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combining the methods of network pharmacology, molecular docking and experimental verification. UPLC-Q-
TOF-MS/MS method and TCMIP, TCMSP databases were used to collect the ingredients and targets of Jiu Wei Bu
Xue Oral Liquid. Protein-protein interactions and network analysis were performed to screen the key network targets
and putative active ingredients of Jiu Wei Bu Xue Oral Liquid in treatment of insomnia, and then following by
biological function and KEGG pathway analysis. Then binding ability for key network targets and putative active
ingredients were predicted with molecular docking. The prediction targets were validated in para-chlorophenylala-
nine (PCPA) induced insomnia rats with administration of Jiu Wei Bu Xue Oral Liquid (2, 4, 8 mL-kg") for 7 days.
Pentobarbital sodium induced sleeping test were performed to evaluate the synergistic sleep-aiding effect of Jiu
Wei Bu Xue Oral Liquid. Then glutamic acid (Glu), y-aminobutyrate (GABA) content and glutamate decarboxylase
1 (GADG67) activity in hypothalamus or hippocampus were evaluated, and the expressions of GAD67, y-aminobu-
tyric acid receptor subunit ol (GABRA1) and y-aminobutyric acid receptor subunit 52 (GABRB2) in hippocampus
were detected by qRT-PCR and Western blot methods. Animal experiments were approved by the Institutional
Committee on Animal Care of Guangxi Institute of Chinese Medicine & Pharmaceutical Science (the number of per-
mission: 2022060802). Results showed that 16 key network targets and 16 putative active ingredients were obtained
by analyzing the herbs-ingredients-targets network of Jiu Wei Bu Xue Oral Liquid in treatment of insomnia. Net-
work pharmacology and molecular docking all indicated these active ingredients, for example atractylenolide III,
showed better binding ability with GABRA1 and GABRB2. Animal study indicated that, compared to PCPA-
induced insomnia model, Jiu Wei Bu Xue Oral Liquid remarkably shortened the sleeping latency and increased the
sleeping duration, increased GADG67 activity and the production of GABA in hippocampus of insomnia rats, as
well as the expressions of GAD67, GABRA1 and GABRB2, while decreased Glu content in hypothalamus, leading
to decreasing of Glu/GABA ratio and recovery of Glu-GABA balance. These results indicated that Jiu Wei Bu Xue
Oral Liquid improved insomnia symptoms and helped maintain the Glu-GABA balance within hypothalamus and
hippocampus, and reduced the excitatory neurotoxicity within brain. The mechanism may due to the elevation of
GADG67 expression and enzyme activity, and the enhancement of type-A GABA receptor (GABA,R)-mediated
neurons inhibition.
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Table 1 Identified ingredients of Jiu Wei Bu Xue Oral Liquid (JWBXOL)
No. Chemical name Observed m/z Observed retention time/min Molecular formula Adduct
1 Astragaloside IV (AST) 829.460 2 18.29 C,H,O, +HCOO
2 Calycosin (Cal) 285.0759 15.72 C,H,,0; +H, +Na
3 Ginsenoside Rb1 (Rb1) 1153.602 1 17.25 C,H,,0,, +HCOO, -H
4 Ginsenoside Rgl (Rgl) 845.490 8 14.35 C42H7ZO14 +HCOO
5 Ginsenoside Rd (Rd) 991.549 7 18.59 C,H,0, +HCOO, -H
6 Ferulic acid (Fer) 193.051 1 12.48 C,H,,0, -H
7 Ligustilide (Lig) 191.106 8 23.24 C,H,0, +H, +Na
8 Schisandrin A (Sch-A) 417.227 6 2791 C,H,,0, +H, +Na
9 Schisandrin B (Sch-B) 401.196 2 29.04 C,,;H,.0, +H, +Na
10 Hesperidin (Hes) 609.182 4 13.51 C,H,,0 -H, +HCOO
11 Nobiletin (Nob) 403.139 3 20.29 C, H,,0, +H, +Na
12 Tangeretin (Tan) 373.129 0 21.57 C,,H,,0, +H, +Na
13 Quercetin (Que) 301.0358 15.80 C,H,,0, -H
14 Rutin (Rutin) 609.146 4 12.24 C,,H, 0, -H
15 Liquiritin (Liq) 441.1158 12.42 C,H,,0, +Na, +H
16 Glycyrrhizic acid (Gly) 821.397 6 18.81 C,H,0 -H
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Figure 1 Base peak ion chromatogram of JWBXOL
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Table 2 Putative active ingredients of JWBXOL

Ingredient Herb
p-Sitosterol

Gan cao, Chen pi, Dang gui, Huang qi, Jiao gu
lan, Ren shen

Kaempferol Gan cao, Dang gui, Huang qi, Ren shen
Quercetin Gan cao, Huang qi, Jiao gu lan, Shan zha
Palmitic acid Dang gui, Huang qi, Ren shen

Succinic acid Dang gui, Ren shen, Shan zha
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DR D) 5 bR A AEVE VE R 7 o TG S5 %) DX 4% | 9
H24 16 A B I 2% BE AR S 16 T 75 3% 14 B 43 2H A%,
VML 3. Degree fHHEA 1l 6 18 15 615 GABRB2.
JHRE SR BE R F (TNF).GABRAL A 6 (IL6).y & 3k
T AT 24K a2 W3 (GABRA2)y &L T R A B2
1 a6 T3 (GABRAG). _Eif 16 Ry v 5l 20 0 45 - -
4 8 B . A R W BT (atractylenolide TIT)+ 3% i {8 %
(campesterol) . . i B (stigmasterol)~ Ll 2% My . #it 7
A -4,6,8,22- VU # -3- i (ergosta-4,6,8,22-tet-
raen-3-one) - 4 fL % (eburical) . 4 fL B (eburicol). £
£ & B (lanosterol) . 14 L B2 (eburicoic acid) . [lit & th
L& (dehydroeburicoic acid)« f& F 2 (ursolic acid). %
1 [ B (ergosterol) (24S5)- 2. JE 1 {5 -5,22,25- % -38-
i [(24S)-ethylcholesta-5,22,25-trans-3 8-ol] « 31 F 7% iy
(o-cresol)o PR AEVE P 73 15 HH 25 R B 5 R AN
3FT/R . Z5 AR EH, JUMRAI I T AR O i vb 24 1] R il
I 16 ANV FETE TR AL 5 16 S IS HE N 28 B AR A 2B AH H
TER, 7870 PRI T UMb i E IRV 2 8 I 2 1%y 2 4
F T FOR T TR R 1 o
3 XBHMRHKEGG B GOEMIRRERDT

6 B bR T 3 16 AN 0% B 2% S AR, )

Table 3 Correlation of active ingredients and herbs for JWBXOL

Active ingredient Herb
p-Sitosterol

Ren shen, Jiao gu lan, Gan cao, Dang gui,
Huang qi, Chen pi

Bai zhu

Ren shen, Jiao gu lan

Atractylenolide 111
Campesterol

Stigmasterol Ren shen, Dang gui

Kaempferol Ren shen, Dang gui, Huang qi, Gan cao
Quercetin Huang qi, Jiao gu lan, Shan zha, Gan cao
Ergosta-4,6,8,22-tetraen- Shan zha

3-one

Eburical Shan zha

Eburicol Shan zha

Lanosterol Shan zha

Eburicoic acid Shan zha

Dehydroeburicoic acid ~ Shan zha

Ursolic acid Shan zha

Ergosterol Shan zha

(245)-Ethylcholesta-5,22, Jiao gu lan
25-trans-3-ol

o-Cresol Dang gui

DAVID #48 e AT A=) D e & £ SOmER 7 i o i X
R E T HEA T 18 @ (P <0.01). 45 R EIR,
JUBRAM I T ARBE T R IR B AR E E E R T e
TR - GABA B8 5 fift | #2874 FIC AR — 52 A AH ELAE A
WIEPE R R R [A(E 5 . 2 LG Re R AL S5 Sl ek .

LV TRE S A R EoR, JURAM I HIRBR YT R
RGN 4 ¥Ebr E E S 5 AN F R aE AT
P LIS - F T RS 5 e Rl i M AE R R
T FE ) 2 A 1) 2H 25 L GABA 6 98 fl % 326 45 0o
TE5r T Ihae b, Jusksb i I £ 25 GABA [1#8 &
B FIEIEE T GABA, 2 AEPE SR Tl E i R
AN TR B I E M P R A A T T4 B il
TE VRS A O, R L2 4y 7 h, e R EAE TR A )
JE RS TIEIE B 5K .GABA , 2R E A4 M S 20
B PR B B FE R A (K 4).
4 SF RN ARANDL O BR &M 7 5 X
BEE OIS REN

N T GEA P RE JUMRAN L 1 BRI T 47 T 2k
0 W [F) 4 FH, A BT 58 5 Tk 1 245 44 b 5 GABAergic
synapse {5 5 i % O B S A5 AT W AEAE I A T
Bk T 9 2 (schisandrin C) tH4H N JUBR M L 11 AR W 1T 2%
MR P ARV PR R A, R0 174 B —20 % iR 17 %
TEE M 43 5 GABAergic synapse {5 5 18 4 5% 5 5 55
GABRA1.GABRB2 # i A7 45 G RE I BN . — ok
NG5 E RSN T -4.25 keal mol ! $E R B 5 52 A — &
H45 4 BE 77, /N T-5.0 keal-mol ' 5 4T FI 45 B BE 71, 71
F-7.0 kcal-mol H 58 FI 1 45 & 6 )" BRI, A
AN HE T 2 S B S L Ll 230 A R TRk
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Figure 2 Herbs-ingredients network of JWBXOL. Green diamond shape: Herbs; Red ellipse shape: Common ingredients; Blue ellipse

shape: Ingredients

6-Methoxy-7-Hydroxycoumarin
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Figure 5 Molecular docking of active ingredients to y-aminobutyric acid receptor subunit a1 (GABRA1), y-aminobutyric acid receptor

subunit 52 (GABRB2)
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Table 4 Binding ability of active ingredients and GABRA1 and
GABRB2

Binding ability with ~ Binding ability with

Acti i dient
civemeredient G ABRA1/kcal'mol’  GABRB2/kcal mol™

Atractylenolide IIT -7.1 -6
Campesterol -10.2 -5.4
Kaempferol -7.6 7.4
Quercetin -8 7.4
p-Sitosterol -9.9 -5.6
Stigmasterol -8.9 -6.1
Ursolic acid 6.6 =7
Schisandrin C -8.1 -6.1
Dehydroeburicoic acid -7 -2.9
Eburical -8.7 7.2
Eburicoic acid -7.1 -7.3
Eburicol -8.6 -4.7
Ergosta-4,6,8,22- -10.4 -32
tetraen-3-one

Ergosterol -10 -8.0
Lanosterol -9.3 -4.0
(245)-Ethylcholesta- -8.2 -39
5,22,25-trans-3 -0l

0-Cresol -4.5 -3.9

Table 5 Effects of JIWBXOL on pentobarbital sodium induced
sleeping. x + s. Number of rats were indicated in the table, which
were consistent in the following analysis unless specific notifica-
tion. "P < 0.05, “P < 0.01 vs control group; “P < 0.05, **P < 0.01

vs model group

Number  Dosage Sleep latency Sleep duration
Group ofrats  /mL-kg" /min /min

Control 9 - 3.55+£0.33 69.81 £9.00
Model 8 - 540+0.70"  52.84+12.65
Diazepam 10 3mgkg'  3.78+0.62*  79.15+24.05*
JWBXOL 10 8 421+0.40™ 9523 +20.61"
JWBXOL 10 4 439+0.67"  75.65+ 12.66
JWBXOL 10 2 4.74+0.98" 86.56 + 18.30""

Table 6 Effects of JWBXOL on glutamic acid (Glu) and y-amino-
butyrate (GABA) content in the hippocampus of insomnia rats.

x+s."P<0.01 vs control group; *P < 0.05 vs model group

Group Dosagi GABA_] Glu 4 Glu/GABA
/mL-kg /umol-L /umol-L

Control - 3495+13.48 9.89+1.88 0.32+0.15
Model - 21.87+326" 11.47+342 0.53+0.17"
Diazepam 3 mgkg' 28.00+3.79 12.14+2.52 0.44+0.10
JWBXOL 8 30.79+£9.20°  10.11+220 0.36+0.14"
JWBXOL 4 25.17+321  10.83+2.00 0.44+0.11
JWBXOL 2 32.36+10.55° 8.97+1.83 0.30+0.10°

BEAHMHES, BREREEEZ L (P>0.05); 42
7RG, SR, HpaE Uk i AR (24
8 mL-kg™") A& N I A HR K BN B i 21 219 Glu %
F A Glu/GABA HLIEAR AL (% 7).

5.3  AUBRAMNM O AR&EXT AR KRS D 4H4R GAD6T B
ENMFEN GAD67 & H &2 Glu ¥4k GABA 1) 2%
WG, K GAD67 B 770 DL OPEAS JUR M I 1 AR

Table 7 Effects of JWBXOL on Glu and GABA content in the
hypothalamus of insomnia rats. x 5. ~P < 0.01 vs control group;

%P <0.01 vs model group

D GABA Gl
Group osagff] r . r Glu/GABA
/mL-kg /umol-L /umol-L
Control - 5.14+0.39 250.51+12.50 49.00 +4.50
Model - 5.12+0.52 285.13+20.83" 56.30 +7.48"

Diazepam 3 mg-kg' 5.87+0.20 259.18+ 14.27* 44.19 +2.08*
JWBXOL 8 5.81+0.71 24223 +15.57* 4230+ 6.05*
JWBXOL 4 5.96+0.38 25847+ 18.39* 43.51 +3.63*
JWBXOL 2 5.47+0.60 260.24 + 17.04™ 48.02 +5.10*

WA GABA & A5 bR A I 45 5 B, PCPA
AR 3 /D — 8 R 4 41% GADG6T fi 6 A ik
GABA 1 & (P<0.01). SHEAIA M LL, Lk 1
AR (2.8 mL-kg™) T BH J2 372 v 2R AR OK B il 5 4 4
%4 GAD67 L 2E B GABA % & (P < 0.05), F W] LIk
A I TR (28 mL-kg!) W] B R v D A 4 e
GADG67 il 71, {2 i3t GABA [H & 1 (3% 8).

Table 8 Effects of JWBXOL on glutamate decarboxylase 1
(GADG67) activity in the hippocampus of insomnia rats. n = 8, x +s.

“P<0.01 vs control group; “P < 0.05, **P < 0.01 vs model group

Dosage GADG67 activity
Group B .

/mL-kg (umol GABA/mg protein)
Control - 59.17+7.13
Model - 47.30+6.22"
Diazepam 3 mg-kg' 58.54 +7.70"
JWBXOL 8 55.62+9.31°
JWBXOL 4 46.72 £+ 10.60
JWBXOL 2 53.77 £3.89°

5.4  AURAMND OAREXTRERATISS GAD67.GABRB2,
GABRA1 mRNA 7K EHIE 0 GABA i it 5 HAH N
ZARGS G, W GABA A1) o pF5E (H GABRAL .
GABRB2 %5 5 [K % i), 7] 41 3 5F #if 48 2% a7 1 #0 )
PCR 45 R {27, PCPA 7] 5 A AL 24 K B ifg 1 2H 2 v
GAD67.GABRB2. GABRA1 mRNA /K *F [ 1%, 2 7m
PCPA 7] il i #1 #ll GABA & 1l f H 32 4R/ S fp &
PR, 3R S a2 Ay, P A R IRFEAT A .
57 KG (B 6), SRR R b, Uk Ab I R
(8 mL-kg™) A1 78 P nf & 2 M T+ = S f GAD67.
GABRB2.GABRA1 mRNA %} 7K~F (P < 0.05 8 P <
0.01). 25650 T XTS5 & 7150 B, $87m JLRAb I 1
JRH AT fE O U 45 2R IR OK BRI B X GABA & R A
ZMHNE S S,

5.5 FUBRAND OARAEXTEERATRISS GAD67.GABRB2,
GABRA1IERBFIE R TR (7)), 5xFAML,
A 20 K BRI 5 b GAD67.GABRB2.GABRAI &
FIEPHIL T HE NE (P<0.01). SHEAHMLEL, L
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Figure 6 Effects of JWBXOL on mRNA level of GAD67,
GABRB2 and GABRAL1 in the hippocampus of insomnia rats. x = s.
“P <0.01 vs control group; “P < 0.05, **P < 0.01 vs model group
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Figure 7 Effects of JWBXOL on expressions of GADG67,
GABRA1 and GABRB2 in the hippocampus of insomnia rats.
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