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Effects of Phenylallyl Compounds from Guizhi Tang on Learning and
Memory Impairment in APP Transgenic AD Mice
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[ Abstract ] Objective: To study the effects and possible mechanisms of phenylallyl compounds from
Guizhi Tang (PCGZT) on learning and memory impairment in APP transgenic Alzheimer’s disease ( AD) mice.
Method: Three-month-old APP transgenic AD mice were randomly divided into model group, aspirin group,
piracetam group, huperzine-A group, PCGZT groups ( high, medium and low doses), and normal control group
(C57BL/6] mice) according to their weight, with 10 in each group. These mice were intragastrically administered
with aspirin (20 mg -kg ™' -d "), piracetam (600 mg -kg '+d "), huperzine-A (0.3 mg -kg '+d ") and different
doses of PCGZT (64.4,32.2, 16.1 mg +kg '-d™") respectively for consecutively 5 months. Model groups and
normal control group were treated with 0. 5% carboxymethy cellulose sodium (CMC-Na). The abilities of learning
and memory of mice were detected by step down test and morris water maze test. The contents of matrix
metalloprotein-2 ( MMP-2 ) and matrix metalloprotein-9 ( MMP-9 ) in the blood serum and malondialdehyde
(MDA) activity in brain tissues were measured. Result: Compared with model group, PCGZT can reduce latent
reaction time (P <0.05), error frequency (P <0.01) and total time of error period (P <0.01), improve total
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time of safety period (P <0.05) of APP transgenic AD mice in step down test, low dose group of PCGZT can
improve percentage of the platform quadrant distance (P <0.01) and the platform quadrant time (P <0.05) in
morris water maze test. At the same time, PCGZT can decrease MDA and MMP-2 contents in the serum (P <
0.05). Conclusion: PCGZT can dramatically alleviate the learning and memory impairment of APP transgenic AD

mice, and its mechanism may involve multiple drug targets.
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HRRE(P <0.05) , LR ZH ) dg & 34 (P <0.01) 5
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FE(P<0.01), SEERIZ] 5, APP #5356 /N U
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IR R (P <0.01) s B R B B4 25 4 A B¢
iR (P <0.05) ,PCGZT &5 & 2 . F FEAIL (P <0.01) ;
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Table 1 Results of PCGZT on APP transgenic AD mice in step down test(x £s, n =10)

415 #)H/mg- kg ™! S B[] /s HRIE n AR IR [R] /s LA ST [E] /s
g - 23.04 6. 89 0. 86 0. 26 7.14 £3.29 269. 64 +17.53
A - 89.20 +15.30% 2.13 20.59% 20. 54 £4.27% 208.25 +23.93%
iy 7] DT Ak 20.0 51.25 9. 121% 1.38 £0.45"% 20.38 +6.23% 212.06 +73. 16"
fivi & e 600. 0 69.81 +9.521% 1.31 £0.30"% 11.63 +4.53"% 218.56 +98.98"
Ve AL 0.3 58.36 +9. 1913 0.82 +0.27% 13.73 £5. 76" 177.91 +51. 0123
PCGZT 16. 1 50.16 £8.39"% 0.44 +0.23"% 5.38 £4. 03" 244.50 +74. 44%

32.2 28.26 +6. 62" 0.26 £0. 16> 3.95 +2.08"% 245. 89 +59. 74
64.4 54.14 +9.55"% 0.63 £0.23% 4.00 +2.05"% 267.74 +30. 52

E S A P<0.05,” P <0.01; 5B LY P<0.05, P<0.01(F£2,3 ),
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R RS 1 AR, 55 FA MR A A, A 2
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AL H, W AR 30 IR 52 B 2 1S i (P < 0.05) , PCGZT
KN 470 (P <0.05) , HoAth 2% 20 6 22 57 5 o
5 BRI [A] HE SR 3 15 G R g% At FU 3% 450 70 2 7 B
PEZG I REAR (P <0.05) , PCCZT 4 7 i 21 ¥ 0 22
S5 5B R A L, TR ORI A R AL B I (P <

.94 .

0.05) ,PCGZT K /MRl A 45 (P <0.05) , H Al 4%
HIC2E 57 50l 65 GBS [A] Fe R A, 5 G B PR LR,
PHA: 25 24 25 T 22 5, PCGZT £ 7| s 4 I Th i (P <
0.05), FE4AZ55 AR, 525 (AL H g, v AR 0 A A
B ZEM(P <0.01), PHE 25 41 Br BT =] DT Ak AH 2y
B (P <0.01),PCGZT | K 5| & 20 75 34
(P <0.05) ; 3k 5 4 BR B [] LY 32 R 3k 5 52 BR B% 2 1
GV B G (P <0.01) , fH % 25 41 F1 PCGZT
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KGR AL I AR (P < 0.05) , PCGZT /)il i 41 0
ZE5to SRR HORL, T R BT wD UE AR ZE A PCGZT
/NG 2 3 PR IR (P < 0.01) At 45 21 14 T 22 575
Ul 5 PR AR LE 3 BT m DT bR 2L AR (P < 0.05),
PCGZT /N4 8 3 Thimi (P <0.01) ;3 5 R BRI [A]
FERAAZ T F 4RI (P <0.05) , PCGZT /) ol 20
BET(P<0.01), WEK2~4,

%®2 PCGZT 3t AD /MR %% 1 A Morris 7k % 5 X3 8 # 19
(x+s5,n=10)

Table 2 Results of PCGZT on AD mice in Morris water maze test

after administration for 1 month(x +s, n=10)

a3 v BRI B Z IR ﬁﬁﬁ%ﬁﬁ
mg-kg ! /s PR RE LA/ % I [f) L 4/ %
= H - 44.33 £20.37 26.74 £15.57 26.47 £13.37
R - 49.22 £14.97 29.51 £11.59 29.85 +9.78
BTEIDCAR  20.0 46.71 £19.13 28.26 £9. 65 28.73 £8.60
ik &2 B 600.0 54.67 £12.48 28.97 £13. 62 30.77 £12. 10
Fap A 0.3 53.29 £14. 54 24.76 £12.90 26.13 £12.90
PCGZT 16. 1 54.20 +8. 84 28.13 £13.70 25.95 +11.87
32.2 50.53 £17.39 29.03 £9.73 29.37 £7.95
64.4 49.65 £14.45 28.48 £11. 60 30.99 £10. 17

%3 PCGZT Xt AD /N4 7253 B Morris Kk E LR A& N
(xxs,n=10)
Table 3 Results of PCGZT on AD mice in Morris water maze test

after administration for 3 months(x +s, n=10)

3 b4 1 LN WAL ﬁgﬁ*%ﬁf&
mg-kg ~ /s FEALH R/ % i 8] H 2/ %

A - 47.47+16.56 16.91 4. 94 21.97 £5.62
150 - 49.17£16.13 11.70 £6.09"  15.27 +7.99"
FIFE AR 20.0  49.92 +14.70 10.30 £7.04"  14.52 £8.24"
MR 600.0 56.04 £11.49"%) 10.24 +4.21"  17.64 28.17"
AEBE 0.3 45.83£18.20 11.43 £3.15"  14.29 +3.63"
PCGZT 16.1  40.04 £20.34'3) 15.46 £5.25%)  19.96 +6.76%
32.2 50.67 £17.04 18.26 £7.41%  23.36 +14.87%
64.4  37.19219.02%% 14.67 £4.77%)  19.80 £5.93%

%4 PCGZT Xt AD /NG 47255 B Morris 7k 3k = L1 A &
(x+s,n=10)
Table 4 Results of PCGZT on AD mice in Morris water maze test

after administration for 5 months(x +s, n=10)

3 H&/ R AR ﬁﬁﬁ%{ﬂﬁ
mg-kg ™' /s BT/ % I 1] H 22/ %
e - 43.71£19.31  25.65+6.34 31.50 £7.50
A - 52.05+12.39%  20.56 £5.29%  22.36 £5.77%
BIREIVCHE  20.0  43.22£22.61% 16.32£4.79"% 18.71 +5.48"
MiEHE  600.0  52.60 £15.07% 19.83 +11.44" 21.51 £10.09"
AEBE 0.3 51.80£16.63%  20.10+5.47"”  13.73 £10.99"%
PCGZT 16.1  44.49218.17%  26.70 +6.26%  28.76 +7.75%

32,2 49.84+16.65" 20.03 £5.64")  22.77 +6.30"
64.4  50.47 £16.627  22.47 £5.49 23.78 +6. 14"

3.3 UNEUIMYE B MMP-2 Fl MMP-9 K Jiili 2H 21
MDA Fsille 525 A4 i, SR /N R i
MMP-2 JC 52, IfiL {5 H MMP-9 Fl fixi 41 41 MDA & &
BETHE (P <0.01) ;4% FH A% 245 9 40 6k /)y Bl ¥ o
MMP-2 & 1t TG 52 W, fisi 52 58 A A A2 B 2 o I 3
th MMP-9 {1 (P <0.05) , fixi &2 5% 4 B A% Ml 41 21 v
MDA %54 (P <0.05) ; PCGZT 4 5 42 41 %t /s Bl 7
i MMP-2 £ & JC 5% W, B AL MMP9 & & (P <
0.05) , b % KA G 20 21 vh MDA £ & (P <0.01),
SRR 2 LA, A P 245 9 20 % /)N BL IS o MMP-2
TC e, B ) DC AR ZH G 2 B AR/ BRI I A MMP-9 %
(P <0.01) , A A2 66 H 2 e B I G 4121 MDA 1y &
(P <0.05) , By &) DT bR R fili 5 R 2 D0 . 25 o 1K G
Fit (P <0.01); PCGZT £ 5 & 41 %t /)y B IfiL 7 h
MMP-2 & & TG, K /N 2 R AR i 3 H MMP-
28 (P <0.05), Rl E A m i ERHFMES R
(P <0.01) , 45 5 20 b 25 B ARG 20 21 MDA & &
(P<0.01), W35,

XS5 PCGZT 3t AD /NR I iEF & MMP-2 i1 MMP-9 X fixi 48 47
MDA EEMEM (x £s,n=10)

Table 5 Effects of PCGZT on MDA content in MMP-2, MMP-9

and brain tissues in AD mice serum(x +s,n =10)

H 4/ MMP-2 MMP-9 MDA
45
mg-kg ™' /mg-L7! /mg-1~! /U-mg ™!
%A - 3.79:1.13 889.54 £221.91  110.05 +31.48
] - 4.06+1.22 1 213.04 £238.29%)  137.87 +21.40%
BT JCAR 20.0  3.66 +0.79 699.59 +154.80%  109.49 £37.81%

1 482.68 £294.25% 99,40 +26. 34"
1152.16 £230. 77" 124.67 £38.99"-3
838.11 £202.58%  90.09 = 14. 87>+
624.84 £119.70"% 96.52 +16.13%*
993.38 +141.44%)  92.84 +21.65%Y

fii 52 e 600.0  4.32£0.87
ey 2Ll 0.3 4.14+0.45
PCGZT 16.1  3.89+1.50
322 3.92£0.94
64.4  3.94+2.04

4 itig

AD R R 2%, AB BN D 0t AD B9 R 0 BUR
Yyt , T e B R e i AR P, 5 tau 3R O R
WAL AE S B | AR T I 98 45 At 22 A 20k A P it 7
M AR IR BPEPE PR, ™ 28 2 R AL 3,
Tau 8 i BE#E R AL 27 U 48010 B0 Dl L 4 28 R
UL B T AU AL AR U 2R 3 A ) U A
Al AR A 2

FRT G 7 BT 2R S I B 09 245 ) 222 50R, i
BE 2 ) 32 B G A 1 5 P A R 22 AR G B0 IR Y )
VR A5 FORE IR LR 2B SRR SR R R IR TR
B 17 JIEL 1 1400 0 0] S Jg ¢ BT ) DS AR A i )
B2 J5T S A BN B A T, 1 0 AD i A8 e B A 3R T
HEZE AD I A R i B B AR A X A
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FVBE B 0 75 40 R, 38 58 RO 0 & B L 18 R I 4
S ST IR0 I 32 B, o 3 4042 T AR AL AT 12 SR
AERERE L 77 A2 B S %) R 255 Bt (Ach, NA,
DA 45 ) 7K - % 8 45 A0 X b 25 40 AR B T R 4% B 0
T2 P AL DA IR A 5 1 2% A 1 4 i 55 P
SR IR R

Morris 7K 2K ‘B SZ 06 B4 B W 4T M 2 U8 B 4
W5 i 2 — B W2 A B Bk 2 S0 AL RE T L
DL ATAT S 56 e B Y 2 2 > FNCAZBE &5 TR R 52
0 W A AR R RE 1 MRS St Il E sh
e 0 11 38 A K B B 1, AT R B 3 W) 64 2 ST A0 AL fE
S31T, MDA S Rz e HL IR N R o 48 Ak B9 3 AR
Wy, R A 7 ) SOk 28 4N B B T RN i AR 1 i
% 5 FC 2 BE 4 % 4 K . MMP-2 I MMP-9 £
MMPs K5 1 2 A~ 5 AD g i i g ™ 5 F2 B ] e A
KBy 2 A FERL 5L, 32 B A SUE A SRR
A8 B 5 T S5 L U B T A N M A 5 B S
B P Wit , 5 B0 0 B 1 0 R B S R G sk S i
R R G 2 on T, 5 R A B, Ak JE
1fi. MMP-2 Fl MMP-9 7K 3F- 5 125 7 i 5 ik 2 41 MMP-2
Je MMP-9 7K P-4 2545 %17

ARG K [ B £ Ak T B APP % 3 R /N
AD AR g PCGZT 40 % AD /N 22 340
1268 J1 B A%, 358 FH 22 A FBH P 245 9 % HL AT BB AH G 19
VR FIBL #E 47 30, 52 56 %0 86 3% W1, PCGZT X APP
B LD AD /BRI R M2 S 012 e B B B
i HB T O AL F 45 BHPE 25 CAR A2 i &R Al
B DT AR ), 3 T4 5 R R /N LA T AZ B 2 i
S RE 71, 8 TG ) 5 K 5 TR i, PCGZT ] DL R AIK
AD /N B MDA & 5 FLIL 3 o MMP9 & &, %
MMP-2 &g Josei . 4 AD Friia 7 sl sl it 2
A RCHT 258 2 ¢ H B, IF 3 T e R 4% 1 A
BB G B £ TeA,  — 25 Z M BH AD 25 it
2 e A7 B BE 2R R S, T PCGZT
X APP 5 3[R AD /N L2 5 90 B s 1 B A K 5 R
[G) VE FHMIL AR 9 BF 4 25 S (] ) DC Ak | I 52 1 A A A2
B ) FERAR B R I 25 B3N, R R — 2 2
BT AD 259 iF B, v LAAE S — B (0 25 4 52
A ELARAE FIPLE A R i — 25 52 50 i 53 1 A
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