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APPV7I7T 553 /N R 120 H40 9 2 i, 34t 60 F, R4 LBEMLAY A 5 20, 43 5 £ 45 R 5% (0. 000 92 g-kg ™' -d ") 4, 4 1k
PR B TG P A4 (5.2,10.4,20.8 g kg ' od7 ) BEEIA (APP) AR 12 L CHEMESS ) 5 R A W 8t 15 1 R A R Y
C57BL/6J /NEL 24 HAENIE# 4, i%EE'QA*E BRIV REFHTERERNEKES, B 1R, F1MNIRAZESH,HE2
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Effect of Bushen Huatan Yizhi Decoction on Learning and Memory Ability and
Tau Protein Hosphorylation of Hippocampal Neurons in APPV7171 Mice

KONG Ming-wang, ZHAO Jian-bang, SHI He-yuan, LIU Ping, WANG Ping”
(Institute of Geratology, Hubei University of Chinese Medicine, Wuhan 430065, China)

[ Abstract | Objective; To investigate the intervention effect of Bushen Huatan Yizhi decoction ( BSHT)
in APPV7171 transgenic mice and explore its possible mechanism. Method: The 120 three months old
APPVT7171 transgenic mice were randomly divided into two batches, n = 60 in each batch. The mice in each
batch were randomly divided into model group ( APP), Donepezil group (0.000 92 g-kg '-d~'), BSHT low dose
group (5.2 g+-kg '-d™'), middle dose group (10.4 g-kg '-d”'), and high dose group (20.8 g-kg '-d '),
n =12 in each group (6 males and 6 females). Another 24 C57BL/6]J mice of the same age were set as a normal
group, and the mice in model group and normal group received intragastric administration of equivalent volume of

distilled water, 1 time/day. The first batch of mice received drug administration for 8 months, and the second
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batch for 4 months. Behavioral ability was measured in Morris water maze finally, and the expression levels of Tau
protein hosphorylation ( p-Ser 199/202, Tau-1) in the hippocampus was determined by using enzyme linked
immunosorbent assay ( ELISA) and Western blot. Result: Behavioral experiment results showed that, as compared
with the normal group, the latency was prolonged in model group mice (P <0.05, P <0.01). After months
treatment, the latency was shortened in various treatment groups as compared with model group (P < 0.05).
ELISA and Western blot assay showed that as compared with the normal group, the phosphorylation degree of
Ser199/202 phosphorylation sites in hippocampal neurons was increased significantly in model group (P <0.01) ;
and the phosphorylation degree of Ser199/202 phosphorylation sites in various treatment groups was significantly
lower than that in model group (P <0.05, P <0.01). Conclusion; Bushen Huatan Yizhi decoction can improve

the phosphorylation degree of Ser199/202 phosphorylation sites, prevent neurofibrillary tangle (NFT) formation,

and thus improve the early learning and memory abilities in APPV7171 transgenic mice.

[ Key words ]

Bushen Huatan Yizhi decoction; Alzheimer’s disease; APPV7171 transgenic mice; Morris

water maze; learning and memory ability; neurofibrillary tangle; Tau protein hosphorylation

B SR % 1F 2R ( Alzheimer’s disease , AD) & — Fit
PLHEAT PR 1O A2 B 15 F0 A R 0B O 32 Bl R R AE 1Y
WX 28 R SRR AT R B , 2 H A2 DA Ay A4 0 3
T AW B 25 7R R B B IR T A
Fom I B RN S e 0, DALY o U 1 RIAE D
7R 1 R AR5

1 25 [ 2T 4 45 25 ( neurofibrillary tangle, NFT) Al
HAEPE (senile plaques, SP) & AD & s N B9 45 fiE
PERTH K AE . NFT 7E M & ST MUK N, B e BE i R 1k
(9 Tau 8 HREIE AL, HECH A1 AD B 0 0% 12 5
DIAR O, A NN Tau 8 H RS BERERR /L /2 AD 1Y
oA As o B AR 1l Tau 2 A9 5 18 B R 1L
XFBiih AD A EE S L

AD Jg& v BE 2 10 28 AR IE | S A T A IR
TR, BE RN R I AR P R B B A PR BE 5 e K
REE R, ANER AR IT k& R )
S EE A E RS AgT T, BA
ANEF AR 25 B A T Ak, PRASVZE i R B W R AR
R RIT AD AR A i g 4 R R
AN R % 25 2 7 Al B 3% APP/PST XU 3k IR i %
RN R RE 1 L ARSI R APPVTLTI
HER N RSP ARL i5 F Morris K2R B W 715 1R
P AD Il RIA T 97 TR A B 4 A, 43 0 WL B¢ b B AL R
fi BT 4 A 8 A X H Ak 2] e A RE ) AN
Tau # F1 ik B8 B 1R A 7K 7 52 ), 48 30 40 10 9% 4 2
T e 25 A [A) I AR X Tau 52 B2 85 1R 1k 19/ HIHE 520, R
Biiifr AD B BE 24 AT 5 4 Ak S 4G AR 4R
1 ##

1.1 ¥ 3 A APPVTITI B R K 5L 120 H (M
HMERS ) W R B 2 B2y e S 5 sh W BF 5T L

AA%IIE S SCXK () 2006-0009 , [F] B 1 32 [7] H #% 4
[ 3 A4 15 5E Y CSTBL/6) /NER 24 H (MERE &1 ) 1
RIEHE Mo B A /N BRI R T AL B 2 KA B
WEESC 0 sh ) =, 1F Al HIE % SYXK (5() 2012-0068
segb R sh Y A o B R ROK, =R 20 ~25 C
BB 40% ~T70% o A 5% BT 5 K (1) 30 ) AH OC #4
e Ao B 2 R sh e B & A s b e T
HEAT o

L2 2 RakR AN EAR S R E R
(SN B  a = RN S P a3 A S|
Wb B 2 K2 B s A, 4 K IR A XY T
A2 gomL T RS . ERIRZ A IRSE[ A ()
25l A R RS 20151106, 45 1 s B9F 85 3 i,
KUZE 7K it T 1 BB B e 0. 92 ¢+ L' ], N
SEREBUR Tau-1[ {15 Tau & [ 4E p-Ser199/202 ( p-
Ser199/202) i 5 ] J % £ 75 W& Hi ik p-Ser199,/202
(R Tau & 118 B2 16 Ser199/202 i f) ( 3 &
Sigma /A&l , L2 4> ] 4 SLBB1236P, SBHL2063Q)) ;
T A B0 3% ( Western blot) fiF F — 41 1l 22 1
B 1gG @ H (At P 2 &l A HE R A S
103658) ;5 x MHESE sh g ,30% Acr-Bisl ,5 mol Tris-
HC1 2% wh ¥, 10% SDS, P4 H %t 2, — ¢ (TEMED) ,
SuperECL,20 x Y% 4 2% th il (TBST) 1 — 2 FLHK 2K i
(DAB) i 8350 & (A6 5 i A A W B 2 B R A R
A, it B 4 Bk 2015021601, 2015032102,
2015030565, 2015050102 , 2015040336, 2015040129 ,
2015050325,11101214) ,

1.3 {Y#% Morris /KEF K A RELHZS (L
TR BB AT BR 2N #] ) 5 SpectraMax M5 B £ 1) it fif§
HRAY (3£ E Molecular Devices 2 &) ) ;164-5050 %I 75
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P G 2 B 36 A+ 9% 18 45 F il 8 FL U, 165-8001 7 /)N 7Y
e F UK Mz 170-4071 A% B4 ( 36 [E Bio-Rad 24
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2 Hik
2.1 o 54525 APPVTITL 5 3R/ BLSE 59
ANERAL 2 i, Bt 60 U REHE SCREBLSY M S 4, 4y
BINBERI 2R URFT A ANE PR R AR
e, B 12 2 [E H % 5oAH A a9 C57BL/6J
/ANER 24 RAEMIER Ao & b K5 A 4 1A
MBI A4 24 20.8,10.4,5.2 g-kg ' d T
B2 MRV JOE H A TS A BEE KIS B H
LR, S THNRSAZ 8 A E 2 Mnzi4 41,
I i TR B HEA T AT S 2 DA
2.2 k4R AR 5 Tk
2.2.1 ZEWIZEEACHE ST SR Morris 7K 2K
B E . MR T A O AT SE R, TS
I Zh I AE 7K 2K 8 v i 25 222 B e R/t 2 d Rl
5,05 3 d S IKEE R BRI 2 %, BIR 60 s, il
SRk SV IR A B B IR 5 s W 60 s YRR
6 M5 ZE G158 10 s, JRs R Bic 60 s,
@7 [A48 R 5250, F T A I 2 4 X6 F 15 23 8] 47 il
TCORFERE T o 55 6 RAUBR TG, e AL A7 iy il ik
ATK B 1858k 60 s N S W1 7E B br 52 BRI il 52
FEL f it D B0, 91 F /s BRAE E b 52 B 0 0 K 1) o5
ST R 18] B 40 L R AT 4 T E A
2.2.2 2T Tau B A KSERI 4700
I8 B ST, PR I S ORI G G 2 2 R R R DR A
S 00 B ¥ T R A 2 A S B 13 bradford ¥5 8 F
FrEIE o 3 S R FH Rl IR G 23 T B N s (ELISA) %
H Western blot 35 £, ELISA 3% 25 B8 o O ¥ # B¢
1 40 Bl A ELISA #4385, 100 pL/4L,4 <C
JHCE 48 by QA AL AR O A TR EE & 100 wL, B
37 CiA 120 min, QUK TE 4 ~6 W, EIT
JE LIS — PR TAEW 100 pL, & 37 C iR %
60 min, P #z 7 {ii. @ & L 0§ A B AR TR W
100 pL, % 37 Ci ¥ 60 min, @FEALIIKY TAER
100 pL, & 37 CHEAL SN 5 ~ 10 min, JTA 1 2 1R
WARA] . ©FF 492 nm AbIWK G RE A, SEERZ5HELL A
Fon A A IR LA E R AT, 2T 4l )
X H o

Western blot 3225 18 (DFE i 4 45 . F Bradford
P E R R B IR A A E A RS R
0.8 g-L™', i 4:1 Llhn 5 x LREZE ohil, 100 C
AR S min, QI il % L Uk EE R, (it

.08 .

TNRE SR 4 I IE H 2 BRI Al 2 A5 R ST 4L A B AR
Er = [N SN = =5 22 D 5 ) 1 = S = L R 1 = 2
i 10 wL, WPk, EHAIE, BENEE 80 V, i
VK Z2 IR o B 3K 4 B IS, K R 100 VR
WEAE I oy B I E TR, 25 AL Tk . @R R e 0
= WIG, DB A 0 BH A 0 0l i AR LR AR
PVDF Ji§ 8 4C i 45, 7% 3 B U, % 2 100 V, 1 h,
Z2%% . PVDF i TBST %k 5 min x 3 WK ,5% i JI§
Wik B R 1 h, 55 B W, AR BBk,
4 Cil o FEE—P0, TBST YL 10 min x3 K, fIA
FHBTAATR TR VR T8 9 AR o Sk W i A 10 9 1L 2 T
ROPL MR 11 T RIREREE 1 h, OB
Mo FERTHL, TBST PEAE, 10 min x3 K., A A
T, 3 60 28 B AR B A B K R 2k RO
SR LA I 4640 K A/ B-WLEh 3 1 (B-actin) KR .
2.3 Gttt SR SPSS 17.0 #4748 1t 4 Hr,
PRAF G LA x = s FoR , 21 a1 5l b B IRV R O 22
8T, LA P <0.05 h2ERAGITF R L,
3 £R
3.1 4525 4 4 XF APPVTITI i 3L R /N B 25 ) 2%
~JIC A RE J1 Y 52 W
.11 ENIMIATIEN & 2 /)N B 6 3R v AR D 2
TRERSE 3 K BRI /)N Bk R VAR I O R
ML R EER (P <0.01) ; 223Uk 55 4H M AbFE 1L
PR g B e R i A AR TR 2 L A gk ok v R 0T B
(P <0.05), 51E% 4t th g 25 55K pov) &
HEBAAWBE RN EZSR., H4 R, EHFHE
BRI W R B 2 5 (P <0.01) . Z8IRFF4H K&
B AR £ R O AR L R S R A L AR R
W25 (P <0.05) (H&IRYT H M 5 1E H 2H 1A o B
XS, B K, EHHSHEMHAN S BE(P<
0.01), ZZWRFTH A E AR 25 8 b o
HRERAANEAREER(P<0.05), kflEdHY
BRI L T B 255, g 1,
3.1.2 ZFEIRREE BRI/ B RS RiE
VKBS ] 7 S AR g ik BT ] L 5 OE 2 E A B 46
(P<0.01), #hEALIRaE T om il d 2
WR 55 20 /)N B 5 AR 20 L 35 H A 4 BR Ui Dk i 1] 1o B i
FER (P <0.05) , I H AR T 1 5 K7 5 R0 & 40
HEMHAWRIT R E 25 AN R & =
HE LR S ZRmRFALBER LR EHF 25, W
£ 1,
3.2 4525 8 AN %P APPVTITI &% 3 X /N L 23 [A] 2%
il 12 B8 7 15
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F1 IEARFEAMNEBE 4R APPVIITINRIT A ZRI M (2 25,0 =12)

Table 1 Effect of Bushen Huatan Yizhi decoction on behavior of APPV7171 mice when administered for four months(x +s,n =12)
6 SREVE AR I/ s H b5 5 BR B4 b5 1] B/ %
26 5 ff']i‘i/g'kg’]
EHRIDN %4 R ERIPN %6 K
=% - 36. 80 + 12. 60 32.87 +15.5 27.53 +14.21 41.63 £14.56
LT - 50.33 £9.39% 47.73 +8.65% 44.87 +11.98% 26.26 +10. 86>
EZN$) 0. 000 92 42.74 +11. 66 37.82 +12. 15" 31.43 £12.48" 39.81 +13.36"
IR 25 5.2 40.93 +14. 11 36.93 £13.78" 35.00 £15.75 36. 63 +13. 06
10. 4 42.92 +13.05 38.58 £14.15 31.42 +14. 80" 38.39 +17.53"
20.8 38.45 +14. 12V 35.27 +14. 01" 30.91 +13.01" 39.44 +14. 67"

TSR R P <0.05; 5IEH 4 Y P <0.01,

3.2.1 EMLHUAT S DT A% A0S B sl T
R TR, 53 K, R A/ R RS
IEH AW B FE R (P <0.05) , #h B ALK 22 8 7 =
FoliE 4] R R 2 Ll ok Gl TR R ) R E A (P <
0.05) , HAth 2% 2 5 455 2 21 785 AR 39 i) LU 50 R I 22 e o
554 K, IE W 45 AR A L T AR 0T B B 4 (P <
0.05) , M FF A 4 B 1 A e 71 o 41 5 B L 4 LA
TEORIUT A S 47 e (P < 0..05 ), HAih 4% 21 5 45 780 41 1]
ORI . o5 5 R, IEH A 2 ARURFF 24 Sk B
PR 2 B 7 R e R S R 2 LA N B K 2

(P <0.05) 5 & 20 5B A2 L AL TC W) Wk 22 %, 4%
WITHZEE S EFARER LR ZF 25, WL
2,

3.2.2 mEMRERLE A/ NETEHBSRIR
iz QiR I 2 i T e A ol N e S T R
(P<0.01), SHERIZ R, #ME A58 25 5 7 45
WS Z 8RS B ARG BRE UK B R] L B A R
(P<0.05), H5 IEW A Zm g Jo i 8 25, #%
VT IE R KP4 B AR 25 B O & A Z W) &S
ZRIRFHALK LR EEZS, WE2,

K2 WMEUEFEEHNLAES8 AP APPVIITIINRITAZHEIN (2 5,0 =12)
Table 2 Effect of Bushen Huatan Yizhi decoction on behavior of APPV7171 mice when administered for eight months(x +s,n =12)

VAR /s H b5 5 B B4 B 1] L/ %
2H 5 /g kg ™!

3R H4R ERIPN ¥6 R

EH - 39.17 £12. 68 36.75 +14. 72 33.08 +14. 49 33.24 +7.98
iR - 51.33 £7.80% 49.83 +7.78% 47.17 £10.19% 22.19 £6.79%
LRI T 0.000 92 42.25 +14.23 40.00 +12. 69 34.83 £13.60" 29.49 £10.31"
B AL 25 7 5.2 43.27 £10.32 37.64 £13. 52" 37.55 +13.92 30.22 £7.90"
10. 4 41.60 +10. 51 43.60 £11. 61 35.50 £13.91" 30.90 £7. 45"
20. 8 40.00 =12. 34" 38.83 +14.45" 34.42 £12.38" 31.28 £9. 63"

TE SRR L) P <0. 055 5IE# 4 A P <0.05,% P <0.01,

3.3 X[45%5 4,8 4 APPV7171 /NER p-Ser199/202
TR R T R RN, A 4 A
J& . #54 APP B 5L K /N UG 5 CAL X p-Ser199/202
RO DR 22 5, (0 A5 AL LA Y T I
25 B2 8 AN, 5IEH A i, SR /N R
I CAl X p-Ser199/202 & B E Wi (P <0.01) ;
HEERA K, @A s AN RIS CAL X
p-Ser199,/202 % & B @ i /b (P < 0. 01) , 1% 51 & 25 A0
Z 75 WR ST 2 p-Ser199/202 & i 55 #81 A1 41 K 35 L W]
W (P <0.05), WL 3,

3.4 Xt#425 4,8 4~ H APPVTITI /MR p-Ser199/202
EEMEmW RN R ST R R R, 42440 H
J5 441 APP 5L /INEE T CAL X p-Serl99,/202

K3 IEShEFIEANAL 4,8 8 APPVTITI /AR p-Serl99/
202 EEMFM(x+s5,n=6)

Table 3 Effect of Bushen Huatan Yizhi decoction on p-Ser199/202
content of APPV7171 mice when administered for four and eight

1

months(x +s,n=6) ng-g’

5 F p-Serl99/202  p-Serl99/202
/gkg ! (41A) 8 1A)
E# - 26.18 +3.84 32,18 +5.42
o0 - 32.61 £5.63  64.16 10. 36>
L ISR FF 0. 000 92 28.49+5.19 52,13 +9.37"
BB 5.2 31.27 £7.06  56.07 8. 85"
10. 4 29.15 £4.47 49.31 +6.97%
20. 8 29.37 £3.69  43.32 +6.49%

FE 5B HEY P <0.05,7P<0.01; 5IER 4 HEY P <
0.01(F£4~61),

. 909 .
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RIBME LRIA 255  (H P HE B T R E P25 5+
25 8 I, 5 IEH 2H TR BRI /N U B CAL
X p-Ser199/202 Fik B Z AN (P <0.01) ; 5 & AU
GH LS, B PR AL/ U S CAT X p-Ser199/202
AKX A (P <0.05,P <0.01) , {50 & 20 fn &
R FF A p-Ser199/202 ik 5HIAI TC A B 25 5
W4, K1,

R4 WBUKBEFTIAL 4,8 A APPVIITI /MR p-Ser199/
202 EARIEWEIN (v +5,n=3)

Table 4  Effect of Bushen Huatan Yizhi decoction on p-Ser199,/202

protein expression of APPV7171 mice when administered for four

and eight months(x +s5,n=3)

a3 I [)—Se}rl99/202/ I,-sef199/202/
/gkg ! B-actin(4 4~ H )  B-actin(8 A~ H)
EH - 0.75 £0. 09 0.81 0. 12
A - 0.81+0.11 1.16 +0.28%
LIRS 0. 000 92 0.79 £0. 13 1.12 £0.22
W ER I 5.2 0.75 £0. 08 1.09 0. 18
10. 4 0.77 0. 11 1.03 +0. 16"
20. 8 0.72 0. 09 0.94 0. 13%

p-Ser199/204 (44 H) 62 kDa

B-actin(44> H) 42 kDa

p-Ser199/204 (84 H) 62 kDa

p-actin (84~ H) 42 kDa

A B C D E F
ACTER 4B BRI C SR WRFFAL D AN LR35 07 5.2 g-kg ™!
LB ANE LB ) 10.4 g-kg T AL FL RN B LR R )7 20.8 g-
ke 4L (P2 )
E1 %4%z54 A8 8 NARKANR p-Ser199/202 K iEkF
Fig.1  Expression of p-Ser199/202 in APP transgenic mice that
were dosed of GEPT for four and eight months

3.5 Xt#4254,8 ~H APPV7I7I /NE Tau-1 &1y
o BEECE T R BN A AN H R &4
APP 55 B /NG Dy CAL [X Tau-1 F23R50(H RS A
ZH ASHAWME LB TR EMZEZR. A48 4
AB, 5IE8E 4 i, B4 /N R 5 CAL X 3Rk
W (P <0.01) s SEARIZ S, 225 R 55 4 A
ERE N R CAL X Tau-1 323k B 3%
(P<0.01), Hp il & 41 5 1E % 41 Tau-1 3K A
T, W 2 S 2 AR R SRR PR i A/ RO S
CAl [X Tau-1 KB ZWAI(P <0.05), WFES,

3.6 Tau-1 FYRPEENIM T HTEE R 45254 DA,
K HAE 52 ~68 kDa, Z I — R &4, K (0

- 100 -

x5 HBURZEHIEZ 4,8 48 APPVIITI NG Tau-l £ 2
B #0a (2 £5,n=6)
Table 5 Effect of Bushen Huatan Yizhi decoction on Tau-1 content

of APPV7171 mice when administered for four and eight months(x +

5,n=6) ng-g”!
15 b3 Tau-1 Tau-1
/gkg ! (44H) (81 H)
EH# - 44.16 £9. 18 40.61 +7.35
i 50 - 39.42 +8.33 28.16 +6.08%
LR 0. 000 92 39.16 +10. 49 35.28 +7.33%
R E T 5.2 49.18 +9. 41 32.21 £7. 64"
10. 4 41.19 7. 66 31.94 +8. 19"
20.8 45.37 +£10.08 38. 14 £6.02%

HL, R BB R L, (R & W L 38 25 2R
W 425 8 A H A, B4 /N R S Tau-1 ()3
K51 % 4L L3 T 20.4% o 45 45 25 24/ R
1 5 Tau-1 kK- 5BAIA LR H A A [F] K F- 1Y
I, 2R WRSEAL ETE 10.8% (P <0.05) , 4B AL R
R T RKI R F R AN T 8.5% (P <0.05) ,
R i ZH 3G N 15.5% (P <0.01), &) & 24 EJ)
20.1% (P <0.01), WFEK6,K2,

#6 WEUERBHWLL 4,848 APPVIITI AR Taul BQ
FIKMFM (3 25,0 =3)

Table 6 Effect of Bushen Huatan Yizhi decoction on Tau-1 protein
expression of APPV7171 mice when administered for four and eight

months(x +s,n=3)

X au- at-
a8 N e ) s )
E# - 1.05+0.16 0.82+0.12
(il - 0.95 0. 21 0.66 +0.11%
LR 0. 000 92 0.97 £0. 18 0.73 +0. 14"
ERERE T 5.2 0.89 +0. 16 0.71 0. 12"
10. 4 0.92 £0.18 0.76 £0.09%
20. 8 0.94 +0. 15 0.79 £0.08%
4 i

2 2] 0 B R A R R A I T I I R E
RFVEEAE Z — o BUE 201268 — R &Rl
MRS 2 — o AT R & TS sh 17>
AR H S50 7 % F TSR A S A 4
SO 3 O P A5 7 T ) SR AR Ak sl e B, AE L b A 5
WA o L RS, A A DR S A M R R 1) 3
Ak Z— . Morris 7K 2K & I & B 58/ BRAT hy o
1 25 B S35 5 1%
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Tau-1(44 A) 62 kDa

p-actin(44~ ) 42 kDa

Tau-1(81H) 62 kDa

B-actin(8~ ) 42 kDa

A B C D E F
B2 ®RH4MAMSANAMEANR Tau-l RiEKF

Fig.2 Tau-1 expression in APP transgenic mice that were dosed of

BSHT for four and eight months

APPVT7ITT % 5 /N B APP 56 PR B 581X Bt o
T 37 5 K A T VR TR 78 s AR (V-1) %
oS B M LI T AD (35 S BANAT 2 R AE
SHHF5E AD K0 HL B9 R R, 2000 4F [ P4 )
S 73 ol e PR /N LR Y F AT T R0 B AT
25 03K, 06 N 5 B4 T , 45 R R APPVT171 /R 3
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