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[ Abstract]  Objective To investigate the effect of a Chinese medicine formula GAPT, a combination containing
Chinese herbs ginseng, Acorus tatarinowit, Polygala and tuber curcuma, on the behavior and cholinergic system in mice
with scopolamine-induced memory impairment, and to explore the neuroprotective mechanism of GAPT. Methods ICR
mice were randomly divided into normal control group (solution of 0. 5% carboxy methyl cellulose, CMC), model group
(0.5% CMC), positive control group ( donepezil, 0.92 mg/(kg+d)), GAPT high, medium and low dose groups (20
mg/ (kg-d), 10 mg/(kg-d), 5 mg/(kg-d) ), 18 mice in each group, were given intragastric gavage once a day for 30

days. After the last administration, the control group and model group received intraperitoneal injection of normal saline,
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and the other groups intraperitoneal injection of scopolamine (3 mg/(kg-d)), dissolved in 0. 9% normal saline. Morris

water maze test was performed to assess the learning and memmory ability. Then the mice were killed and the Ach content

and AchE and ChAT activity in the cortex and hippocampus were detected. Results GAPT increased the swimming dis-

tance, swimming time and the residence time in target quadrant of the model mice, increased the content of Ach and the ac-

tivity of ChAT, and decreased the activity of AchE in the brain of the model group. Conclusions GAPT can improve the

learning and memory ability of mice induced by scopolamine, and its mechanism may be related to cholinergic system.
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Bl /R IR 16 BR9K (Alzheimer’ s disease, AD)J&—
FPAR DL AP 2228 PR , LA R O 2 B 1, I 1
PEATHEINEE . HAT, 5 82 4 700 1A, Hiti 3]
2050 ARHEERS 1. 31 ACAM S AD B ERRFAE S B-UE
WIEEEE 1 (beta-amyloid peptide, AR) FIUIELFIfFZE R
%éﬁ%z@%( neurofibrillary tangles, NFTs) , 2 TLER
RANM 23 BTN RERERTAE >, AEI IR b B2 1
B FTARI D) REZ i8R 2 AD B 1 AIE IR Z
— A BE B, TF A6 2 B AR IR,
AR e TR EL T F B AT | B IR 1 S5 35
AL AN S BARDIREE L BIET, AD HYARHR
PURIEE R S 2%, HARR 2 R 50 00 IR RE Bl 28 2 48 1
A AR ) AR B 7E 20 4D 70
SR AD IR N IEBRRE R 28 TOAR XS IR A2
H Fir 228720 A i Y RE B RE 2 S 40 T 236 8 AD
(R

F2h 5 I 4 4E (a combination of Chinese herbs
ginseng, Acorus tatarinowii, Polygala, tuber Curcuma,
and others, GAPT) J& I NS IZFE A EW. WK
2% AL MRS P2yl iy, 4207 AR Ak
PRI LA EIAA, I RIS & AT i i 2 AD SR %
(AT B T ELIR P DAk R T
SIS R I SRS B SE R A 1 W
J A R T U T 3B A1 CaMIK T35 35 7K - % 38 5%
LR (EP o= - IR e 28 BTal vkt el SR 1
RGUNFM M ANTERE PRI ARSI UK B A5 s
NIRRT AL I 2558 J5 4 R HEA T T 100,
WP SRR /INE AT o B P X B E 2R e A5
PRV e 2 OR3P AL

1 #R5HE

1.1 ##
1.1.1 SEshy

7 JH#% SPF 2% ICR /NER 108 H, MEdE, (4, 14K

33 ~35 g, W A b 5 4 38 A1) A2 5256 3 P R A FR
ONTE]VFANIES [ SCXK ( 5E)2012 - 0001 ], 46 BEH 4t
45116 =20, /NERIWEFE A2y SEAEEI T R
R R ) S B ot B 2R 58 2l ) = #E 4T [ SYXK
(50)2015 -0001] ,
112 35 AR

MG e B ( NS EFEE A BT R
P AR ARAAE) thdb st P B 2 K AE AR BT B B il
R Z AR SE (B (R ED) 25 A BRA A it
45 :140635) 3 F IR PR R B 5 B (77 b it 5. S1875)
W) T3S [E Sigma 2y 7l R H L £F 4 K 4 ( Carboxym-
ethyl cellulose sodium, CMC) (#t5 :3405005) , 4T
A HRERAL T A BR 5T A Rl 5 S BENRGH ( Ach) U &
RA &, £ B 6K S A (AchE) Wik & (8 5.
A024) BBk 2, T 7% #% B ( ChAT) K & (52 5.
A079-1) , 0 F e st A ) TR SR T 5 400k
JETE( LSRR A BRA F] ) 5 Morris 7K 34 5 525
WA ( RS BRHEAIRA ) .
1.2 A&
1.2.1 ZhWord Ksq2

BiAE R A B 1 25 25 LA, fA SR H) sl 4
AR ROk, i SPSS 20. 0 GEiHk e A b
BUBCF , EATREDL T 2, 4 108 H ICR /NELFEHL ST
SHIEH XA (0. 5% CMC) FREAIZH (0.5% CMC) |
PR HEZH (223 WR 5520 ) 4% ] 0. 92 mg/ (kg-d) 1)
FEE T 0.5% CMC, 4 B4R /N4 IR
20.10.5 mg/ (kg-d) i, T 0. 5% CMC,H:4H 18
0.1 ml/10 g /NRIREZELEHEEH A 255K 1
w430 d,
1.2.2 @Rk

FEARV/NRHESE 1 h JE s, % B2 I i e
FRERIK AR A U s T R 508 3 mg/ (kg+d)
T 0.9% 1 HEN K 0. 1 mL/10 g /) BUARHE i 1
5.
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1.2.3  Morris /KK B 5285

Morris 7K 24 5 A8 0 /1N B A4 T ok Bsf [ i kB 5
A E bR BRAS BR e
1.2.4 /NEREZZEFNEG S Ach & it AchE J ChAT
TP A

NRTES VARG RS, ok ek 8 s 2
LR/ B R 150 A BRER K AT vk LA s
F ML, AR5 IR AU T 2T AR E , AR BRER Kk
10% 1 il 20 2353 3, AR 25 .0 HIL LA 3000 ~ 4000
v/minE5.0 10 min, B EIEWR . FH EG AR 00 5 /)N BRUG
HLS) 3 h 2 R A AR ( Ach ) & . 2 T R B G il
( AchE) K I0A% 2, W% B g ( ChAT) (TG, (2L Ak
SR PR BRI S U I 5 A T)
1.3 SitFEoH

BAELL(x £ 5) R, R SPSS 20. 0 G4
HEATGETT 43T, WUk FE B A Uk s ) FH AR S 400k 50
Kruskal-Wallis Test, ZH [A] [t 28 | Mann-Whitney test,
H AR B2 5= B B[] K 2 )2 At S v Ach % 82 AchE
F1ChAT 3% P 7 FH 20 R 3R J7 22 43 BT ( One-Way
ANOVA) | Wi Lt LSD K56, LA P <0.05 A2
SHEGIHFEY,

2 4R

2.1 &RBAENFREBHICIZERFREE/NRFX
ERE ARSI

M Morris 7K 2K B 5256 ) B R 25 ROk T, LA 1
KN 5 K /IR EE B9 AT i 8l , (B 5 s/
e, BIRIZH /N R UK B R SR AR L 5 1 R

B S REFWARFEM(P<0.01);5 1 R{LE
AR ] SRR 25 A W E (P <0.05) 5
52 Ra B4 G Ed X h il Ed SHRA 22 RH
BEME(P<0.05 B, P <0.01); N2 3 RIFIA%& T
T VDK B TR SR ek D | A% T A S AR A L 2
SYAHBEM(P<0.058 P <0.01)(£1),
2.2 Morris 7Kt S LI MR & B/ R A0k BT i8]

MEE 1 RENE 5 REEIRGE RS, 41/ R
PR DK B ] 22 a2 a3, RS AU 2 /N BRI K B ] 5
IEHHALL, S 1 KREFHS REFWAHEBEM(P<
0.01), 55 1 KAV Bk v 70 1 41 04 Y ik B[] 5 488
TRIH R BFEM (P <0.05) ;55 2 K& THHY
PRI A L 22 R B EME (P >0.05) ;55 3.4.5 K
AT i SARUZ A L 25 A P (P <0. 05 5%
P<0.01)(#%2),
2.3 Morris KL MK ZH/NRBIRRRE
B Bt i)

FESS 6 K Morris 7KK F 25 IR L5082 H
PG BR A5 BE B [H] 5 IR AR L, 2 R B (P <
0.01), £ Tl SR 22554 BT (P <0.01),
ST AE ARG RS IR K (3R 3) .
2.4 BOMKEE Ach £

MBZ 2 Ach 2 B A AR I 45 SOk B, A 4
HIEEHME S EER, A A 2Z5(P<0.05) ;4
SR AN A S BRI L, Ach i,
PIEZ A BFEIE(P <0.05 8% P <0.01) ; Z 430k
S RN 4 TR i 2 SRR 2 A L 2 S T
(P>0.05),

R G ARK R MECCIC AN UK B E R (x 25, n =18)

Tab.1 Effects of GAPT on swimming distance of the mice with scopolamine-induced memory impairment( x +s, n =18)

e : | %1 K(em) 52 K(em) %3 K(em) %4 K(em) %5 K(em)
Groups Day 1 Day 2 Day 3 Day 4 Day 5
Y
IE% 4 2258.25 +528. 45 1493. 1 +600. 6 1257. 29 +540. 81 974.66 +571. 62 892. 71 +546. 99
Normal group
T2 ; )
2776.61 £215.89*  2817.61 £442.2** 2789. 84 +720.04 **  2485.98 +883.8 ™  2492.34 +889. 94 **
Model group
ZRR 554
Z% @? 4 2644. 15 +588. 52 2583.53 +492. 8 2210. 83 +1018. 62 1667.98 +938.82%  1702.19 +902.4%
Donepezil group
G FELYE R ¢
. " .lEj:"JEE‘ il 2556.52 £349. 542 2317.67 £719.25%%  2209.17 +663.95°  1605. 67 +836.43°%  1738.6 +549. 8744
GAPT high dose group
G B Y] Y
o /W”J%ﬂ 2618. 3 £440. 51 2464.42 +499. 194 2152.62 £839.89%  1703.98 £816.47%% 1641.98 +935.4944
GAPT medium dose group
SE Yk /N ¢
‘é B/ AL 2599. 1 +476. 18 2463.21 +722. 86 1947.5 £927.35%%  1932.31 +890.5% 1769. 56 +906. 344
GAPT low dose group
X2 13. 614 35.797 27. 475 23. 460 27.727
P 0.018 0. 000 0. 000 0. 000 0. 000

T HIER AL, P <0.01, P <0.05; SEAILLAILL, 24 P <0.01,%P<0.05,
Note. Compared with the normal group, ™ P <0.01, * P <0.05; compared with the model group, “* P <0.01, *P <0. 05.
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R2 BEYN AR MECCIZ AL/ KR A2 (x £ 5, n=18)

Tab.2 Effects of GAPT on swimming time of the mice with scopolamine-induced memory impairment( x + s, n=18)

il H1X (s) H2 K (s) 3K (s) Ha4X (s) HS5K (s)
Groups Day 1 Day 2 Day 3 Day 4 Day 5
1E %40 Normal group 103.31 +24.18 73.4 +33.98 59. 89 +28. 44 47.9 £28.49 48.85 +35.74
FETIZ] Model group 118.65+5.73™  110.43 £17.04 ™ 98.61 £28.63™  92.13 +30.89 ** 91.99 +21. 64 ™
£ Z5WR552H Donepezil group 112.6 £19.57 106. 51 +24.06 77.59 +35.13% 61.13 +34.3% 61.26 +34. 0244

& B4 KR GAPT high dose group  113.06 + 14. 52 105. 06 +29. 17 82. 68 +28.05% 62.93 +35.34% 61. 66 +24. 5444
S BT E4] GAPT midium dose group 109. 65 +15.26%  100. 06 +22. 19 77.24 +34.01% 65.48 +31.39% 65.51 £32.07%
48 4E /R4 GAPT low dose group  110. 08 +16. 81 99.22 +30.23 68.31 £34.484%  70.82 +34. 622 67 +37.82%
X2 7.942 15. 823 16. 508 15. 865 23. 820
p 0.159 0. 007 0. 006 0. 007 0. 000

TE HIERAMLL, ™ P<0.01, * P <0.05; SHAZIMIL, 24P <0.01,%P <0.05,
Note. Compared with the normal group, ™ P <0.01, * P <0.05; compared with the model group, “* P <0.01, *P <0. 05.

R3S B4R A BOCAZ RN R NI Ey Ach & 2 B A AR 45 Rk A2
AVRIREFHATFIHEM( 2 £ 5, n=18) SIEFRAUM W A R, PUH 22 R A B (P <
Tab.3 Effects of GAPT on retention time in ttarget quadrant 0.05) ; SR 5 20 5 R R 2 R 25 5 T 2 (P
>0.05) ; 4 B2 K5 AN 4 SR AL
Ach Frig B G N, W35 22 AT W EE (P <0.01) ;
G BRI SRR L, Ach SRR, B 2
SAREM(P<0.05),
L /N 2 i S Ach & & LR S5 R &
W, A EEARZAE S Ach SRERA D
FEPE(P =0.049) , HAb 25 2H /N B JZ g B rh Ach
T R ER T B EM(P>0.05) (K 4) .

of the mice with scopolamine-induced memory
impairment( x + s, n=18)

415 HFRg RN (s)
Groups
1E# 20 Normal group
HERIZ Model group
ZZ3WRFF4L Donepezil group
4 YEFGA AL GAPT high dose group
4 B4 GAPT medium dose group 30.32 £5.26%4
&4k GAPT low dose group 28.27 +5.0124
F 5. 480
P 0. 000
T HIE®HMIL, ™ P<0.01, "P<0.05; SHRAMIL, 24P <
0.01,%P<0.05,
Note. Compared with the normal group, ™ P <0.01, * P <0.05; com-
pared with the model group, “*P <0.01, #P <0.05.

Retention time in target quadrant

33.03 +6.70
22.87 +6.67*
29.67 £6.95%4
29.94 +5.9744

F4 HEREEDH Ach SR (x5, n=8)

Tab.4 Comparison of the contents of Ach in the cortex and hippocampus( x £s, n=8)

ACh # & (pg/mgprot) Ach content P {8 P value
il . NG 5 R
Groups 1= . 5 Corr(lpf}nl'jsi‘o(:'15}otf5 E}jﬂ;(firtfpﬁ)and
Cortex Hippocampus cortex in the same group
1EH# 40 Normal group 60.24 £13.71 47.11 £10.43 0. 049
FEAIZH Model group 40.94 +8.17* 29.94 +14.13* 0. 077
LZZRWRFTAH Donepezil group 53.82 +18.04 41.52 £10.87 0.121
4 YR K841 GAPT high dose group 51.49 +15.59 52.60 +16.55%% 0. 892
4 B4 GAPT medium dose group 65.25 £16.3922 49.61 +16.35% 0.077
& B4/ GAPT low dose group 57.82 £16.20° 73.95 £25.4754 0.153
F 2.494 6.287
P 0. 046 0. 000

T SIERHAMEL, P <0.01, P <0.05; SEALAILL, 24 P <0.01,%P<0.05,
Note. Compared with the normal group, ™ P <0.01, * P <0.05; compared with the model group, 2P <0.01, P <0.05.

2.5 BLDMEE AchE &M G e/ NFIE 20 SRR ZH [ AchE 36 PR R i,

M2 2 AchE 1% P 1 A A RS 25 ok B, A A
5 IEF A IR RN, B 22 R BEE(P <
0.01) ; ZAWRFFLH 4 B 4 ) 1 R0 v ) 1 2 S5
BRI LG AchE 16 PEFEAR, 22 47 WM (P <0.05) ;

PR B) 22 A i E M (P <0.01) .

ML AchE 16 B A= AR 25 ROk, BRI 2]
SIEW AU A i e, i 2 R A B EME(P <
0.01) ; ZARWRFTE | 4 FEAEAH 1 A 551 i 2] S 7Y
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ZH L AchE THEPERFICEI R, 22 747 &M (P <0.01)
[ ZH /N RS 2 AN By v AchE 15 1k FL B4 SR &
B2 o e 7 1 e T S AN e o
] AchE 1 PE2E 50 R M (P >0.05) BEAIZ |
2R 5T 2 A B AR R v o A )2 R
AchE G R AH B EME (P <0.01), HEZ)JZH
AchE 7@ T AchE 3, (W3 S)
2.6 EBOFEE ChAT &M
MHEZ ChAT T 1 2B A A I 25 SRR B A
H/NEL ChAT {E MR FIE R4, WA A Z R (P <

BEMEP>0.05),

M Ey ChAT 76 ) A5 AR AG I 25 SRR, B A
H/NE ChAT WM BT IEFA, MEESFA D
FYE(P <0.01) ; 2RS4, & B4k /Nl a4l
ERAIZH L ChAT W PRI, 22 54 WM (P <
0.05) ; & A 4Erbifl it 2] SEAU A L ChAT 1 PE2E R
HBEFEME(P<0.01),

)20 /N U J2 Rt o v ChAT 16 1 FL A 45 SR
AN 4 A KT 2 B 2 Rt Ey v ChAT 36 PR
ZE5(P <0.05), Hifg D ChAT 364 & F 2 2

0.05) ;8% T4 )Z ChAT {EHE GBI 227 TC ChAT iGN, (%£6)
x5 JWEMEDP AchE it L LB (x 5, n=8)

Tab.5 Comparison of the AchE activity in the cortex and hippocampus( x +s, n=8)

AChE 7%t (U/mgprot) AChE activity P {H P value
Il W .~ (P 5 1 2 L)
Groups C rlz; Hinnoc: ] Comparison of hippocampus and
ortex fppocampus cortex in the same group
1E# 41 Normal group 0.58 £0.14 0.47 £0.09 0. 066
FEAIZH Model group 0.91 £0.08 ™ 0.63+0.15™ 0. 000
ZZRWRFF4 Donepezil group 0.73 +0.14% 0.43 +0.10%2 0. 000
4 BYERFHE L] GAPT high dose grou, 0.72 £0.17% 0.45 £0.132% 0. 003
gl group
4 Y B4 GAPT medium dose group 0.73 £0.12% 0.35+0.082% 0. 000
4 B4/ 40 GAPT low dose group 0.64 £0.2244 0.60 0. 11 0.571
F 4.255 7.322
P 0.003 0. 000

IR AL, ™ P<0.01, *P<0.05; 54, * P <0.01,”P<0.05,
Note. Compared with the normal group, ™ P <0.01, * P <0.05; compared with the model group, “* P <0.01, *P <0. 05.

R6 HEMUEGELH ChAT i HE (% +5,n=8)

Tab.6 Comparison of the activity of ChAT in the cortex and hippocampus( x + s,n =8)

ChAT ¥ 71 ( U/g 2B ) ChAT activity P {8 P value
Gail S T (I 5 B LD
Groups C rlx o Comparison of hippocampus and
ortex 'ppocatmpus cortex in the same group
1EH 41 Normal group 69.92 +£19.1 66.29 +11.81 0. 654
FEZIZH Model group 50.08 +17.33* 42.77 +11.53 % 0.337
ZZZWRFT4] Donepezil group 61.40 +14.52 57.05 £8.94° 0. 482
4 JYE K4 GAPT high dose group 44.47 +6.03 58.68 +14.35% 0.022
G B YEp ] E 2] GAPT medium dose group 51.33 £16.2 61.14 £15.362% 0.234
&Y/ AL GAPT low dose group 52.27 +14.11 55.30 +8.94% 0.616
F 2.933 3.422
P 0.023 0.011

L HIER AL, ™ P<0.01, P <0.05; SHAZAHIEL, 24P <0.01,2P<0.05,
Note. Compared with the normal group, ** P <0.01, * P <0.05; compared with the model group, 22 P <0.01, 2P <0.05.

Bl ( acetylcholine , Ach) 2 T A BB HE 4 28 5T [ FH 1Y

\‘ \A
3 Wik W I | A SN A 28 2 e LA R

TEPREPh 2 Rgerh, IR BE M & o/ i iz,
ENTEZAAETHRE 5 IR A PR R
B SORAAR TGS 15 25 | JLF- B A7 A4 IR XA 52 HE s
REMPZICSCIE, BT U BE RS2 S 2] g2
VST T TR R B 45 2 1) AR B AR 2k

BRE . EEIIRE R ey BN T e, (e ik
FHCIZ B Ach J&7E IHGH £ e B i ( cho-
lineacetyltransferase, ChAT) BYMEALAEH T M AHAH 2
LA A RG-S BLAY , Ach ¥ 53 fif 5 £ Tk FIE B i
fitf ( acetylcholinesterase, AchE) 5% i%,, ChAT Fl AchE
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R 4ERE Ach ARE" ) HIL Ach JEEAIN 527
ISR R BB VI KA 238 T, ChAT 7F Ach
a P A EE DR, HOZ 0 F RN 69 x
10° B85 1A, 35 240 T FEL Bl A e 22 A A 400 it o
Hit2l AchE FEEAEMAALA £k, 774 T
(1) AchE EZ A FIAkAE R G, R Ach 19¢
B S HBRRE 2T AR, Ach M2 firt
NG P R ) 2 Sl [ B b, 7 2 M ) Bt b 2 T
PITEE mAchR Fl nAchR, 7776 T 2 filt [ BE A9 Ach
B AchE PR F g , B IEAk AN 2 /R A4 F
() AchE A DL 45 #b 7K fi# 5000 2 1Y Ach, X fifi 15
AchE Jh B B Ry iz — ),

AD TERRBE AE R 40 (10 F5AF A 78 5 5 i 0
P20 AR B2 J2 FR Ach &8 R JE | ChAT 35 1 1)
REARAN AchE TEPERIRE N, FHADE 5T & 0™ 5 4 R
FBE T ChAT 36 1 W dab AR, 2 L el %) W A
Ach BB ORI JES 17 A0 AE Ak 3t 4 22 0 A 461 2%, I I
AD B B 2 it T 5 il i AR AR B . X SR
ZEIRFH ChAT n] BEXT 24 2] FCAZ & 15 5 A e ik
YEF ., Ik, ChAT 3&PE T FERTRETE AD Hod% i —
AEEMEIT ) BLA, AchE B 5T 8 3K i P Y
Ach T FBOEAZ A R FINH B FE , UL AchE T 14
R INTE AD kR Iy B A 0, H R
AchEI WS2I697 5 R E AD By T8 25t A
B b 43 i BE X K J2 N R Ach % 8 AchE Fl
ChAT FTEPESEAT T A ALK, 3 = 2% 76 HE 66l E &
Girp it e R EE B ENEM, FoA Ach 2
e B U R 0F 2% ) G042 Y R 2 I
AchE F1 ChAT J2& Ach 7K fift il A1 Bt , 2 [R) 9
Ach FOFRI-r, — 2 A9 8 PEAR 2R T IRms e # 223y
RERIRA, &Yk BB WY 2 — NS BAT 4
[l 25 It LA 2R TR, NS B NS A R
PERLSY BP9 R RS BATRESE Ach AOHREBURIT B
B, AT SEIIE I S AT W] R IR B T B
HITCIZ BRI/ INE, AchE BTG PEDT ) R 2R A8 R4
Ay, EEREY 2 RIER SR %=
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