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Effect of Suanzaoren Tang on Learning, Memory and Expression of Proteins Related to

Hippocampal Synaptic Plasticity in PCPA-induced Insomnia Rat Model
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[ Abstract] Objective: To observe the effects of Suanzaoren Tang on the behavior, growth-associated
protein-43 (GAP-43), postsynaptic density protein-95 (PSD-95), and synaptophysin | (Syn I ) of insomniac
rats induced by p-chlorophenylalanine (PCPA) , and to investigate the mechanism of Suanzaoren Tang in
improving the behavior of the insomniac rats. Method: Seventy-two SD rats were randomly assigned into 6
groups (12 rats in each group) : control group (normal saline), PCPA (0.35 g-kg'+d"') group, estazolam (2.7x
10* g-kg'+d"') group, and low-, medium-, and high-dose (3.25, 7.5, 15 g-kg'-d", respectively) Suanzaoren
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Tang groups. The rat model of insomnia was established by intraperitoneal injection of PCPA and then the rats
were administrated with corresponding drugs for 7 continuous days. The Morris water maze and Y-maze were
used to test the learning and memory functions, and the open field to test anxiety. Histopathological changes in
the hippocampus were observed via hematoxylin-eosin (HE) staining. The mRNA and protein levels of GAP-43,
PSD-95, and Syn I in hippocampus were determined by real-time fluorescence quantitative polymerase chain
reaction (Real-time PCR), Western blot, and immunohistochemistry (IHC). Result: Compared with the control
group, the PCPA group showcased long escape latency, shortened time in the quadrants, and decreased times of
crossing the platform in Morris water maze, decreased alternation correct rate was significantly Y-maze, and
increased distance, mean velocity, and time in center of the open field test (P<0.01). Furthermore, the PCPA-
treated rats showed obvious pathological damage in the hippocampus and down-regulated mRNA and protein
levels of GAP-43, PSD-95, and Syn I in hippocampus (P<0.01). Compared with the PCPA group, the
treatments with estazolam and different doses of Suanzaoren Tang improved the rat performance in Morris water
maze, Y-maze, and open field test (P<0.05, P<0.01), alleviated the hippocampal damage, and up-regulated the
mRNA and protein levels of GAP-43, PSD-95, and Syn I (P<0.05, P<0.01). Conclusion: Suanzaoren Tang
may alleviate the learning and memory disorders and anxiety in PCPA-induced insomnia rat model by up-
regulating the mRNA and protein levels of hippocampal synaptic plasticity-associated proteins GAP-43, PSD-
95, and Syn I .
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24 WM WIHEEEHRE 2 h, HAREPLIR 6 H K
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2.6 PE AR OK B S CAL X GAP-43 . PSD-
95 Fl Syn I 2 (1435 ki 40 214 W5 U1 R 28 i i oK
b EPUE B (10 min) (28 H (PBSx3 k) Ef 4]
(10 min) . i il — 3t (GAP-43 . PSD-95.Syn | , 1:
200) .37 °CH#FHE 1 h. 4 °CykKAH &L % i — 4t (HRP
FRiCEHi ., 1:500) .37 °CIHEH 1 h.DAB {4 5 K
FIZW 1 min B R B R UL IR (x400) , IR fi
21 i A BH PE 40 i, % FH Image Pro Plus 6.0 #k {4 ¥E 47
43T

2.7 FH A R BN i (Western blot) & i K KRV
2041 GAP-43 .PSD-95 f1 Syn | 1Kk BURFEFE
AR50 mg, 265K H R, BCA B VR 2 &, & K i
10 min 28 Pk, | #E 40 wg, 10% SDS-PAGE i 1k 73 &
(/B 100 V, ¥ 45 i 80 V), PVDF % I (200 mA
30 min) , 5% B g W% ¥3 & M 60 min, il A — T
(GAP-43.PSD-95.Syn I .GAPDH, 1:1 000)4 °CHi#
LR, A Z P (HRPARIEFE T, 1:1 000) E i
J 7 60 min, V¥ S5 I = N R ECL ¥, 986k 2
K CEE R AR R gk H 1Y 454, Lane 1D #1444k
B Tl = R )5 o

2.8 Real-time PCR £ K 5 GAP-43 . PSD-95
M Synl mRNAEiE WA FEA 50 mg, TRIzol
2 BUE RNA, #K i Real-time PCR i 7 & Ui B, K¢
SYBR Green Master Mix.ddH,O .4 . 5| ¥ $i& kb 5
Be AR FR 20 Lo R W 2P 3% PCR 2 B 451 : 95 °C
AR 10 min; 95 °CAE £ 15 5;60 °CiB k #EH 30 s,
3L 40 S E 2 . K45 I 1R GAP-43 . PSD-95, Syn |
mRNA % GAPDH ) CfH , & FH 2 FH %) 22 & ¥ i
A2 mRNA A 3B K, 51t A T AR T /%
(M)A RAAA . Wk,

*1 3l1MF5
Table 1 Primer sequences
G1L7] Fra(57-37) K& /op
GAP-43 L1 CACTGCTGCTTCCTCACTCCA 229
Tiif AGGGTTCAGGTGCTCTGTTCG
PSD-95 11 CTCATACGACACGTCCTAAGCG 264
T it GACGGATGAAGATGGCGATG
Syn I i AGGGCCTATGATGGACTTTCTG 185
T ii# AAGTCACAGGGTCCCTCAGTTC
GAPDH 1 1if CTGGAGAAACCTGCCAAGTATG 138

T GGTGGAAGAATGGGAGTTGCT

2.9 St Hr N SSPS 22.0 B AT B 4
BT, FIF A5 52 56 B0 40 &5 S R FH 34 850 A vfE 22 2R, 4l )

PO SR B 28 5 22 430 M, 35 43 BT O 22 5 i A )
Pl SR F die /N 3 1 22 5735 (LSD) e K 56, 7 25 1
FF It 41 18] 1 %5 % F Dunnett's T3 %, PL P<0.05 % 7R
SEAGIFE L.

3 #R

3.1 XK B Moriss 7K 2 B #k 3% w5 (R 3 e (] 5T &
G BRI Bl i [A] 28 8F 5 R B2 A A I
SCEG 52 P 4 AL, PCPA 21 6 i v K 359 i 1]
FHE (P<0.01) ;5 PCPA 4 b4, R A% . .
o 791 e AR 3L AT e Ak e VR AR U R ) S R AR
(P<0.01), HEZEMHERLE T, 54K,
PCPA 41 JFF- & 4 BR 3% 3h i 18] 1 28 #8007 & o)
F FFE(P<0.01) ;5 PCPA 41 LB, IR A MK . .
o ) 2 R 3L R s 4 T 5 52 BRI Bl ) R 2
o H O B B iR s (P<0.05, P<0.01)
W32,

#2 BECAMAREEBRAME. REEKRENHEMNE
BRI (x+s,n=12)

Table 2 Effect of Suanzaoren Tang on latency time of escape,

activity time of original platform quadrant and number of times of

crossing platform in rats (x+s,n=12)

A kBRI AR TR

21 51 R N SR ey
/g kg I [H] /s BT s AR
Rk 17.17+£2.23  41.1743.76  5.83+1.19
PCPA 4 38.50+6.42" 22.00+4.77" 2.33+0.89"
Bl LS| 2.7x10™* 25.75+4.29” 31.17+6.26° 4.08+0.90"

R HIER L] 3.25 29.25+3.39% 26.67+6.437 3.25+1.29%
RECGRRIRA 7.5
TR A 1 e 77

27.17+3.21" 28.33+5.30> 3.83+1.03Y

15.0  26.33+3.26> 29.08+4.80% 3.92+1.08

il
%

525 4 Y P<0.01; 5 PCPA 4 [ #: 2 P<0.05,%P<0.01
(F£3-%50R)

32 XMARYBREFZEEMENER SEHH
(58.78+3.60) HL %5, PCPA 41 (41.27+3.27) & ¥ IE #ff
K T (P<0.01) ;5 PCPA 41 4%, iR 2~ 14 11k
F i 2 (44.03+2.77) 28 B IE B B4R (P<
0.05) , FR A1~ 1% v (46.03+3.07) . 7 7] & 41 (46.80+
2.89) 13 F WA 2H (46.55+4.25) 32 85 1F i 5 W 4R
H(P<0.01),

3.3 XKREW iz SRR P Y e XA R
M 525 4l 5, PCPA 410" i sh il i
S-S rhun XA B I ] 2 I AR R (P<0.01) 3 5
PCPA 4 LA, PR A7 A b vy 7] 2 20 N SE w) k>
WY i B iE B PR b D45 R A ) 24 9
A% (P<0.05,P<0.01). W33,
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®3 BECHNKBYVBEHNES  FHREMROXEERBEHFE (x£s,2=12)
Table 3 Effect of Suanzaoren Tang on distance, mean velocity and residence time in central area of open field of exercise in rats (x+£s,

n=12)

4151 ikt /g kg! 18 F 5 /em P EE fom s FRC DX f5E B I 1) /s
ZEHA 3524.58+287.38 5.9740.48 11.75+2.63
PCPA 41 4522.50+369.92" 7.54+0.62" 31.7546.66"
Bl LR 2.7x10"* 3879.25+276.76* 6.47+0.46> 22.25+3.72°
TR A AR ek 3.25 4142.58+309.15" 6.90+0.52" 27.25+4.35%
R A i P el 7.5 4084.08+339.58" 6.80+0.57" 23.75+3.96
TR A~ V) e ) ek 15 4004.25£362.46" 6.60+0.63" 23.08+4.74%

3.4 MR DHLZURHAAEN HERGOER  REREK FEMETERHAL. 5PCPAAILE,
25 AL SR 200 HESI R ST R B S . RRAVC AR b R e LR L R e S Y B
52 HAL LB, PCPA I MEIR M 2 onHEDI SRR A, T AT, HEAR M oo B I, HES B 5 . WLIAT 1.

¢
A 25 H4L:B. PCPA AL C. IR AANHI B4 D. BR Al 4] B, R & A4 F. SR sS4l (18 2 fE 3[R

E1 BECHIARBIALREMEZNHZM (HE, x200)

Fig. 1 Effect of Suanzaoren Tang on histomorphology of rat hippocampus (HE, x200)

3.5 XF KBS CAl1 X GAP-43 . PSD-95.Syn | % $& 15 (P<0.05) , Syn | 3Rk i 2 41 5 (P<0.01) , 2

KBS 525 (141 &, PCPA 41 GAP-43 . PSD- A7 | 0 & 21 A 3 W) ik 24 GAP-43 . PSD-

95 . Syn I Yy %3k B % F& % (P<0.01) ; 5 PCPA 4 1 95.Syn | MyRIL W FR G, ZRHA REFELIT =R

B IR A7 K ) 4 GAP-43 . PSD-95 (1) % ik H] B X(P<0.01). W2,

PSD-95

N . .
oy % TR

A B (6] D E
B2 BF{CHWARED CAIR GAP-43.PSD-95.Syn | EARKHHIM (L4l ,=400)
Fig. 2 Effect of Suanzaoren Tang on expression of GAP-43, PSD-95 and Syn | proteins in CA1 region of rat hippocampus (IHC, x400)
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3.6 X} KEH D GAP-43 . PSD-95.Syn I mRNA %
ks 528 F 4 S, PCPA 41 GAP-43 \PSD-
95.Syn I mRNA ik i #F [ {K(P<0.01); 5 PCPA
2, TR A IR & 41 PSD-95.Syn I mRNA

F 35 W 452 7 (P<0.05) , GAP-43 mRNA ik WL %
P im (P<0.01) , R A3z | 7] dek 21 R SE Rl e 2
GAP-43 . PSD-95.Syn | mRNA % ik & % &5 (P<
0.01). W34,

K4 BELCHNARIED GAP-43.PSD-95.Syn | mRNA RiZHEIE (x+s,1n=6)

Table 4 Effect of Suanzaoren Tang on expression of GAP-43, PSD-95 and Syn | mRNA in rat hippocampus (x+s,1n=6)

245 Fl /g kg GAP-43 PSD-95 Syn |
ek 0.99+0.04 0.96+0.13 1.03£0.06
PCPA 41 0.75+0.05" 0.70+0.04" 0.83+0.06"
B eZi] 2.7x10™ 1.27+0.05> 0.90+0.06 0.91+0.04"
R A R 4 3.25 1.20+0.07% 0.81+0.07” 0.88+0.03%
R b 7.5 1.23+0.02% 0.86+0.07> 0.90+0.03
R A7 R 4 15 1.24+0.04> 0.90+0.09 0.92+0.03

3.7 XF KRS GAP-43 . PSD-95.Syn [ # (4 £ ik
B 525 (4 e, PCPA 4 GAP-43 . PSD-95 .
Syn | # 1 3 ik 1 3% K& (% (P<0.01) ; 5 PCPA 41 [t
B TR A7 K ) & 4H GAP-43 . PSD-95 .Syn | & H

PR 2 (P<0.05) , TR A7 b R i 4R L
F) M 20 GAP-43 . PSD-95 . Syn | % (1 %1k I & 1
o, 22w BOA W gt 2 L (P<0.01) . W
*5. K3,

x5 BECHTARIED GAP-43.PSD-95.Syn | EAREMEIE (x+5,1=6)
Table 5 Effect of Suanzaoren Tang on expression of GAP-43, PSD-95 and Syn [ proteins in rat hippocampus (x+s,n=6)

21 51 Fl /g ke GAP-43/GAPDH PSD-95/GAPDH Syn I /GAPDH
S H4 0.81+0.05 0.86+0.04 0.76+0.03
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