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Mechanism of Action of Shenghui Tang Ameliorating Synaptic Plasticity and
Cognitive Dysfunction of Zebrafish Models with Alzheimer's Disease via Regulating
cAMP/PKA/CREB/BDNF Signaling Pathway

KONG Meng', YAN Ting', YE Ziyi', HUANG Mengying', LIU Huizhen', CAO Di', WANG Ping"*

(1. Engineering Research Center of Traditional Chinese Medicine Protection Technology and New Product

Development for the Elderly Brain Health, Ministry of Education, Hubei University of Chinese Medicine,
Wuhan 430065, China; 2. Hubei Shizhen Laboratory, Wuhan 430065, China)

[Abstract] Objective: This paper aims to investigate the ameliorative effect of Shenghui Tang on learning and memory
impairment in aluminum chloride (AlCIJ) -induced zebrafish models with Alzheimer's disease (AD) and explore its molecular
mechanisms, with a focus on its regulatory effects on the cyclic adenosine monophosphate (cAMP )/protein kinase A (PKA)/cAMP
response element-binding protein (CREB)/brain-derived neurotrophic factor (BDNF) signaling pathway and synaptic plasticity.
Methods: By using a random number table, a total of 150 wild-type AB strain zebrafish (aged 6-7 months) were divided into a
blank group, a model group, Shenghui Tang groups with low, middle, and high doses (0.74, 1.48, and 2.96 g-kg'), and a
donepezil group (0.01 g-kg"'). The AD model was established via the chronic AICl, immersion method (0.000 2 g-kg"') for 30
days. T-maze test was used to assess spatial learning and memory of zebrafish. The novel object recognition test was used to detect
recognition memory of zebrafish. Anxiety-like behavior of zebrafish was assessed by the novel tank diving test. Telencephalic
neuronal morphology was observed by hematoxylin-eosin (HE) staining. Fluoro-Jade B (FJB) staining was applied for
degenerative neurons in the telencephalon. Transmission electron microscope (TEM) was used for synaptic ultrastructure in the
telencephalon. Enzyme-linked immunosorbent assay (ELISA) was used to detect the content of cAMP in the brain tissue. Western
blot was used to analyze the protein expression levels of PKA, CREB, phosphorylated (p) -CREB, BDNF, synaptophysin
(SYN), and postsynaptic density protein-95 (PSD-95) in the brain tissue. Real-time polymerase chain reaction (Real-time PCR)
was used to detect the mRNA levels of PKA, CREB, and BDNF, as well as apoptosis-related genes B cell lymphoma-2 (Bcl-2),
Bcl-2-associated X protein (Bax), and cysteine-aspartic protease 3 (Caspase-3). Results: Compared with the blank group, the
model group exhibited prolonged latency to first entry into the EC zone (P<0.01), reduced entries into the EC zone (P<0.01) ,
significantly decreased novel object recognition index (P<0.01), significantly increased latency to first entry into the top zone (P<
0.01) , and reduced residence time in the top zone (P<0.01). The number of degenerative neurons in the telencephalon was
significantly increased (P<0.01). The model group expressed disordered neuronal arrangement, soma atrophy, nuclear pyknosis,
and cytoplasmic vacuolation. Mitochondrial cristae membrane exhibited rupture, swelling, and vacuolation. The Bcl-2 mRNA level
was downregulated (P<0.01), and Bax and Caspase-3 levels were upregulated (P<0.01). Reduced number of presynaptic vesicles,
widened synaptic cleft, and thinned postsynaptic density were observed. The expression of synapse-related proteins SYN and PSD-
95 was significantly decreased (P<0.01). The cAMP content was decreased in the brain tissue (P<0.01). The protein expression
levels of PKA, CREB, p-CREB, and BDNF were significantly reduced (P<0.01) , and the mRNA expression levels of PKA,
CREB, and BDNF were significantly downregulated (P<0.01). Compared with the model group, Shenghui Tang groups with
middle and high doses and donepezil group showed improved learning and memory ability and anxiety-like behavior, characterized
by shortened latency to first entry into the EC zone (P<0.01), increased number of crossings into the EC zone (P<0.01), elevated
novel object recognition index (P<0.01), reduced latency to first entry into the top zone, and longer residence time in the top zone
(P<0.01). The number of degenerative neurons in the telencephalon of each treatment group was reduced (P<0.01), with improved
neuronal morphology and relatively regular arrangement, as well as decreased nuclear pyknosis and vacuolation. Mitochondrial
cristac membrane integrity was improved, and vacuolation was reduced. The Shenghui Tang groups with middle and high doses
exhibited upregulated mRNA expression of Bcl-2 (P<0.01) and downregulated mRNA expression of Bax and Caspase-3 (P<0.05,
P<0.05). In each treatment group, the number of synaptic vesicles increased, and the synaptic cleft narrowed. The postsynaptic
density thickened, and the expression of synaptic-related proteins SYN and PSD-95 was enhanced. In Shenghui Tang groups with
different doses, cAMP content was increased (P<0.01), and the mRNA levels of PKA and CREB were upregulated (P<0.01).
Specifically, the mRNA level of BDNF was upregulated in Shenghui Tang groups with medium and high doses ( P<0.05, P<0.01).
The donepezil group showed upregulated mRNA expression levels of PKA and CREB (P<0.01). In the Shenghui Tang groups with
medium and high doses, the protein expression levels of PKA, CREB, p-CREB, and BDNF were all significantly increased (P<
0.01), and the protein expression levels of p-CREB and BDNF were increased in the Shenghui Tang groups with low dose (P<
0.01). In the donepezil group, the protein expression of CREB, p-CREB, and BDNF was significantly enhanced (P<0.01).
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Conclusion: Shenghui Tang alleviates learning and memory impairment and anxiety-like behaviors in AlICl;-induced AD zebrafish

by activating the cAMP/PKA/CREB/BDNF signaling pathway to improve synaptic plasticity and inhibit neuronal apoptosis.

[Keywords] Shenghui

Tang; Alzheimer's disease; zebrafish; learning and memory; cyclic adenosine monophosphate

(cAMP)/protein kinase A (PKA)/cAMP response element-binding protein (CREB)/brain-derived neurotrophic factor (BDNF)

signaling pathway; synaptic plasticity
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1.1 Y 6~7 Hib AT AB REE 150 2, W
HE ZBE S a GER L B iE 3R T AR i R
o R 2 7 B R 5 i R BE O AR A
O PE 0 S0 % O IR 2 /I 14 h/10 hOG ISR
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ViewPoint 23 7 ) ; Leica UC7 & 48 3 47) - 1 (1 [
Leica/\ 7 ) ; Tecnai G2 20 TWIN AU 3% &t 5, 7 & il 85
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T 0B B HRFEE 3 d, 58 4 RiFAT YIRS 56, 76 58
JKEE A 2 A HA TR B 2T €8 37 5 1A, K BE D £1 SR 7R
Horp 10 min, YIZRFHEE ARG 1 h, &% 657 5 K
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ZHE-80 °CIRAF A H o 53 ZREC 1 mm® fiki 4 2 FH Pl %
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3min, MK E AT BB WL

2.4.2  FIB Y {8 W58 i #h 22 08 M U0 R AR
A TUHI OB BE 20T S K W i FIB TAE W,
4 °Cit 17 , 4", 6- kI -2-7% FLm| b (DAPI) &2 4 #%
8 min, £ A J5 R & K14 , Image J #1443 ¥ FIB FH 1
LRI O B i -

2.5 TEM W% o il B8 G 250 i 1% #R R X 3
I fa i 2 U AT S 2 . B BR EE K S, EPON
812 44 i 34 g 21 21 5 8 v U) i MLV v (60~80 nm)
Biti Jei FH 2% 1t R il R 2.6% #7158 iR 4 AL T 42 €5, % 1]
BT 200 HAR R, F TEM 7E 200 kV F 1% .

2.6 it HX A BE WK B DU A2 32 (ELISA) K il cAMP 7
i IO BB T A i 2 20, ) R BRI b T L AR AR
ELISA i 57l & vl W1 45, 46 00 figi 2 21 cAMP 7 1t .
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SE fd AR 2 B (BCA) IR & kG I 2 ok B
AR 1 B RE 2 10% + ke 47 2 40 - 28 TR 4 T
Jiiz %¢ B2 HL Yk (SDS-PAGE) % % & B i — 9 & %
(PVDF) B )5, H 5% WA 2F W5 = i 3 P4 1 he TR
— %7 PKA (1: 1 000) . CREB (1: 1 000) . p-CREB
(1:1 000) . BDNF (1:1 000) ,SYN(1:20 000) .
PSD-95(1:5000) .GAPDH (1:10 000),4 °C# 5 i
s ZHi(1:1 000) % 98 5 2 h, 1 s 4k 27 &Gk
(ECL) % & ; Odyssey £ 41 i 1% 2 48 4 3 85 1 45407
Image IR trEAKEME, LEBEMNEAS
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2.8 SR m B A AE U N (Real-time
PCR) #: ] PKA . CREB., BDNF . B 4 Jd itk [ 5 -2
(Bcl-2) \Bel-2 #1 3¢ X 2 1 (Bax) it K 2 1 i -3
(Caspase-3) i) mRNA &35 fifi ] & RNA #2 Bt 7
AR IUBE T 1 iR 2H 41 RNA, I8 2 BEHL S| W 8 L
1 5% 5 o H 4D DNA(cDNA) o B 25 4 - PCR X
SR E R 95 °CHIAEME 5 min(1AN6 3 ) ; Bl J 2
1140 NG ER BG40 75 95 °CAE 1 10 5,60 °CiR
:k 30 s. UL GAPDH ;y N 2 , PKA,CREB.BDNF,
Bcl-2 . Bax Fll Caspase-3 [ A X} mRNA ik 5k H 24
PAES . 519t g A YR A BRA AR, 51
PP EI L1,

*x1 5l¥MF%
Table 1 Primer sequences
GEY) JFHI(5"-3") K /bp
PKA |9 GCAATGAACTGGAGAGCGTCA 86
Tif TGTGCTCTGTTGTGGCGATT
CREB % CGAGTCTGTGTCGGGCTATC 114
T CTTGTGCCAAGGTGGCAATC
BDNF [ AGGGGAAAATGTTCCAACAGG 89
T iif CGCAGCTCTCATGCAACTGA
GAPDH - #% ATCATCTCTGCCCCAAGTGC 199
Tiif TCTGTGTTGCTGTGATGGCA
Bax ¥ CGGGTGGAGGCGATACG 166
T iif CGTTTATGGCTGGGGTCACA
Bcl-2 |9 AGATGGCGTCCCAGGTAGAT 155
T AGAGTCTCTCTGCTGACCGT
Caspase-3 % ACAACACCAGAAGCAGGACTT 172

T if TTTGCATCGCTTTGTCTGGC
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2.9 GilbsEdrik SR SPSS 26.0 8R4y, i
PR x £ s Fon AL P L BCR ] e AL 56, 24 1
BER FBLIR 2R 07 22 00 B, 5 I 7 22 50 B, P<0.05
RERFGIFE L,

3 &R

3.1 A EEAT AD BED fh2E 2] (D ACRE T R
3.0 THRHFELE HSEEAAhi, HAaRDm
TE 200 5 2~4 K it A EC X (0 38 R 3 3% 78 K (P<

F2 HEFWADHEEEHRHNECR BB BEKBHFIM (X+5,n=7)

0.01); SR LA TE LI 55 2~4 K, A B
e 9 2 4R 22 2% R 5% 21 B I fa iiE A EC X TR
W] B 45 %5 (P<0.05,P<0.01) ; 7 52 B0 55 3~4 K = 5%
IR 2 B ORI N EC X IR 00 I 3 4 (P<
0.01), W3 2 K 345 i MR 4 kL . 525 AL
A LRI BE T fa gE A EC X U8 B 3 s 0 (P<
0.01); SEIRIA b5, A= E g v L 7 a4 R 2 7% IR
FrALHEAEC XA UL i 253 i (P<0.01) , W3R 3.

Table 2 Effect of Shenghui Tang on escape latency of first entry into EC zone in AD zebrafish (x+s,n=7) S
205 /g kg EABN H2R H3KR H4KR

2 H4H 217.70+68.01 119.60+26.31 78.29+20.81 57.00£10.15

R TR 2] 246.70+61.76 241.70+57.47" 220.40+68.84" 144.00+£23.69"
BRI 0.74 239.90+81.39 231.60+89.84 151.30+54.56> 129.00+£47.06>
HEEG R A 1.48 218.90+33.74 146.70+20.60% 105.10+13.98 83.86+14.09”
B R e 2.96 216.10+18.51 139.10+31.99% 98.71+15.29% 65.00+19.41>
EZ S 0.01 214.90+33.06 157.10+£39.32% 103.90+16.35% 63.29+28.73Y

T 5% A A VP<0.01; 5B 2H L4 2 P<0.05,2 P<0.01(£ 3-F 11[d])

R3 HEFNADHEEHFNECRKREBWEIM (X+s5,n=7)
Table 3 Effect of Shenghui Tang on number of entries into EC

zone in AD zebrafish (x+s,n=7)

205 Fl /g ke HEAEC X 1 Bk
Sk 14.43+2.51
R 21 3.71+1.80"
B  =A 0.74 5.86+1.35
A EZE G R AL 1.48 8.71+2.21
v m A 2.96 10.86+2.27
E2N S i 0.01 8.14+2.27

3.2 FWIRIRG SR 5 A R, A A B
Ih 40 3 ) A U0 i B0 3 R IR (P<0.01) 5 ST 4
Fe#, A B g b v R AR 2 4% R 5 4 B W AR R
BIFE B 2 T (P<0.01) A Z A KR =4 2% 7 6
Giitop i o UL 4 K R R hnd

x4 EBHWADRDEFMYEIRFNEHHEM (X£5,2=10)
Table 4 Effect of Shenghui Tang on novelty recognition index in

AD zebrafish (x+s,n=10)

4151 i/ g kg B AU 50/ %
R 58.88+3.92
Hi 70 2 36.23+3.70"
RGN A 0.74 41.96+7.48
G R AL 1.48 48.54+7.93
A 2 e i R AL 2.96 51.39+7.75%
Z R A 0.01 49.52+6.87"

e 22 .

3.2 EZEUX AD B IR T R 52
P2 LA, 50 760 A B o i Rk A T DX ) v R
0 3 A K (P<0.01) , 76 TS DX 35 1 457 B3 B [ Gk 3
W (P<0.01) ;s SR A, 2R E b sl g
1 22 4% WR 5% 41 B B 1 YRk A TO0S DX s 0k AR 4 1]
.45 55 (P<0.05, P<0.01) , TS DX a5 B4 I 1]\ 2% Sk
K (P<0.01) ;£ AR EA 255 a2 E L,
D% 5 K 3 0 R B in #4 ko

x5 HEBHMADKGAEEHETANEZIE (x+s5,2=9)
Table 5 Effect of Shenghui Tang on anxiety-like behaviors in AD

zebrafish (x+s,n=9) s
15 bl E‘&u‘&/\]ﬁ%ﬁ DfEﬂS thJc
lg-kg! X g 7B R 3 e |
Sk 56.11+£33.07 150.30+39.84
R AR 41 186.40+53.22" 44.79+20.43"
A ZE AL = 4l 0.74 154.10+69.95 60.88+22.75

A B R = 1.48 89.89+33.78%  102.00+22.62%
A R ) e 2.96

ZZSWRST 4 0.01

61.00+33.62”  119.90+40.97”

89.78+40.60  111.40+24.98%

3.3 A EAAT AD BE 5 £ i N A 28 T 25 0 R
75 F 2 S i P 22 T AR ) 5 M AR I A A AR
52 T, BB 2 B 1 £ v ik 22 s HES 2L L
TR 2 4, 1% 18 4 B i o == ik . SR RS AL H A, AR
B0 M 2 23 R ST M 22 U S UE  HES B Y
AL E R UR o RN I
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TE:AZ BRI CAE RN 20 D AR Th R B 4 L A B0 i ) i 4 S FL 2 2 R SR 4L (11 2- 8 4 1))
1 EEGX ADHD &R KHE TSR (HE, x300)
Fig.1 Effect of Shenghui Tang on neuronal morphology in telencephalon of AD zebrafish (HE, x300)
S P, BR AR B AR o 20 b, A 4 24 28 S i FH
B2 TR B BB A, 2 BB Gt 2 X (P<
0.01). WLK2.36.

3.4 E7 N AD BE D A iR A 28 00 A28 VR Y 5
525 (U4 L B, AN 2 v i 2 2 bR 12 RO PH PR 4 T
Hom B EF S, ZRA ST FE L (P<0.01) ;55

FJB

Merge

A B C
2 HEBHMADKD &RMEEMRETHFME (FIB,x200)
Fig.2 Effect of Shenghui Tang on neurodegeneration in telencephalon of AD zebrafish (FJB, x200)

AR S R S, 2 B O S M i S 70 KR
T, 5 fih ) Bt A8 A 5 fih J S B0 DX B TR ki AR i

F6 LEFHXADH D AR FIBAMEMETHFI (x£5,1=3)
Table 6 Effect of Shenghui Tang on number of FJB-positive

neurons in telencephalon of AD zebrafish (x+s,n=3)

215 Ft/g ke FIB 2¢ 658
ekl 4.90+1.48
iR ZH 27.85+1.09"
A E AR i 4l 0.74 24.78+1.54
A Al 1.48 20.73+0.91%
A B e R Al 2.96 10.41+0.10>
ZRIRFTA 0.01 17.05+2.12%

3.5 PR AD BE A v I 5 i Gl 46 A 1Y 5
Wi s 2 b A, A A S I B 9 R D
B FEUIE A KL, P A A B RS AR
5 fih 7T 328 J5 A A7 5 R T S R e B 58 Mk ] B 48 BE
G figh Jv B0 DX AR W 5 2R A 2 R IR, R 2 U8 I
2L WA B W 7, B 2 R GOk A i ik K =S i
o SR HURR, 45 40 25 X RE A R AR S B ek %

50pm
DAPI
‘,’{‘,:.,‘ v P ! i /4""’. 567 . S

i Bz s A ek 2D Ui 5 e R AT Tk s o DLIRT 3.
3.6 A E X AD BE I fa fix 41 21 Bel-2 ., Bax Al
Caspase-3 iy mRNA £ KK mH 555 {4l
B, A5 AU 20 B 1 A0 i 20 2R T 0E T 3 A Bel-2 KR
2 9/ (P<0.01) , 412 3 - 3L [K Bax £l Caspase-3 7K
V-l F N (P<0.01) s GBI WL AR oS
# & 4 Bel-2 K P W3 3 fn (P<0.01) , Bax
Caspase-3 7K *F- B & 3 2> (P<0.05, P<0.01) ; £ 7% Wk
FAA X TR SR JC I B e E . W T,
3.7 A E X AD B fa il 2 41 cAMP % & 1 5%
W) 5 oS LA HO A, BRI AL I ZH 2 cAMP 5 i B
FEMR(P<0.01) ; SHEEAIZ 45, AR B K b L= i i
HMHL cAMP it B E T, 2R BA SR
SL(P<0.01) ; Z 25 UK 55 40 4 cAMP &5 &8 JC B @ ik 3%
EH . WS,
. 23 .
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B3 £EiF3 AD B D &N RS AT AR RN (TEM, <20 000)
Fig.3 Effect of Shenghui Tang on ultrastructural changes in telencephalon of AD zebrafish (TEM, x20 000)

K7 H£EHZ¥ AD B D Bel-2.Bax 1 Caspase-3 mRNA ik /K FEHIEME (x+s5,n=3)
Table 7 Effect of Shenghui Tang on mRNA levels of Bcl-2, Bax, and Caspase-3 in AD zebrafish (x+s,n=3)

215 Fl /g kg Bcl-2 Bax Caspase-3
=K 1.28+0.25 0.92+0.07 0.86+0.63
A7 2 0.27£0.01" 5.40+1.85" 3.06+0.38"
ARG = 0.74 0.50£0.06 2.5240.62" 3.01+0.81
A E A 1.48 0.68+0.03" 1.57+0.35% 1.57+0.28”
He B e R 2.96 1.03+0.09% 0.99+0.21" 1.08+0.91>
EZ2 &l 0.01 0.40+0.03 3.37+0.69 3.00+0.09
R8 HEHHWADKDEMMAL CAMP R ERIHI (Xts,n=3) IEKE S E R (P<0.01) ; SR [, 4 %
Table 8 Effect of Shenghui Tang on content of cAMP in brain of #4540 1 £ 23 R % 4H PKA il CREB mRNA i 2% |-

AD zebrafish (x£s,n=3)
zebrafish (<5 I (P<0.01) ;4= 2 ¥ b L5 7] it 41 BDNF mRNA %

2151 FHE/ g kg ¢AMP/nmol- L K - (P<0.05.P<0.01). W39,

H 3:090.24 3.9 /%% AD 5 T 1 PKA .CREB ., p-CREB 7l

R 2 1.220.02" . = - 5 g
BDNF & FI R A KRS 525 2 L, BRI 4]

A B AR B4 0.74 1.61=0.06”

Jiki 21 41 PKA .CREB .p-CREB #ll BDNF 7& |1 % 1k /K 3F-

A v o A 1.48 2.07+0.08” o
. N AR (P<0.01) s SR i, AR B rh  m

U SUESRk i 2.96 2.60+0.11 LR . o s
P ol o0 411 R R A K T B T (P<0.01) 2 B 1

441 p-CREB Fll BDNF # [ #3A /K F i 3 T 5 (P<
3.8 A E X AD BE 5 i 41 21 PKA . CREB Al 0.01), 2 %3 Wk 5% 41 fii 41 2! CREB .p-CREB £l BDNF
BDNF mRNA kK FM M 52 Ak 81 EEARIKTRETHE 225 HA 558 L (P<
I ZH B I 6 ik 41 21 PKA .CREB 1 BDNF mRNA 5 0.01), W% 10,1514,

F9 H£HHIWADH S £ PKA.CREB 1 BDNF mRNA RiEKFEH I (x+s,n=3)
Table 9 Effect of Shenghui Tang on mRNA expression of PKA, CREB, and BDNF in AD zebrafish (x+s,n=3)

4151 Fl /g kg PKA CREB BDNF
25 (4l 1.01£0.01 0.99+0.01 0.94+0.06
AT 2 0.25+0.02" 0.25+0.02" 0.27+0.04"
A B R R A 0.74 0.34+0.01" 0.36+0.02" 0.32+0.06
A E i E A 1.48 0.50+0.01" 0.51+0.02" 0.41+0.05>
A B e R 2.96 0.71£0.06" 0.68+0.01" 0.55+0.03
EZ S| 0.01 0.39+0.02" 0.41£0.02" 0.31+0.06
3.10 A EA X AD BE 5 Ao i 21 215 il AH DG R A #50H M 2 23R 5541 SYN 1 PSD-95 & [ % ik

SYN fll PSD-95 £ ik /KFE R m S5 4 i, TR (P<0.05,P<0.01), WLE4 11,
A5 A0 2] B T £ fig 2H 21 2% fh AH 5G 2B 1 SYN A PSD-95 4 itig

Tk KT B E T RHE(P<0.01); SHERIAH g, 4 29 HaEARAF T e N ESE TR, EAR
. 24 .
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£10 H£EH3 ADBK D & PKA.CREB.p-CREB #1 BDNF E B R £ K FHENE (x+s5,n=3)
Table 10 Effect of Shenghui Tang on protein expression of PKA,CREB,p-CREB and BDNF in AD zebrafish (x+s,n=3)

20 5 Flh /g kg PKA/GAPDH CREB/GAPDH p-CREB/GAPDH BDNF/GAPDH
2 M4 1.00+£0.03 1.00£0.01 1.00+0.02 1.00+0.02
R 20 0.49+0.03" 0.39+0.02" 0.24+0.01" 0.4140.02"
B R A 0.74 0.57+0.02 0.43+0.01 0.52+0.01> 0.6240.02%
A E G AL 1.48 0.83+0.02° 0.68+0.02% 0.72+0.01> 0.77+0.02%
B R 2.96 0.91+0.06 0.74+0.02% 0.83+0.01 0.83+0.03%
EZ Sl 0.01 0.47+0.02 0.47+0.02% 0.48+0.02% 0.63%0.02%

. 43kDa

D-CREB S & S s e S o
BDNF s son s swme swmn s 28 kDa
GAPDH W S wws s sme s 36 kDa

38 kDa

PSD-95 = 95kDa

A B C D E F
4 ADB D f PKA.CREB.p-CREB.BDNF.SYN fl PSD-95 &
B &Rk B ik
Fig. 4 Electrophoresis of PKA, CREB, p-CREB, BDNF, SYN

and PSD-95 protein expression in AD zebrafish

R EEGMADKDERMIBAXEEDSYNMPSD-95EH KRIX
KFERIRM (f+s,n=3)

Table 11 Effect of Shenghui Tang on synaptic proteins SYN and
PSD-95 expression in AD zebrafish (x+s,n=3)

21 5 #l4t/g-kg' SYN/GAPDH  PSD-95/GAPDH
S H4Y 1.00+0.03 1.0040.02
H 0 2 0.49+0.03" 0.68+0.02"
A 2 DAL 4l 0.74 0.68+0.03% 0.74+0.01>
A2 R Al 1.48 0.89+0.04% 0.87+0.03
A B A 2.96 0.91+0.04 0.84+0.02%
EZ St 0.01 0.68+0.02% 0.74+0.02%

Frp i, RS L ou i 5 IIRE . AICH,
753 1 AD BE 1 fA AT | DR BE B 4y B4 AD B A% 0
o B A N 22 ST A RS ) 5 R R B
E R i 223 AT 1 5 BIL A F 5 K% 24 O i 4
FHBERL S BEFEIESE , KI5 58 T AICL K W

CIR7 A R TR = U 2l W A - = R A VR 3 VAR
SRS G DT R W K (IR I RTRE VA0 -E
A FE S 1 AICL S VE 2 8 AD BE 5 A8, 3R BY
T AN AT O R, ELAEBE Bl 2 T AR LR i
Pt 0 5 LAY AD R S, 5 T DI 5 4 e SRR
—H

HEAT PR AR ) fiE 5 AR 2 AD (A% 0 I R RRAE
HR SR 20 B REVIA G . AR
s g R WoR  BER A B 5 4 1 ki A EC XY
WA, 3 A EC X UBO D B ) A U 45 4L
i RRAIC, $2 R 23 (B 2 2T e 12 SR B2 /g T #5%
15 BT T W K S B v A 2 Rk R A £ T TR X
SN R pNE i T SO E M P R D M T
WA AE W] 0 AR IEREAT O 3X 5 AD B3 PR BE 1
AT R W BA — B 3 — 2 £ W AlICL &
& e BT MBI AD B R AL, R Bk R I UE 1Y ]
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P09 B 2 s, HE R R e 5
24 22 R R 55 T USRS, e i e B AR B T A AL
M3 AD BE S £ 1) 27 2] 0 RS S AR TECIR A

P28 00 25 58 B B 1 IR A 2 4 15 T R G 1)
AE W) B S At . HE Yo 45 3 B /R |, AICL AL #E 5 B
£ vy I 0 28 G HE S 2L M A 22 45  FIB 4 (i —
AR S, B R 20 B £ i ik 1 FIB FH P A 28 e Bl e
BN, SR g TT e R AR R o R TR DG S
PR 00 235 2R Wb 7, A Y 20 41 4 12 JE ] Bax . Caspase-3
' mRNA 3 3k K B S Th 5, 40 08 72 5 P Bel-2
19 mRNA 3K 7K 1 35 BEAIR , 12 25 AL E 52 #2850 ]
T REAICLA SMEMGIMEZEATT ., 24EEG T
TG, B A0 v il o 28 508 25 3 405 B e ek A% AR
M2 o0 B i 3 W, IR B O 1T BRI Bax
Caspase-3 ik T, B8 77 3 A Bel-2 £ ik b .
RS AR A B vl R e 2 on T R
i o as i e RIEM AR R .
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S fiih S P 22 TC [A){7F A% 38 1 QB 5 4, Hoah &
VRN R 2N ST R RS ca T L 2 £ RN (2
FHU S TRV B 2 fih mp 98 4 1 S I ] 98 1 i i SR
fiE, AT 3 3k 5% kB 25 AR 5 T R A Y S B A 28 BR
SRRV NS R e N TRl VD A O I D PRI S
Bl 20, (B AR R, 28 il AL 3 AL RE AN (R e+
S filh J5 A2 1A 5 B2, 3 5 5 Sl iy S P 448 3 ST R TR M
2 fish [71) B Bl A B 2 WD AH 56220 AR 9% TEM 45
7R, AD B 5 £ 452 R gy il A7 78 W] 21 58 find 8 Tk 25
g S, B 3R B Ry 5% Ml iy A 2B 0 el 2D | R i
[F) Bt 444 B | 2 o JE B0 XA X S A A R
il A 338 280 T B A 28 R BT S, T 4 Y
Wi o PN {5 BVEE A T e . SYN(R i p bR B EH)
H PSD-95 (5 il J5 R A 25 21 1) 2 S Bl 5 fih 45 44 ¢
HE I D) BE IR 3 1Y 5% B 4> T, Western blot 45 S i
7R AR ZH SYN A PSD-95 25 [ 42 1k 7K F i & 11
555 fh 7R T 25 #0475 — 35, IR S5 ALCT 2 58 T S B0
fid 25 46 453 0 R0 2 e SR, HE ] R A 2D 0 AL FE RS
S B IRIT G, B £ v il 5 fik T R A0 00 4 o 1
T, 5 fh 1] B A 2| 58 fiph S5 3505 DX AR TR [A] ) SYN A
PSD-95 £ [k K- W1 i [, 38 7R A= 297 v ik
W0 5 fio BB A B | TR 5 Ak AE OC B T R GA Y oR
S fil AT SR 3k AT fE M3 AD B ) 2k 2] 0L
LI RE 1Y 45 7 BL A

cAMP/PKA/CREB/BDNF 5 53 i & 1 45 58 fi
ATV S Sl iC S GE B ZR DI RE R S
AD N R W & A R B I . Hodh, cAMP
P 4t M 9 5 A% i, AT B0E T iF cAMP AR 1Y
PKA; PKA i — 2 id F #% i 1k 1F H #% % CREB,
p-CREB I #E A 4 il #% Ji 3l T i #8 58 PR &% o, 1 1M
fit i BDNF )23k, BDNF {1y F 2 f) bf 22 9 5%
K, AN RE A 25 28 TT A7 I 55 43 Ak, 3 AT 3 3k 7 7
R fi T A 2 35 TR TR L 5 M 5 B 52 A R 58 K 5
SEAN YA AR S Rl T T AR STAE R oR L R
AP BE S o ik 2 20 cAMP & B E T
= ,PKA .CREB 1 BDNF #& 1 5 mRNA ik K-
B G 4 A, 26 B AR B 0T DG o BT cAMP/PKA/
CREB/BDNF 15 5t j , ¥ & #ill 28 % 5% [l 7 BDNF
YR IA |, HE T ek 58 il T BB 5 2 ) il DD g

gE BTk A T ) ) 2 5 T A K Bt
AD fE M, — J7 ifi , # i ¥ % cAMP/PKA/CREB/
BDNF {5 53 % , | 8 5 fil #H OC 25 11 PSD-95 5 SYN
ik, UE AICL S 5 1Y 22 i 25 A0 453 05 5 T e 55 5
o3 —J7 I, 38 i b AT T3 B Bel-2 R AR T

. 26 .

JE [ Bax 55 Caspase-3, il il #f 22 o0 1=, P b i &8
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