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Abstract: This study was designed to explore the antidepressant mechanism of Bupleuri radix through
establishing the active components-targets network and protein interactions network and analyzing the functions
and pathways of targets. The main active ingredients of Bupleuri radix were obtained by TCMSP, literature
study and the results of our own work. Based on the DRAR-CPI, GeneCards and OMIM were used to predict
and screen the active components of Bupleuri radix. The Cytoscape software was used to construct the active
components-targets network of Bupleuri radix. The protein interactions network was constructed using the
String database and Cytoscape software.  The relation of the main active ingredients and targets were validated
by Systems Dock Web Site. The GO and KEGG pathways involved in the targets were analyzed by DAVID.
Using DisGeNET database to attribute the type of targets. The results showed that 15 active components and 50
targets of Bupleuri radix wereinvolved. The network results showed that the process of metabolism, regulation
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and response to stress were mainly involved, by adjusting the PI3K-AKT, MAPK, Rapl, Ras, FoxO, neurotrophin

and other signaling pathways to play its antidepressant effect.

This study reflects the characteristics of multi-

components-multi-targets and multi-pathways of Bupleuri radix, which provides new ideas and clues for further
research on the mechanism of anti-depressive effects of Bupleuri radix.
Key words: Bupleuri radix; depression; network pharmacology; molecular docking; target; protein interaction
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Table 1 Main active ingredients in Bupleuri radix. D1: (2Z, O T
82,10E)-Pentadeca-2,8,10-triene-4,6-diyn-1-ol; D2: (2Z,8E,10E)- & -~ AN . e

H 1
Pentadeca-2,8,10-triene-4,6-diyn-1-ol; D3: (2Z,8Z,10E)-Heptadeca - .
2,8,10-triene-4,6-diyn-1-0l; D4: Bupleurynol; D5: (2E,8E,10E)- mm HYS M
Pentadeca-2,8,10-triene-4,6-diyn-1-ol; D6: (2Z,8E,10E)-Pentadeca — g
2,8,10-triene-4,6-diyn-1-yl acetate; D7: (2E,8E,10E)-Pentadeca- .

. . Suikosnfionin B -
2,8,10-trien-4,6-diyn-1-yl acetate; D8: (2E,8E,10E)-Heptadeca-2, AKD onm - Tsorkilimetin e
8,10-trien-4,6-diyn-1-ol Kacapherol g S

NERR2 IR S TNERSFIA
NO. Name Chemical formula TNF P - FGER?
1 Isorhamnetin Ci16H1207 e =] : MEFR14
. Saikossfionin D Quelitetin
2 QUG‘CeTI n Ci1sH1007 s : ; i = SUBREAL
3 Kaempferol Ci5H1006 - s e -
4 Saikosaponin D Cy2HesO13 al NRIC - VDR
5 Sai kOSapOnin Bl C42H53013 NI HSIOK 1
. ! A AR
6 Saikosaponin B2 Cy2HesO13 T ESR2
7 Saiko: ] amSEs W 55
saponin A Ca2HesO13
8 D1 CisH180 - PEARG ppy,  MAOR K-
o b2 CisH1e0 Figure1l Components-targets network of Bupleuri radix. The
10 D3 CarHz0 green diamond ( @) is the main active ingredients of Bupleuri
n D4 Ci7H220 radix, the blue rectangle ( mm) is the potential antidepressant
12 D5 CisH150 targets of Bupleuri radix
13 D6 C17H2002
14 b7 CrrHa0: FAEMEE R, SO R AGRSERE Sy, 2
15 D8 Ci7H220 [N N N Sy
= AREEIE PR B AR FHBE AR R AH BRI . B AT R
. . . H R — B8 R U] LT AN 3] 035 P Ry, AT BT
Table 2 Information of potential antidepressant targets from S . v .
Bupleuri radix RIS A, 7L T S0 2 15y« 2402 1
NO. PDBID Target NO. PDBID Target TR Ao
1 1A8M TNF 26 1FT4  TNFRSFIA 4 EERMHEEERAMEHESSH
2 3BWY COMT 27 10PL ABL1 ¥ EIREHSEE A S String 2048 2, R e
3 o3 NRSCL | 28 1OF7  ALDH2 NN, RBEAHEAER KRR, R TSV A
4 275X MAOA 29 1TVO MAPK1 h A "
oS oscape il X 2% VE
5 1IMLW TPH1 30 2FGI FGFR1 /ﬁ: ﬁa“):‘Cyt _ap Ej\ﬁ: Kﬂijiﬁﬁﬁz{zﬁn ‘% \ﬂé)h!gl
6 3CQW AKTl 31 1XU9 HSDllBl 20 EEFI‘I—J):‘_?\%%Z'—\‘EE| ﬁﬁm%EZ[mﬂg%H%y :/HET,L/F
7 IWWB  NTRK2 P 1HTO ADH1C B 48 AT AT, 281 il (A ADHLC AR AE £ dE A
8 1B GSK3B | 33 1GMN HGF K F, PPIB 5 H AR R A EAEN, TWAEAA
o a3 NRIGZ s A28 APAFL TE A TR FH R 48 Hh AR ) o A K /N RS £ 3
10 1v04 PON1 35 138F SIRT2
11 2CYK IL4 36 1J99 SULT2A1 M l“«sj__:_
12 1IGFW  CASP3 37 2PVY FGFR2 i NI
13 2HHA DPP4 38 1UWJ BRAF ,l /
14 1ZEO PPARG 39 5P21 HRAS
15 1HSZ ADH1B 40 2BX8 ALB
16 1GOS MAOB 41 1TYL INS
17 1DIA MTHFD1 42 1IMB IMPA1
18 1R5K ESR1 43 1ZBQ HSD17B4
19 1E3G AR 44 1wW22 HDACS8
20 1DB1 VDR 45 2CZH IMPA2
21 2C9V SOD1 46 2AUH INSR
22 1QKM ESR2 47 1B1C POR
23 1S8C HMOX1 48 1CYN PPIB
4 2050 IGFIR 9 1A3B - Figure 2 Protein interaction network of Bupleuri radix. The
size and the color of the node represents the value of the Degree,
s AU MAPK14 %0 10AB RBP4 the thickness of the side indicates the value of the Combine score
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i1 DAVID HHis 2 %oF S8 3 11 B %o B 4 A
47T GO #1 KEGG 43 #fr, i€ B{H P<0.05, ik
SEMT A R EUE R, H GraphPad Prism 5.0 4 &,
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Table 3 Five important targets with big Degree of Bupleuri
radix

NO. Degree PDB ID Target name
Site 73 TR I 5 S0 15 RO EAT R, R 1 u 2B%8 B
P RVENRK 4, 4y P45 R 7R, Docking Score 2 22 1TYL INS
HATF 70094 24 (3.3%), /T 7.0~5.0 Z A HH 3 25 1A8M TNF
184 (30%), /1 5.0~4.25 Z [l {{) 45 281> (46.7%), 4 2 SCQW AKTL
/T 4.25 947 121 (20%). —fik A Docking Score ° 2 o AR
Table4 Molecular docking of five important targets from Bupleuri radix
Target name PDB ID Ingredient Docking score Target name PDB ID Ingredient Docking score
AKT1 3CQW Isorhamnetin 3.679 AKT1 3CQW D6 5.042
ALB 2BX8 Isorhamnetin 3.112 ALB 2BX8 D6 4.731
INS 1TYL Isorhamnetin 2.944 INS 1TYL D6 4411
MAPK1 1TVO Isorhamnetin 2.465 MAPK1 1TVO D6 4.344
TNF 1A8M Isorhamnetin 3.099 TNF 1A8M D6 4.732
AKT1 3CQW Kaempferol 6.604 AKT1 3CQW D5 4.492
ALB 2BX8 Kaempferol 5.064 ALB 2BX8 D5 4.402
INS 1TYL Kaempferol 5.248 INS 1TYL D5 4.081
MAPK1 1TVO Kaempferol 7.877 MAPK1 1TVO D5 4.083
TNF 1A8M Kaempferol 6.709 TNF 1A8M D5 4.312
AKT1 3CQW Quercetin 6.636 AKT1 3CQW D4 5.159
ALB 2BX8 Quercetin 4.812 ALB 2BX8 D4 4.96
INS 1TYL Quercetin 5.106 INS 1TYL D4 4.633
MAPK1 1TVO Quercetin 7.888 MAPK1 1TVO D4 4.714
TNF 1A8M Quercetin 6.574 TNF 1A8M D4 4.964
ALB 2BX8 Saikosaponin D 6.804 AKT1 3CQW D3 4.954
TNF 1A8M Saikosaponin D 5.054 ALB 2BX8 D3 4.75
AKT1 3CQW Saikosaponin B2 5.907 INS 1TYL D3 4.635
ALB 2BX8 Saikosaponin B2 6.823 MAPK1 1TVO D3 4.712
ALB 2BX8 Saikosaponin B1 6.828 TNF 1A8M D3 5.154
AKT1 3CQW D8 5.16 AKT1 3CQW D2 455
ALB 2BX8 D8 4.833 ALB 2BX8 D2 4.343
INS 1TYL D8 4.674 INS 1TYL D2 4.078
MAPK1 1TVO D8 4.716 MAPK1 1TVO D2 4.082
TNF 1A8M D8 5.172 TNF 1A8M D2 4.264
AKT1 3CQW D7 5.034 AKT1 3CQW D1 4.319
ALB 2BX8 D7 4.856 ALB 2BX8 D1 4531
INS 1TYL D7 4.415 INS 1TYL D1 4.044
MAPK1 1TVO D7 4.224 MAPK 1 1TVO D1 4.084
TNF 1A8M D7 4.706 TNF 1A8M D1 4.491
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Figure 3 Enriched gene ontology terms for biological process
(BP) of potential antidepressant targets from main active ingre-
dients of Bupleuri radix
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Figure 4 Enriched gene ontology terms for cellular component
(CC) of potential antidepressant targets from main active ingre-
dients of Bupleuri radix

Nugleotide binding

Signal transducer activity
Enzyme binding 3

Small molecule binding -
Identical protein binding

Metal ion binding

Cation binding

lon binding

Heterocyelic compound binding
Organic cyclic compound binding
Catalytic activity

Protein binding

0 10 20 30 40 50

Target number

Figure 5 Enriched gene ontology terms for molecular function
(MF) of potential antidepressant targets from main active ingre-
dients of Bupleuri radix
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Figure6 Enriched KEGG pathways of potential antidepressant targets from main active ingredients of Bupleuri radix
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Table5 The protein class of potential antidepressant targets from main active ingredients of Bupleuri radix

Gene name Protein class Gene name Protein class
TNF Signaling molecule TNFRSF1A  Receptor
COMT Transferase ABL1 Transferase; kinase
NR3C1 Transcription factor; receptor; nucleic acid binding ALDH2 Oxidoreductase
MAOA Transferase; oxidoreductase; nucleic acid binding MAPK1 Transferase; kinase
TPH1 Null FGFR1 Null
AKT1 Transfer/carrier protein; transferase; calcium-binding HSD11B1 Oxidoreductase
protein; kinase ADH1C Oxidoreductase
NTRK2 Null HGF Protease; enzyme modulator; hydrolase; signaling
GSK3B Transferase; kinase molecule; calcium-binding protein; receptor
NR3C2 Transcription factor; receptor; nucleic acid binding APAF1 Null
PON1 Null SIRT2 Nucleic acid binding; hydrolase
L4 Signaling molecule SULT2A1 Transferase
CASP3 Protease; enzyme modulator; hydrolase FGFR2 Null
DPP4 Protease; enzyme modulator; hydrolase BRAF Transferase; kinase
PPARG Transcription factor; receptor; nucleic acid binding HRAS Enzyme modulator
ADH1B Oxidoreductase ALB Transfer/carrier protein
MAOB Transferase; oxidoreductase; nucleic acid binding INS Null
MTHFD1 Ligase IMPAL Phosphatase; hydrolase
ESR1 Transcription factor; receptor; nucleic acid binding HSD17B4 Null
AR Transcription factor; receptor; nucleic acid binding HDACS8 Oxidoreductase; hydrolase; nucleic acid binding
VDR Transcription factor; receptor; nucleic acid binding IMPA2 Phosphatase; hydrolase
SOD1 Oxidoreductase INSR Null
ESR2 Transcription factor; receptor; nucleic acid binding POR Null
HMOX1 Oxidoreductase PPIB |somerase
IGF1R Null F2 Protease; hydrolase
MAPK14 Transferase; kinase RBP4 Transfer/carrier protein
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Antidepressant pathways of potential antidepressant targets from main active ingredients of Bupleuri radix



R PREE BLT P4 25 T 2 A SE FUAMAR AR HI AL 1F - 217 -

g

SEEHEA B RACER, RIRTTAIER B2y, LA
HONFZ250 0 BT FEHIARRE IR 7 v o 1 248 KB,
DAL, SEEH B BT AR AL 1 B BiF 78 B AT B B S

SEEHTR R . R AR W R e
D. 2EHARH A K 8 D ZHisr ¥4y CARIE I B A Bt
HIARAE S TE RSy o Horh SE5H 24 D A1 A AN fRE,
P DAL RS BT B1, B2, Liu P00 ek, s¢
BHER R 2K BLE Ja Se i 2 B2 KR EE 3G hn, S84 2
A D B, A5z s BT AT 7T B S
i 5 2 AN D I R R, BLAI B2 & & T e,
it 1) J ORI AR T4, BHF'S B AR T2E 5, 32
NATRESE Bl. B2 KAE TAEH, DL, FEARE S
SR Bl B2 BIEAEN . W4 AT 45 7R 44
A Bl B2 EEEFE A H 058 18, 10, HEHE
B R TR KT 5, FEAR S B B
B2 Al e HL A HTiAIEA .

B B RN 2% o TSR 2 ) 2 HE R P
A PR o 2 A ELE FH I 28 45 SR R SRR B
MAEEMBRR, & MRIRZHB ML IFE
FMERAER . o FXHEG R EIR 15 N isr 5 B B
A AEE R AT 45 G 0RO G B2 2% 4 #r
BLIE 1 I )RR

B GO AT AR U B A A 45 SRR, SRR
T AEIIE P S A e R L AT A AT 1 385 ) o 4
AR, VB R 20 P A - £ SR A0 i 5 A5 A e 2 4,
WG ST &ERE 75T, ABSH5 T
AT, ZE. ERAEEZMHYENSE, &2—
ANEIRI R R o B SUE B o A 45 IR oK, SR AR
(R 5 FE 3 2 PIBK-AKT. MAPK. Rapl. Ras.
FoxO Al neurotrophin %51 5 i@ 1% .

PZE IR T (NTF) £ Rl E i AL
B TR Ji2 5 40 i 7 A ) AR R AN pR e R
BIREERE G, EAECRE B K ki T B
Y, o BDNF M7 i 204, @ e iR, 26
BAIE I S 22 8 JR T (BDNF. NGF A1 NT3/4)
(RS2 RFEAEH -

PI3K-AKT {55 i@ Z A THlt, 2N &
2 i A A TR {02 A7 375 1 B I e 2% 0 B AR A
iE B R AR T, DA A i 2 36k R A S R )
BT . 8 R R PIBK-AKT ##% 5 Rapl. Ras.
FoxO. neurotrophin il #3545 JCHK, $Em 12 i 71 44
B R AE LI L FE R R IE AL AE . MAPK 5 5 5%

ST RZHMBHN, EHRIEGHE. 20,
T B PR T FE R B EE /R B, b ERKI2
T S MACE X RN E Y. fEEME R O EBRSE
TAXT ERK FI1E] . Ras 3 K 4 i — F i 45 & 24 1)
GTP/IGDP & HE A, fEHH LA SR, | 2 AP 1E
FRFEZAEY, B REENAEEEE. Ras HX(E
TS ThRE R S PR YT L IARIRAS L g T
PE I 40 4278 37 IR 7 35 AR s AR DG 1, TE4H R N 15
SRR i O EE M E . Rap J& T Ras
KR, &H Rapl f1 Rap2 WM. 8K K EoR,
Ras fll Rapl %5 PI3K-AKT. MAPK. FoxO.
neurotrophin {55 B4 A L. #2278 Ras 1 Rapl
T PR AR SE YT AER  FE R A AR . FoxO Sk
2 Fox 3£ [ S b i — AN, M A ) — Fh i %
KT, Z5REMEEE. ST & gt 5
i ALE I S FoxO3a 135 16 1 35 ROk 47,
FoxO3a 3 [K s /)N B B AR AT 08, R
FoxO3a 5 #ARAE A R % Bk . B0 sUid Bk o A 2
R, SEEATTAE T FoxO M ORI 32 k1 A R EVE R

g5 LRTIR, M2 25 e RS 15 AN ST
BB F 50 AN A, ¥R Z AR, 4T RE R,
PRI T S5 2 Ry -2 B -2 IR A IE R R S, B
45 R 5 SO IR IE S AR — B Al i B A EAE RN
LTI T SEEAPTMARE I S A AR A T, R
BHAT T /0 T EI0AE, — J5 T MR AR B 30 E 7
DRAR-CPI T8 s (T 5EE, 59— TN e it —
WIRUFBEE T Al BbAh, RSO E AR SR A E
HAT THJE, Jrehlb@Emg K, #21 PIBK-AKT {5518
¥ . Ras fl Rapl % AKALER, XF SedHHuaias )
MU — B R SRR AL T 7 1), AH G IR 8 050 F S 56
IEAEHEAT

References

[1] Mokdad AH, Forouzanfar MH, Daoud F, et al. Global burden
of diseases, injuries, and risk factors for young peopl€'s health
during 1990-2013: a systematic analysis for the Global Burden
of Disease Study 2013 [J]. Lancet, 2016, 387: 2383 —2401.

[2] Ferrari AJ, Stockings E, Khoo JP, et a. The prevaence
and burden of bipolar disorder: findings from the Global
Burden of Disease Study 2013 [J]. Bipolar Disord, 2016,
18: 440-450.

[3] Thompson SM, Kallarackal AJ, KvartaMD, et al. An excita-
tory synapse hypothesis of depression [J]. Trends Neurosci,
2015, 38: 279-294.



- 218 - #j 24 2#4)  Acta Pharmaceutica Sinica 2018, 53 (2): 210-219

[4] Marie NG Fleming T, Robinson M, et al. Global, regional, [18] Liu AL, Du GH. Network pharmacology: new guidelines for
and national prevalence of overweight and obesity in children drug discovery [J]. Acta Pharm Sin (Z5%:2%#)), 2010, 45:
and adults during 1980—-2013: a systematic analysis for the 1472-1477.

Global Burden of Disease Study 2013 [J]. Lancet, 2014, [19] Wang YH, Yang L. Systems pharmacology-based research
384: 766781 framework of traditional Chinese medicine [J]. World Chin

[5] Aleman A, Denys D. A road map for suicide research and Med (1H: 5o E£ 24), 2013, 8: 801—808.
prevention [J]. Nature, 2014, 509: 421 -423. [20] DingF, Tan A, Ju W, et al. The prediction of key cytoskeleton

[6] Zhang Y, Chen YX, Huang SJ. Research status of radix components involved in glomerular diseases based on a protein-
Bupleuri and radix Bupleuri compounds in antidepression protein interaction network [J. PLoS One, 2016, 11:
[J. World J Integr Tradit West Med ({5t o[22 45 & 24 €0156024.

%), 2014, 9: 985-988. [21] Zhang Y, Mao X, Guo Q, et a. Pathway of PPAR-y

[71  Chinese Pharmacopoeia Commission. Pharmacopoeia of the coactivators in thermogenesis. a pivotal traditional Chinese
Perple's Republic of China (14 A\ RALFNEZG4L) [S].  Part medicine-associated target for individualized treatment of
1.2015ed. Beijing: ChinaMedical Science Press, 2015: 280. rheumatoid arthritis[J]. Oncotarget, 2016, 7: 15885.

[8 Li X, Gong WX, Zhou YZ, et a. Research progress on [22] ChenJL, Gao Y, Qin XM, et a. Anti-depression mechanism
antidepressive active ingredients of Xiaoyaosan and their of supercritical CO, extract from Compound Chaigui Fang
mechanism [J]. Chin Tradit Herb Drugs (*F%i2%), 2015, 46: based on network pharmacology [J]. Acta Pharm Sin (2
3109-3116. 2£4)), 2016, 51: 388—395.

[9] Tian W, Zhen YQ, Cao WL, et a. Simultaneous determina- [23] Zhang X, Gao Y, Xiang H, et al. An exploration on
tion of saikosaponin a,bl,b2 and c in radix Bupleuri formula mechanism of antidepression of Jiaotai Pills based on network
granules by HPLC-MS/MS [J]. Chin Pharm J (H & 224 2% pharmacology [J]. Chin Tradit Herb Drugs ("% %5), 2017,
), 2016, 51: 2068—-2071. 48: 1584-1590.

[10] Jiang H, Li J, Shi RB, et a. Influence of processing on four [24] Sun LM, Liu LF, Zhu HX, et al. Network pharmacology-
saikosaponins in radix Bupleuri [J]. Chin Pharm J ( ' [E 2% based study on intervention mechanism of Huanglian Jiedu
Jk &), 2009, 44: 1618-1621. decoction in the treatment of Alzheimer’s disease [J]. Acta

[11] Paulke A, Néldner M, Schubert-Zsilavecz M, et al.  St. John's Pharm Sin (%% %%4k), 2017, 52: 1268-1275.
wort flavonoids and their metabolites show antidepressant [25] LuoH, Chen J, Shi L, eta. DRAR-CPI: a server for identi-
activity and accumulate in brain after multiple oral doses [J]. fying drug repositioning potential and adverse drug reactions
Die Pharmazie, 2008, 63: 296—302. via the chemical-protein interactome [J]. Nucleic Acids Res,

[12] Calderon-Montaiio M, Burgos-Moroén E, Pérez-Guerrero C, et 2011, 39: W492-W498.

a. A review on the dietary flavonoid kaempferol [J. Mini [26] Von Mering C, Jensen LJ, Snel B, et al. STRING: known
Rev Med Chem, 2011, 11: 298-344. and predicted protein-protein associations, integrated and

[13] Chen QY, Gan X. The protective effect of quercetin on the transferred across organisms[J].  Nucleic Acids Res, 2005, 33:
cultured PC12 cells lesioned by corticosterone [J]. Chem D433-D437.

Bioeng ({22 5 A TH2), 2009, 26: 47-49. [27] Hsin KY, Matsuoka Y, Asai Y, et a. systemsDock: a

[14] Fang Y, Zhang F, Liu JL, et a. Isolation and quantitative web server for network pharmacology-based prediction and
determination of polyacetylenes in Bupleuri radix [J. Chin analysis[J]. Nucleic Acids Res, 2016, 44: W507 —-W513.
Tradit Herb Drugs (- % 25), 2015, 46: 2365—2370. [28] Dennis G Sherman BT, Hosack DA, et al. DAVID: database

[15] Fang Y. Studies on the Chemical Constituents and Anti- for annotation, visualization, and integrated discovery [J].
depression Activity of the Petroleum Ether Fraction of Radix Genome Biol, 2003, 4: R60.

[D]. Tayuan: Shanxi Univ, 2016. [29] Hsin KY, Ghosh S, Kitano H. Combining machine learning

[16] LiuJL, Fangy, YanglL, et a. A qualitative, and quantitative systems and multiple docking simulation packages to improve
determination and pharmacokinetic study of four polyacety- docking prediction reliability for network pharmacology [J].
lenes from radix Bupleuri by UPLC-PDA-MS [J]. J Pharm PL0OS One, 2013, 8: e83922.

Biomed Anal, 2015, 111: 257 —-265. [30] Liu SQ, Wang SL, Gao XL, et a. Variation of saponins

[17] Hopkins AL. Network pharmacology: the next paradigm in in radix Bupleuri during decoction process [J]. Tradit Chin

drug discovery [J]. Nat Chem Biol, 2008, 4: 682 —690.

Drug Res Clin Pharm ("1 Z5#i 75 51 K 25 #2), 2013, 24: 602



R PREE BLT P4 25 T 2 A SE FUAMAR AR HI AL 1F - 219 -

[31]

(32

[33]

(34

606.

Sun HM. Chemical and Pharmacological Comparison of
Raw and Vinegar-baked Radix Bupleuri [D].
Univ (th 76K 2%%), 2015.

Li XM, Xu SX, Zhou ZQ, et a. Effects of neurotrophic
factorsin depression [J]. Pharm Clin Res (252~ 51GIRBF70),
2012, 20: 52-55.

Yu ZH, Cai M, Xiang J, et a.

Taiyuan: Shanxi

PI3K/Akt pathway contributes
to neuroprotective effect of Tongxinluo against focal cerebral
ischemia and reperfusion injury in rats [J].
2016, 181: 8-19.

Shen C, Tsimberg Y, Salvadore C, et al. Activation of Erk

J Ethnopharmacol,

and INK MAPK pathways by acute swim stress in rat brain
regions[J]. BMC Neurosci, 2004, 5: 36.

[35]

(36]

[37]

(38]

Wang F, Zhang C, Fang YR. Ras signaling pathway and
J Shanghai
Jiaotong Univ Med Sci (38 K %24k (K %:iR)), 2015,
35: 1556—1559.

Wang H, Quirion R, Little PJ, et al.

neural plasticity mechanism of depression [J].

Forkhead box O
transcription factors as possible mediators in the development
of major depression [J].
537.

Neuropharmacology, 2015, 99: 527 —

Liang B, Moussaif M, Kuan CJ, et a. Serotonin targets
the DAF-16/FOXO signaling pathway to modulate stress
responses[J]. Cell Metab, 2006, 4: 429 —-440.

Polter A, Yang S, Zmijewska AA, et al. Forkhead box, class
O transcription factors in brain: regulation and behavioral

manifestation [J]. Biol Psychiatry, 2009, 65: 150 —159.



