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[ Abstract] Objective: To predict the potential molecular mechanism of Erxian decoction in the

treatment of anxiety disorder based on network pharmacology, and to verify the efficacy and mechanism using
the animal model of maternal separation combined with restraint stress. Method: Active components and related
targets of Erxian decoction were obtained by traditional Chinese medicine system pharmacology database and
analysis platform (TCMSP) and SwissTargetPrediction. The targets related to anxiety disorder were screened out
through GeneCards, therapeutic target database (TTD) , online mendelian inheritance in man database
(OMIM) , and DrugBank, and the drug-disease intersection targets were obtained by taking intersections with
the drug targets. The protein-protein interaction (PPI) network was constructed by the STRING database, and
the core targets were screened out based on topological parameter analysis. Gene Ontology (GO) enrichment
analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were carried out
for the intersection targets through the Metascape platform. Maternal separation combined with restraint stress
was used to induce the mouse model of anxiety disorder. From the end of lactation on the 21st postnatal day
(PD21) to the completion of restraint stress on the 97" postnatal day (PD97), the mice were fed with Erxian
decoction mixed with diet. The anxiety state of mice was evaluated by open field test and elevated O-maze test.
The content of plasma corticosterone (CORT) in mice was detected by enzyme-linked immunosorbent assay
(ELISA). The expression levels of protein kinase B (Aktl), mammalian target of rapamycin (mTOR) , brain-
derived neurotrophic factor (BDNF ), postsynaptic density-95 (PSD95), and synaptophysin in the hippocampus
of mice were detected by Western blot and real-time quantitative polymerase chain reaction (Real-time PCR).
Result: Ninty-seven active components and 227 action targets of Erxian decoction were obtained. There were
3 863 targets related to anxiety disorder, with 161 drug-disease intersection targets. Among these intersection
targets, core targets such as Aktl, interleukin-18 (IL-18), interleukin-6 (IL-6), tumor necrosis factor (TNF),
and mTOR were presumedly closely related to anxiety disorder. The results of KEGG pathway analysis showed
that Erxian decoction mainly treated anxiety disorder through phosphatidylinositol 3-kinase (PI3K)/Akt,
mitogen-activated protein kinase (MAPK) , and neuroactive ligand-receptor interaction signaling pathways. The
results of animal experiments showed that compared with the model group, the Erxian decoction group
significantly increased the time of mice spent in the central zone and central crossing times and time spent in the
opened arm and opened arm crossing times, with significantly increased expression levels of p-Aktl, p-mTOR,
BDNF, PSD95, and synaptophysin (Syp). Conclusion: Erxian decoction has the multi-target and multi-
pathway characteristics in the treatment of anxiety disorder, and its mechanism may be related to the
improvement of synaptic plasticity and neuroinflammation by affecting Aktl, IL-18, IL-6, TNF, mTOR, and
other core targets and modulating PI3K/Akt, MAPK, as well as neuroactive ligand-receptor interaction signal
pathways.
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O 2L, R R I e % %2 - 80 CCUKAR IR AT

2.2.6 ELISA K /N BRI CORT Fik k¥ KM
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2.2.7 S EI I v (Western  blot) £ I /)N B 167
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Syp H H R IEKF KA A% RIPA 24 fif W £ B ifs
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Mo e BT T be S R A 3R N s TR G O R R K
(SDS-PAGE) i W 5 k47 HL UKk , A 5%, I, — 41
4 °C ¢ F & % (p-Aktl, Aktl, p-mTOR ., mTOR .
BDNF 1:1 000; a-tubulin % % ; PSD95 1:5 000; Syp
1:207) S — 3 (1:5 000) = 7 1~2 h, ECL
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2.2.8 Real-time PCR £l /)s Bl & Aktl . mTOR .
BDNF . PSD95.Syp mRNA ik /KF R TRIzol
A B A B O/ BV 5 2H 20 5 RNA, £ R
RNA Ji ) 52 e FE e 40, DL A,/ Aoy KU AE 1.8~2.0
FbR . = UL A5 A U — %% ¢cDNA, L) cDNA
g 155 Bz #F 4T Real-time PCR, & % 20 pL, ¥ 88 & 8
95 °CHiAE 1 2 min, 95 °CE 1 15 5,60 °CHEAH 1 min,
40 MPEER . H7 2R T H A L PR X R A K
Vo BIMHMAETAY TECEE)ARAE S K,
W1,

x1 5l4F3

Table 1 Primer sequences

519 JF31(5-3") KB /bp
Aktl | TGCACAAACGAGGGGAATATAT 88
T CGTTCCTTGTAGCCAATAAAGG
mTOR  [Jif CTGATCCTCAACGAGCTAGTTC 112
T GGTCTTTGCAGTACTTGTCATG
BDNF  Lif CCCATGAAAGAAGTAAACGTCC 205
Fiif CCTTATGGTTTTCTTCGTTGGG
PSD95 |} if ATGTGCTTCATGTAATTGACGC 136
T ¥ TTTAACCTTGACCACTCTCGTC
Syp | ¥f CCACTGACCCAGAGAACATTAT 164
T CTTGAACACGAACCATAGGTTG
B-actin | f CCGTGAAAAGATGACCCAGATC 73

it CACAGCCTGGATGGCTACGT

2.2.9 GiitFE bt M OCEUE R A SPSS 20.0
HEAT AT B8 DL x5 Rom o A B 7 & IE S
Sy H O 2255, R H B 2 5 25 49 BF One-way
ANOVA HE 17 Z 4 [ Bt 2, /5 2 E R I
/N 8 R 25 ik (LSD) - K 36 o T 25 AN S I g ]
A S BB T B, P<0.05 1 W 21 i) 22 5 A 4E it 2%
3 &R

3.0 Al S EERS N AL T TCMSP £
i PEAS R Al g vh 25 46 2% B4y, 423 OB DL i %
Jei  FEARAR TG AY 91 Bl . M IHTh R E R 2 1 R
Wi e LAy A RN AT G 0 bR o L 45 5 2020 4 i
Crpr [ 2 i ) R SCR R AE O b T8 A P TR L BT AR
R AR RER T SRR Sk IR R | S 23K A
97 Flr I Mk 1 43, ) ok A2 A0 A, R 2 97 i 1k A 43

MRS HE 5 227 4 . GeneCards £ R 5| £ [& b 15 42
55704, DA relevance score= HV (v 31 3.44, Gifi 16 HY
2 785Nl 5, 5 TTD .OMIM . Drugbank 25 542 g 4
REER A I AR AT £ 5 A OGS 413 863 1, H%
AN PR RS AR R A A R A0 S R AT
e 5, 15 B S AR S 161, fE B Venny2.1 T. B2 4|
+5 BB, UL BE  RBE R kL . B TR 161 A4S 38 4R
H A STRING B4 FE A4 & PPT I £, L v 45 4%
B161, 080472, 7375 s 5.86, 7 R B R LK
$0.417, FW 1 %0 164, PPLE 4 P<1.0x10"°,
3.2 AR YT BB AL O SR PPIIX
% T A Cytoscape 3.8.2 # {4  , f& B “CytoNCA” I
PR3 S 38 B G & DC.BC,CC\LAC %§1H ,
AR S B8k o o 32 2 T 8 A% 0 B A, AL 3 5 H A
Tk kL o I A R AR SE A% L AT o )
Akt (I 4TH A Z-18(IL-18) . 1 4TI 4 Z-6(1L-6) .
JifJg R ZE P F- (TNF) .mTOR .
3.3 GO & %M & KEGG i i & £ R H
Metascape V- 15 %F 22 42 #5217 T fig 5 0 1 19 = 4
YA, I HEAT A5 R T Ak kAR B AR e R
1816 7%, AN AL 5y 131 4%, 4r T- I fiE 200 4%, i P
{EL 07 06 HE 4% 1 20 19 4« A4, WLIE 3. KEGG i %
EHHESAH 2034, AW E SR K PAET %L H
HEAT 2 BT FEAE B, L3 5 0 R BRIk L . A RN
R 25 DR 50 AR B, RO 0l R T 41 SR W
ol PR e, o 5 R B R GE UIAH S
T B A WS UL 3-8 /2 1 I%OR B (PI3KY/
Akt {5 53 B 22 24 7 0 A0 B IR (MAPK) 38 6
2T PE AR /32 AR AR TR ¥ KEGG {7 538 i &
AL S A Cytoscape 3.8.2 i #y i I 45 -3
P 2 T, U B ai iR A ORL AT UL Aktl (IL-18.
IL-6 \ TNF .mTOR 55 4% 0> # 5 J2& 2 3 % 2 [m] £ 1 9
R
3.4 YL EIE
341 A X/NRE G EE AT 5 HAH
B, A5 AR 4 /0N B sl X35 Bl () R 25 vk B3
9 2 (P<0.05, P<0.01) . H5EIAIA L, — Al
Hh R 7 e 2 R R PG T 4 /N B e XY B e ) R 2
OB i (P<0.05, P<0.01) , il 97 15 71 2 40
N B B I G in (P<0.05) . WLER 1.
342 X/ ERESLOR T LEmMEN 5
25 AL LA, AT 21 /)N BRUTF O 45 B8 o) ] B 4
(P<0.05) , FF 50 2 B O 8 B 3 0 /> (P<0.01) . 5
B B, A A v L R R A R SRR T A
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F1 iz xR 3% S8 5 A S X 7 Bh B 18] F0 o X2 R EEY
I (X+s,n=10)
Table 1 Effect of Erxian decoction on time spent in central zone

and central crossing times of mice in open field test (x+s,n=10)

4150 Fldk /g kg e X TG B E] s g X5 R R
24 39.62+10.69 33.40+7.50
AR 21 22.11£10.54% 21.80+7.84"
Ak 077 29.90+12.33 31.2049.98%
“athiiaia 1.54 45.10£13.61" 36.70+11.88%

g e gl 3.08 51.21+13.11% 32.80+10.35%

FPEIT AL
528 (A4 R Y P<0.05, 2 P<0.01; 5455 4 L 3% Y P<0.05,
YP<0.01(F 2-%51")

0.002 6 46.70+14.31% 30.60+7.23%

B 45 B4 B ) B I 4 K (P<0.05, P<0.01) , —Aill
AN =B b 9 & N RN i i €
£ (P<0.01), WLFE2.

3.43  Zflzax /NS CORT &Fiszm 525
P B, 1S 70 20 /) BRI 2R K2 R CORT & it i 3%
B (P<0.01) ., SR HeAL, Al b o 75 i 4l
K P9 7T 4 /0 Bl 3% CORT & & W] 2 F [ (P<
0.05). WL#K3.

3.44 Al %/ B 5 p-Aktl/Aktl . p-mTOR/
mTOR .BDNF PSD95 . Syp & 1 £ iAR 28
H 4l b, B /N B 5 pAktl . p-mTOR \BDNF,
PSD95 ., Syp %5 2 [ # ik it i F FF AL (P<0.01) ; 5%
RUZH P H, A e 00 a2 R S T 2 /)N B

F£4 ZiHEXNRED p-Aktl . p-mTOR.BDNF.PSD95.Syp E B &K i%

K2 ZWHHIMNEREROXEXIRAMEEE
REBIRM (x+s,n=10)

Table 2 Effect of Erxian decoction on time spent in opened arm

i 18] 2 FF B 2R

and opened arm crossing times of mice in zero maze test (X+s,

n=10)

4151 i /g-kg FFBUE 5 BB s FFIBOUE 5 A8/
= A 72.09+12.93 5.30+2.16
R 55.57+15.26" 2.20+1.03%
Zlrafki s 0.77 75.74+18.44% 3.20+1.55
“AlrmhilEA 1.54 75.49+19.21% 4.90+1.79"
“flraEalEa 3.08 84.55+18.05" 5.20+1.87Y
P IT A 0.002 6 82.98+15.50" 4.50+1.72%

F3 Zflimx R E RS BHFME (X£s,1=6)
Table 3  Effect of Erxian decoction on plasma corticosterone in

mice (X+s5,n=6)

21 51 Fl /g k! S J5 Bl CORT
ek 23.55+2.40
R 30.35+4.42%
Az ) 20 0.77 27.96+4.05
Al A 4 1.54 24.92+1.46"
Al A 4 3.08 25.45+4.43%
PEITA 0.002 6 24.94+3.20%

b p-Aktl .p-mTOR ,BDNF ,PSD95 & Syp %K 1 % ik
A 3 0 (P<0.05, P<0.01) , il 7 450 42 41 /N B
i I BDNF . PSD95 . Syp 4 H £ ik 75 B 12 14 it (P<
0.05,P<0.01), WLF4FE 1,

Y80 (X+s,n=6)

Table 4 Effect of Erxian decoction on expression of p-Aktl,p-mTOR,BDNF,PSD95,Syp in hippocampus of mice (x£s,7=6)

20 5 /g kg p-Aktl/Aktl p-mTOR/mTOR BDNF/a-tubulin ~ PSD95/a-tubulin Syp/a-tubulin
2 H4H 0.61+0.05 1.16+0.14 0.47+0.03 0.45+0.04 0.19+0.02
AL TR 4] 0.41+0.03” 0.90+0.08% 0.30+0.02” 0.28+0.04% 0.14+0.02>
Al AR 2 0.77 0.46+0.04 1.01+0.07 0.36+0.03" 0.38+0.03" 0.17+0.02%
Al R 1.54 0.54+0.08" 1.05+0.16> 0.38+0.03" 0.40+0.03" 0.19+0.02%
Al v ) 3.08 0.59+0.06" 1.05+0.14> 0.44+0.03% 0.47+0.09" 0.22+0.03"
FRPG T A 0.002 6 0.59+0.04" 1.16+0.14" 0.43+0.03" 0.47+0.03" 0.20+0.02%

3.45 il %t /b B 5 Aktl . mTOR . BDNF, 4 tig

PSD95.Syp mRNA LIk 525 HA AL,
#IZH /N L mTOR .BDNF ,PSD95 , Syp i mRNA % ik
B EFEIR(P<0.01) . SHEMA R, Az 5
20 R PG 7T 41 /) BL mTOR . BDNF , PSD95 | Syp
mRNA 350 8 4 (P<0.05,P<0.01), —AllA K H
/N mTOR A i i 4/ B Akel i 238
JREA & 138 (P<0.05,P<0.01)., W5,
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PSD95
Syp |

Q-tubulin

A B [¢] D E F
TE A2 (UL B BTALAL; C A IR d 415 D. Al hil it
21 E. Al s A e 4 FRUPE VT 41
1 Z{liz /R %S5 p-Aktl . p-mTOR.BDNF.PSD95.Syp &
B REM R
Fig. 1 Effect of Erxian decoction on expression of p-Aktl,

p-mTOR,BDNF,PSD95,Syp in hippocampus of mice

CEam N e - RAK - AP35 P ORS R & 3.7 I
AN BEAS AR B B R T ECRGR (BRBAN IR
a0 AR AR T T B A R SRR AR R
R R — 255 T HLIR HPA il Rr S0 BE O | B 5
&gl U IR N RN W T DY RS I N Y
YR TR e e B AR AR ) | AR R
SFEYS Tz A B D R I R L), R YT
AR 0T 4 g A B A AR S5 RS AR RS . O
LR R Al S A AR R IR R R R L
Tk, 2T PUFE I FIR o % T 0E B & T BH k3 i
ERFITEA . W LIERF R, Al ]
i 2 T HPA Rl Y S O BGE SR B R TR L H
AT AR UL Al 6 97 £ 08 B 4 T BIL ) ) 3% 8 o
I o P A YU 5T SR T 00 28 245 B 2 J7 1% 552 46 56
WE, 2T Az R T R R A LA S 5
(EReprE e

T A ) 2% 24 B2 BOR X AN R T £SO R A

(I ST AT A3 BT L I 45 T M A DG B O S
2 OLZEm ORRE R B-4F B DU AR OB
IR 3R N M E TR RRTIALR ) SN
By A R 2R LA 5 fih ] 9P R A 22 AR i) 2 A
FHP, KEGG i [ & 5 70 7 45 SR b 55 45 IR e 15 2%
YIH G 1A PI3K/Akt {75 53 [ \MAPK {5 53 fi# J&
P2 0 P A /A7 R R B A A GE % . PI3K/Akt 2 H
B A S 5 5 S, PISK LS T T DL R Tk
AKt] B9 WAL 5, Akt TR )5 AT B R 16 LT Ui
IS ) W I B B -3B(GSK-3B) , 77 AR il 48 I 58
filt B 77 DI B, T GSK-38 A% B X #ft 45 76 K 58 fil A3 i
FAEFIE S HR, Akt MO mTOR R I i 4 W 2
b J5 AT A AR 5T Y R, b DA M A 8 R
M ¥ (BDNF) fiz o 8 2, 5 AT 2 5 4 0 28 firh v 98 44
Bt 2 o0 W Ra A5 i AE F o i MAPK {5 53 [ 2
JI2 I3 440 AR 5 o B Ok B P ) TR L B R R AR AR
hy B A R S SR i AT SV B S S L A
32 R RN RE B gy B a8 R A, — 7 T
MAPK 5 19 4 g 485 = 98 5 30 E (ERK) F
TG fR B B (ONKO) T B B R AL S L FE T
2 K% PN B A% 7 55 [ T -k B (NF-kB) FI I 2 1 -1
(AP-1) , {2 340 g P 40 TL-18 . IL-6 . TNF-a 4 %% 5%
FeIB 2 JE N, B A Ml T AT 5 —
05 T AN KLV 98 B Y Al 48 98 E 1T 3 MAPK 9 55
— F G B p38 ¥k A2, B 1M 410 il BDNF 4 3 119 58 fitk
Al YA PR PR, HLAAR S Bk BDNF A 5 110 %8 il 3%
By B G 7 B, L p38 BTG 5 i I T D R 5
v 22 AR LB B 11 (F-actin) BT B, 33 2 45 37 2% filh
A YRR I R B A (LTP) BT b i A9 2% I 28 0%
B A - 32 U4 AR B AR T 38 B A0 AR T L A0 2 e a2 AR
(DRD) .y~ % T 2 52 . (GABR) . 5-¥% 0 Jfie 52 1A %%
4y oAy DR B (R TE T B0 A N TR R 2 Sk 25 4 N )
ABIE W MR BEE

AR GE 25 R R W, bR L5y B8 45 A A 4 N s

£5 ZMiFH3TNERED Aktl . mTOR . BDNF . PSD95,Syp mRNA RIZH M (¥+s5,n=6)
Table 5 Effect of Erxian decoction on expression of Aktl, mTOR,BDNF,PSD95 and Syp mRNA in hippocampus of mice (x+s,n=6)

215 /g ke Aktl mTOR BDNF PSD95 Syp
2 H4 1.04+0.18 1.01+0.21 1.03+0.19 1.01+0.17 1.03+0.17
TR 4] 0.84+0.18 0.68+0.17> 0.73+0.13 0.76+0.13 0.69+0.11%
Al AR R 0.77 0.97+0.17 0.95+0.13> 0.91+0.17 0.83+0.13 0.7240.09
A AL 1.54 1.04+0.15" 1.01+0.19% 0.97+0.20" 1.05+0.15" 1.06+0.18"
TN ) R AL 3.08 1.07+0.19 1.00+0.18" 1.07+0.19" 0.95+0.14> 1.13+0.17%
PG TT 4 0.002 6 0.96+0.17 1.15+0.21% 0.94+0.18> 1.07+0.20" 0.97+0.15%
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BEJE /N BLIM 3 CORT % it 34 i ¥ ) X p-Aktl .
p-mTOR . BDNF ,PSD95 & Syp % % ik /K F it & %
i, F B/ B 2 R 1R JS HPA il i B 900
Aktl N mTOR {5 %5 i ##% & BDNF ik 52 il il ,
T 2% fih T SR Pk A2 45, hy £ PR A K AR Y AT B D 1A
Z— 5P R R 8w g b
WAL 255 /N BN CORT & & B3 A%, 18 S X
p-Aktl . p-mTOR ,BDNF ,PSD95 } Syp % % ik /K 3
2 T, 3R A B P A TR AT R S R AR
HPA %13 B 3005 A2 7E Aktl T 37 9 mTOR # 2 1k 34
I S BDNF 3K 3k , 10 25 38 5 fl T 90 P A7 O . a8
Jei /N BT 37 52 56 v ke X3 Bl A JE) B e 2 R R A
20 R/ RO 2 NS B FETE 8% B
Wy, 3 A 25 0 PR B S R R A A, T AE 2R O B
B S I b 3 /N B R 45 R ) R o R R
2R U I AR S /N B R B R R AT O, T
PR 55 1 A2 3 AR AR, e 2R T O ARG B
I Al v ) i 45 24 ATt 3 /s BRUAY e
DX By B[] R 2 B R B8 L T TR 45 B I ] R 2 B vk
B, G A /N B B A AT R

LR AR 45 2 312 [ s W) S 0 A5 R 00 A0 i
B il 97 ] BE 38 52 94 7 PISK/Akt \MAPK K #ifl 22 3%
PEWC A /52 45 5 38 #% , E 1 T Aktl .mTOR \IL-18.
IL-6 . TNF-o 55 4% 00 B8 65, 240385 Vi B 58 fiph m) 998 %,
T 22 fifk /Iy BRI 8 AT Sy o T AS YR IF 84S0 % 938 0 %
O R A% 0 38 B R AT SR IE L) 4% 2 B A 45 BLAY
SO I BB P2 SR ) B Ay B S AT RS
M 52 B v 245 52 J B s 4 4l v A7 AR 2 A0 2 RN
By W6 R R AR AR A TR I T AR S B Rh TR L 2 Y
fili E25 A WE9E ZANA G IT £ I A 2 AL
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