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Dabuyuan Jian Improves Hippocampal Synaptic Plasticity of APP/PS1 Double Transgenic
Mice by Regulating BDNF/TrkB/CREB Signal Pathway
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[ Abstract] Objective: To observe the effect of Dabuyuan Jian on the synaptic plasticity of
hippocampus and the brain derived neurotrophic factor (BDNF)/tyrosine kinase receptor (TrkB)/cyclic
adenosine phosphate reactive element binding protein (CREB) signaling pathway in amyloid precursor protein/
presenilil (APP/PS1) mice, and to explore its possible mechanism for improving synaptic plasticity. Method :
Totally 36 APP/PS1 mice were divided into model group, donepezil group (6.5x10* g-kg"'+-d"') and Dabuyuan

Jian group (13.2 g-kg'+d"), and another wild mice were set as control group. The mice in control group and
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model group received an equal volume of saline, and the mice in each group received drugs by gavage for 30
days. The learning ability and memory of mice in each group were detected by Morris water maze. The
pathological changes of neurons and synapses in the hippocampus of each group were observed by Nissl staining
and Golgi staining. The expression levels of postsynaptic density protein 95 (PSD95) and synaptophysin (SYN)
in hippocampus of each group were detected by immunofluorescence (IF). The protein expression levels of
BDNF, TrkB, CREB and phosphorylated CREB (p-CREB) in hippocampus were detected by Western blot.
Result: As compared with the control group, the platform latency and total swimming distance of the model
group were increased in the model group (P<0.01), with decreased times of crossing the platform and staying
time in the target quadrant (P<0.01) , the intracellular Nissl bodies of neurons in hippocampal CA3 arca
decreased or disappeared in model group, with decreased number of neurons and dendritic branches and
decreased density of dendritic spine in hippocampal CA3 area of the mice (P<0.01), and the protein expression
levels of SYN, PSD95, BDNF, TrkB and p-CREB in hippocampus of mice were also decreased in model group
(P<0.05, P<0.01). As compared with the model group, the platform latency and total swimming distance were
decreased in the donepezil group and Dabuyuan Jian group (P<0.05, P<0.01), with increased times of crossing
platform and staying time in target quadrant (P<0.05, P<0.01), the number of Nissl bodies of neurons in
hippocampal CA3 area was increased in the donepezil group and Dabuyuan Jian group, with increased number
of neurons and dendritic branches and increased density of dendritic spine in hippocampal CA3 area of the mice,
and the protein expression levels of SYN, PSD95, BDNF, TrkB and p-CREB in hippocampus of mice were
increased in the donepezil group and Dabuyuan Jian group (P<0.05, P<0.01). Conclusion: Dabuyuan Jian can
improve the synaptic plasticity of APP/PS1 double transgenic mice, and its mechanism may be related to its up-
regulation of BDNF/TrkB/CREB signal pathway in mouse hippocampus.

[Key words] Dabuyuan Jian; Alzheimer's disease; learning memory; synaptic plasticity; BDNF/

TrkB/CREB signaling pathway; mechanism
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Table 2 Effect of Dabuyuan Jian on spatial exploration test in

dementia mice (¥+s,n=12)
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Fig. 1 Effect of Dabuyuan Jian on pathological morphology of
CA3 region in hippocampus of dementia mice (Nissl staining, x400)
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Table 3 Effect of Dabuyuan Jian on number of neurons in CA3

region in hippocampus of dementia mice (x+s,n=4)
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Fig. 2 Effect of Dabuyuan Jian on dendritic branches in CA3

region in hippocampus of dementia mice (Golgi, x600)
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Fig. 3 Effect of Dabuyuan Jian on dendritic spine density in CA3

region in hippocampus of dementia mice (Golgi, x1 000)
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Table 4 Effect of Dabuyuan Jian on dendritic branches and
dendritic spine density in CA3 region in hippocampus of dementia

mice (Xx+s5,n=4)
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Fig. 4 Effect of Dabuyuan Jian on SYN expression in CA3 region

in hippocampus of dementia mice (IF , x400)
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Fig. 5 [Effect of Dabuyuan Jian on PSD95 expression in CA3

region in hippocampus of dementia mice (IF, x400)
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Fig. 6 Electrophoresis of BDNF, TrkB, CREB and p-CREB

protein expression in hippocampus of mice
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Table 5 Effect of Dabuyuan Jian on experssion of BDNF, TrkB, CREB, p-CREB protein in hippocampus of dementia mice (x+s,n=4)
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H AR 7 AL AR B EORS L SE AE 2 L S H R
g2y, gy, iy dbBEEcEA KRz
Yo AR LW, 45 THEREA Y KA T RLE , /N R
T W AR D 2RO S OB I, 3 1B K
T HL ] LA k3% APP/PST RUEE 3 R i 21 /N B G 2
gtz 7y,

I3 fil e M 28 0 Z [ AH B PR R MR SR R R b
2 W4 % 45 A L) BE Y R A Bl 28 0 58 ik TR S 4
A B HLER 2R 500 B R = 2T A0 I W) 5 S el DR Ok e
JC Z fik (4 3 5 5055 D) AT 5] 2 2T 0L 1 g o Bl
L 2 ik T 9 P RS R 48 T 22 (8] Y 58 ik mT B
P28 T T I ) AR T R R A4 5% ik )
) AT 9 P 2 fih 45 # A BT SRR R oT -5 il
A AD SR () 95 BEARAE , B 28 0 28 filh 2 2K 54 4
AL 5] 2 i n] B Y Bl D] IR A A 2 T
— 5% filh 2 2% WA Bl F 2l 3 i 26 o0 58 M g ] S T
P2 TR, M 2 O 98 G S SR 98 R S R A

. 6 .

O il T I 0 B EARE Y ARG A B, 4 T A
S KA JCRUG , APP/PST WU 3 DR i S /)N Bl i
CA3 X 20 X Rl 4% , [ Bf i 28 TC AR 28 43 S FHAR 58
R B ARG I 3 B KRR ST R EL A B 58 APP/PSI
XSt 5 DR i 2 /D BV 6 2 fl Pl 948 1 P

P25 32 o0 Ry A 2 A T A% 8B 1) DG SR MR o, 5% fi
A 28 00 BRI 1) 4% B2 1T LA 5 28 il s 48 &R A2 1R
Sh4, DUITTRS: 28 fih /i 4 28 0045 5 1% 38 28 28 fi s b 42
TG SYN J& A 5 fik 2 v L - 1Y 2 fih
FE 5% 3 A 1, AT LA S ol R R T M 0 T A R
B, AR A 2 ik R R SR AR G W, IR R
PN R MY oA R HECR R LA ok e
finh 2% A4 1 2y BE B9 RIS . PSDOS S A A T AR fi
Ja B O MR 2 — AT G RS2 AR
T FH ELAE R T 0T AR 53 Ml 0 3 4 R AR Ol 28 ik
TR RS AR PR AR 1, Rt mT LA A 2 ik T 2
PE o A5 &I, BB /N BRI H CA3 X HT SYNP,
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SD95 iy £ 1 3R 3k 5 FEAK , iX 16 W] APP/PS1 XU FE [
P oL /1N BU A 2 fish D) BE S, 10 25 T A BL Bl ) R kb T
FIJG /N 5 CA3 X 1 SYN, PSD9S i 25 4 & ik
HA PTG, 3 U W kb T I RT LS APP//PST XY
el 5 DR 1/ BT 2 b T i

BDNF iy i 5 M 28 85 3% I R i — 0,
55 HFR B PEBCAK TrkB 45 6 J5 8 19 #h 28 o0 40 Ak AR
K", BDNF 5 TrkB 4 7 )5 & i F ras-M APK #{
4T {12 [ CREB B B2 Ak DA T & 44 4% ol 24 3L g AR
H A WF5E & 3 AD £ 7 /N il BDNF/TrkB/CREB 157
53 S M B R B R A AR A 2 im0 M Y e
AR AR 5E Kk BB R /N BUME B BDNF/TrkB/
CREB {55 5 il % 1% P B 2 T B, 45 5 B0 /N R #b
JC HI J5 /N B D o BDNF/TrkB/CREB 15 5 18 J% 1%
PR IG I, 455 e TQ g% 68 F0 sy R BR gy 5 50 50, 3
F W] K #b JC AL AT L3 i |- 9 BDNF/TrkB/CREB {5
5 3 P I A O Mk mT AR

ity Bk B, KA JT AL AT 23 APP/PS1 XL
5 DRI R /I BRL %) 10 22 fih w7 98 M JC ML AT e S
|8 BDNF/TrkB/CREB 15 5 il A ¢ .

(&% 3xk]

[1] CAO K, XIANG J, DONG Y T, et al. Exposure to
fluoride aggravates the impairment in learning and
memory and neuropathological lesions in mice
carrying the APP/PS1 double-transgenic mutation[J].
Alzheimers Res Ther,2019,11(1):35-51.

(2] BRI, XV U7, 55 P 2in gy B /R 2 i B AL
H B ESEHE R LI, BB R R4, 2019, 59
(1):100-104, 106.

[3] SR, B . 2 sk F HoA BOR e T
T W] JR O R R AL OE R S (D], PR E
2019,36(3):118-122.

(4] JaISEH. rh2h B0k T FOA &R S Bi i BT R 9% 16 3R
H W 5 0E e (0], 5 o B2 2 {5 B S0, 2019, 19
(46):99-100.

(5] AR3CH, 5K . P2 b HAT RO a3 1836 7 BT 2R o it R
9o A PR S T B RIT S R e [T ], 22 2 B2 4, 2018,
8(6):31-32.

[6] FANG W, LIAO W, ZHENG Y, et al. Neurotropin
reduces memory impairment and neuroinflammation
via BDNF/NF- B in a transgenic mouse model of
Alzheimer's disease[ J]. Am J Transl Res,2019,11(3):
1541-1554.

[ 7] WA BT A 2 0 BR P S H X 2 4F 1 i S
ERIAATGE (D], BRI i1k B 25 K %%, 2015.

[8]

[9]

[10]

[17]

[18]

[20]

Bk 25 . JC A APIE B YRR - - FPBR B A
19 A8 Ak S K Ab o0 BUE I PLSI 4R (D], 3L # L
HEE 25K ,2018.

AMTE . EITT AR IR 5 B T0E A 1R 9T 2 A M
SAERMAEZE D] B dE T B 25 K2, 2014,
fTEN ¥, R IE A W18, 45 . B2 T Wat/B-catenin 5 518
R KR T BT i0E APP/PST XU i PR BT /R 9% ¥ Bk
o /I BT T b 2 A B P I BILAR (7). vl Il 52 4 )5 591
FZ5,2020,26(7): 8-14.

EL . i RS RAEREI] P ERE,
2012,53(8):715-717.

D5 E . 5 0 B AR I 0 B BT RO X R A AD
REGHEM TR E TR ID]. R Wb ey
K24,2017.

ARIREE . ZEUEVAFIM ] R0 1l PO A} 2 HOR A
2010:154.

kAR FRaeBIM]L doat: AR A WAL,
2007:112.

STYR B, SLUTSKY I. Imbalance between firing
homeostasis and synaptic plasticity drives early-phase
Alzheimer's disease [J]. Nat Neurosci, 2018, 21 (4) :
463-473.

Yl J H, BAEK S J, HEO S, et al

pharmacological Akt activation rescues Alzheimer's

Direct

disease like memory impairments and aberrant
synaptic plasticity [ J]. Neuropharmacology, 2017, 128
(12):282-292.

QI Y, KLYUBIN I, CLAUDIO CUELLO A, et al.
NLRP3-dependent synaptic plasticity deficit in an
Alzheimer's disease amyloidosis model in vivo [J].
Neurobiol Dis,2018,114(7) :24-30.

ZHANG J H,YU L J, YANG H, et al. Huatuo Zaizao
pill ameliorates cognitive impairment of APP/PSI
transgenic mice by improving synaptic plasticity and
reducing AB deposition[J]. BMC Complement Altern
Med,2018,18(1):167-181.

YIN C,DENG Y,LIU Y,et al. Icariside Il ameliorates
cognitive impairments induced by chronic cerebral
hypoperfusion by inhibiting the amyloidogenic
pathway: involvement of BDNF/TrkB/CREB signaling
and up-regulation of PPAR @ and PPAR vyin rats [J].
Front Pharmacol,2018,9(10):1211-1224.

YOO J M, LEE B D,SOK D E, et al. Neuroprotective
action of N-acetyl serotonin in oxidative stress-induced
apoptosis through the activation of both TrkB/CREB/
BDNF pathway and Akt/Nrf2/Antioxidant enzyme in
neuronal cells[ J]. Redox Biol,2017,11(1):592-599.

[RERE RFikik]



