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[ Abstract] Objective: To explore the mechanism of Wenyang Jieyu prescription in regulating

hippocampal neuron apoptosis and improving synaptic plasticity in the mouse model of depression induced by
maternal separation combined with restraint stress. Method: The mice on postnatal day 0 (PD0) were randomly
assigned into a control group (#=10) and a modeling group (n=50). Maternal separation combined with restraint
stress was adopted to establish the mouse model of depression, and the modeled mice were randomized into
model, Wenyang prescription, Jieyu prescription, Wenyang Jieyu prescription, and fluoxetine groups (n=10)
on the weaning day (PD21). From PD21 to PD111, the mice were fed with the diets mixed with corresponding
medicines. The sucrose preference test, open field test, O-maze test, and novel object recognition test were then
conducted to evaluate the depression, memory, and learning abilities of mice. Immunohistochemistry (IHC)
was employed to measure the atomic absorbance (A44) of postsynaptic density protein 95 (PSD95) in the
hippocampus. Terminal-deoxynucleoitidyl transferase-mediated nick-end labeling (TUNEL) was employed to
detect the apoptosis of hippocampal neurons. Western blot was employed to determine the protein levels of brain-
derived neurotrophic factor (BDNF) , phosphorylated tyrosine kinase receptor B/tyrosine kinase receptor B
(p-TrkB/TrkB) , phosphorylated protein kinase B/protein kinase B (p-Akt/Akt) , phosphorylated mammalian
target of rapamycin/mammalian target of rapamycin (p-mTOR/mTOR) , B-cell lymphoma-2 (Bcl-2) , Becl-2-
associated X (Bax), cysteinyl aspartate-specific proteinase-3 (Caspase-3), synaptophysin (Syn), and PSD95.
Result: Compared with the control group, the modeling decreased the sucrose preference rate, time spent in
central zone within 5 min, total movement distance, time spent in the open arm, and cognition index (P<0.01).
Furthermore, it decreased the expression of PSD95, increased the neuron apoptosis in the hippocampus (P<
0.01) , down-regulated the protein levels of BDNF, p-TrkB/TrkB, p-Akt/Akt, p-mTOR/mTOR, Bcl-2,
PSD95, and Syn (P<0.01) , and up-regulated the protein levels of Bax and Caspase-3 (P<0.05) in the
hippocampus. Compared with the model group, Wenyang Jieyu prescription and fluoxetine increased the sucrose
preference rate, time spent in central zone within 5 min, total movement distance, time spent in the open arm,
and cognition index (P<0.05, P<0.01). Moreover, the drugs increased the expression of PSD95, reduced the
neuron apoptosis (P<0.01) , up-regulated the protein levels of BDNF, p-TrkB/TrkB, p-Akt/Akt, p-mTOR/
mTOR, Bcl-2, PSD95, and Syn (P<0.01), and down-regulated the protein levels of Bax and Caspase-3 (P<
0.01). Conclusion: Wenyang Jieyu prescription outperformed Wenyang prescription and Jieyu prescription in
the treatment of the depressive behavior induced by maternal separation combined with restraint stress in mice. It
exerted the therapeutic effect by reducing the hippocampal neuron apoptosis and improving the synaptic plasticity
via the BDNF/Akt/mTOR pathway.

[Keywords] Wenyang Jieyu prescription; brain-derived neurotrophic factor/protein kinase B/mammalian

target of rapamycin(BDNF/Akt/mTOR ) pathway; hippocampus; neuron apoptosis; synaptic plasticity
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1.3 i %l BDNF #it f& | TrkB $t & | # iR 1k
(p)-TrkB $iL & | Bt K 5 A B -3 (Caspase-3) PiL & | %
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1:5 000; Bel-2,Bax, 1:200; Syn, 1: 20 000; PSD95,
1:2 000; GAPDH, 1:5 000)4 °C#¢ & =t % , TBST ¥t
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F1 RFAEE R T X IMER/NRE KR IF RN (T+s,
n=10)
Table 1 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on

sucrose preference rate of depressed mice (x+s,n=10)

4151 Flit /g kg K A 5% /%
I EE 79.64+8.45
IR 2 64.82+10.09”
T H 40 5.85 72.49+11.26
i HB 21 12.03 74.99+10.24%
1L PR AR 4L 16.71 77.33+8.81%
FPGTT 4L 2.6x10° 78.01+6.63"

525 4 L VP<0.05,2 P<0.01; 545 % 21 1 % > P<0.05,
YP<0.01(F2-F 7))

F2 RPAEEREPAMEES T X HER /R 5 min B R E B B 8] F03E
R BEERFM (f+s,n=10)
Table 2 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on

time spent in central zone in 5 min of depressed mice (x+s,n=10)

215 Hl /g kg 5 min " 32 B B[R] /s
EE 32.06+11.44
AL 19.98+9.38%

IR P 5.85 23.89+10.78
fiff A 21 12.03 29.04+11.25
Tk PR A 4L 16.71 30.94+9.44%
FPGTT 4 2.6x10° 32.32+10.39%

A 1] B 4 38 0 ( P<0.05, P<0.01) , 15 FH 41 . 5 FH f# A
2H AP 7T 4/ BROIA e EE B0 B BE n (P<0.05,
P<0.01)., W33,

*3 EME.ERFABEE T X HIER/N R 5 min 7B S B B E AL
HIEBHIRIE (xxs,n=10)

Table 3 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on
time spent in opened arm in 5 min and cognition index of

depressed mice (x+s,n=10)

215 Fik/g-kg! S min JFEFEE /s AR EU%
k] 128.48+27.10 0.74+0.28
LR 4] 69.52+30.34” 0.44+0.11%
i BH 41 5.85 83.21+31.44 0.58+0.11%
figt FiS 21 12.03 97.22+31.63 0.53+0.11
Tk B i il 2 16.71 103.44+23.06" 0.62+0.10"
FRPGTT 4 2.6x107 115.04+25.87" 0.65+0.14"

3.2 IR BH AR LI BE A AR X AT /N BT 28 ik
AT ¥A M 1) R i)

3.2.1  XFHIAR/N R D PSDOS Rk 2
P2 L B, B 7 4 /N R 5 PSD9S Rk 2 5
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LI A LG A, U PR AL A A R BH R AL P T

2H /N B S5 PSD9S K ik

W DL 1,

TE AL U BRG] COR FHZH s D AR AR ZH ; B IR BH AR AR 4 F R va T4 (/&1 1-18 5 [))

E1 RBA.EEEB.IRPARRAER 5 XTHIER/NER B D PSD9S KA

ERIFE M (Edlfb, x200)

Fig. 1 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on PSD95 expression in hippocampus of depressed mice (IHC, *x200)

3.2.2 /N B T PSD95 . Syn & H £ 1A 1Y 5% I

523 (4] A, B A /N BRI 5 PSD9S . Syn 25
TR W E WA (P<0.01) ; SHAIH AL, & 45 25 20 /)
L PSD95 ., Syn & 13 34 B i 14 Jin (P<0.05, P<0.01) ,
Tk BE A R SRV 7T AT R . WL 2 3R 4,

PSD95 .-* — ’ -_‘ 80 kDa

SYN M SRR S e S B 3 Da

axrort (A . . ..
F

B2 #EB/NERiED PSD95.Syn & B RIAH K
Fig. 2 Electrophoresis of protein expression of PSD95, Syn in

hippocampus of depressed mice

3.3 U FH AR LI AR AR 7 ek SR )N BRI B R 2
TR T O Y R
330 XHER/N UM AT TR 5

DAPI

TUNEL

Merge

Fz4 BPA.AEERRPAESER AT XTINAR/NER 7B D PSDYS.Syn EAH K
EHIRM (X+s,n=6)

Table 4 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on
protein expression of PSD95, Syn in hippocampus of depressed

mice (X+s,n=6)

21 51 F4k/g-kg'  PSD95/GAPDH  Syn/GAPDH
2 H 4L 1.00+0.15 1.00+0.19
R 2 0.54+0.16> 0.62+0.17>
5 B 4 5.85 0.81+0.25 0.91+0.22%
Al 20 12.03 0.95+0.25 0.96+0.23"
5 BH 7 8 2 16.71 1.01+0.30" 1.03+0.22Y
I 2.6x107 0.99+0.22% 1.06+0.20"

P2 PG4, AR 2 /) BV b ol 28 5T I T i Y
Jn(P<0.01) ; HAALZE LA, il PHZE I BH A AR 2 L9
VO IT 41/ BROM 28 oo W T iR B R R (P<0.05,
P<0.01) , ik FH fif AR A0 98 P9 7T Ay R o
K335,

B3 BFE.ESVEMRBBAXNESNREDIETATHENZ M (L)

iE 756, x200)

Fig. 3 Effect of Wenyang,Jieyu, Wenyang Jieyu prescription on apoptosis of hippocampal neurons in depressed mice (IF,*200)
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x5 EMA.ERBOEMABEATXNABNREIMETATHENH
Mg (x+s,n=4)
Table 5 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on

apoptosis of hippocampal neurons in depressed mice (x+s,n=4)

21 541 Mit/g-kg! AT R A
Rk 11.25+3.30
H 10 24 23.85+4.99%
T PH 4 5.85 17.25+3.40"
fi AR 41 12.03 18.25+3.86
T PR AR 4L 16.71 15.00+3.46"
FPGTT 4 2.6x10° 13.25+4.35Y

3.3.2 U PE AR AR R A AR X AR /N BT U
T- 48 7/~ 5 11 Bel-2 . Bax . Caspase-3 25 [ 3% ik [ 52 )

523 P R, BB A /) B T Bel-2 25 1 3R i
B ik /> (P<0.01) ,Bax ., Caspase-3 25 [ 3¢ 35 IH I 84
N (P<0.05,P<0.01) ; S5 R ZH A, 4% 25 25 24 /)
W Th Bel-2 2K [ 435 B 3% i (P<0.01) , Bax & [ £
5 B U (P<0.05, P<0.01) , f# B A i B AR AR A |
F 78 71 2 Caspase-3 5 H %% & I 2 )k 2D (P<0.01)
Tk FY gk A8 R PG 7T 2R T R . WK 4 3R 6

o2 R

Bax e SN S S e e 23 kDa

oo ) -
A B C D E F
4 HI%R/NEE D Bel-2.Bax.Caspase-3 % 0 R IA Bk
Fig. 4 Electrophoresis of protein expression of Bcl-2, Bax,

Caspase-3 in hippocampus of depressed mice

%6 RPA.FRE0RPAMEER 5 X HIER /N FR i D Bel-2.Bax, Caspase-3
BEBREWHM (X+s,1=6)

Table 6 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on
expression of Bcl-2, Bax, Caspase-3 in hippocampus of depressed

mice (x+s5,n=6)

w9 ) Bcl-2 Bax Caspase-3
ZH !

/g kg’ /GAPDH /GAPDH /GAPDH
ek 1.00£0.12  1.00£0.16  1.004£0.16
H R 241 0.61£0.12%  1.24+0.19"  1.55+0.23%
i A 5.85 0.98+£0.20"  0.98+0.19°  1.37+0.14
fr il 2 12.03 1.0120.21Y  1.00£0.16”  1.14+0.21%
AR 16.71 1.12+0.14Y  0.82+0.13Y  1.19+0.16"
FRPEIT 4L 2.6x10°  1.17£0.15Y  0.76+0.16"  1.05+0.14"

.54.

3.4 A LfE AR U BH fE AR 7 e AR s B
BDNF/Akt/mTOR il A G FI R IB s 525
F A b, AR 2H /) (] ¥ S BDNF | p-TrkB/TrkB .
p-Akt/Akt. p-mTOR/mTOR % H 3 ik it & I /> (P<
0.01); SR b4, il FH AL A AR 2H | i BH A AR 401
PG 7T 41 /) BUI & BDNF . p-mTOR/mTOR & [ %
1k AN (P<0.05,P<0.01) , f# A4l 35 BH e 5 . 3 75
7T 4H p-TrkB/TrkB . p-Akt/Akt 2K 17 28 1k B @ 84 ( P<
0.05, P<0.01) . fit FH fife 415 25 0 980 75 77 4197 88 e
WE S T,

BDNF‘; “. 15 kDa

PTB D S S —— - ) D,

o
PAK S — . — — —

AKL s— S — a— —— G2 kDa

PUTON g g — G W 5
gl § R X KB Rt
onmi -

A B C D E F
B 5 4B/ i 5 BDNF. p-TrkB/TrkB. p-Akt/Akt, p-mTOR/
mTOR & B R X ik
Fig. 5 Electrophoresis of protein expression of BDNF, p-TrkB/

62 kDa

TrkB, p-Akt/Akt, p-mTOR/mTOR in hippocampus of depressed

mice

4 itit

N R AR & A R R R B SRR R
SRR AR R RN EERIIE K — b
SN G W R G EAT SRR 3G N T ORI, DT 5
M) Ji 3000 09 7 38R I, L 8 B R 35 R AR B Ttk ) o
B A 0 M R R 8 (CRS)AE R A IR
TRAT A R e U D 5 ik TR 25 45 4 L) e
KIS EEAT R 22 PR BT - UE X B Y 5
J5 1 UE B MS+RS AR /)y B 1% A #L A < BA R
87, I 4 e A ST U BH A AR 7, 42 J7 B A R 1R
PO, Az B B 30 R T 08, B AL S
e SF EAN N NI I RSN S N = 20 Ay o T
VA R R B RN RS L BRI R B
DLV BH 24 059 7 i 22 AR A R B AN RS Z T
MR ECH A CRFERMAS ), 2SI AT 4
R (R CHRE AR 2 AT AL, A e A
2T 130 1 S 2 IR T ] RS = N 9
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*7 RPAJRER.EFREREE A XA /NR S D BDNF . p-TrkB/TrkB . p-Akt/Akt.,p-mTOR/mTOR & B R iE I E N (X+s,n=6)
Table 7 Effect of Wenyang, Jieyu, Wenyang Jieyu prescription on expression of BDNF, p-TrkB/TrkB, p-Akt/Akt, p-mTOR/mTOR in

hippocampus of depressed mice (x+s,7=6)

21 5 /g kg BDNF/GAPDH p-TrkB/TrkB p-Akt/Akt p-mTOR/mTOR
25 H 4 1.00+0.14 1.00+0.15 1.00+0.17 1.00£0.10
IR 24 0.50+0.11% 0.56+0.16> 0.58+0.16> 0.61+0.14%
5 BH 41 5.85 0.98+0.20 0.72+0.11 0.69+0.12 0.83+0.12"
fi A 41 12.03 1.01£0.217 0.79+0.14" 0.98+0.17% 0.97+0.10"
15 PH AR 4 16.71 1.12+0.14" 0.92+0.17% 1.18+0.19% 1.05+0.19"
I 4 2.6x10° 1.17+0.15% 0.97+0.28" 1.15+0.219 0.87+0.16

B, AR 22 E R b, S BRI 2, A e AT A
1, 7% i g R =2 20 . W7 A TR A5 R TR 2
FE G AT AN A G5 1E B TR R, 36 2 R 2 RS
BLAFAT R 2 2, 323 BE M AP ARALE

VAR 11 3 B AE PR A 5 5 B2 1 1 1 25 T DT L PRk
Bk 2E IS RERR S B Z ) R L H G
ToH B ARIR MR R R R RN . AR S
F1 o0 2 5 0 0 % AR 4 /0N U o 25 BE | o 45 Ml 5
B R T M, T BA 7 AB 4 /I BRLIE 2 R B0 R pioR
Al R B KRG 037 0 R T AR )
1720 2 520 3l 5 o A DR B R IR BT 2= T il
1CRE TP SE 0 /N BRI AR R BB . SEER 45 R R,
AT 20 /)N LM 7K D e A v e X4 B B ) LB Bl
SRS R 457 B A ] B 6T ET 4 R A R 2% R
FRRAR, BN /IS BT AT ASE A A i ) . TR PR AR
Tk BH A A 3 41/ BRI AT A 2 R B3 ) B 4 e FL TR
B fige A8 5 ) 2050 SR B o 2% 5 0 B I 15 B 3 B AR TS
A DL AT A0 AR N B AR FEAT O AR AR 344
FHBWAEL AT 75 2 — PR R .

8 il J2 52 B 28 0T A BAG I Y FE A 25 M AT
OB BE B AR AL 3 ROR I B PR -
fk AT AP S AT WM R MR R G A K AT M
il 52 B 2 > FCAC i pi 22 2 ) 24 6K . PSD9S
I Syn S R T i B 5 foh 7] 98 R Y 2 FhRR S R AR R
i, H ,PSDOSTERMFHEEX KLET, 5K
2R S T TE R A M B B S A VR
2 5T 5 foh ] B K2 ) A BE SN . Syn JE ¢
S ) S S T 20 VL PR AR P, H 3R K R v S 5 fik )
Ay AT KR RN R SR 28 fivh T 98 MR AR Ak Y B B AR
FR2L ST R MSH+RS AR/ U D PSD95S
N Syn Y 2R [ 23K 3 08/, IR PH A AR 2/ U
2% fill AF ¢ 45 A% PSD95 Ml Syn 2 35 1 19 i, {H 77 ik
— LR U B A A8 5 T 5 fih mT S 1 1 v AE AL

F 5 0 7 18 1 R 05 5 1 v A A 28 e 4 A7 2

P 1 72 R A0 B O TR AR T R SR T — G
AL R A 3 H 28 on 4 P ) OGS B AIL R .
[IRNRL 87 A R AR L Tve Ll W= AN = WS i X )
0 BB ] FEAS [ 26 U WA N 98075 5 9 AR AT o 5 T
T 28 0 08 T2 BB AR OC AR R T R B AR R
PR T D3 AR A A0 M T R B AT e
P HLE P TR T e 2R o0 Y AR A B T4
Jay, Hor Bel-2 75 S Ht 0 T K, W B R ff 28 oo A
T, Bax J& T i T2 4 H 5T, 5 Bel-2 [A]J& T Bel-2 %
Kl 5K 15, Bax/Bel-2 45 J W40 i 9 98 12 K o 742
BB HOR EANEE T TR A T B R S
RSB RIET A 5 B AW, W 57 Y] Caspase-3 LU
VR ARMLIA T, R R TR AR 0 e Bax /R T2k
LA S B T 2F 240 M €5 3R C A R, B L T /AR
J&i 1% 1k Caspase-3 LLi75 7 40 L 4 1=, A it Caspase-3
BT A LR T G BER AR o T Bel-2 AT g2
SR A 5 3R C BB, B 1E Caspase-3 K6 M: 85 (1
KA GLER , TR A 40 e R T AR YR S 4
R IARELAL /N B S U T AR AR % R, Bax/
Bel-2 i 3 [, Caspase-3 & & W &1, 5 LU
A 50 45 RS A — 2 I B g A1 41/ B O
o958 B0 W F# AL, Bax/Bel-2 8 % )8/, Caspase-3
F 2 1 ek /b, Ul BH I PH A AR 5 RT fig o el g i
b 240 9 T DA G2 S AW AR AT S L {E AL A AN A T
— ik,

BDNF J& Tt 4238 % R 7 5 e , 200l 1 45 &
150 5% N ) 2 AR TrkB & FEPUIARY Y 20, S B ik et
PO HCIIAR 25 38 b EL 4 25 G TrkB A 85 I8 45 # Bk
A et O EE B 7 T 28 i, I UOE R F A Akt .mTOR
5 RIR 1T 1 i 2 M AT SRS i B I UL 1 39
(PI3K)/Akt {5 5 38 2 OC #E T 9if 45 53 i
T A AR mTOR T 2 5 8 757 5 fil o] #8380 b 28 % A=
Rt B 2 e 12, 24 BDNF 5 TrkB 14 iig b 2%
M3 Z5 4 ), TrkB 77 A= [ B R 4k , B )5 554 PI3K 2

. 55 .
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JoT JIEE % T A Ak — Wi R Wl i 1t UL B (PIP2) O PIP3,
PIP3 1 Jhy 5 5 i 45 & %] Akt /9 pH I8 45 B0 A1 45 44
1% I /) Thr308 FI Serd73 1fii ¥4 i& Akt {55, b )5 1% 1k
i Akt A] Bz 5 0] 4% #00% mTOR. mTOR i i iR
A6 U S A 8 6 A A DR R A W AR R T O T
Je sh B Sk CBPEAE L R HE Sl A OG0 A
PSD95 ., Syn [y 3 1k 1fif 34 5 28 fh o] 98 P, HOok
Bcl-2 ., Caspase-3 J& PI3K/Akt {55 5 i [ 8 35 I8 172 A9
o 8 R U G AL I F , Akt 3 V) #) Caspase-3, 42 iF
Bel-2 5 Bel-2 A ¢ 40 i 98 T 4 i [+ (Bad) f% 2K h
iF B A, T W B2 1k Bax Y Ser184 7 5%, 1T 41
il Bax \Bad %517 % (0 #1 22 o0 A 7= 5 [A) B Akt b fig
BHL T Caspase-3 P4 I £L 07, 10 il 2 hr A 40 fif £ R C It
8T BE 8 R, AT 10 o 0 L T ARk g AR
F W, AR 21 /N B 5 41 41 BDNF/Akt/mTOR {5 5
A OC R GA W R R PH A AR D R
BDNF/Akt/mTOR {5 5 i [ # 56 25 (1 % ik b &
e, Uk BA I PR f# AR D7 T LGl 5 9 2 BDNF/AkY/
mTOR 15 53 [ 20 1 28 00 8 17 K 28 ik ] 98 1k

gi b TR IR B A AR 7 AT DL i) 94 4% BDNF/
Akt/mTOR {5 *5- 3 J% ] 5 13 B b 28 S0 08 121 0, 2
S 16 T 2% fith 45 K4 R D) BB A9 T S M, DA 2035 MSHRS
B /IN B2 S T AZRE T, SR FR AR RRAT o N2
SOk I PR AR 7 00 25 A 7 B oy T HILHD R AR
S 51— 1 I BH O A AR D, 48 AR AT ROUE MS+
RS AR/ R BE A AL BH ke " 5 “ AR " IR A7 iR
I7 24 LU BH S I .
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