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To explore the mechanism of Arisaema cum Bile on epilepsy based
on network pharmacology and experimental verification

CHEN Si-ruan, ZHAO Jiao-jiao, KONG De-zhi, ZHANG Wei"

(Institute of Chinese Integrative Medicine, Hebei Medical University, Shijiazhuang 050017, China)

Abstract: This study aims to explore the mechanism of Arisaema cum Bile on epilepsy using combination of
network pharmacology and patch clamp recording. Active ingredients of Arisaema cum Bile were collected from
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) and literatures.
Epilepsy-related targets were identified from GeneCards and OMIM database. STRING platform was employed to
perform protein-protein interaction (PPI), and David platform was used for Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway and Gene Ontology (GO) enrichment analysis. The drug-ingredient-target-pathway-disease
network was constructed with Cytoscape software. The animal experiments were approved by the Laboratory
Animal Ethical and Welfare Committee Hebei Medical University. Nine compounds were detected as the active
ingredients of Arisaema cum Bile, including chenodeoxycholic acid (CDCA), deoxycholic acid and f-sitosterol,
etc. A total of 22 key potential targets were identified, including 5-hydroxytryptamine transporter (SLC6A4),
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gamma-aminobutyric acid receptor type A subunit alpha 2 (GABRA?2) and neuronal acetylcholine receptor subunit

alpha-7 (CHRNA7). These targets were associated with biological processes of serotonergic synapse, GABAergic

synapse and ion transmembrane transport. Brain slice electrophysiology experiments revealed that S-sitosterol and

CDCA inhibited the action potential (AP) of CA1 pyramidal neurons in the mouse hippocampus. Both f-sitosterol

and CDCA affected the properties of AP, such as rheobase, delay and depolarization duration. In addition, the

inhibitory effect of AP was more prominent when the two compounds were given together. Combining with

network pharmacology and electrophysiological experiments, our study reveals the potential mechanisms of

Arisaema cum Bile for the treatment of epilepsy in a "multi-ingredients, multi-targets and multi-pathways" manner.

Our study provides a reference for further studies of Arisaema cum Bile.
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LR, G 5648 FH GraphPad Prism 8 #A4-3E4T 20 #7, i
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Table 1
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£ (5-hydroxytryptamine 2A receptor, HTR2A).GABA
ZAK o W FKJ% (gamma-aminobutyric acid receptor
type A subunit alpha family, GABRA1, GABRA2, GABRA3

General information of active ingredients of Arisaema cum Bile

Mol ID Molecule name

Oral bioavailability/% Druglikeness

MOLO000449 Stigmasterol 43.83 0.76
MOLO013146 8,11,14-Docosatrienoic acid, methyl ester 43.23 0.3
MOLO008845 Deoxycholic acid 40.72 0.68
MOLO013156 [(2R)-2-[[[(2R)-2-(Benzoylamino)-3-phenylpropanoyl]amino]methyl]-3-phenylpropyl] acetate 38.88 0.56
MOLO000953 Cholesterol 37.87 0.68
MOLO001510 24-Epicampesterol 37.58 0.71
MOLO000358 Beta-sitosterol 36.91 0.75
MOLO000359 Sitosterol 36.91 0.75
MOLO008842 Chenodeoxycholic acid 27.17 0.69
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Figure 1 Protein-protein interaction (PPI) analysis. A: PPI network of key targets of Arisaema cum Bile in the treatment of epilepsy. Circle

represents the protein target, circle size and color depth represent degree and the edge width and color represent different interactions between

protein and protein; B: Classification of protein. Total degree value and the number of clusters were calculated
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AR W35 - 1g (P value); T AR IR R FENEH .
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(plasma membrane), 2K MU 144, 4y T Ui Re T R
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WA . B a el s fAE-1g (P value) 1R/1,
Hor Je i T /8 (nicotine addiction, 6.93) &M,
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Figure 2

Diagram of KEGG enrichment analysis of key targets of Arisaema cum Bile for epilepsy therapy
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4% (GABA_A receptor complex, 5.97) i & % & &1,
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kW@ 18 2 A K (chloride channel complex, 4.63) %5 .
53T DRe A 4H B A ECAA 145 2 T IBIE TS P (extracellular
ligand-gated ion channel activity, 9.38) {35 14 % =1, AH
KT fe ik 5 GABA, % % 1 (GABA_A receptor
activity, 5.80) Al GABA | ]4% & & T 1@ & i % (GABA-
gated chloride ion channel activity, 2.21) &5
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7E_F IR T ¥ 2 At -, A Cytoscape 3.7.2 3K {414
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3-phenylpropanoyl]amino]methyl] -3-phenylpropyl] acetate
(2R-B-3-A), HJEE 5N 1794 Rl 2. W% JE 4%

GO enrichment

0.0

T ) % B B A 45 CASP3 (10). MAOA (9). MAOB
(9)~ BAX (8). BCL2 (8). TGFBI (7). GABRAI (7).
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cum Bile, the green diamond represents epilepsy, the pink circle represents key target, the blue circle represents signal pathway and the red

V-shaped pattern represents active ingredient
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Figure 5 f-Sitosterol inhibited the excitability of hippocampal CA1l pyramidal neurons. A: Schematic diagram of the experimental

procedure of CA1 pyramidal neurons; B: Example of action potentials response to step current injections (60, 160, and 240 pA; 500 ms) in
CA1 pyramidal neurons treated without (black) or with (red) f-sitosterol; C: f-Sitosterol affected on the excitability of CA1 pyramidal
neurons with increasing current injection. Depolarizing steps in 20 pA increments from 0 to 300 pA for 500 ms; D: Rheobase was increased
by 25 pmol-L" S-sitosterol; E: Typical trace at injecting —100 pA for 500 ms. Normal control (CON, black) and after perfusing 25 pmol-L"

p-sitosterol (red); F: There were no significant changes in the input resistance between the control group and 25 pmol-L™ S-sitosterol treated

group. Two-way ANOVA was used in C. Wilcoxon matched-pairs signed rank test was used in D. Paired ¢ test was used in F. n = 13, mean +

SEM. "P<0.05
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Figure 6 f-Sitosterol delayed action potential (AP) generation. A: Typical spikes of AP delay; B-F: The AP delay, amplitude, half-width,

depolarization duration (DPD) and repolarization duration (RPD) were obtained from control and 25 pumol-L" f-sitosterol treatment; G:

Example of APs spike without (black) and with (red) S-sitosterol; H, I: Associated phase plane plots of the first single AP (the gray arrow

indicates threshold potential occurrence point) and the average spike threshold potential without and with f-sitosterol; J: The change of

the after-hyperpolarization (AHP) without and with f-sitosterol. Paired ¢ test was used in B-F and I. Wilcoxon matched-pairs signed rank

test was used in J. n = 13, mean + SEM. "P < 0.05, ""P < 0.001
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Figure 7 CDCA inhibited the excitability of hippocampal CA1 pyramidal neurons. A: Schematic diagram of the experimental procedure of
CA1 pyramidal neurons; B: Example of action potentials response to step current injections (80, 180 and 280 pA; 500 ms) in CA1 pyramidal
neurons treated without (black) or with (red) CDCA; C: CDCA significantly inhibited the excitability of CA1 pyramidal neurons with
increasing current injection. Depolarizing steps in 20 pA increments from 0 to 300 pA for 500 ms; D: Rheobase was increased by 25 pmol-L™
CDCA; E: Typical trace at —100 pA for 500 ms. Normal control (black) and after perfusing 25 umol-L" CDCA (red); F: There were no
significant changes in the input resistance between control group and 25 pmol-L"' CDCA treated group. Two-way ANOVA was used in C.

Wilcoxon matched-pairs signed rank test was used in D. Paired ¢ test was used in F. n = 13, mean + SEM. P < 0.05, P < 0.001
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Figure 8 CDCA delayed AP generation. A: Typical spikes of AP delay; B-F: The AP delay, amplitude, half-width, DPD and RPD were
obtained from control and 25 pmol-L" CDCA treatment; G: Example of APs spike without (black) and with (red) CDCA; H, I: Associated
phase plane plots of the first single AP and the average spike threshold potential without and with CDCA; J: The change of the AHP without
and with CDCA. Paired ¢ test was used in B, D, F, I and J. Wilcoxon matched-pairs signed rank test was used in C and E. n = 13, mean +
SEM. "P < 0.05, ""P < 0.001
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Figure 9 f-Sitosterol and CDCA inhibited the excitability of hippocampal CA1l pyramidal neurons. A: Example of action potentials
response to step current injections (60, 120, 200 and 280 pA; 500 ms) in CA1 pyramidal neurons without (black) or with (red) 25 umol-L™
P-sitosterol and 25 umol'L" CDCA; B: 25 ymol-L™" f-sitosterol and 25 pmol-L™ CDCA significantly inhibited the excitability of CA1 pyramidal
neurons with increasing current injection. Depolarizing steps in 20 pA increments from 0 to 300 pA for 500 ms; C: Rheobase was increased
by 25 umol-L™! S-sitosterol and 25 pmol-L" CDCA; D: Typical trace at injecting —100 pA for 500 ms. Normal control (black) and after perfusing
25 umol-L" fB-sitosterol and 25 pmol-L" CDCA (red); E: There were no significant changes in the input resistance between the control

group and 25 pmol-L™ B-sitosterol and 25 pmol-L"' CDCA treated group. Two-way ANOVA was used in B. Wilcoxon matched-pairs signed

ok

rank test was used in C and E. n = 15, mean + SEM. "P<0.01, ""P < 0.001
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Figure 10 p-Sitosterol and CDCA delayed AP generation. A: Typical spikes of AP delay; B-F: The AP delay, amplitude, half-width, DPD
and RPD were obtained from control and 25 umol-L" fB-sitosterol and 25 pumol-L" CDCA treatment; G: Example of APs spike without
(black) and with (red) 25 umol-L™" B-sitosterol and 25 umol-L"' CDCA; H, I: Associated phase plane plots of the first single AP and the
average spike threshold potential without and with 25 pmol-L" S-sitosterol and 25 umol-L" CDCA; J: The change of the AHP without and
with 25 pumol-L™ S-sitosterol and 25 pmol-L" CDCA. Wilcoxon matched-pairs signed rank test was used in B. Paired ¢ test was used in C-F,
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Tand J. n =15, mean + SEM. P <0.001
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Comparison the separate and combined effects of f-sitosterol and CDCA on action potential. A: Comparison of inhibition

degree of AP release in time contrast group, S-sitosterol group, CDCA group and combination group; B-F: Change rate of rheobase, delay,

amplitude, half-width and DPD in f-sitosterol group, CDCA group and combination group. One-way ANOVA was used in E. Kruskal-Wallis

test was used in B-D and F. n = 7 in time contrast group. n = 13 (f-sitosterol group and CDCA group), n = 15 (combination group), mean +

SEM. "P<0.05
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