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Abstract: Objective To explore the pharmacodynamic substances and mechanism of Chaihu Shugan Powder (CHSGP) in the
treatment of depression and to verify the experimental results. Methods The chemical constituents of CHSGP were analyzed by
UPLC-Q-TOF-MS/MS. Traditional Chinese Medicine System Pharmacology Database (TCMSP) and SwisTargetPrediction
database were used to obtain and screen the component target. Differential gene analysis and weighted gene co-expression network

analysis (WGCNA) analysis were performed on GSE19738 gene chip data using Limma package and hclust function, and
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depression related targets were obtained and intersected with component targets. The chemical composition-target network diagram
was drawn, the degree value was calculated, and the pharmacodynamic substances were screened. The intersection genes were
concentrated by GO and KEGG, followed by LASSO regression analysis and SVM analysis, to obtain the potential targets of
CHSGP in the treatment of depression, and ROC survival analysis and molecular docking verification as well as experimental
verification based on zebrafish depression model. Results A total of 126 chemical constituents were identified from CHSGP water
extracts, 114 intersections of "chemical-depression" were identified, and 44 potential pharmacodynamic substances with a degree >
11 (median) were identified. The top 5 components were saikosaponin A, nobiletin, 2',4,4'-trihydroxy-chalcone, ligustrolide A and
naringin chalcone. Five key genes, FOS, TNF, NF-«B1, CXCR2 and IDOI, were obtained as potential targets for GHSGP anti-
depression. Molecular docking results showed that the five key components had good binding energy with five potential targets, and
the binding energy with NF-kB1 and TNF was the best. /n vivo studies, under the premise of determining the efficacy of CHSGP as
an antidepressant, CHSGP can significantly reduce the expression levels of pro-inflammatory factors IL-6 and TNF-a in zebrafish
depression models (P < 0.001). At the gene level, CHSGP could significantly reduce the mRNA expression levels of NF-xB1, TNF-a
and /L-6 in zebrafish depression model (P < 0.05). Conclusion CHSGP can regulate the TNF-0o/NF-«kB signaling pathway through a
variety of components such as saikosaponin A and chenorin to play an antidepressant role.
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Fig. 1 Total ion flow diagram of extract of Chaihu Shugan Powder under positive (A) and negative (B) ion modes
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x2 LEPREFBUKEYE. ABFEXTHUERS DT
Table 2 Chemical composition analysis of Chaihu Shugan Powder aqueous extract under positive and negative ion mode
B R ATR min ——— % BTHR BT 251
SEWE IR
1 R CH. N0, 1.180 173.1048 173.1044 -231 [M—H]" 131.083 0 o B
&[12]
2 TR C,H,0,  1.447 387.1153 387.1144 -2.29 [M+ 341.109 7.179.056 3 SRS
HCOO01™
3 JiR CHi;N:O, 1.928 268.1046 268.1040 -2.12  [M+H] 136.0622.73.028 3 [ 04 41
FI )]
el g
EE[W]
4 ERRIRY CH/NO, 1.980 128.0358 128.0353 -3.78 [M—H]" 84.912 9.60.649 8 JIj o]
5 L C,H;0, 6.016 367.1179 367.1175 -0.78 [M+H]*  311.0832.283.1091  HZ
6 R R R C,H0, 6287 353.0883 353.0878 -140 [M—H] 191.0568.179.0354, L&~
161.024 3
7 10 R C,H,,N,0, 6.525 205.0979 205.0972 -3.64 [M+H]"  146.0609.118.0652. [ "
115.055 1
8  AAMLATZEY CuH,0,  7.622 497.1666 497.1654 -2.51 [M+H]*  335.0087.465.1390,  [AjH 1]
8206 4951507 496.1508 020 [M—HJ]~  333.0968.137.024 3
9 AWM CxHx0,S 7.705 543.1176 543.1178 034 [M—H]™ 543.117 6 A0
g
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15 PR T2 CyH;0, 9775 6111611 611.1607 -0.72 [M+H]"  425.0834.395.0789. [
353.065 0
16  Angustone A  C,Hy,O, 10.439 421.1640 421.1657 395 [M—H] 322.264 6 HE
17 YR -2 C,;H;05  10.963 593.1519/ 593.1519/ -1.19/ [M—H]/ 575.1400.503.1197.  H¥ %
11.122 595.1672 595.1657 -2.44  [M+H] 383.077 8 P iz 19]
577.156 0.433.099 1
18 AJE N e CyH,0,,  11.174 5251622/ 525.161 4/ —1.59/ [M+ 479.156 0.357.1202/ (A5
18.439 481.1714 481.1704 -2.00 HCOO]/ 319.1187.301.1085.
[M+H]* 197.081 7
19 6,8-di- CyHpOy 1159 623.1620 623.1618 -039 [M—H]™ 503.118 6 7
glucopyranocyld
iosmetin
20 ARAL CyHpOy  11.828 625.178 0/ 625.1763/ -2.70/  [M+H]™/  626.1804.627.2724, H R, 4k
12.052 623.1620 623.1618 -0.39 [M—H] 317.0611/383.0773 [z
21 PUBREERE-4ET  C,H,O0, 11.997 367.1040 367.1035 -1.48 [M—H] 193.0514.191.056 3.  Z&fH0
i3 173.045 8
22 ALy CyuHx0, 12208 525.1622 525.1614 -1.59 [M+HCOO]™ 479.1558.449.146 1 (A5
23 SRz CyHy,0,, 13.948 463.0887 463.0882 -1.08 [M—H]" 427.161 6 L0
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24 salipurposide  C,H,0, 14.159 433.1146 433.1140 -134 [M—H]" 271.061 6 SRS
25 XM CyHpOps 14535 595.1672 595.1668 —0.60 [M—H]™  287.0562.151.0034  Bf ;7
J'd_:ﬁ[]g]
26 BT CyHy0,  14.585 565.1555 565.1552 -0.56  [M+H]*  433.1135.415.1053  H &
27 S HERY CsH,0, 14.648 257.0816 257.0808 -2.97 [M+H]"  147.0451.137.0239  H &
28 HiAbEEFHFEHY  C,H,0,5 14.694 597.1822 597.1814 -134  [M+H]  451.1288.289.0714 A5
29  WEMIFELE  C,H,0,, 14.788 579.1724 579.1708 -2.71  [M+H]"  433.1133.271.0584 [
I3 FER AR
30 B HEL CyH,,0, 14982 417.1196 417.1191 -1.18 [M—H]"  255.0667.135.0089,  H#™
119.0503
31  ichangin-4-O-  C,H,0,, 15.005 649.2505 6492502 -0.49 [M—H]  605.2599.4432082  #5g™!
p-D-
glucopyranoside
32 (B JVSES C,H;0,, 15.047 579.1724 579.1708 -2.71  [M+H]"  525.1415.507.1315.  H#PY
441.1179
33 HHRE C:H,0, 15.110 257.0816 257.0808 -2.97 [M+H]"  239.0700.137.0236 [
34 i £ CyxHy,0,, 15202 593.1879 593.1876 -0.54 [M—H]" 285.0414 5 3 7
ﬁ[l‘l]
35 AT C,;H;0,5 15360 595.1672 595.1657 -2.44 [M-+H]"  463.1254.449.108 W g 2
7.343.079 6
36 HEEMCT  CpH;,0; 15404 595.1672 5951668 -0.60 [M—HI]™  287.0572.151.0042. BBz
135.046 5 FH
37 LTI C,Hy,05 15540 597.1822 597.1814 -1.34  [M+H]"  451.1192.289.0709  #F0™
38 MR ZE-7-0-M8  CpH,0,5 15.601 5951672 5951668 -0.60 [M—H]"  287.0536.151.0045  fH704
B
39 INZEEY-3-0-#  CyuH,0, 15.666 449.109 1 449.1078 -2.81  [M+H]" 135.044 6 A L
HIRE
40  phloretin-3",5  CpH,,0;5 15.766 597.1830 597.1825 -0.85 [M—H]  477.1408.417.1188. [k
di-C-glucoside 387.109 3
41 ERETFEAHAT CuHuOs 15781 631.1666 631.1668 039  [M—HI]-  613.1560.491.1190, SR
B STR AN 399.093 7
42 HENEHAR N CLHO, 16465 227.1284 227.1278 -2.71  [M+H] 153.055 5 St
43 AR R C,Hy,0,, 16.982 581.1879/ 581.1865/ -2.44/ [M+H]/  435.1300.273.0770. 5% ;%
19.486 579.1726 579.1719 -1.16  [M-H]™  153.0184/271.0612, s
151.003 9
44 6,8-"-C-MtM  CyHy0,5 17.155 5951672 5951657 -2.44  [M+H] 449.109 5 0
HIE TR R
45 TONMEREREZE CuHLO, 17.238 5151207 5151195 -233  [M-H]~  353.0881.191.0566,  4&]="
TR 179.034 9
46 ST CyHy0, 17.303 579.1724 579.1708 -2.71 [M+H] 273.076 5 H B
47 Tl Bz 7 CyHy,0,, 17.567 579.1726/ 579.1719/ -1.16/ [M-H]7/  459.1164.271.0620/ [543
17.742 581.1879 581.1865 -2.44  [M+H]"  435.1298.273.0769.  7l's*!

153.018 8
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48 Tl Jz 2 C:H,,0s 17.719 273.076 9/ 273.0757/ -421/ [M+H]/ 153.0187.147.044 5/ H & ; {74,
23.928 271.0618 271.0612 -222 [M—H]"  151.0038.119.0506, [ jiz(1o-2+2¢]
107.014 0
49  RmMRSELE CyH;0, 17.723 577.1566 577.1563 -0.56 [M—H]" 269.046 0 HE
50 Isosalipurposide C,H,O, 17.817 433.1146 433.1140 -134 [M—HI]" 313.0715.271.0621  HAj?
51 RTEMEY  CyH,0, 17.859 579.1724 579.1708 -2.71  [M+H]' 271.061 1 0
52 MEMETFRIZY S CuH,O,  17.930 4351296 4351286 -236  [M+H]®  273.0764.153.0187. [
AREN 147.044 1
53 MR HAEHEE  CH,0s  17.969 273.0769 273.0757 -421  [M+H] 153.018 7 W g 1)

oY [R] 3 S #A A
54 BB e CyxH,, 0,5 18.076 609.182 8/ 609.182 5/ —-0.50/ [M—HI1"/ 301.0726.286.0489. [ &2

18.776 611.1985 611.1970 -238 [M-+H]' 242.058 6/ Fot
465.140 1.303.087 3.
135.044 1
55 BEEEHEE  CLH,0, 18220 449.1456 449.1442 -3.06 [M-+H]"  413.1238.395.1134. K41
55 TR 369.097 3 Fets
56 P Bz CHy,0s  18.329 611.1985/ 611.1970/ -2.38/ [M+H]"/  465.144 5.303.087 4/ [ 1> 2;
18.64 609.1828 609.1825 -0.50 [M—H] 302.0744.301.0718 70
57 (SR C,H,0, 18.784 303.0867 303.0863 -127 [M+H]  177.0557.153.0184 [k
58 FMAER-3-0-p Cp,H,0, 18.883 477.1044 477.1044 -1.15 [M—H]  314.0434.151.0034  45#07
-D-H A B
59 4-FFE3-THR S CLHLO,  19.003 207.1021 207.1021 -2.56  [M+H]*  189.0895.161.0956  )I| #5127
ENUN
60 JFBEH R CyH30;;  19.275 549.1617 549.1614 -0.61 [M—H] 255.0673.135.0080  FH &l
61 BHR C,H,O; 19285 211.1334 211.1329 -2.51 [M+H]" 147.1159 J1| &Ll
62 il R B CyH,0, 19.411 419.1344 419.1337 -1.77  [M+H] 389.093 2 70
63 Gy BE" CyHy,0,, 19.536 465.1041 465.1028 -2.90  [M+H] 303.121°5 SRR
64  VEARMAERE  C,H,O;s 19.549 6932766 6932764 -030 [M—H]  565.2611.161.0455,  [R2Y
=i 119.0350
65 KRR CxH, O,  19.676 5152283 5152276 -1.44  [M+H]'  469.2221.4112174.  #5E0)
161.060 3
66 Melitidin C;:H,0  19.714 7232147 7232142 -0.71  [M—H]"  607.5018.579.1715 709
67 Nomilinic acid ~ C,H,0,s 19.745 7112876 7112870 -0.90 [M—H]"  651.2664.607.276 4 [
glycoside
68 HEE C,H,0, 19.800 417.1196 417.1191 -1.18 [M—H]~ 255.0670.135.0090  H &

69 TERAETT™ C,,H,0, 19.802 431.1351 431.1337 -3.34 [M+H]"  269.081 7.254.0573  H#xl?
70 K IRER CyHi 0, 19.849 5332393 533.2381 -2.21 [M+H]"  369.2053.161.0592 A0

71 SEY§ 3 CyH,0, 19979 551.0973 551.0984 194 [M—H] 179.057 3 A R

72 P B P g CisH, O, 20.006 261.1129 261.1121 -2.93  [M+H]  243.1020.189.055 1. [ &M 41
131.049 2 et

73 FHREA CyH,0, 20230 417.1196 417.1191 -1.18 [M—H]~™ 255.0669.135.0085.  f#il?
119.050 2

74 FREEREY  C,H,0, 20341 577.1566 577.1563 -0.56 [M—H]" 271.062 9 e

75 HrE AR CxHp,Op5 20426 607.1661 607.1668 123 [M—H]™ 301.073 4 e
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76 HEHB CHy O 20522 6972097 697.2127 430  [M+HI]™  279.0870.261.0770  H#¥
77 B A CH,0,5 20539 609.1816 609.1814 -0.33  [M+H] 303.086 2 [N ARy ot
J'dj'L[lg]
78  monohydroxy = CyH,;0,; 20.687 873.2655 8732659 047  [M+HI"  405.1191.390.089 4  Bf>
pentamethoxyfla
vonol-3-0-(5-a
-glucosyl-
HMG)-p
glucoside
79 iyl CyHyO, 20742 4552074 4552064 -2.13  [M+H]™  409.2006.315.1390, [P
161.059 5
80  limocitrin-3-0-  CuH;, 0, 20992 653.1721 653.1712 -134  [M+H]*  347.0768.127.039 6 [
HMG-p
-glucoside
81 S H RN CsH,0, 21.053 255.0669 255.0663 -2.42 [M-H] 135.086 0 H B
82 HPERER D CyH,,0, 21452 629.1846 629.1876 474 [M—H]" 121.029 5 FIAgte
83 AR CyxHy,0,,  21.596 5952038 5952021 -2.80  [M+H]"  449.143 7.287.0924 [0 44
%[15]
84 pentamethoxyfla Cy,H;0,;, 22.066 6952187 6952182 -0.75  [M+H]"  389.1239.359.0777 [ &=
vone-3-0-
HMG-p
-glucoside
85 nomilinicacidl7 Cy,HyO, 22.110 709.198 7 709.198 5 -0.23 [M-H]™ 607.167 0 L
-0-B-D-
glucopyranoside
86 HHER T, C,HuOys  22.158 8234120 8234122 0.19 [M—H] 351.0554.709.2254 &2
87  monohydroxy  C,H;O, 22246 7112135 7112131 -0.58  [M+H]"  405.1190.375.0725  [fE2Y
pentamethoxyfla
vonol-3 O-
HMG-p
-glucoside
88  7,4-dihydroxy- CyH;O; 22473 697.1997 697.1974 -324  [M+H] 391.103 2 5 iz 21
5,6,8,3-tetr
amethoxyflavon
0l-3-0-H MG-
B-glucoside
89 MR I CyHyN,0, 22.841 7283988 7283978 -1.44  [M+H]  615.3148.474.2354, [ &M
377.181 4
90  HHEEATATE  CyHy,0, 23395 629.1879 629.1876 -0.51 [M+ 583.1800.553.171 4. SRV
HCOO]1™ 431.1352
91  HIEBIFA3  C4H,0, 23.552 983.4484/ 983.4493/ 0.95/ [M—H]/ 821.395 5/ ol 2]
23.624 985.4648 9854639 -0.93  [M+H]"  985.4652.986.466 1.
987.467 2
92 natsudaidain CyH, O 23.781 7252306 7252287 -2.56  [M+H] 419.1350 I g 012
93  mudanpisid B CyH;,0,, 23.850 629.1879 629.1876 4.74 [M—H] 583.1792.121.0297  [HAj!
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94 melitidin CyH,O  24.690 7252306 725.2287 -2.56  [M+H]™  419.1344.389.086 1  #H50
95  HBERH G2  C,H,O, 24993 8373914 837.3914 0.03 [M—H]  351.0580.193.0345  Hzil?
96 OLHFERES CyH,O, 25.137 4693322 4693312 -2.05 [M+H]™ 4513206 H
97 MG 1 Cy,HsN,0, 25285 704.3982 704.3978 -0.63 [M+H]~ 573.304 4 o g 114
98 SR C CisHx0,; 25380 971.5217/ 971.522'1/  0.42/ [M+ 925.5169.779.4517, L&)
26.067 961.4939 961.4933 -0.62 HCOO] / 763.458 9/
[M+C1]™  925.508 5.779.451 6
99 Pinellic acid CsHy,Os  25.557 3292341 3292333 -228 [M—H]  229.1451.211.1345. [
183.139 7
100 HE&A/KED  C,H,0s 25803 3551521 3551540 5.35 [M+HT 193.1223 b
101 SEBEEY  C,H,0, 25.849 373.1295 373.1282 -3.54  [M+H]"  357.0982.343.081 8. B gz e
329.098 3
102 Isocorymbolone C;H, O, 26.139 237.1854 237.1849 -2.08 [M+H]"  219.176 8.201.1638 L™
103 WERDE  CuHyOs 26241 389.1238 389.1231 -1.81  [M+H]™  374.1038.359.0766. [ ¥
BT RES 341.063 1
104  SirEJERR CyH,0, 26263 487.1974 487.1974 -0.09 [M—H] 427.1763.383.1863. [ &P
297.113 2
105 HEEEFG2EH C,Hu,0,, 26264 839.4071 8394060 -1.34 [M+H]"  663.3738.487.3426.  H &l
BT RES 469.332 0
108 T C,H,O, 26304 2351700 235.1693 -3.16 [M+H]"  149.098 6.121.099 5  4&#f0
106  FIEHER CoHu0,, 26429 839.4071 839.4060 -1.34  [M+H] 663.375 1.487.342 G
7.469.332 0
107 5,7,8,37,4”,5 CuH,0s 26.601 403.1398 403.1387 -2.62  [M+H]"  374.096 5.373.0925 [
hexamethoxyfla
vone
108 MR 2 1R CpH,0, 26796 3292471 3292486 457 [M—H]™ 211.1339.171.1030 &P
109  Melliferone CyH,0;, 26.837 4533373 4533363 -2.16 [M+H]  4353267.407.3320  H#l?
110 H R CpHeO,  26.899 823.4132/ 823.4111/ -2.60/ [M+H]/  647.3795471.3476. H &l
26.998 821.3970 8213965 -0.60 [M—H]" 453.337 4/
351.056 8.113.024 6
111 A S 1 CyHy,0, 27.017 373.1295 373.1282 -3.54  [M+H]"  357.0969.343.0820. H#7E1, [i
329.082 0 Jeto)
112 ZEfEE D" C,HgO,, 27.132 8154356 8154354 -0.25 [M+Cl]™  779.458 8.617.4029  L&fL]
113 SEfHREIF A" C,HkO,, 27.132 8254640 8254642 024 [M+HCOOJ™ 779.4588.617.4070.  L&if
145.049 5
114 HHEEH B2  C,HLO, 27.234 807.4171 8074172 0.18 [M—H] 808.4192.351.0573  H#l?
115 HHEEFH2Y  C,H,0, 27.320 821.3970 821.3965 -0.60 [M—H]" 779.461 9 e
116 Tyt 2™ CyHy Oy 27.353 4712026 4712013 -2.66  [M+H]™  453.1909.425.0971.  FRFS
367.190 2
117 4A"-ZEEed]  CuHwO, 27.673 857.4460 8574460 -0.05 [M+Cl]™  821.4689.779.457 1 L&yt
BT b2
118 2"-0-Z.WHsE  CL,H, 0, 27.719 867.4745 8674748 0.30 [M+HCOO] 821.4694.779.4581, L&
[ RS- 761.458 1
119 Bk & C,H,0, 27.737 403.1398 403.1387 -2.62  [M+H]  388.1160.373.0926.  #H7%; [
358.069 0 A
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mlz
75 12488 ¥ t/min - - wE BT W T e
¢ e E A
120 2"-O0-ZWEHese  C,H, 0., 28221 8674745 867.4748  0.30 [M+ 821.4687.779.4549,  L&ijji]
HEAF D HCOO]~ 761.445 5
121 6"-0-ZWiFtEse  C,H,0, 28237 8574460 8574460 -0.05 [M+Cl]~ 821.4678.617.4079  LEH]20
HEFF D
122 3,5,6,7,8,3', C,H,O, 28489 433.1504 433.1493 -252 [M+H]"  418.1268.403.1036. K58 [k
4" H I i 385.093 0 Rzl
123 PE)IEAEE A" CLH,O, 28.685 193.1230 193.1223 -3.59 [M+H] 147.116 9 I
124 1 B &= CyH,0, 28732 373.1295 373.1282 -3.54 [M+H]"  358.1058.343.0820. [
325.071 0
125 S H R CyH,Os 29.022 337.1075 337.1071 -133 [M+H] 149.096 1 Hrlsd
126 13-$3£-9,11-  C,H,,0, 30.744 2952281 2952279 -0.78 [M—H]" 277.2172.195.1380  L&#H]"7
+ N\ IR
A e Type
100 0 ] ST T g e
- I | ICIM! Bt
Significant i i’?‘:“;: ?
- Down - fe
- |; Not B b
+Up [ G
d 1 | II I I%’“ 3
] &y
W
019 019 D e e 'Illlllg,méc‘}.

(0.03)

—0.041
(0.6)
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+WGCNA

(0.03)

0.041
(0.6)
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- LOC100131053

1 i LOC100505702
" FAM200B

A-GSE19738 H#fi 46 % 5 E K 73 T 45 1L s B-GSE19738 #4Hi 4: WGCNA 73 T 45 L C-GSE19738 #i4fi 4 72 57: 5 5 Al WGCNA 43 JE R 20 4R 45 2R
D-ZEH GRS HE AT GSE 19738 B 42 43 H7 A AR DG I PR 22 £ 45 1
A-Results of differential gene analysis for GSE19738 dataset; B-Results of WGCNA analysis of GSE19738 dataset; C-Intersection results of
differential genes in GSE19738 dataset and genes analyzed by WGCNA ; D-Intersection results of depression-related genes analyzed by Chaihu
Shugan Powder component targets and GSE19738 dataset.
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Fig.2 Screening of anti-depressant targets of Chaihu Shugan Powder
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Fig.3 Component-target network diagram
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Fig. 4 KEGG enrichment analysis
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Fig. 5 KEGG enrichment analysis
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