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Effect of polysaccharide components from Fomes officinals
Ames on expression of AKT/GSK38/Tau/P-tau
in hippocampus of APP/PS1 double transgenic model mice
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Abstract : To investigate the effects of polysaccharide components FOPS-a and FOPS-b from Fomes officinals Ames on the ex-
pression of AKT/GSK38/Tau/P-tau in hippocampus of Alzheimer’s disease model mice. The sixty-four male APP/PS1 double
transgenic AD model mice were randomly divided into 8 groups as follows: model group,donepezil group (0.65 mg/kg) ,the
high, medium and low doses of FOPS-a and FOPS-b groups(60,30,15 mg/kg) with 8 mice in each group. The same age of
wild type C57BL/6]J mice were included as normal group. Mice were treated with drugs and saline administered by intragastric
administration for 90 days. At 6 months of age,the behavioral changes of mice were detected by jumping platform and open
field test. The morphological changes of neurons in hippocampus of each group were observed by Nissl staining. RT-PCR was
used to detect the transcription levels of AKT,GSK38 and Tau mRNA in hippocampus of mice. Western-blot method was used
to detect AKT,GSK38, Tau,and P-tau protein expression. The study was found that the FOPS-a and FOPS-b can significantly
improve the learning and memory function of mice and protect neurons from damage in the hippocampus, up-regulates AKT
mRNA transcription levels and protein expression, and down-regulates GSK38, Tau mRNA transcription levels and GSK38,
Tau, P-tau protein expression. Studies have shown that the FOPS-a and FOPS-b can protect neurons from damage by reducing
the tangles of neuron fibers in the hippocampus and play an antagonistic role in AD.
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S NS BERFAE IR IR o I AF R, X T B R R I
BRI WA T~ R 3 PR 22 A AT, 1E— 25 BB T HE 3
T2 B A S A LA B B AR AR . AD LR
e R AR AE 32 5 2 28 2 4k 9 4% ( neurofibrillary tan-
gles, NFTs) Fll Z 4 (senile plaque, SP) , H. 5 255
PRARAE F= B AT P J5 T 2 BOUE M FE B 1 (amyloid-8,
AB) L Ko 5 BEWEMRAY Tau 25 11 [7) b 1 1 1 22 2 4
QY NFTs, P20 21 2 48 45 (1) 35 22 40 2 U Al 5%
H M Tau, AD B35 i Tau 85 (28 B 85 2 b5 80
H5HAES G IIREL, #ER 1Y Tau & 1 RETE
AT N B P 22 27 2 G, TP pl 220 Y IE DR,
IR FERI A ITLI A 530

BT T 21 Z2 FL R R K TR B TR BT LT ( Fomes offi-
cinalis Ames) i) FSL4AK , = B3 A5 8 Fe [ VG JL A 2R
At , o e g 20 TR b X, PTHLar £
W2 BT BT r B =GR | {5 B B2 A 2 A S
—EEAEYTE Y T, B e T R P B
VEFID! . RTBRSE CIESE, i BT S 7 A5 55 05 1
F R AD AR v 5 R B BH B 5 T AD PEH,
HA—E W B7 6 2B AT B /e o Bl B
4T Z W24y FOPS-a FOPS-b Ji 2% 3F ] B 4T H £ 4%
AL FAR R A A3, T R LA 5 FOPS-a
H1 FOPS-b Hit AD ) SCHR 1 . A1l 56 # LL FOPS-
a FOPS-b A5 XF 42, i il APP/PS1 X% FL K AD
RN SR BRG0S0 | e R g k|
RT-PCR ,Western-blot 25525 F By, MAT 2%  4HZH
WP I3 W2 A B DR 2T 22 W 2 )
FOPS-a fl FOPS-b X APP/PS1 W% # K /N B &6
¥ X AKT/GSK3B/ Tau/P-tau 7 [ 351k 540, 4
BT L 2T 2R o B I8 AD (PR R IS 2 50 .
1 KAS5NUEE
1.1 k%4

B[ B 21 Z2 f 40 4 FOPS-a 5 FOPS-b fH PR @12
H il ; EhR 2 23 R 55 (4IL5 1704021, T A% 251 A BR
vH]) s Total RNA $2HUA T (b5 AI21584A, H A
TAKARA AH]) 2 &5 (it AJ11523A, H
A TAKARA A 7)) i 5 550 (L5 AJ12435A)
H A TAKARA 7\ ] ) ; SDS-PAGE ¥ i il 45 1 7] &
(b5 20181218 , It R EA R/ F]) o 20 x TBST
(#1t%5- 20190605 , 4t 5t &R 3K F A BRA W) 5 AR W34
(#t5 EZ3456D330, ) ;i 20 (£S5 308013, Jb 5T
ZHEHAMWAF) . AKT Hip i v Behi ik (it 5
GR3235334-3 ,abcam /A 7] ) ; GSK3B Syt i e ik

(It GR312697-15 , abcam /A ] ) ; Tau Ha B o7 [
Bk (2 GR64/324 , abcam 72 ] ) ; P-tau H i 5
FEREHLAR (5 GR303639-20 , abcam /3] ) ; HRP 4%
I EEPT R T (i 20190321, CST /4 H]) .
1.2 ¥

64 H APP/PS1 SUFER/INER, 1,3 %, 1A
25 5 g, WK T nt e BRI s WA R A A,
VEATEE . SCXK ( 51) 2014-0004 . [R A # 7] 35 5514
C57BL/6J /INER 8 HL, I LB e R K2z sh i S i v
L Ad VAT IESR 5 : SYXK (7)) 20160002, /MR 42
BB R IR TR R R 2= S S rhuly SPE LB
b7 4-6 & SR AR SR, B A4 — OB RIDK . &
1 20-25°C YR B 40% -60% i b AR SR 1 8 5 iR
SEE, SR AR S A AR E S TUOK,
1.3 {%&§

DT-200 /]y ER Bk 5 A (iR 48 R R A BR A
H]) ; OFT-100 K/NER I35 1 3l 52 50 22 40 (k28
BHEA R A F]) TP-114 H 5K F (L3 Sartorius 23
A 3 APHRMLC LR R ) 5 AR A VR e B O AL
(2 Thermo Scientific /A H]) , 4= K FFpRAX ( 3£
Thermo Scientific /A H] ) ;CO, [HIEREFEAE (3£ ther-
mo /3] ) ; RM2016 i BRI A AL (£ [ Leica 23 A )
HERE FL Uk B B B 45 (36 [ BIO-RAD 24w ) 5
DM4000 %'t 15] B 53345 (2 [ Leica A H]) .
2 FHik
2.1 HPYSEREH

64 H APP/PS1 XU JE K/IN R BEHL 73 AR A2 |
2SR (B HYE B A 0. 65 mg/kg) BT HLZT
Z W 5 (FOPS-a Fll FOPS-b) &5 Hv A5 4 41 (
H B 3 2435128 60,30 15 mg/kg) AE41 8 H. 8
H CSTBL/6J /INRAE Ry IE 8 %k HRZH , 455 784 20 1 IE %
X R 45 TR AR BEER K TE 1 o 55 3 H St
AN RS BT, BR LR 1R ESE
B 90 K,
2.2 BRETHFELR

/NERBR G E S — NI R, RN 20
em x 20 em x 30 em, FH 2 €8 58} 53 B R 6 T
JE T AT RE A 5 mm ] 38 52 30 L A AR . 4 R) 22
JERCE — 1 3.2 em, HAR 4.5 em [ 4 ZAR IR vl
UM N T A L Az B, YN R
v G, N AZ 3] 24 V LT RIS . AR SEERIESEIETT
PR35 — R NAE o 2 B B, i 5/ s RO A kA
AR S AR B 6 2)) 3 min, B 53 24V (1938
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VAL, FFEE S min, /N2 B L e IR B 2 B
bl 65 DL Sl M, 22 sl P n] e 2 FECER
Z UMM L, 52 2] R SR BT 3 & i
SR FU/INBUER — R BT il £ B R ] CRIYE R 4
SR B (B R IR o 56 2 KOS B By
B, BINCAZ R R BE . (28 AT O PRI ) L4
ANEURCE Tk 6 L R E B AR 0 SR/ AR — IR
B R ol 5 RIS min YIRS ER IR
2.3 WiFXE

W37y 52 46 LA S 36 sh W1 iy O 308 R 26170
PR AR AR S I 8] S 48 B, 20 52 56 3 W) 1
BEAEERBE P @ RS AT N 0 S g
B 50 em, 5E SO em, 5 40 em HYSCIA , A ET
A AR A i % X R I R X =)
GAIXHEBS " 10 %% 8 em, Al IX Ay B XK T B AY
16% Fax J b X BBk & T P X IE EJ7 .
SEHERE /N BT SE A BEBOCT B E 4 X, e 8 A
SO EW A /N E I S RN AT HRR S ming
E SR/ BRAEW 3 B2l S U B PRI Rl 1 em
IR KT Bh R S g & R 2, kY
o
2.4 MALARMEAHEEIE

11 R LRSSt 10% 7K 45 SRRE JRR /N
B LT ARV IR AR Lo M2 B85 A/ NG AT
O i 2 8 0 FUEE R T S PR A BRER A 3
B SN O/ R ZE O S AT RE T, R 5B
JEFREAE M 800 8, 1 /0 BRT Sk 72 P 4% 2 3
PR O o 0 e B il . 7R vk AR bR
A, — IR AR T ] 7 W, — ko0 B i

TARAEAE T, R 8 R 5 B A -80°C vk 48 1k
f£, FHT Western blot 5553 =W~ 5 bkl . A7
A SRR IRCHE [ 2 W P G 2L 28, FH 0 R 00 1 I X
Bl 2 Av 4L, IR IEERE 9 0.5 em AR S SeRIR T -7k
ARG . W/KTEBE 30 min—Z2 /K TEBE 3 3 (
i 3-5 min) —75% LR (K ) —95% LT 1
(1 h)—=95% £ (1 h) »Te/K BT (1 h) -
KB (1 h) > HZREH [ (15 min) > H
ABERW (15 min) -85 T (1 h) &85 11 (1
h) o M %S AR Sk XU o VT R A
B o, AR POK 2V R PR R b E
T 45 CHERAA PR BIROAE , TR BRI
2.5 BR#@

Je IR 0 i 75 1 0 B B 4 U 7 i b, T 45
CHAE TR L b J5 B0 7 A R L) v
Al M T K (S5 s)—>95% g T (5 s)—
95% LBETL (5 5)—80% LE(S5 s) —7RIBKIFE (3
~5 ) e R Gl s g, Yo 5 Y A
TGk CEER K G, 28 — W R WL e e
o SRR B EOeE g,

2.6 RT-PCR £#7 mRNA %%

F-80 °C UKAE H WU H: T Th 41 41 B, ¥ 25 vk A
BRFER . % 0.1 g0 1 mL HfFl i A Trizol ¥ , iR
SRATES i TR A A TG Y 1.5 mL 204 %
R & U B B R AR R R T bR SO R 2 R Y
RNA £ A (B AT EE RNA B S0 S 5% 5 RT-
PCR, VM40 95 CHIAEM: 30 5,95 CAEMES s,
60 °C ZEAH 34 s, 1 40 MEIR, LA B-actin N P
S

®1 3519F5
Table 1  Primer sequences
519 il
Primer Sequence(5'-3")
AKT Forward CAAGACTTCTATGACTGGGACC
Reverse CAAGACTTTTCGATAGGCTTCG
GSK3B3 Forward TGGTAGCATGAAAGTTAGCAGA
Reverse CTCTCGGTTCTTAAATCGCTTG
Tau Forward GACATGGACCATGGCTTAAAAG
Reverse GCTTTCTTCTCGTCATTTCCTG
B-actin Forward CGTTGACATCCGTAAAGACCTC

Reverse

TAGGAGCCAGGGCAGTAATCT
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2.7 Western-blot ;£# /MRS X AKT,GSK38,
Tau P-tau E@HFRIE

PRS- B ZRAE 8 T il S 2 SO AT BFbE
B AR D VPR RV VR R U, 3 10 5 L
MR 24w (RIPA 2L 2 D 150 (B 1R Tt
PR P AT H 2L, AR el A 2 ~ 3 IIRAL,
PRAUEGR AR . B 2 8200 T 248w, At
PRI TR AW E 1.5 mL EP 8, i A vk &
B 15 min, AT A, 4 °C 12 000 rpm {IK
30 30 min, U VEHZ I BCA 8 e &3] &
SETR RIS B R AR e TR 1 4L fA]
A 4 x bR (loading buffer) , il AZK#h 58 2
LR IR A A A EH (100 °CL10 min) o %450
JEHCE 20 CUKFAPRAF . R, 22 SDS-PAGE BEfi
B B e — A — AL DK R (4 B 5 L DK
T TR 2 B Rl 172 H KR ) — i B vk A e
vk (He4E i 80 V,30 min, 4355 i 120 V,90 min ) —%%
(300 mA,70 min) —1 x TBST ( %€ #& ) 10 min, 3
R— NG A= W5 Ef ] (2 h) —1 x TBST (Y& EE# ) 10
min, 3 IR—>—PUIEE (T 4 CHKFHEEIK L, 13%) —1
x TBST(PEAEH ) 10 min, 3 R— — 4 H (2 h) —1
x TBST (FEMEWL ) 10 min, 3 YR —J il ik €8 7 — Bl

(B RLG AT R G434 , FH Image J (4 5E &4y
B B 4, AT IR0 Hr . 45 RLLCH Y
HEHKEME/NZSIKEME) x 100% Fx, Hr
AKT GSK38,Tau, P-tau , 8-actin BT B e B 4 |
7 1:10 000.1:5 000 .1:8 000.1:8 000 .1:5 000, —
PG B A 1:5 000,
2.8 HIEFRITESH

KT SPSS 21.0 HEAT R4 (9 GE T 43t , B dis LA
BRI (v £5) 22755 , 260 10500 SR T 00 PR 56 5 2 43
D7k Bl ) i 22 LU AR ) LSD-t K556 4347, LA P
<0.05 8f P <0.01, £ A G,
3 LWHER
3.1 BRBITAHRTIRER

25 2H/IN BBk 15 S B0 7 FR A RN A R U B L A 4
W 2 PR, SR A, FOPS-a & | sl 41 /il
FOPS-b 5] #2241 /0N BRI 57 390 A 4 e, R 309
BIEK R R B B, A BE ST R R L
(P <0.01) ;FOPS-b #1(30 mg/kg) 3k 41 JZ SV 391 4
S R K B IR BB D A Gt 2 (P <
0.05), 554K FOPS-a 5 FOPS-b 4143 %} AD i
RUNE2E 2D IEICRE 1A — e I EEE R

%2 FOPS-a 5 FOPS-b WA AR ERMBM (v 5 ,n = 8)
Table 2 Effect of FOPS-a and FOPS-b on the results of platform experiment ( Xt ,n =38)

VR Incubation(s)

BRI EL Number of error

45

Group 22 2] iy )5 22 2]y SN
Before learning After learning Before learning After learning
1E# 2H Normal 138.33 +6.77 155.50 £7.89 1.83+0.75 1.17 £0.41
HiFIZH Model 54.33 +6. 65" 83.33 +9.03" 6.00 0. 63" 2.67 +0.52%
£ 750k 5541 Donepezil 107.50 £5.61 * * 136.50 £9.18 * * 2.8320.75* 1.50 £0.55% *
Bl FLLT Z2 0% a 453w R i 21 FOPS-a-H 97.17 £4.62%* 127.33 £7.37** 3.000.89** 1.67 £0.82%*
BT HLZT Z2 % a 2043 PRl i 20 FOPS-a-M 81.83+4.79** 113.33+6.77* " 3.67£0.52* " 1.83+0.41"
B FLZT 22 a 2H 43R5 = 24H FOPS-a-L 66.67 +4.08 98.17 +10.85 4.67+0.82" 2.33+0.52
Bl HLET 22 0% b 43 w5 7l k4 FOPS-b-H 82.83 +4.36" " 141.33 +4.72 " 3.33+0.52** 1.83+0.75**
BT HLZT Z2 % b 2H 73 vhif] 4 FOPS-b-M 72.00 +4.24* " 123.00 +7.38* * 4.67+0.82" 2.00£0.63"
BT HLZL Z2 08 b 20 5357 i 2 FOPS-b-L 52.67+2.73 106.33 £4.63 5.50 £0.55 2.50 £0.55

T SIEHHIE, P <0.01,%P <0.05; SHIALH A * * P<0.01,* P<0.05,
Note : Compared with normal,* P <0.01,*P <0. 05 ; Compared with model, * * P <0.01, * P <0.05.

3.2 WHEHRKMNER

M2 3 W, 5 0E 4 H A B A UK Pz Bl R
B SR WD (P <0.01) 5 S5REAYZH /N R
AH L, FOPS-a 5 FOPS-b &5 (60 mg/kg) .11 (30 mg/
kg) 5 5t 2H /K -1z Bl BE B Ak ST YOO R 2 A7

BEMGITEE (P <0.01) K52 (15 me/
ke) ALt~ 225 (P <0.05), KW FOPS-a &5
FOPS-b BERSHR /MR i2 3 I =8 MR R e 1, T A
A —E BRI o
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%3 FOPS-a 5 FOPS-b 3B 17 LIRS ( x + 5 ,n = 8)
Table 3  Effects of FOPS-a and FOPS-b on opening field experiment ( Xt = 8)

a0 MEEI‘H? X BE By 7@@:‘@@1@% S UK
Group 1ddlfa area movement Hon%ontal movement Number of standing
distance ( cm) distance ( cm)
1E# 2H Normal 6535.73 = 1456. 03 98990.27 +61.12 10.33+1.53
RETIZH Model 2556.10 = 176. 78" 52628.53 +39. 95" 2.67 £0. 58"
£ Z3WR57 20 Donepezil 4293.63 +82.30" * 82255.30 +£17.03* * 9.00+1.00*"*
Pl FLET. 205k a 20 43 i 2 FOPS-a-H 3840.97 £125.26 " * 78258.37 +15.17* * 8.00%2.00" *
B HLLT 20 a 4143 P G2 FOPS-a-M 3423.90 £7.72"* 71192.27 +97.71* * 6.67+1.15" "
Fif HL2T 2248 a 2H 0I5 1 20 FOPS-a-L 3019.00 £121.43* 66194.63 +30.85* 5.00+1.00"
Bl HLZT Z2 % b 20 4357 4 FOPS-b-H 3531.93 £60.01* * 76360.03 +37.06 " * 7.33+2.08**
B HLAT Z2 0% b 2143 k4] FOPS-b-M 3334.63 £55.49** 67402.70 +94.34 " * 6.00£1.00**
Py BT 224 b 20 3% 5] 4 FOPS-b-L 2976.40 £35.89 " 60925.80 +21.92* 4.00+1.00"

TS AL RS, ™ P <0.01,%P <0.05; SR H 4 * * P <0.01, * P <0.05,
Note : Compared with normal,* P <0.01,*P <0. 05 ; Compared with model, * * P <0.01, * P <0.05.

3.3 BRRRPABIBER

JER G 45 R A WL IE W M 2T B H 2,
HESV A e, A ZS AT A IR, S50 3 0l , i o
HE IR A AR 0, 15 S SRl B, B
A3 AT UL B/ B 2 T M, 240 i i

TEHRJZ U, 40 A FR B /1N 25 406, A e P A I
L Or AN AR R R . SRR AN
HUEL, Z 280k 574\ FOPS-a &5 FOPS-b 25y ik
70 B 2H /N BT T XA 22 A0 O 25 A AN R R 2 1Y
3 M2 K b R A R A 8 2 HE A

WD AR R HES R B A 3K AL AN, OWEEST R BRI

}

1 HNREBEDIXMAETRIRFEE( x20.0)
Nissl staining of hippocampus in each group of mice( x20.0)

Fig. 1
WA IER YL, B A, C ZRURFTUL, D BT HLLT M a 4150w 0 4L E B HLLT 205 a 4150 DRI 2], F T HLLT 20 a 410000 =4,
G PTHL 28 b A m R E A, H FTZL 20 b 414350 4L, 1 BT 2L L85 b 414357 41, TR, Note:A is normal,B is model,
C is Donepezil, D is FOPS-a-H,E is FOPS-a-M, F is FOPS-a-L, G is FOPS-b-H,H is FOPS-b-M, 1 is FOPS-b-L, the same below.

3.4 RT-PCR #iNs R
RT-PCR 32460 /1N BRI 25 IX A & mRNA #4558 K

ST L5 SRR, 53 A A, B 4] GSK3B., Tau
mRNA #3i5¥FFE (P <0.01) , AKT mRNA ik [%
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flk(P <0.01); 5B LA b, 2 45 R 55 77 &2 41
FOPS-a 5 FOPS-b 5 (60 mg/kg) 720 GSK38 ., Tau
mRNA ()35 BB (P <0.01,P <0.05) , AKT

mRNA BT 5 (P <0.01,P<0.05); 455
FOPS-a 5 FOPS-b 1] $2 & AKT (%) 3 ik & I 1 i
GSK3B.Tau mRNA A%k,

%4 FOPS-a 5 FOPS-b 343X AKT,GSK3B,Tau mRNA FiEMBM( x =5 ,n = 8)
Table 4  Effects of FOPS-a and FOPS-b on expression of AKT,GSK38 and Tau mRNA in hippocampus ( Xxts ,n =38)

215 Group AKT GSK3g Tau
1E# 2H Normal 5.88 +1.29 1.00 +0. 11 1.06 £0.47
FERIZ Model 1.06 +0.45% 6.55 £2.61% 6.93 +1.50%
Z 2R 3740 Donepezil 5.83£2.02** 3.59 +£0.27" 3.72+0.22*
Bl HLLT Z2 0% a 40431 7] 1 20 FOPS-a-H 5.14+0.96"~ 3.24+0.97* 2.52+1.46**
B HLLT 220 a 2053 vhR i 2l FOPS-a-M 4.52£0.52* 4.42 +0.10 3.87£0.80*
Bl HLZT 22 Ml a 2H 53-fIK57] 5 2H FOPS-a-L 3.37+1.21 5.65+0.77 5.27 £2.60
Bl HLZT Z2 0% b 20 4350 i 40 FOPS-b-H 4.60+0.28* " 3.70 £0.44 * 3.37x1.21*"
B ELLT 220k b 4143 rhiil 4] FOPS-b-M 3.92£0.54* 4.76 +0.77 3.83+1.59*
R HLZT 220k b 2H 530K 42 FOPS-b-L 3.30 £1.05 6.17 £2.49 6.77 £0.99

T 50 IR L, P <0.01,*P <0. 05 ; SRR L, * * P <0.01

Note : Compared with normal,* P <0.01,*P <0. 05 ; Compared with model, * *

3.5 Western-blot #&ilZ5 R

Western-blot A K i 45 5 32 B, 5 X} R 40 Lo %%,
FERIZH /N BT 5 [X. GSK3B Tau , P-tau £ |4 il 26 15
BB (P <0.01), AKT I RIKBE T W (P <
0.01) ; 5HiAIZ H4s , FOPS-a &5 FOPS-b & (60 mg/
kg) .1 (30 mg/kg) il i 4/ LI 5 GSK3B, Tau , P-
tau [ FRBEIHE FIH(P <0.01) , AKT [
FIEBE FE (P <0.01), #/5 FOPS-a 5 FOPS-b
fiews 2 L 1 AKT B9 3k &, LIS T iF
GSK3B ,Tau P-tau £ H i34, #5851 AD &k,
4 itig

AD SE—Fh DL 1 G218 AT PR A2 G S REAE (4
ZEIRATIREENG , & A A A R R 28 1) — ol ] 2
SRR o B PRI A IA N D) RE R i Al i
CHIREMGR . thF AD [ R RHLEIEE 4%, Fo &
TERL T RZAF B, Hodr AB BEMFE 2= 10 Tau
F AU B AT A AR AD s . T
APP/PS1 HEFe /N AR AR 20 811 AD B3 K s
BRI Z —  BRUE R AT AU HEL AD f8 35 B0 SR A A 7
PP

A5 M5 T FOPS-a 5 FOPS-b %f APP/PSI
F LIRS 20 BGE R . TESE g, X/ B
INFNDIRERIITAL , FRATRILCT Bk 5 23 A1 905
Bk 5 2o — 00 ) 1 ik B sk S5 AE SIS
th, Sl SR B A R A A R AR T Bl s
I S a3k S 0 ik Bh )2 o F R SRR R A Y

,"P<0.05,
P<0.01,"P<0.05.

7 o T b b RS B S . Bk S rh BRI
X B2 /N BRUSES — R EF B DT 15 1) B R A M A 7R /N R
B AER (P <0.05) , 1] 28 11 5 U8R L B AR B /N
FLH Ry > (P <0.01), FOPS-a &5 FOPS-b 5.
(60 F130 mg/kg) Fl 4L GRIRLALM 1L, 5 5] Sidiz
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