K] % ( HERB, http : //herb. ac. en) %k
PR Ab Fe A F A A AR LT T A RO
F3# i PubChem ( https://pubchem. nchi. nlm. nih.
gov ) B FE RS MEIX S8 143 bR M SMILES %5 B
J&, A H SWISS ADME #( #% JZE ( http ://www. swis-
sadme. ch/index. php ) 7 — 25 i & Hh 47 5 8 TH A6 K
WORE B HL39 2 2 24 I ) P A T = yes ™ YA K
W 57, 1@ 1f SwissTargetPrediction ( https://www.
swisstargetprediction. ch) 5 B , 38 BUA S0 53 B9 1F
FHHE AL 255 95 EL 27 304 i 55 4 ( Chemical Ab-
stracts Service , CAS) 45, XTAE Ev7% 9 Fh 25 ¥ A %K
BT HEATHRIA RS IR BRI, AR IR YA AL
T3 B S g ARV o

2.2.2 f#id5 AD fIEUHEXHER EL
AN 18 IR 3% 1% ( Online Mendelian Inheritance in
Man, OMIM, https://omim. org ) % 4§ & F1 % K F
( Genecards, http ;//genecards. com ) 5 JZE 7 iy A ¢
HETA]“ Alzheimer’s disease” Fl1“ Oxidative stress” | 3R
55 AD FVEAL IO OGO HE . DA 2R 1 R O G
T 5 L] Ay 0 1 2% A1 % S A L R S R A T I L O
TR ¥ Score KT H (B A HE fi. 1] Venny 2. 1.0
AR B A RO B R AD A DG HE SR Ak
IO DG HE s OE 4R, I AT RTRRAL 437, 15938 A 2K
WA EAN R TEDT AD FIAC AT

2.2.3 ME“HEEBHEINS -8R -AD - F{L
Rrif” M 4&E ] Cytoscape 3. 8.2 x4
AR AN AT AR B AT AL, M AR R A RO
Gy —BURL — AD — SRR T 2 ] e BH: 2 B G

Fo (GBI CytoNCA Hfi {1 48 IR 28 15 501 3% 452 2
(Degree) {5 5., JF LA Degree {HHF44 AT 5 37 B9 BUK
OISR B RO
2.2.4 ZEHREE{EHA (protein — protein interac-
tion, PPT) M 4Z ) R IR LGRS 47 i STRING
(https://string — db. org) 7£ £ K4 4T PP [ 4%
O3Bt WA A A STRING %4fs 2, FR5E  Ho-
mo Sapiens” ¥JFl, B {5 EE1R 43 = T 0. 700, Bl 5 F 2K
FAREHE T A Cytoscape 3. 8. 2 #FEAT n AL 73
Bro FIH] Cytoscape 3. 8.2 B H ) CytoNCA i f:
3PS HEHE R A Degree {EL A1 B ( Betweenness ) {H )
B E (Closeness ) B, I LLix 3 TSR T Hrp
DL BIE Ry 7 18 SR A A5 BI040 R 28 S LA o . I 2 v
(77 R S T AR T IR/ A, i i A
L1fE (MCODE) ffi f4: %) PPT 2% #£47 B 28 70 #r , LA
I PPT o) 458 v 1) 4 vl SR 2Rk
2.2.5 GOt E&E L. KEGG BREESTR
DB R TEIE R bR R i A Metas-
cape ( http ;//metascape. org/gp/index. html) %y #i§ J&E
HEAT GO ThREFN KEGG i #% & 4243 #r, BR7E  Homo
sapiens” ) ik P <0.01 (& H , LLifisE 5 Ak
ISEORH DG ) SR T Dy H A st B, I A 55 4
FOE LA OIS W AEMAEGFTEL Y6
(https ;://www. bioinformatics. com. cn) X} H bR ER IS
Jeit B A7 nl AL AL B
2.2.6 HYMKBEYES - 0BRSS FE
P2 5 B AL AT 2 0, LSRR
2PWE R AT REYE . 7E TCMSP 1 PubChem %5 4f5 /%
rhOAR B B RO A 1 4, JF a3 Uniprot
(https ://www. uniprot. org) F1 RCSB ( https ://www.
resh. org ) K R AR OO 8 23 1 3D S4Bl
FIFIHA Chem 3D 19. 0 FEA% 088 5 1) — 45 1l 5%
o = &5, I By PyMOLWin 2. 6 R/ 225 5%
BT RSO 53 W R BE F K 73 5 2R A AutoDockTools
L 5.7 BRAPRTE RS B DA ORI AR O RS R A T
XFEEI T, AR A X s Al A SRR E . B
Je  F R4 PyMOLWin 2.6 X735 XfH4 R nlifk .
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2.3 HFYERWHZE
2.3.1 TAZEXW JKRELE . KEEEHER
1.5 m (W EDEAE IR Ik A B4R 3 em W BB IS &
B, VKRR o3 4 DRI, A/ S d #EATE SR
AT 523 /N BT X kTt DA [R) A K A K R
(R H/NR R 4 10 il sk H N ATK BB & Fr
R CBRES 1 min) o 25 6 RiF{725 MR K L
5 2T 6 8N BUOE X WR UK A K S
1 min NIRRT HEHE

Y AR E Y R E W 3 I 12000 KE
BRI ROCIRAR IR Y 2 H ORI A — 3,
H /N BUE T bl K 10 SR AR S min NEERRIEA 3
AN L A BRI R S B IR B

W37 55 B : S AR AR ROCT N K FE 45 50 em | 5
40 cm, THFERIFHC, 9 % 't U5 DRk S5 5 ask A v ol B —
o BN BUICE TR AR 0 X, 0 SR HAE 5 min
Wiz Bl B S S B
2.3.2 ALRGEEWRNR R J/NR, £
HERE VR AR S, 2% 58 M, 3025 i 7 B 4 i,
T 4% ZR W WP e o B8 S8 G , AR
HEAT A WAL 1 A i S ) R ORI R Tk o B
JEMREAT IR JBiE (H, 0, Kk HUsUE 2 b i i
EPAALIE, B —P0 AB o (1 11 000 FBE) 1o
WH LT 5 (9 i 1gG, 1 = 400 #ife) , Z 5 i
17 DAPLAZ YLt 58 3k b S WL 8 0T oR AR IR, Al
JH Image] 1. 8.0 BAF5Hr BRI B R L
2.3.3 &% E (reactive oxygen species, ROS) %3¢
WeHiE A RELIER 3 HU/NEL B AN, ] 4%
Z R 20% 30% FREME RS BE [, KR )
R e VIR R 2 24 fLAR, W5 Ve 3 IRIGH
DHE {0 Y 0, (37 CROGIFT ) . Jefa
SERUE , PBS ZErBE e 3 Wk, Hld o WA
ZOIREEUR B b ike) 2.3. 2,
2.3.4 EEX % 9% R Bifik 58 i% ( enzyme linked im-
munosorbent assay, ELISA) 43 ¢HFENLEE 3 B
N B — M i T 4 4, 2 S0 3K RMIR T
B FREWCR g HRn SR E T AR
W B EVE WO A FE A1 5T, 0 7 AR Ak ) 15 A il
(superoxide dismutase ,SOD) 15 P4 F1 PR — [ ( malondi-
aldehyde, MDA ) & & . B 5 7E46 & P AT 2 5O
& A S PRI 2T S A
2.3.5 FEHREEZEENFEF A ( Western blot, WB)

W2.3. 4 P —HE 3 EUNB S — O s 4
2, AR 2T AR ST im0
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2,0 FIS . A S x Loading Buffer I i I A2
PEALHE, AR A SV BE RO AR, B SDS -
PAGE JKE 3 5¢ 0 vk AV IR A o B L0, fof T 3f
PR P AR 55 5 1 45 A AL A, IKIRIBEE — 4L
(Keapl :1 : 1 000;Nrf2:1 : 1000;HO —=1:1 : 1 000;
B —actin:1 :5000), WH, AN —FHr(1 :5000)
WEE , AR S AR R 1 A U R o1
Mo $5J5 8 F Tmage] 1.8.0 45t &4 K B UET T
FERIT

2.3.6 FitEHE FARDIYE + RfEE (x £5)
Z%/8 ,[#i ] GraphPad Prism 10. 1. 2 #4375
Mo ZHMEARGIER A0 5 26 55 PER )5, 6 ik
TR R I BLR 3R 5 22 93 #r (two — way ANO-
VA) , Ho Al B4 R 5 R R U7 22 43 B (one — way
ANOVA) , 21 [A] % 4 H 458 % Ji] Tukey 3, P <0.05
hESHAG R L,

3 #R

3.1 WMEHEFMRER
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ik TCMSP \HERB %{4f8 22 0 16 3145 75 b fE 1Y
HEEGA RN 48 A, gk 1 s, Horb, A
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tion. ch) DA J PharmMapper ( http : //www. lilabecust.
cn/pharmmapper/ ) 5575 R G 11X LG B8
AP TR A, BB 1l 5 B B A o0, Sk 45 270 4>
A
3.1.2 £EZH AD BRASHERTHE i
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A~ AD FHICHE ST 3 962 AL IOAH S A5 . K
XL G5 R TR Y 270 A U E R T AR
GIAT e 114 AN TRl 55 42 2 AD BRI
FARAHE R o B R 25 21, T 55 B L A
( https ://bioinfogp. cnb. csic. es/tools/venny/index.
himl) XPEHEHEAT T AT AL BT, BRI 2,

£5% Pl /R R B ER TR
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A 1] ) A ) [ PR R R S e 1
AR B . R e
3
B8 Bl Bl 7R R B ER TR
RS4 RS14
Rs10 RS8
AB
RS11 RS9
RS17 RS13 NRF2 NOS2 PTGS2 CYPaD6
CACNA1S ICAML CSK38B, PTCES
SLCBA4 CHRNA7 HTR2A RXRA
MPO NOS3 CHRM3. NR3C1
£ RS BJZ3 szz E#; CYP2A6 ALOXS ADRAZA INSR
P2RX7 CcAsP CASP8 IKEKE
BZR2 BZR3 BZR1 -
BFE BACEL OPRML STATL MAP2KL
C6PD FLT1 CCr1 PLAU
SCpP2 SCP1 e
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c¥P3As cok1 PINL HRHL
CCRS NFKBIA FGFRL PRKCA
TRt
E D

RO RN A AD R AN 38 S [R5 (3
BOFIAR T2

F , BELRCRE 2 WY AR 265 R A DG
i 3 i e Degree {EHEA Al 09 25006 2 B, B
HON R ROR ), R E R PE LR 1.

ERIATR
SZR4
szR1 - BE{ 72
SZR3
CYP19AL ADRA28 SLCBA2 Al PPARD KT
AKT1 CASP3 TYR ERN1 XDH CRM2 Yz1
Y22 Yz3
CYP1AZ HTT PSMD3 HSP90AAL MIF D01
Yz8 Y10
MMPL ROCKL CASP1 BCHE ADRALA AR
Y5 b3 Y29
GSTPL BCL2 BAX PTCS1 DRD1 MAOA
Yz14 Yz12
FYN ESR1 PPP3ICA PPARA ADHIC GSK3A
Yz11 Y26
Yz4
TNF MTOR KCNH2 HTR3A MAOCB e
LRRK2 CypP2C19 NAT1 ESR2 Tuse3l HSD11B1
PPARG PREP SLCBA3 RELA VCAM1 CHRM2
szl szv1o
CoNAZ  MARKI4 ACHE GsT1 118 GRMS
szv12 SzY1l
cA2 ADORA2A SELE PRKACA PON1 CHRM1 R
szy14 SZY13
B G A
N
25 V7

114 A4 s S0 3R A R4 (3%
B B, Bt i o EEOR I B AR ILZE M A S ILA By, InZE s 2RI ; C A EHMAS I

48 4%) o AR (12K

AT A EHE Dy RO D AU B 2R B A S A i, B B O FE ORI E AR IR BRI AL S 3

o3, IR BR FEEORR
3 “HEZEMHS -BS -AD - SURH MEE
x1 EEFEEEN20 THEHHS
(1% L B ORFIAE/%  KHiE FEORRE
C 11125 1} ( Kaempferol ) 36 41.88 0.24 A e
B B - 18§ B%( B - sitosterol ) 22 36.91 0.75 1 ZE B
D B % (Stigmasterol ) 21 43.83 0.76 b B
Y74 2= E 2% ( Norhyoscyamine ) 16 60. 34 0.17 T
SZY14 U &9 5 A B ( Tetrahydroalstonine ) 15 32.42 0.81 g
BJZ4 IF 1% ( Sinapaldehyde) 15 63. 16 0.07 EEia
RS17 = B ( Fumarine ) 14 59.26 0.83 A\Z
YZ6 5,6,7 - ZH S JLF T % (5,6,7 - Trimethoxycoumarin ) 14 32.54 0.12 iRk
SZR1 255§ ((S) ~ Coclaurine) 13 42.35 0.24 R~
BJZ2 4 — FREIR P EEAESE (4 — hydroxybenzoylcholine ) 13 2.15 0.07 EBia
BJZ3 T TR B ( Sinapine ) 13 1.21 0.18 EEie
YZ12 & SR 1 B8 ( Harman ) 12 33.1 0.1 it
SCP1 8 — I Wk - 1L 23195 (8 - Isopentenyl — Kaempferol ) 11 38.04 0.39 e
RS11 A NZ 24 Rh2( Ginsenoside th2) 10 36.32 0.56 A=
YZ9 P ( Neral ) 9 19.48 0.02 ik
YZ10 IR ZE T, ( Yajeine) 9 56.8 0.13 Ak
RS4 125 4 2 (Inermin) 8 65. 83 0.54 AZ
RS10 E ARG ER A( Frutinone A) 8 65.9 0.34 A\Z
SZR4 1% 254, ( Zizyphusine ) 8 41.53 0.55 R~
RS6 BT 4 b A1l 7% ( Aposiopolamine ) 7 66.65 0.22 A
3.1.4 KA PPIK fﬁ*ﬂﬁ&é‘é%@ﬁ’fﬁ i toNCA 4 {1 71 55 45 #8519 Degree | Betweenness %
JH STRING i P} S8 SR #E j AT 20 A, JF AT Cy- Closenesss {E3F #E4T HEFP . o, 35 MBI OAIR IR S
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Degree , Betweenness ¢ Closeness {H 5 1FAHC, f#i

134 DRI, BARGIR LA 4

N A~ N =/
MCODE 35X 4315 412 15 S M 28 2: 474047, 3K
siceA2  PON1  yapp
HTR3A PLG
PPP3CA CCR1
cypr19a1 SELE  ccprs
LRRK2 PLAU CHRM3
XDH GRMS
cYpzC1
pr— MAOB ap2k1 p—
ESR2 NR3C1 VCAM1 PTGS1
CYP3A4 CASP1
HTT BCHE
CCNA2 MAPK BACE1
HO-1 - ; GSTP1
CcDK1 P = ERN1
DRD1 p—" sy S — ADCYAP1
SLCBA4 ADRB2
BCL2 NFKBIA
CHRM1 N PREA KENH2
GSTM1 OPRM1
AKT1 I
ICAM1 _— BAX
ROCK1 p— IL1B PRKACA RXRA -
NRF2 IKBKE
WNE |, p MAPK14
GSK3A bo1 GSK3B NOS2 ACHE TKT
e CASP8 CYPIA2 -
PPARD GASPS CypapeCYP2AG FGFR1
HTR2A NAT1
MMP1 HSD11B1
PTGES MPO A ICADORAZA PSMD3
CACNA1S TUBB3
cTsD P2RX7
ADRA2A  ppy  CHRM2
GASP3 HO-1 GSTP1 MAOA
TNF AKT1 CASP9
GRMS CHRM1 CASP1 |GAML cyp2a6 MAOB
RELA PTCS2 NFKBIA
BCL2 MAPK14 IFNG
CHRM3 PRARGC NRF2 D01 CYP2D6
MAPK1 CASPS MAPKS
VEAM 1 SRR | | s —
MCODE 1 MCODE 2 MCODE 3 MCODE 4
4 Z&EE S PPI & MCODE W4 &

3.1.5 Rl EBmpiEiE R GO KEGG BRESS
&R B Metascape %4 )& %F MCODE 1 &
MCODE 4 B JE4T T GO WHE KECGG &4
I38T. iR W , MCODE 1 540 a8 T SR 15
AR SC; MCODE 2 5 G 8 SIS AR5 58 AT
53 MCODE 3 5 %4k )i iR 3¢ ; MCODE 4 541 ig &5,
RFACBIAHK . #E— 2L E MCODE 3 Fp i) 5C B 4 s
R0 B B D K B 1 B 3 ( Caspase - 3,
CASP3) [5G 55 g R F 1 ( signal trans-
ducer and activator of transcriptionl , STAT1) | i &4k
YA A 300G 321K y ( peroxisome proliferative acti-
vated receptor gamma, PPARG) | Nrf2 . 4 it [5] 2 {23
5 —1(iintercellular cell adhesion molecule —1 ,ICAM —
1) HO -1 . 45 40 M43 F 1 (vascular cell adhe-
sion molecule 1, VCAMI1 ) FIlt R4 1 1 ( Caspase —
1,CASP1) . BiS . % MCODE 3 f§ GO 4} tf P {l
HEZ i1 20 v 1 4 9 15 #2 ( biological processes, BP)
- 2642 -

HEATATARAL , 08 5 S A I B L T P RS T 9
TRE IR (B 5A) o 1Ak, %) 9 45 KEGG 55
B HA WMK%T(IZISM LA IG5 B B kA A
A6 AGE - RAGE {5 E-3 &™) [ TNF {23 g 2"
T BURAR KA 5 B S e 3o R i S AL
iGN %WM@@%@ SuN

onse to reuctive oxygen species

ar respons
of cell
regulation of canonical Nli—kappaB signal transduction

negative

response to molecule of bacterial ongm
regnhuon of angi
esponse to lipopolys

response to oxidative stress

response to metal ion
0 2 3 4
Counts

S5A BOER GO EEHI 20 ZAMER
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Lipid and atherosclerosis

AGE-RAGE signaling pathway in diabetic complications
Influenza A

‘TNT: signaling pathway

Fluid shear stress and atherosclerosis

Pathways in cancer

| ' ' ' )
s L L& L

Efferocytosis
Epstein-Barr virus infection

Kaposi sarcoma-associated herpesvirus infection

0 1 2 3 45
Counts

AU MR R IZAE 538 B 4 1 2 [ ek
OB S 2 B M 2T (A A0 3R P (R
5B #Zi B A KEGG B S ENITER
3.1.6 £EBFXEBEIMSFZROBAELNT
BAER AN OCHA SR S0 s
ATy T R, LR 40 445 R, AT
0 kJ - mol ™' HYLERFI] AL EEE A A RS S
KRR Y , A5 RE AR, 25 TG ik i, 25
RE SR (1816) o dE— g K B, HO - 1 7E4%
DS EATRAE &S FHSEAEEE. £T
Nef2 F1 HO — 1 g 22 3L i 4801k B R 56 2 1
FIF PyMOLWin 2. 6 #F%F HO - 1 Nif2 5
BT 2 G A5 AT Tl b 3 (1 7))

- 4.00
c 670 -690 810 -600 -610 -850 710 -7.20
- 5.00
p | 840 580 700 460 -500 620 -490 -5.50
- 6.00
p | 630 590 730 -530 -560 730 410 -5.10 _ 7.00
- 8.00
—440 =520 =540 -5.10 -430 [ =630 =550 —4.60
YZ4
670 680 -690 —6.10 -640 770 -7.30 —6.00
SZY14

O S S 3 & N > &
S \M S S O Q)
F & & F ¢ F &

BB RN R TR UL 25 B ROR T
6 XBHEIURSSZOBREANESEEMRE

3.2 BUERLEER

3.2.1 &£EA% AD MRS EESTIENNE
W Morris KR 2T FITF A/ BUIO 25 1% 2 R A2 B
Ho ERAATI I B GIR 55 1—4 KA 20 e i
VELRIDIG 3595 5 4 5 T, SO/ UG b
PRI E KT IER4L(P <0.05), SHIALM I,
A B AL 2 20 UR 5 AL O R DR I 22

FL(P<0.05) , m i AT 4R a4 (P >0.05) , 1
WA 2, SRR LR, B/ BUSEEOT 5 1K
Hogi /b H HARR IR A5 B i [ 49 (P < 0..05) 5 5
TIZH AR LE , A= B R B 2 e 22 2 IR 5 A A 2
BUCKCR H AR G BR A5 B I () 2 I 3 0 (P <
0.05) , iRy 771l 45t 2 9 55 B P 5 UKt 25 0 m (P <
0.05) , HARG iR {5 B N ) A SE R 4 (P > 0. 05)
PR3, IR, A 0 TG AD /N

A A
A . B pomgpeeeeeeeeee

U J b Ty

— /
Ldovs BE G 5

%
%ﬁ\ f&& ez/

T ALCLE G 1y HO — 1 235 Fl s S 1l 2% 5

B — A I L I % PR T S A R 4%

L5818 B.DF H T 2 Nef2 350 0o 1A 1 B - 4%

54 12 L 256 L 2 PP R U S A A Bk 0 X e 5 2R

FOr B AR (O R TE B B B SR R A B

B7 XBEIRSSROBSEANS FXHEEIE
3.2.2 £EZGX AD /MNR=E TEICIZRE IR
MY B SR AL /N S T TARCICRE T o AR
B, 5IEFH AL, BN A R R R E
BRI (P <0.05) o oA R R0 4L ) f 4 %
ZRWRFTLLT UG , 2 4/ BRI B A SR R B 2%
o TROHZL (P <0.05) o SR, 2% 2H /)y B #ER I
AW w25 (P >0.05), FREFREN, 4 E7
Ak AD BRI A S ] TARICICRE ), AR
W HGEBhRE I (£ 4)
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Fz2 FBHEMRUEEKRBLEE (% £s,s)
20 53 n 1R H2KR ERIPN Fa4KR ¥5K
A4 9 44.73+15.27  40.96+19.04  39.18+20.82  35.60 +15.08 24.80 +5.54
B2 9 49.19+10.81  47.43+12.57  38.15+21.85  38.00 +14.40 38.34 +8.99"
EEHIRHIEA 9 45.52+14.49  43.46+10.65  38.03 +8.30 36.62 +13.11 24.15 +8. 84
EEGERIEG 9 43.02£12.67  42.89+17.12  39.956.72 37.82 +14.33 28.62 +10.03
L IRRFFA 9 42.24+17.76  41.36+8.58 31.78 +5.49 27.45 +8.58 24.03 £5.76"
Fi 0.759 0.099 0.150 0.325 1.717
P 1l 0.574 0.980 0.958 0.254 0.022

T SIEW AL, = P <0.05; SHEIL AL, #P <0.05,

AL, BTN T S CAL XY AR,y P2

®3 FHNMBRZERBENEREE  (2zxs)
15 FHTH HFr 4 BR 1%
WE/ K Al (¢/s)
IEHH 9 2.29 £0.28 38.28 +2.29
A2 9 0.57+0.20°  21.48+1.99°
HEEGIAIEA 9 1.86+0.34"  37.20 +4.73"
EEGmEAEA 9 1.57£0.20"  27.00 £2.23
ZRWRFTAH 9 2.00 £0.45%  36.49 £3.09"
FAH 13.760 18. 080
Py <0.001 <0.001

- HIER A, « P <0.05; SR L, #P <0.05,

®4 J[ANBREYXRERHHBERYSES

BEXEZE (x%s)
215 n HERB/R ARZER %
EH A 9  26.88+6.83  36.84£5.43

FRRIZH 9 22.75+4.59  16.25£5.91°
EERFIREA 9 21.17£4.92 23.50 +4. 12*
AEEgEREg 9 20.38+3.96  22.60 +3.13"
ZRNRFTA 9  25.88+6.47 28.50 6. 14"

F A4 0.822 6.854

P 0.539 0. 006

Vi SIER LS, * P <0.05; S EIRL AL #P <0.05,

3.2.3 £ Ei7x AD MNRTEIRZRRE NI
WS 5 TPl /N RS IR R e 1 . 45 R 3R,
5AE R AR b, BB 2H /) B B ORI 3 b
(P<0.01), SHABIHML, & Z A IGH EHMZ
RS /N U BB R B (P <0.05) , i &
AL HE PG IEH (P >0.05) . HAh, KAz
FIEEE TR EET . FIRGRIIR, A Z 7
AREUE/INERAZ BT RE T A RTAR T st s R R AR
(#£5),
3.2.4 EEFX AD/NMNRH ABMIARHFEI AR
PUBUR AD [0 bR 5 PR B AE ) o AR S0 36 58 5
AR, _p BEHR A TTRRG L PEAL AD /)N B9 g AR
AR . ALGIE IO Y LR BR: 5 IEH

. 2644 -

POLIREIG R (P <0.01) ; SETUHARLL, 4 A K
FE 4 R R AR 2 5 R ST A TR S CAT X
AB, -42%@%7‘%%%};\;%%%'}%1&(13 <0.05), WK
8. XFEWIAEZ I BA W TS CAL X AR PLAK
R

x5 SHIREVHHINEEXRES

EEEES (% %s)
24531 n HEBEREVR EHEEE(s/cm)
IEFH 9 83.10+5.91 1584.23+115.00
BBIZH 9 36.00+6.04" 1430.34 +148.65
EEBRFIEA 9 82.92+3.35" 1292.23 +£127.74
g EXRIEA 9 59.51+6.74 1363.42+64.73
LZAERFHA 9 76.51+7.16% 1480.26 £91.44
F{H 33. 840 2.905
Py <0.001 0.078

T SIEWALILEL, o P <0.01 5 S A, #P <0. 05,

3.2.5 &£ EiFx AD NREN N HIRG B
S AN TR P 28 AN AT S 40043 1 R TR 3R, AR
TR 5 A Ak I A DG I FE A, ULER T A B Rt
AD /NEREEAR R AR A5 5 . ROS 48 A0 1 8t
R EEAG Y SRR 5IER AR,
BEAIZH ROS /KP-FHiE (P <0.05) s &4 2R
WRFF TG , A 2 AL = 4R 2 23 R 5 41 1) ROS
IKFFEAR (P < 0. 05) , A5 2537 57 2 41 A AR #
#(P>0.05), LFE6.H9,

%6 AR ROS HHBE (x%s)

45 n ROS FIG08
EHA 3 8.21 £0.81
FETRIZH 3 12.13 +0.21"

A B IRRE A 3 9.64 £0.79*
A AR 3 10.34 +1.36
ZHRRFTH 3 9.72 +0.89"
F1{i 7.625
P 1A 0.004

T SIEH AL, « P <0.05; SHRIZ HAL, #P <0.05,
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MDA J&—Ff i 575 % A 1 2 S BE 1 =4
H ] S ig B AL . ELISA 4521
W] HIER AL BRI MDA & 584 (P <0.
05) s &L W M Z AR URST T 0, £ 41 MDA &4
PR TFARRILE e rp AR S IR0 i 2 0 2 2R UR ST A
(1) MDA & 5 SR A H sy A Geit 22 (P <
0.05) , A= iz e il B 4L FEAR A %5 (P > 0. 05)
WA,

E¥4 BRA ERBERNEA

EREBEAEA

SOD &1 WL Bt AL AE 7 (9 T Z 45 4R .
ELISA 255 R 5 IE w4l b, B4 SOD % &
W1/ (P <0.01) s 24 ZE M 2 20k 5F Tl )5,
%2 SOD Fimdym TR, A N =4 . 2
RURFTHL SOD & it IRV AR L A it 22 B
X(P<0.05) 42y il a4 A s iy g (P >
0.05), .38,

PX0.001
P<0. 007 i 41
1007 P<0.001 =fRA4
P<0.001 ;

AB PO 9
($1]
T

EZ S|

‘ZJ‘I-ZABvAzi?jJA%ﬁ*ﬁ,F(MO) =815.200,
B8 HHE/NMNRAB _LFBER( x100, x200)

[RICEE

G- 77K ik

LR RS

B9 &H/NER ROS KHIREFLER( x400)

x7 HHE/MNE MDA FELLE (xx5)
2 n MDA (U - mg™")
IEH A 3 1.99 +0.30
e RIUE| 3 2.78 £0.19"
HEEGIFH A 3 1.98 +0.21"
ARG EA 3 2.16 £0.18
EZ NS e 3 1.82 +0.33*
FAE 6.745
P{H 0.006

T SIEWAILE, = P <0.05; 5HEIIL LR, #P <0.05,

*8 HHE/NRSOD FELLR (x+s)
5 n SOD %8 (U - mg™")
IEHA 3 151.92 £11.16
FEFRIZH 3 53.12 £7.34*"
HEGIR A 3 127.79 +11. 82*
A2 3 91.29 +9.58
EZ S | 3 113.68 +11.17*
F {4 39.580
P{H <0.001

HHIER A AL, »« P <0.01; GBI LA, #P <
0.05,
- 2645 -
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3.2.6 £EZX AD /MNEHIEUNHEBR RN

N2 il HO — 1 2 50 S Pk B o 2 > >
Keapl Sy Nrf2 (i BT O 75k R 4525 B
FOPHTE R AR SR i K Keapl (Nif2 1 HO - 1
IR AT PRI A= B X AD /)N BT 410 B 06E
FEEOFEFIBLE] . WB S5 R BoR, 5 1ER AU L, LT
i Keapl (3ATHR (P <0.05) o 2824 27 1K)

A R AR A R RS AL T 1S , Keapl ()3
KK FFE(P <0.05) . Ak, Nef2 1 HO - 1
(2231 DL B 7, 15570 20 A 4 I 21 3 3K PR AR
(P<0.05), f/EE%REZHKTT WG, AR &
M ZZZURFFAL Nef2 FIl HO - 1 (9335 8% L
(P<0.05), 39 K10,

xR9 #&HED Nrf2 Keapl #1 HO -1 & F &Rk Kk F L& (x%£s)
215 n Nif2 HO -1 Keapl
EHH 3 1.14 £0.07 1.01 £0.02 1.02 £0.17
FETRIZH 3 0.67 +0.87 " 0.68 +0.03 " 1.23+0.02"
HEEGIGR R 3 1.05 +0. 13" 1.04 +0.09" 1.03 £0.07%
B mEd 3 0.81 £0.34 0.75 +0.09 1.05 +0.01*
EZ NS ¢ 3 0.97 +0.24* 1.11 £0.02% 1.02 =0.03%
F g 7.403 204. 300 19. 180
P1i <0.05 <0.01 <0.01

TESIEF AL, #+ P <0.01; ST LLA, #P <0. 05, ##P <0. 01,

Nrf2 . — + | 68 kDa

Bactin | s s m—— S ) D

I 5 & &
?{Q L % %"
D e
-4\‘%" _%@ W
&

Keap ] | S— [ - 66 kDa

HO- || - - - 23 0o

Bractin] commmer-—— w— w— s | 42 kDa

% R & % 4
Pl G
‘\\%} 7 )(/‘ZA

T Nef2/B — actin B[R E 5 2007, Fy ) = 7. 403,
Keapl/B — actin 8. [H & J7 2 43 7, Fu 0 = 19.180,
HO - 1/B - actin B E I 2007, F 19, =204. 300,

E 10 %55 Nrf2 Keapl #1 HO -1
ERETE

4 iFig

AD B EAIL I #5 B A I 8 A 2 A AE FTER
RSl AT T AL S S ch $770 (SSE ML
FErPIR T S S T30, LB AD A5 )0
TLRE ST VR FIALA 1 AN B o ASBIT S8 A R 45 2 3

- 2646 -

TN AR N S S, R T AR TR GE
AR 5 S ESL AT AD /NSRBI HI D BE R0 | Dok 76
Iy AR PURR, AR FIALE rT BE-55 897 Nef2/HO - 1 4%
A AR o

ABos 35/ ARy _ao Fll AR, FUSCHEST R A B, HH
UL ADNFERRA N, TR B T2 AR MR ~A45 1, Y
RN EE AD Sh R H A SR AR
BIFSE R I S AR TE 7 FEARKE AB,s s 15 /1N Bl 1
Iy CAL X, 57 AD /N R AT 725 R B,
Morris 7K 2K 5 PRI 2 (14 3 i 195 (R 3 I 285 2B I L 5
P 5 RO L H AR 5 BRA5 B I 8] 46 05 Y ik
BRI [ R SRR T e L X S S Y Hou %
(1) AD BE RN/ RSC IR 45 R — 2. Ak, e sdot
TE RN BN 5 AP AE W S A AR BEBR
TURR, IS TIE T AD /)N RASERUAG L) o

AR RBEFE R, 22 nl e AD fBE A2
STICAZRE N o WA AR BT S B, A T X
PRI L ) A 60 0 L G A A o A
FAT AR R, A T e AD /D AR LAY
)R RE s, HARGR) 2 A ORI T i 0 4L
AB TLAE AD [ FERERFEZ —, A LR E ]
PR R T T IR AT R R AR TERREY . A
WFFE MR A S RE W 08 AD /U SHIX Y AB
DUBL eSS R AT 0 AD YT 2200 AL, 5
AB LRV DIAI
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S HE— AR AR 758 i R NEOR 1R T B
AD FOFE B, AR 5% R P 190 245 25 B2 7 s 0 ok
THE AD FEAL N = (] e ) ¥ 5 i
P A B BUB S - AD - SRR B 4 i e
WS R LA SOy, o 2 B - K
w0 R g5 ) LA R 8 ROS T IR BE 7 T
22 TLIE il AT B T A S 3 DN A R e 22
TEAALI BV, AT AT B T G2 N e b . Hy
HE— BB AR 237 6 AD /N B 5 484K 17 3 1Y 5
0, ABFSERN T ROS MDA 1 SOD /K, 45H
B B HEAAT AD /B S ROS il MDA
{2235, [ T SOD ik K-, 2 Wl A 237 mT i
it AD /) BUIE S A S AL 505 R 4 R 2 AR A
i

AT L PP X 25 44 it S B SR 2 o1, 8
TR T LR B i A A RO AR BT AD BRI,
A 5 CASP3 ., STAT1 ., PPARG. Nif2, ICAM - 1.
HO -1 .VCAM1 F1 CASP1, 43 X450 B, A&
G AT OIS HO -1 2 Nef2 (454 5
DL HAME 5, 7R =35 ] Be 2 R P A A P
(9 CHE> TR . A B8 1 P4 Nief2/HO - 1 13
Sl Rk AD 950 T ML, B0 A T2 45 P
RIS IR PEDT B AL R G, Nef2/HO - 1 {4k
0 JEU R 25 0 A% 0 VR 5 B, A8 2R B 25 Tl o
Keapl — Nrf2 & 45 Wy fift 55 S 3 8 25 °F- £ . 4 ROS R
SN, Nef2 B0 (0 3G HO — 1 28 5t A AL 1) 2
WEUT T AD H Keapl 95 @A ] Nef2 A
%, S8 HO — 1 AR S, I 4 28 o0 S8 AL 3t 4 A
AR BT A LR L AT B - &
B R H R SR R . RS T, 1L ZS
i T Keapl — Nef2 &2 5 W) H9 S A00E 1, 2 Nef2
TEREAE 5 B — 45 655 U S 2o 338 Nof2 5 435 1k b
i HO — 1 Feik , FAEFHHLEI e 4 ARt o B 15
FIRAE (HAE AD P RN HE— A B . it
b AL B — (] ¥ 2 25 %) R i) 68 AT A 5 T
Keapl {7 Z LB 45 Nef2 fooE M, (B EHAEH
I R T L ARSI R, AR A T T
FEAR AD BLRY/IN R 5 X Keapl &3R8, A 1
P N2 4% 7R 1 % HO — 1 KO, 26 W 05 o e b
Keapl Xf Nrf2 0 il 1 FH EE B A AL B 8 R 55

F1 R 500 T A W 25 B R, A B R &

HAEGE S 201 BRAR AR UTALLL T Nef2/
HO — 1 3 % 5 AR A T i ol d 4 o 59 41 7
AT W2 (K R 2 556 v 9 068 A 390 ol
ARG R4S B B 1], 04 SE 3 o (9 BB IR0 15
BORALTCG 22 5 SR B 24153 ] Al R

PR B AR A A A 25 A O, FR B0 ROS Al MDA
KPR BT B SOD I R B 3§ T, Nif2 J
HO -1 RIS A 2250 AL, o0 T X%
Pritt— R, AL R PE A % HO — 1 71 Nif2
AL, A0 0 T A A A, X5 0 245 24 B
SER—E

AWFTAFAELL T R R : (1) AD Jefig SR AE A 31
AR MR T A L R A BRI A
ATEMENE ST E SRR i 2582 S e AR
Bl (2) 4 =X Nef2/HO — 1 3 ) 98 #27F H
CARIIE , [H52 He 2 AR R R , A0 253500 o 2
fil 1 R W1 B, J5 2 5 % S B R T R 4 1) Bk
(3) 1 AD /NRUREME PG o 700 A S B R B
P A (a2 ot b s 9 R 30T 00 b R R A B
WFAISE)  fH 22 5 Ge it o Rl BE A 45
TR SANop Ty G2 TG IR =y AN A5 DRV &4
PRSNG| K A 75 M A T AR B g
e 7 RFEASR , AR A [R1IE A S 2L I8 A A 5370 311
i, DA A L2 PR R AR 2 0 2

25 B RTIA ARSI S 2 2 Bl TR K
PR B SE5e, WEEBI AR Rl B AR V51 AD
/INBUAE R DA R0 2 B B i, A T PIL i AT BE - 9 42
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