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Effect of Xixin Decoction Granule on Tau protein toxicity in brain of rats
with sporadic Alzheimer’s disease
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Abstract: Objective To establish sporadic Alzheimer’s disease (SAD) rat model, to investigate the effects of Xixin Decoction
Granule (XDG) on the phosphorylation of Thr231 and Ser422 sites as the important promoters of Tau protein toxicity in the brain of
SAD rat, and to explore the possible mechanism of XDG on the prevention and treatment of SAD. Methods The SPF male SD rats
were randomly divided into Sham (S), model (M), donepezil (D, positive control), low-, mid-, and high-dose XDG (LX, MX, and HX,
7.61, 15.21, and 30.42 g/kg) groups, with ig administration once daily for two months. The immunohistochemistry and Western
blotting were used to detect the phosphorylation levels of Thr231 and Ser422 sites in Tau protein in brain of rats with SAD. Results
Compared with M group, XDG could significantly decrease the expression of Thr231 and Ser422 sites in the hippocampus of SAD rats
(P <0.05,0.01). There were no obvious differences between D and M groups (P > 0.05). Conclusion The results suggest that XDG
could inhibit the hyperphosphorylation of key sites in site protein and Tau toxicity, so as to prevent SAD pathological progress.
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1.1 ZAm5iH

Yotz Btk (Xixin Decoction Granule, XDG),
999 i b4 [ BT PR A W] 4tk 0908032; STZ
MEFR], Merck 2a7], b5 K0050; £ 4WRFTHEE,
G RN AR AF, #ES 091201,
Tau-5 Pifk, BEERUCFHEBER L Tau 281, Bio-
source A H], Western blotting I 1 ¢ 1 000 FikE;
P-Tau-Thr231 ik (i d1ftF Western blotting i
JHEHD, Novous Bio A ], i dIAb Lt 1 1 400
Fii®e, Western blotting FllIsf 1 : 1000 Hike; P-Tau-
Serd22 Ptk (A MD, Abcam 2AH], i
AL 1 2 200 F7ikE; P-Tau-Ser422 Hi44( Western
blotting #IH), Biosource /A7), Western blotting
RIS 121 000 Fikes BRI Sl bRc 1L =E 4T
% 1gG (H+L) —$i, Beyotime /A ], Folin f}&5[]
R, JbaUnE SRV AARAF .
1.2 ¥

SPF Z¢lfitt SD K, f&FiE (270£20) g,
HH A DY 22 e R 2 s i sy o 4, B IE S A
0034642, fHVFAIES ) SYXK (Bk) 2007-2010.
1.3 {5

DQP—9010 BUA AT Bl bl R &k
EVHRAF; YQ—3 MishA) 3L, EHSY PG
AT CR22GIL R itk 3oL, HAH LA #]
Motic Med 6.0 Zh = 2= K% 0T 248, Motic /2wl ;
PC200 H3k1¢, J[E BIO-RAD A7]; PC200 #4F5H,
WAL, 22 BIO-RAD A7]; Syngene GBOX iChemi
WA R NG 2 R R S8, JEE Syngene A,
2 FHiE
2.1 HHH. EE5HRTE

KBNS A BT R, BRI, 2 RIRFF
PEXTHRAL, Ve O@MRAE. . w4l 14
Ho 2% Sharma W53k, BT KRZ 10%K 5
M (3.8 mL/kg) RIS, [l 5E T K B e A A
by ERE IR, AU R TR SR, B
HEMTAR BT, SRR, BT AR, H

SR AR R v A T 00 = R STZ 3
mg/kg CHFT N LW, FEKE N 25 mg/mL,
IPRIRZ 18 pL) . Z2% SR T VR O AR bR R
X5 1.5 mm, JAREEZA55TF 1.5 mm, MR F
3.5 mm. 5 3 RIZAHFGREER AN 1K BRFAR4
TSR TIE. RS K RIET R 19.2%.

T2 2 WESS STZ 21 d Ja TF4R%h 24 . Pt iz i
K CBE 29 g WUREAAH 2 T IR0 4225 169 g) s Hs
ALK W0 ig 45 TP kL 30.42.15.21,
7.61 g/kg (LA 60 “CRUZE/KEMMFED; FHPEX 4L
ig 0.92 mg/kg £ ZWRFF(LL 60 C MUK E MR 5
BRI RN TF ARG T SEMFIWAEK . S 4L3 %
HE525 1 K, 529K 8 7.5 mL/kg, 44525 2 D H .
SEEG I AR O B R AOK .
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WEREE AR Sk e B, SEIEAT 5 d LUK
BRI 27 > A2 g
222 FARLL 66 RIERTFE, Fik—AK
BB REBOK T, 120 s KRR EA IS
BERI LAt S B FRpuite bk i ], ARSI K B Z AR FRRE T o
23 MReEAMREESLE

AR K G RAT AR5, FRALREHLER 6
JUR BT 0 e ALK . K B ip 10% 7K & 50 4.0
mL/kg RIFE, ADEM . AR DU, BY T MR
oy e FR O NERUHAE, IR S T A2 0% 2T 18
Jok e [ e [ B BY A O, PRI AR HE 2R K 100
mL EAFIESE S, A0 =R EERA S,
e 4% 2 IS, Seti e 18 gk 30 min J5 W73k,
SERUH RN, B REDEW T, 24 h AT A
PIF . BFHREED CAL X IR EIELL R ) H
JN 0.01 mol/L PBST (&bl 8.5 g BHIRE —
B 3.15 g, BERR AN 0.2 g INZEIBKIB e R A 1
L, Fh0 1 mL BB ALEE-20 1R A1 RS 0D W
WP AT S A et . FEAVEEL 5 RO REAT
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WREIR AL 100 o
2.5 SUGLENEMRM Thr231 #0 Serd22 #iFE 1L K F
KLU ) — ORI J T
3% H,0, KGN PR TEEFACBE 10 min, ZE0H7K¥E 2 min
3 e VI E TR ZMNE (pH 6.0) ik
BEPUR 15 min, PBS (pH 7.4) ¥k 5 min 3% 3 Ik,
N 5% BSA &4, 37 C A 20 min, W%
R, AV WnMmR R —dt, 4 Cid#, PBS
YE 2 min 3t 3 ¥ (] PBS 2B — BB kXt

W, INAIRN BT, 37 CHEE 1h, PBS #yk 3
W, BERS mins T I0BAR S AR IC 1 A7
FOUAZE TAEW, 37 CW¥AE 1h, PBS k3 X,
K 5 min; 0 DBA, =i FYEM 5~30 min; 75
KERYL, BEEERAK, —HIREWH, b
B WO R B RN, BBEisE (X200)
CAl [X p-Tau-Thr231 FI p-Tau-Ser422 KiABHYEL
Jiid, I LA Motic Med 6.0 it < 24 4 40 1T R G0 R 4R
PG HBEAT 00T, e RGP B gl e %, P
PR A0 TR AR R 23 e 2 A
2.6 FitFAE

P8 DL x +5 %7, KA SPSS17.0 #4748
T, A B A FH PR IR 36 7 2290 HT
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3.1 X SAD XKRITAHFEHFMN

VELAHNT SAD K AR E LT SR AT A 1
LR 1R 2, SZEGEE 3 RITUR, SRR
b, ZARURFSAL. e BURL 4 2K B ST 34 2k dik v

R1 FLIATRIY SAD KR FHgkEEAREIBEMm (X £5)
Table 1 Effect of XDG on average escape latency of SAD rats in each group (X £.5)

u Fw o/ B/ SRS AR /s

(kg ) R AN 2R H3 K H4 K # 5K

BFER — 11 76.74+25.03  31.37%10.76 2046+10.14 1291+ 3.10 1067+ 6.59
R — 12 9469+ 7.01 88.98+26.02"  50.96+31.85" 4743130507 40.23+34.12"
vemmRL  7.61 11 69.09+41.59  60.99+2891°  25.89+20.46" 23.62+11.16° 16.75+13.30""
15.21 11 56.54+19.81° 40.69+19.14"°  26.62+21.43"  30.68+27.75°  19.95+23.07°"
30.42 11 66.29420.85° 27.07£10.17°°* 19.84+£11.89"" 16.84+£12.38"" 11.19+ 7.98"
EZ [ Si 0.000 92 12 789242419  66.954+26.47 27.99+17.48" 2826+2597° 15.62+13.58""

SEFRALE: TP<0.01: SHA4ILLE: “P<0.05 “°P<0.01: H5ERIRFAILLE: “P<0.05, %3
P <0.01 vs Sham group; “P<0.05 ““P<0.01 vs model group; * P < 0.05 vs Donepezil group, same as Table 3

F2 HLIHTRIN SAD KERMFKIEEBFM (X +5)
Table 2 Effect of XDG on swimming distance of SAD rats in each group (X £5)

RUFKIEE / cm

a4 AR (eke ) B R
H1R EN EIRIDN Fa4R EEIDN
BFR — 11 96874136803  676.65+408.62 33422417544 2312342287  179.15%+105.79
iy — 12 1210.514303.78 1093.50£498.43" 7643437598  748.82+£37627" 601.594409.03"
seomBh  7.61 11 82228+54456" 665.53+493.53" 32829+173.62°"  316.62+146.44"" 260.75+215.79""
1521 11 74290%313.50" 529.964329.79"" 361.29+206.50™"  461.85+387.99" 307.56+310.55""
30.42 11 96891140043 422.41+204.95"* 341,913 6171.92*" 252.18+123.28"" 157.18+105.47""
ZRIRT 0.000 92 12 1063.38+407.53 755.59+348.04" 451.88+272.12"  408.39+244.89" 247.31+224.99""

EEFARMALE: "P<0.05 “P<0.01; SEMALLE: “P<0.05

4p<0.01; SEAIRFLLLE: “P<0.05

"P<0.05 “P<0.01vs Sham group; “P<0.05,““P<0.01 vs model group; 4P < 0.05 vs Donepezil group
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Table 3 Effect of XDG on swimming time around quadrant

I of SAD rats in each group (X £5)

4oH FE/(gkg ) B/ BT RBRESINTR /s
IEEN — 11 59.49+8.57
Y - 12 15.92+6.16"
veLEERL  7.61 11 39.91+13.97°

15.21 11 52.81+4.30""
30.42 11 56.45+5.32°"
EZ e 0.000 92 12 41.02+10.76"

3.2 %f Thr231 #0 Serd22 {3 5 #ER 1L 7K RO EZ MR
3.2.1 Western blotting fill K S41ZU5 Tau
CENERAL A AEBERR AL 1Y) Tau &K 1) & IE A 45 53
R, BTRA. BRA, ZHIRFL. Pelms
LR EZER. GRNE 4. B 1. BELINR
p-Tau-Thr231. p-Tau-Ser422 K ik W] w5 T T A4
(P<0.01); SRR AMLEL, YEOz Bk &4 p-Tau-
Thr231. p-Tau-Serd22 KA LE Fii (P<0.05.
0.01), YrLoz ki 4 Ie] W3 22 5, M2 RIRFF
PEBEAA L LR EER. R ILE S FE 2.
6 M 3,

x4 BLIATRIS SAD XERiBDAHLRE Tau-5 FRik
B (x+s,n=5)
Table 4 Effect of XDG on expression of total Tau-5
in hippocampus of SAD rats (x+s,n=5)

il FIE / (gkg ) Tau-5 / B-actin
BFR - 0.493 740.004 8
Y - 0.420 8+0.001 3
SV RINSAY YA 7.61 0.458 24+0.002 4

15.21 0.461 50.002 8
30.42 0.478 8£0.001 9
EZ i 0.000 92 0.4839+0.001 6

322 R RTARAKREEES CA1 X
p-Tau-Thr231. p-Tau-Serd422 ik ¥ FHE 40 i B 1R
Mo HITFARAME, BAA K p-Tau-Thr231.
p-Tau-Serd22 Fik (K BHVEAN 45, BH 1 4 (T A
UG B B3 (P<<0.01). SRR ZAH

Tau-5 4.5%10*

l
6.8%10*

B_aCtin “43 ’ 104

BFER B 2405 761 1521 3042
PeLAEL / (kg ™)

1 FHATARNT SAD XRig54HR
B Tau-5 FRiZHIF M
Fig. 1 Effect of XDG on expression of total Tau-5
in hippocampus of SAD rats

R5 FULIABRIY SAD KR DAL p-Tau-Thr231 Fik
BN (x+s,n=5)
Table 5 Effect of XDG on expression of p-Tau-Thr231
in hippocampus of SAD rats (x+s,n=5)

21 A 7&E /(gkg")  p-Tau-Thr231 /B-actin
BFER - 0.159 9+0.004 6
oAy — 0.601 440.004 57
/RISy Sibak 7.61 0.350 3+0.010 5°°4*

15.21 0.162 9+0.005 7°°44
30.42 0.170 9£0.007 6°°4*
EZrs 0.000 92 0.559 1+0.004 5

SBRFARALE: "P<001; SHEALLE: “*P<0.01
H2RRFALLE: 4P < 001, F6lH
“P<0.01 vs Sham group; ““P < 0.01 vs model group;

44P <0.05 vs Donepezil group, same as Table 6

p_Tau_Thr23l _ v 104

B-actin 43x10*

BFAR B 2RI 7.61 1521 3042
VLR / (kg ™)

2 RLIABRIXT SAD KRS 4A4] p-Tau-Thr231
eI EA !
Fig. 2 Effect of XDG on expression of p-Tau-Thr231
in hippocampus of SAD rats

b, Whi Wik %4 p-Tau-Thr231. p-Tau-Ser422
FIEMIBHPEN M. BHME G A, Ao e B
PR EBRL (P<<0.05. 0.01), ¥k &4l Lt
BEEEES:; 2580554 p-Tau-Thr231. p-Tau-
Serd22 FiAMBH AN fu gk, BHYES A mEL, Bl
B FE S B A R W 2 . 85 R WAR 7. 8.
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Table 6 Effect of XDG on expression of p-Tau-Ser422
in hippocampus of SAD rats (x+s,n=5)

A5 FiE /(gkg ') p-Tau-Serd22 / p-actin
(EERZN — 0.187 2£0.002 2
it — 0.806 440.006 3"
SINSE ST 7.61 0.427 3+0.008 32444

15.21 0.2193+0.011 9°°**
30.42 0.246 8+0.018 47444
EZ 1 0.00092  0.796 7+0.006 9

p-Tau-Serd22 6.8X10°

B-actin 43x10*

BFA B ZRIGE 761 1521 3042
YELAERE / (gkg ™)
3 GEliAERIY SAD KRB S 4H4N p-Tau-Serd22
FTiEW

Fig. 3 Effect of XDG on expression of p-Tau-Ser422
in hippocampus of SAD rats

Be Nl L, T R4 RIE p-Tau-Thr231 Al
p-Tau-Ser422 [P PELHHutl by REARIA Ok B vEAH
OB 3G 2, MOIRIRGY: 258 WRS A BP0 i 2
e 2 B Mo 22, ) e A Bk 4 i
B Sk, R B 4 PR DU B SR kD . A L
K 4. 5.
4 itig

WAk, AD R o IS — AN 2
R IR A2 1] B e FEE R AL PRI T B AH DG EE 1 Tau 4
BUREN 22 (PHF) {132 218 (A R4y, 1fi PHF M2
B IV B AD RRAEERT FLAE NFT fJEREN Y, BB
% PHF (1) Tau & A — Dz 240 B2, F
R AEREIEAL . AEPRAL BT 3 K RSB R, DT T I
Wi PHE/NFTU, ST4EWFo0 &0, o Bk
Tau # [ 3= B2 8 ok SR A0 M B Pk A AL it 2
JCIRIREARIN, AN N AN YE PHE/NFT (R B0 ]
R — P4 M s g5 L s A E W B 8 R Y . Thr231/
Ser235, Serd422, Ser199/Ser202/Thr205, Thr212 LK
Ser262/Ser356 547 mi IR AL nT i 43 Tau A2 B 51
53 s WIS PUIE A A< & A i/E P, Thr231,
Serd22 ¢ Ser396 A s 1k — A WAL W24 Tau

RT FOIAFHIFT SAD KFRiED CAl X p-Tau-Thr231 RiZHIEMN (x+s,n=5)

Table 7 Effect of XDG on expression of p-Tau-Thr 231 in hippocampus CA1 region of SAD rats (x+s,n=5)

41 Al I/ (gkg R am s / A FRPEGL (A TH AR / pm? B % A
[EEN - 12.970 040.864 7 5677.848 31164.261 1 39.626 7+0.781 3
il — 61.650 0£1.594 3" 19 833.596 7+734.075 9" 148.685 02.420 17
ez RhL 7.61 43.663 311904 2°* 14 858.210 0+412.278 9°* 122.561 7+1.855 8"

15.21 18.0850+0.996 3°4*  7525.538 3+200.731 1°°44 54.53+1.822 8444
30.42 14391 740.715 3°**  6730.636 7£170.904 1°*** 57,908 3+3.288 4°°44
EZ S/ 0.000 92 55.025 0£0.903 8 18 998.231 74693.928 6 133.611 7£4.116 8

EEFRHALE: “P<0.01; SHEMHLLE:

“P<0.05

4p<0.01; S AEIRFLILLE: 4P<0.05

P <0.01 vs Sham group; “P<0.05 ““P<0.01 vs model group; 4P<0.05 **P<0.01 vs Donepezil group

44p<0.01

8 BLIATRIX SAD XFiBS CAl X p-Tau-Serd22 FKiZHIFM (x+s,n=5)
Table 8 Effect of XDG on expression of p-Tau-Ser422 in hippocampus CA1 region of SAD rats (x +ts,n=5)

45 FE / (gkg™) RH k48 e / A BEPEG TR / pm® Ryt B
[EEN - 13.608 340.932 3 4259.888 31206.425 9 41.860 140.956 8
ikl - 64.908 3+£2.419 2" 22263.081 74953.172 17 163.206 71.236 17
EARINY1p I 7.61 43.600 10.937 6°“**  15850.951 7+188.842 5°°4*  121.341 7 1.051 4°"*4

15.21 18.748 3+0.528 7°°**  7570.571 7+ 80.6542°°**  49.1633£0.339 7°°44
30.42 16.611 740411 9°%** 5492561 7+ 93.996 8°“**  48.1833£0.899 6°°4*
ZRIRF 0.00092  61.820340.366 8 20376.461 7+510.642 6 153.408 340.531 3

EEFRHALE: “P<0.01; SHEBHLLE:

24p<0.01; 5 EIRFALLE: 44P<0.01

P <0.01 vs Sham group; ““P < 0.01 vs model group; **P < 0.01 vs Donepezil group
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EZ =
PeLmBRL 7.61 gkg ' VeLABRL 15.21 gkg ! VLA Bk 30.42 gkg !
B4 ZHHKRBD CA1 X p-Tau-Thr231 RiZHBRHIFNER (B PEKFRA T EZMRMEMBPARL, TER)
Fig. 4 Microscope observation of p-Tau-Thr231 expression in hippocampus CA1 region of rats in each group
(Arrows show main positive cells, same as below)
BFA EZ /S
Ve 7.61 gkg ! LR 15.21 gkg ™! Yotz ik 30.42 gkg !
5 HHEKRBED CAl X p-Tau-Serd22 FRikHI BRI
Fig. 5 Microscope observation of p-Tau-Ser422 expression in hippocampus CA1 region of rats in each group
W H S BT YRR S5 o RN A . Yol R AR O

BIOFFRN], Yolmaed] WacE M EES RO A RO SRR . AT ST

STZ 3% SAD KRRM=sm=wdizee )y, HAEHR 5 RRW, b0 Pk fg i 2 F#{% p-Tau-Th

r231.

RIS 27 Bl ) e 5 OR3P Sh A 2 e ik S Bl p-Tau-Serd22 KL, #7xHAMH] Tau HH7E Thr
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