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1 /) mRNA Je 25 FKF 356 AR B2 BE A 38 &5 (P < 0. 05,P <0.01) , RKIAYT 241 Nrf2 ,HO-1 mRNA /K F B33 = (P <0.01),
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(AD) model mice and delay the progress of AD whether these effects are related to the regulation of antioxidant
stress pathway in Kelch-like epoxylopropylamine-related protein 1 ( Keapl) -nuclear factor E2 related factor 2
(Nrf2) /heme oxygenase (HO) -1, and further explore the neuroprotective mechanism of Gastrodiae Rhizoma
powder and its role in the prevention and treatment of AD. Method; APP/PS1 double transgenic mice model, the
mice consisted of five groups: normal, normal administration group, model group, Gastrodiae Rhizoma powder
prevention group, Gastrodiae Rhizoma powder treatment group. The mice in the normal administration group and
the Gastrodiae Rhizoma powder prevention group were given the same dose of Gastrodiae Rhizoma powder
(1.5 g-kg ") daily at the age of 8 weeks. The normal group and model group were given the same amount of
normal saline at the same time, until 24 weeks old, Morris water maze was used to test the learning and memory
ability of mice, and the treatment group was treated with Gastrodiae Rhizoma powder at 22 weeks old. The mice
were given the same dose of Gastrodiae Rhizoma powder (1.5 g-kg ') every day for 2 weeks. The number of
crossing platform, escape latency and platform residence time of mice were detected by Morris water maze from 24
weeks old to 24 weeks old. RNA, Real-time PCR was extracted from mouse hippocampus to detect the mRNA
level of Nrf2, HO-1, Keapl, and Western blot was used to detect the expression of Nrf2, HO-1, Keapl protein
in mouse hippocampus. Result; Compared with normal group, the water maze test showed that the learning and
memory ability of model group was lower than that of the model group (P <0.01), and the learning and memory
ability of Gastrodiae Rhizoma powder prevention group and Gastrodiae Rhizoma powder treatment group was
significantly higher than that of model group (P <0.01). Compared with normal group, the levels of Nrf2, HO-1
and protein in the hippocampus in model group decreased in varying degrees (P <0.05). Compared with model
group, Gastrodiae Rhizoma powder prevented Nrf2, in the hippocampus of mice in model group. The level of HO-
1 in mRNA and protein increased in different degrees (P <0.05, P <0.01). Levels of Nif2, HO-1 mRNA in
Gastrodiae Rhizoma powder treatment group was significantly higher than that in Gastrodiae Rhizoma powder group
(P <0.05). There was no significant difference in the expression of Nrf2, HO-1 protein. There was no
significant difference in mRNA and protein levels of Keapl among different groups. Conclusion: Morris water
maze test and other results showed that Gastrodiae Rhizoma powder could improve the learning and memory ability
of APP/PS1 mice, and it may enhance the expression of downstream antioxidant genes by regulating Keapl-Nrf2/
HO-1 pathway. And then improve the learning and memory ability of APP/PS1 mice.

[ Key words ] Gastrodiae Rhizoma; APP/PS1 double transgenic mice; Alzheimer’s disease; Kelch-like
epoxylopropylamine-related protein 1 (Keapl) -nuclear factor E2 related factor 2 (Nrf2) /heme oxygenase (HO-
1) pathway
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FEFR S AN i AH G 2 1 1 (Keapl ) -Nef2/HO-1 58 f#%
R R A Rk AR Ak, BT KRR B & Keapl -Nif2/
HO-1 j@ P& 7E AD BEAL/NR P i o R Ik, A5
B TERIT KK A APP/PSL /N B i 41 S8 A6 VE H
BL DA B A 10 45 24 02 45 T LA K 791 Bl 1) 1 3 ok 2% i
AD i, AD BB IR RS H K .

1 #

1.1 zh¥ 30 H 8 J& b ek BF 4= AU/ B, 45 H 8
JEl iy APP/PS1 XU K R B] IR ¢ v R I 2 A 78 /)
B, A i R AE R R AR A AL G
FRAIE S SCXK(371)2017-0010, 52 5 5l 49y 3% 4 1R [ 5%
S B Y SR AV AR R A R T SN EE R KB
Yrszgs bty SPF G0 R 55 , ff FH 4 37 58 KA 1) 5%, 3
VIR (22 £2) C 1B 40% ~60% . Fi A sh¥)
LI ERAE B ARG SN R R L S R B 2
VFA]

L2 25950 Re B 5t N BE R R 27 25 2 Bt
W 3%, F 5 S B R 2 Th AR AR R 0 O IE 5 it
B Nef2 Z iR P, St il HO-1 2 3 BT ; et
. Keapl Z sefEHiiAk (£ E GeneTex 24wl , fit5 435
7 GTX103322, GTX101147 , GTX54329) ; B4t B -
LB 1 (B-actin ) L 50 BEHL AR ([ Absin 4], it
5 abs830031) s Hife — b, ¥ = ht (£ CST 24
Al 5 5350 o 7074,7076) s BCA 45 & X &
(2 E Thermo 2 &l ,#t 5 TL276913) ; RNA #£ Bz
7 & (RNA-Quick Purification Kit) & RNA i #% 55 i
% £ (Fast All-in-One RT Kit) ( #2842 4 )0 7 B
A R A #5453 8 RN002plus, RTO01 ) 5
B-actin,Nrf2 ,\HO-1 5|9 4= T. 4% T.518 ( L) i
A RA RGBS P F L3R 1,2,

F1 APP/PSI MEEE/NRERLEESMWFT
Table 1 APP/PS1 double transgenic mouse model identification

primer sequence

KE BKRE

Eik7 FEo(5-3")
/bp /C
APP  Ij# GACTGACCACTCGACCAGGTTCTG 400 55
T CITGTAAGTTGGTCATATCCG
PSI i AATAGAGAACGGAGCA 600 55

R GCCATGAGGGCACTAATCAT

L3 (U Morris K2k 7 Bk ok 2 R4S 40 BT 4K fF

([ B 2R 22 B 25 YT 58 0T ) 5 Hlumina Eco Y 52

76 E B PCR( Real-time PCR) % ( 2& [E Illumina 2%

] ) s TANON 4200 14> 15 3 fb 2 R OL g & 48 (b
.54 .

%2 PCR3|#RFFI
Table 2 PCR primer sequence

Gk JPHI(5'-3")
/bp /C
Nif2 [ ACCAAGGGGCACCATATAAAAG 114 57
F i CTTCGCCGAGTTGCACTCA
HO-1 I3 AGGTACACATCCAAGCCGAGA 86 57
F 3% CATCACCAGCTTAAAGCCTTCT
Keapl | ii# CGCGGGACGCAGTGATGTATG 85 61
F % TGTGTAGCTGAAGGTTCGGTTA
B-actin I }# GTGCTATGTTGCTCTAGACTTCG 174 57

T i# ATGCCACAGGATTCCATACC

3 RBEFHHA PR 7)) 3 BG-power600 #4 % 54 K H
WAL (AL AR EHARARAA) .

2 Hik

2.1 s X h25 % 30 HOREME B A R/ BB
BLAr R 2 41, B IE & (BF A BN S ) 45 IE 7 45
2l (HFAE RN BRI R Ab 3 ) 2, AR 4 15 . f 45
HOAPP/PST XUk 36 R /N BB AL 4 o 3 41, R 52 7Y
(APP/PST X% KL /N B 25 1) 45 KRR By il By
(APP/PST R 5L K/ B BB A0 31 ) 21 5 R BR# iR
57 (APP/PS1 UG K PR /N BUIE 5 ) 57 2 22 JA i i)
BT RIRM AL L) 41, 4F 40 15 H o 4% 4/ B B 1
T FRJG , IE R 25 2541 R R 191 Bl 4 A6 1R 77 %2 8 JR i
Bk 6 0 [ 468 30 A R RRBS (1.5 go kg IE
WA OBIRIZ R H Y SR AR R R
24 JES . RIFRM A7 400 25 APP/PST X% B H /)N
BRI 7% 28 22 JA S I, O 4R E R TR A5 R0 A 1 RO B
(1.5 g'kgil ) & 24 W, J54T Morris 7K 32K B 6
520/ 2 FEIC 68 T, 88 I R S TR 4% K&
SR (20 mL-kg™") 3 A7 R R, JF i 52 5% /D BLO
FH 1 mL 3 56 28 48 20 0 28 il O/ BRIV, 17 FH 8 1
2% vh i (PBS) ol I & K 24 4 min, 8§ FF 50 8, /N0
HRUHE o 20 27 VK L oy B A9 21 S 41 80, - 80 Cuk4l
TRAFEEH .

2.2 APP/PSI XURGIE R/ FUE G K % FE/b R
REHMAG, R 1 H APP/PS1 X% 5 P e M /1N B
53 HIR) T 5 A A MM/ BUA E  r AT
B, BYHC 2 SR /N BB H2 I DNA 3 1 R 47 ik A 7Y
YoE B PCR N 25 18 Sy P2 P 94 °C 300 s, 1
1R AR E 94 °C 30 5,40 AMEFR ;3B k55 C 30 s,
FEAR 72 C 60 s, & FEf 72 °C 300 5,40 PMEH,
2.3 Morris KK E /N idice s &4
INEUI 35 2 24 SRR I, SR ] Morris 7K 282 4747 K
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2, M HFLE 5 o 5% Morris 383 72 /) B
(1%) 3 3 v PRI B o T B B SR R A AR W
T, — 2 B A ATAT SE 50, K /N BRAR RO 28 2 B v i T
] BE A K T T A SR A il sk s s
B RS ], B 2 TR ] Ry 60 sl i oK 4R 3 OF &
M S S 2 A5 8 10 s, 30 5 Ho ok bt IR 01k
60 s, & PLMIAT LI FF L AT 4 dy IR s AR R 5L
5 FEMHR B 25 5 REBRF- & 761 6 Fr7E 4 IR Xl
G2 BR Hp A /N BT [ b BE A K, 2 SR I e A/ R
6 BE VIR DA K AE 60 s P 5 A 5 I A N BB IR
BOTE H bn 5 BRAS B8 1] S i A

2.4 Real-time PCR £ Ul ¥ L5 26 20 7 Nif2 , HO-1,
Keapl mRNA £iA7KF  # RNA £ HUL 7 & 20 5%
PRI 215 RNA B mRNA 2835 5 56 4 i cDNA 77
T -80 CH& M. RH Real-time PCR {3 L) i 5% 5% 1
P BAR #E 4T Nef2 , HO-1 mRNA 7K P45 5 &
JZ i 2 A SR WS ME 954 °C 600 s, fiF ¥R 1 Wk ; A8 1
95 C 15 5,40 MEH ;3B k 605 C 60 s, FEfH172 C
60 5,40 HE A, FH 27 %5 mRNA ) & ik
KF

2.5 9 EIIE ik (Western blot) K5 i i & rp
Nrf2 ,HO-1,Keapl & [ RIKKF B4/ R
AN A GE A, TS KA 519K, 5
W 12 000 remin ' ;4 °C B> 20 min, 75 W B K
SV . A PO B AT £ Nef2 (121 .000) , HO-1
(1:1000) ,Keapl (1:1 000) ,B-actin(1:4 000),
Pr(1:1000) . KA BCA 11 it a7 65l 7 45 41
B EE, OOk H 5 Western blot 85 1 FAE &,

F3 KBHMIMNRELS d kKT LW PRBEHERBANIN (v £5,0=10)

K6 I v £ 20 21 Nrf2 ,HO-1, Keapl 335K 7 f H:
WZBEHRBEN . H Image J 8AF 50 B 45 5501
TR BEAE o

2.6 HEiteEsr T S EUE SR SPSS 20. 0 i 17 4k
gt , LA R x £ FoR, ] HACR 5 A
R EHHLP<0.05 KRz FBAGITHE L,

3 #£R

3.1 APP/PSI UL RN RIS E S5 X2 A
W4 /N BB B R A T 6 R AL S 5, APP L IR 257 R/
k1 400 bp, PS1 3L 455 A/ /N K 600 bp,1,3,4,5,7 ¥k
T8 7] s HE R G S5 R R APP/PST XU BRI /R, 2,6
VKB A 3 BRI 250 W B /N B DR 1,

M 1 2 3 4 S 6 7

2000 bp

1000 bp
750 bp

500 bp
200 bp
100 bp

B 1 APP/PS1 WEFER/NREERILFEB K]

Fig. 1 Electrophoresis of genotyping in APP/PS1 double

transgenic mice

3.2 M/NREATICICHIE R I A R AR
2 /) Bk i v AKX 0 B L SE K (P < 0.05,P <0.01),
- 15 T A G BR A% B IR 8] A 25 8 1 B 1 13 ORI 35 0
(P <0.01); 548120 FEH, KRB TUBT 20 | K R
B3 1697 AL/ B adk a7 AR 40 B R 4 (P < 0.05, P <
0.01) ,F 55 Fr £ 5 FR A5 B2 I [A] A 2 8 H B -F 5 3K
BIIA AFEEH (P <0.01) . W3 3,4,

Table 3 Effect of Gastrodiae Rhizoma powder ( Gas) on escape latency of Morris water maze test (5 days) in training in mice(x +s,n =10)

S

215 Hli/g-kg ™! ERWN $2 KR 3K %4 R ERIPN
E# - 32.67 £20.79 23.63 +18.19 13.05 +12.46 9.12 £7.36 9.80 +£7.29
EH %2 1.5 25.30 +18.37 18.08 +16.84 10.65 +9.59 10.74 £10.57 8.68 +7.79
iR - 43.46 £14.51" 35.04 £18.04% 21.19 £12.80% 16.53 +9.46% 19.3 £12.69%
KRR A T B 1.5 34.59 £16.38 22.18 £17.35%%  13.15 =10.58% 11.64 £8.36" 10.20 +8.54%
KK IRYT 1.5 37.02 £20.34% 32.49 £20.83 15.73 £16.59 14.97 £13.17 10.19 +6.74%

FEHIERALE P <0.05,7P<0.01; 5HIRA 4 P <0.05,9 P <0.01 ;5 KA T4 4 P <0.05,”P <0.01(%4~6[f),

3.3 X/NEEFEZHZd Nif2,HO-1,Keapl mRNA 3%
RACERIE M 5 E A A, BRI 2 /) B S 2 2
1 Nrf2 ,HO-1 mRNA Fik K F K (P <0.01) ,Keapl

mRNA 2252 TOGE T2 3 35 5 R 4L LB, KRBy Bl
Bii 2H K FRA R 7 2 1 Th 20 20 Nif2 ,HO-1 mRNA 3£
B R EH W (P <0.01) . WLES,
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x4 REMMNMNRES RALEELRNTAFERREERBER
FHTEARHMFM (25,0 =10)
Table 4 Effect of Gas on residence time of platform and number of

crossing platforms of water maze test in 5 day of mice(x +s,n =10)

4151 ) & ﬂﬁﬁﬁﬁ@%ﬁﬁ T B R
/g kg ™! 15 B I E] /s /R
E# - 22.53 £1.52 5.00 +0.76
EH 452 1.5 20.16 +3.51 5.36 £1.13
LAY - 10. 78 +0. 89 1.63 +0.75%
KIRRAD T B7 1.5 19.33 £2.90% 4.40 +0.95"
KRR IR T 1.5 21.30 £5.01% 4.40 +0. 84"

£S5 EEMNREIERMN Nrf2, HO-1,Keapl mRNA & i% 7k
FEHEMm(x+s,n=10)
Table 5 Effect of Gas on expression of Nrf2, HO-1 and Keapl

mRNA in hippocampus of mice(x £s,n=10)

billhes

4153 Jgrkg! Nif2 HO-1 Keapl
EH %2y 1.5 0.98£0.07 1.24+0.25 0.93 +0.28
%) - 0.60 £0.06% 0.69 +0.10% 1.01 =0.26
KM HB 1.5 1.30 £0. 09" 1.05+0.13* 0.98 £0.23
KEEMIAIF 1.5 1.14 0. 14 1.11 £0.22% 1.00 =0.09

W IE R 41 Nef2 ,HO-1,Keapl mRNA AHX} LK 1,

3.4 XifE 4141 h Nif2  HO-1, Keapl 25 14335 1
SR 5 0E 4 LA R 2 /N LI T 2H 4P Nif2,
HO-1 %8 [ 3 3tk 7K F 35 B 2 B4 (P < 0. 05) , Keapl
EARBKEBMER TG 58 SH R
8, K FRM TR 40/ BLE T 2 40 b N2, HO-1 5 14
F KA AR R FL B M (P < 0.05) , RIFEMA
I7 2/ RO T 41 41k Nif2  HO-1 7K (4 R kK22 5%
T e it 78 5L, KR W T 4L 0 KRR V6 T 4L/ B
W AU Keapl 2 (R KK A8 2% B RS2
B RIRBA ST AL HC R, R BRI BT 4L/ B
AR Nif2, HO-1 2 (1 49 A 7 [a] 72 B 3 fm (P <
0.05), WLKl2,5% 6,
4 itig

AD 2 H ATt B b R R T i 2
AD [ Bl #5 45 2t R AD B #% E 4 g5 000
T ARSI K . PERE A A RN TR
(9 0, B2 2050 4F, AD BF M 1.3 2,
AT AF S BRI 92 S B AR A0 07 3008 17 2 AD i T B R
FEELAS AL, 76 AD (9 & i 8 & 5 3 T B 1R A
AB BB X S AL B A S TE AD 1 % A R B
- 56 -

[raclil ey GENES G GNwS e 43 kD2

Nrf2 CE—  S— S—— C— — 110 kDa

fractin D G GEES S @GP 43 <D
HO-1

S S s 33 kDa

Bractil s s — w— — 13 kD2

Koapl [ S S s s 70 kDa
A B C D E
B2 MREDHAN N2, HO-1 EHRIZBE K
Fig. 2 Electrophoresis of Nrf2 and HO-1 protein expression in

hippocampus of mice

F6 REHINRIBDHELARN Nrf2,HO-1,Keapl EH RIZKTH
MW (x+s,n=10)
Table 6 Effect of Gas on expression of Nrf2, HO-1 and Keapl

proteins in hippocampus of mice(x +s,n =10)

. 7 Nrf2 HO-1 Keapl

20 51 o . . .

/g kg /B-actin /B-actin /B-actin
B - 140.3 +36.3 83.3+10.5 100.3 £11.7
IEH# 42 1.5 120.3+24.6 83.3+15.6  108.0+15.3
il - 75.3 £14.6" 61.9+10.0"” 116.7 £7.6
K JFF 3 1 )5 1.5 136.2+21.4% 81.0+4.23 108.2+7.6
KRBT 1.5 77.3+22.3  63.2+10.3 89.0+19.8

T S A B T E S 2 A IR
A, DL HAR S B BT AL BE J7 i i B R A
PO A0 S 28 A, 1 4 ey i
RS, B3 24 3 S50 PN 0 1 I /K ST 434 8 o A 411 264
B, Nef2 BBEIE B AD i BE AR AL R —
AP, I BL7E B AE AD S ¥R A AD B
N2 F2ikREAIG. 7E AB TR AT, APP/PST % 3t A
AR Nef2 26 Rk AR . Nef2 AR g — il i
WA S B B N T RS T
AT UL RN TR, Nef2 1 45 #) F0 T g i A48 7E
LB 2B AT PSR R B, LR AD, R 4 2R W
(PD) FI LS 45 U R B AL, 336 26 ot 28 38 47 4k 95 0 2
R 2% il s I PR 25 2k R T R 54, B AL A 4 A 7 38 3
fERNERIEE R 2, Nef2 38 5 b 9 BT 4 B A i 7R
T 10 98 AN 4 R TR S SR AR P LA G TR
P REAR . Nef2 © 5k AD BB I7 I A5, 52 BR
b R BRT S F W1 Nef2 0 076 AD 30 4 5 5 A
Fik AD B B A B 3R 00 N 40 M B AT ROR
A 25 BB 5T e LR R LA Al i e pi
T4 Z R LR WG VR, RT IR W R N 2 R AR B i
T2 BRI, KRR LA AR AT B 22 A R
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IfEk % S I RE 1, X AD B B A B RA
JEER

AU 55 vh R BUR [ 25 25 05 %6, 1K 300 T Jd 309
YT RIRH R AR 58 KR A £ APP/PST XU 3 R /1N
P BT A AL E IR o Morris B 9 45 5 s K
JRAS BE 5 0 3% APP/PST WU JE PR /N BL % 2 ST 812
REJ1, HIE# 4 2541 5 18 A R, 1B 45 25 41/ B
(10 306 SBE VER PR RN 28 T S R B L R 22 R
Gi 7 S5 K RRR 191 97 28 /N BRUE T AD A Ak
(SR T R BRRHIAIT 41, H SRR 2 A, RIS
Tk 41 /N B Nef2, HO-1 78 mRNA 7K K8 H #
IR KOF- 4 R [ AR B 0 2 v, KRR R ¥ 7 4 5 A Y
ZH H % Nef2 ,HO-1 mRNA /KP4 85 3 4, H 16 5%
FIKF-22 S EA ST EE L 5RRIEITH
B, RN R T By 41/ BT 5 4 40 R Nef2, HO-1 7
mRNA 7KF- 247 18 5, {5 78 35 1 7K SF KRR A 13 By 41
A RN 3 L RIRAHR T 8 b G248 L,
# 4 Keapl mRNA Je K (1K ARk 22 R G2
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