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Fundamental Research on the Pharmacodynamic Substances of Aconiti Kusnezoffii Processed with

Terminalia chebula Based on Plant Metabolomics and Bioinformatic Analysis Techniques

MA Guangping, JTAO Huiping, LIAN Hua, BU Ren, ZHU Xiaowei ", BAT Wenming " ( College of Pharmacy, Inner
Mongolia Medical University, Huhot 010110, China)

ABSTRACT :OBJECTIVE To elucidate the pharmacodynamic substance basis of Aconiti Kusnezoffii processed with Terminalia
chebula using plant metabolomics technology combined with bioinformatic analysis and in wvitro activity validation methods.
METHODS Firstly, high throughput data were collected from the aqueous extracts of A. Kusnezoffii processed with T. chebula before
and after concoction based on liquid chromatography-mass spectrometry (LC-MS) , and multivariate statistical analysis combined with
univariate analysis was utilized to screen for differences in chemical components before and after the concoction. Secondly, based on
the screened different chemical components, bioinformatic analysis and simulated molecular docking technology were used to analyze
the potential pharmacodynamic components, targets and signaling pathways of A. Kusnezoffii processed with T. chebula for the treatment
of rheumatoid arthritis. Finally, the pharmacodynamics was verified by in vitro cellular anti-inflammatory activity and antioxidant activi-
ty assays. RESULTS A total of 64 differential chemical components including alkaloids, organic acids and sugar components were
screened before and after the preparation of A. Kusnezoffii. A. Kusnezoffii processed with T. chebula may exert its therapeutic effects on
rheumatoid arthritis by regulating the abnormal expression of proteins such as TP53, ESR1, HSP9OAA1, and PIK3RI1, via cancer
signaling pathway, metabolic signaling pathway, PI3K-Akt signaling pathway, MAPK signaling pathway, and RAS signaling pathway.
Both the aqueous extracts of A. Kusnezoffii before and after concoction significantly inhibited LPS-induced release of inflammatory

factors such as NO, TNF-a, IL-6, and IL-1B, as well as possessed significant scavenging ability for DPPH radicals, hydroxyl radicals,
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and superoxide anion. CONCLUSION The pharmacodynamic material basis of A. Kusnezoffii processed with T. chebula is clarified,

which provides a theoretical basis for the safe and effective clinical application of A. Kusnezoffii.

KEY WORDS : Aconitum kusnezoffit processed with Terminalia chebula; plant metabolomic; bioinformatic analysis; anti-inflammatory

activity ; antioxidant activity
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SW — group of A. Kusnezoffii; HW — A. Kusnezoffii processed with T. chebula group(Fig.2, 8 ~13, and Tab. 1 are the same as this figure)

1 ERAFEFEATEFERTTHELHLEETRA

Fig.1 Total ion chromatogram of raw and processed A. Kusnezoffii in positive and negative ion modes
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A - OPLS-DA score plot in positive ion mode; B — OPLS-DA score plot in negative ion mode; C — result plot of 200 permutations in positive ion mode; D — result plot of 200

permutations in negative ion mode.
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Fig.2 OPLS-DA scores and results of 200 substitution tests of raw and processed A. Kusnezoffii under positive and negative ion modes

Rl ERBTEATAZSAGTTHESAZRMFEKITIR
Tab.1 List of differential chemical constituents between A. Kusnezoffii and A. Kusnezoffii processed with T. chebula in positive and

negative ion modes

No. Compounds VIP P value Log, fold change (SW/HW) Content
1 Corilagin 2.091 06 3.208 5x10 % -10.380 0 up
2 Glucogallin 1.335 63 1.079 9 x 10 =2 -9.4300 up
3 Brevifolincarboxylic acid 1.733 20 6.520 9 x 10 ~% -8.6739 up
4 Chebulic acid 2.271 80 1.387 3 x10-3 -8.5929 up
5 5-Carboxyvanillic acid 1.019 42 9.526 1 x10 -3 -7.9474 up
6 Arjugenin 1.055 17 1.8755x10-28 -6.068 4 up
7 D-( - )-Quinic acid 1.841 54 2.729 9 x10 =3¢ -5.164 1 up
8 Pyroglutamylvaline 1.450 63 8.363 3 x10 720 -4.716 3 up
9 Lactosamine 1. 604 85 1.0345x10-28 -4.099 6 up
10 Fructoselysine 1.327 40 5.889 5 x10 -3 -3.674 1 up
11 N-(1-Deoxy-B-D-fructopyranos-1-yl) -L-isoleucine 2.227 50 4.969 1 x10~14 -3.3951 up
12 Lotaustralin 1. 868 81 7.251 4 x10 -1 -3.2359 up
13 Thymidine 1.727 53 2.5278 x10 -2 -2.4455 up
14 L-Aspartic acid 1.779 54 1.929 4 x10 -1 -2.402 4 up
15 a-Fructose L-arginine 3.029 49 1.163 6 x10 -3 -2.324 1 up
16 L-Threonic acid 3. 141 60 8.905 1 x10 24 -1.956 3 up
17 3-Deoxyaconitine 1.903 88 2.881 4 x10-9 -1.778 7 up
18  2-Methylcitrate 1.307 65 2.646 0 x 10 ~12 -1.5735 up
19 Beiwutine 1.081 97 2.917 0x10 2! -1.2705 up
20  3-Hydroxybenzoic acid 1.078 25 6.3110x10-15 -1.1722 up
21 8-0-Coumaric acid 4-0-glucoside-BAC 1.478 91 1.221 6 x10 -2 -1.169 5 up
22 L-Phenylalanine 2.358 48 1.833 6 x10 17 -1.0790 up
23 8-0-Vanillic acid glucoside-BAC 1. 062 07 7.370 2 x10 -2} -1.0513 up
24 L-Glutamic acid 1.282 49 1.840 9 x 10 ~* -1.0195 up
25 Azelaic acid 1.721 08 1.160 4 x10 ~4 1.010 4 down
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453K 1( continued )

No. Compounds VIP P value Log, fold change(SW/HW) Content
26 8-0-aconitic acid-aconine 2.015 39 6.871 0x10 12 1.019 6 down
27 8-0-L-malic acid BAC 1.157 80 1.592 3 x 10~ 12 1.033 2 down
28 2-Phenylglycine 1.986 21 1.9319x10-13 1.044 5 down
29 Songoramine 1.817 33 1.848 2 x 10 ~2! 1.058 6 down
30 o, a-Trehalose 4.607 15 1.049 9 x10 -5 1.110 6 down
31 N-(2,4-dimethylphenyl ) formamide 1.598 98 4.232 1 x10 2! 1.128 3 down
32 2-O-valeric acid-11,13,14-trihydroxy hetisine 1.150 42 5.1027 x10 - 14 1.143 2 down
33 Cis-aconitic acid 5.458 20 2.5156x10716 1174 1 down
34 11-Acetyl-1,19-epoxydenudatine 4.476 99 3.729 1 x10 -2 1.1759 down
35 8-0-C;1Hy05-BAC 1.057 01 1.401 9 x10-23 1.221 6 down
36 8-0-Aconitic acid-BAC 4.904 46 5.754 8 x10 - 14 1.236 7 down
37 (1R,6R) -6-Hydroxy-2-succinyleyclohexa-2 ,4-diene-1-carboxylate 3.875 69 1.717 9 x10-1 1.246 5 down
38 Citraconic acid 5.267 12 5.1324x10°19 1.272'1 down
39  Napelline 1.346 93 2.660 4 x10~19 1.295 1 down
40 3-Indoleacrylic acid 5.635 69 5.9191x10-13 1.3357 down
41 Piscidic acid 2.126 25 1.448 5 x10 -1 1.3712 down
42 2-Isopropylmalic acid 1.216 78 4.566 7 x 10~ 1.496 4 down
43 1-0-sinapoyl-8-D-glucose 1. 250 04 4,711 6 x10-% 1.5216 down
44 Vanillic acid glucoside 2.294 65 1.340 1 x10 -7 1.524 0 down
45 D-Tryptophan 3.857 49 5.532 1x10-17 1.536 6 down
46 D-( - )-Glutamine 1.124 11 2.924 6 x10 -9 1.561 2 down
47 Guanine 1.980 17 3.2825x10-14 1.576 0 down
48 Vanillic acid 1.143 35 1.281 5 x10-% 1.667 0 down
49 Ferulic acid 5.28175 6.744 9 x10 10 1.873 8 down
50 Hordenine 2.088 01 9.8224 x10-15 1.8755 down
51 7-Methoxycoumarin 2.467 50 1.354 6 x 10 ~2! 1.878 9 down
52 Pyroaconitine 8.225 81 1.032 4 x10-7 1.9327 down
53 4-Hydroxystyrene 1. 020 65 2.422 1 x10-10 2.020 6 down
54 Trigonelline 1.677 78 9.8412x10-% 2.0227 down
55 Neolinine 4.389 20 4.0639 x10 718 2.130 4 down
56 8-O-y-aminobutyric acid-BAC 1.713 28 4.678 8 x10 ~2! 2.1325 down
57 14-0-Acethylsenbusine A 1.280 69 4.424 8 x10 12 2.1518 down
58 Salicylic acid B-D-glucoside 1. 081 07 2.150 5x10-% 2.3015 down
59 Coumarin 1.037 73 7.567 2 x10 -2 2.4190 down
60 4-Coumaric acid 1.369 28 3.316 8 x10 -2 2.7277 down
61 Uralenneoside 1.028 75 9.270 4 x 10 ~19 3.741 4 down
62 8-Hydroxyquinoline 1.032 78 1.7372x10-19 4.3303 down
63 Karakoline 1.573 01 8.456 1 x10 -7 6.202 4 down
64 7-Hydroxycoumarine 1. 154 39 2.924 9 x10-2! 8.858 7 down

T BAC — R B 2% 3K S0 s up — e E 00 S5 R XS & BB 3 TR B down — F E IS A XS & B B3 R IR ALY s VIP — A4S b BUERE

Note : BAC - benzoylaconitine ; up — the component whose relative content increased significantly after processing; down — the relative content of A. kusnezoffi decreased signifi-

cantly after processing; VIP — variable importance plot.

Component target

RA target

B3 ZRmassENEEXTRRAKFELNFER
Fig.3 Wayne diagram of differential component targets and RA

disease targets
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The size and color of the nodes in the figure indicate the degree of the nodes.

4 RAMXEAELNEEEMEPP) HER
Fig. 4 PPI network plot of RA-related protein targets
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In Fig B, the horizontal coordinate indicates the gene enrichment fraction in the pathway, the vertical coordinate indicates the name of the pathway to which the gene is en-

riched, the size of the bubble indicates the number of pathway enriched genes, the larger the bubble indicates the number of genes enriched, the color of the bubble indicates

the size of the value of -IgP, and the reder the color indicates the smaller the P value.

BS EFEhEERE(CO)(A) 425 H fu 2k F 4 B # 4 4 (KEGG) (B) & & 247

Fig. 5 GO(A)and KEGG(B) enrichment analysis
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Fig. 6 Differential component-RA target-pathway-disease network before and after A. kusnezoffii processed with T. chebula preparations

PR, 2 R R 20 SR R 70 T XHE R 4
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il B o Mg 4 2R/ Hoh arjugenin | 4-coumaric
acid , songoramine , 11-acetyl-1, 19-epoxydenudatine .
ferulic acid ,uralenneoside 5 4Z .0 ¥ &5 1 LA & & 1Y
SEETETE, NI $2 75 FERT BE M IR YT RA AW 258K
5o AT PyMOL 2.5. 0 B A{F 4 45 & 1 1k i 19
Hif 6 ATl AAL, WLIET 7

x2

2.3 LA E A K E I S

2.3.1 (RAMULAIETESC S H S AR b R A
15 IR0 . CCK-8 25 R, B0 55 K I i) i 7K 42
WIAE 100 ~ 500 wg - mL ™" Py A I 2 5 41 S
FLBE A W R 0% 38 o 40 3 M 5 B R 1 R
(P<0.001), MFEHE N 50 ng « mL "B, 4
T AN TE KT 75% HoR ) 5 S 41 40 i
EPERT 85% (1 8) o PRI, e U o & vk JiE /N T
50 wg - mL KRR A B G LR

ZRRATET RA MO R 5 OB m T A 4 6

Tab.2 Molecular docking binding capacity of core components and core targets of differential composition therapy for RA

Binding energy/kcal + mol =!

Compound
TP53 SRC STAT3 Aktl ESR1 HSP90AAI  PIK3R1 PIK3CA JUN EGFR
Arjugenin -8.26 -7.68 —-6.47 -7.31 -8.28 -6.54 -4.70 -5.99 -6.13 -6.42
4-Hydroxystyrene -4.81 -4.94 -5.18 -5.30 -5.22 -5.19 -3.75 -4.49 -3.38 -4.72
4-Coumaric acid -6.43 -6.01 -5.74 -5.60 -5.38 -5.98 -4.44 -4.83 -3.14 -4.29
Ferulic acid -5.52 -5.32 -5.61 -5.93 -5.59 -5.26 -4.46 -5.11 -4.78 -5.31
Uralenneoside -5.99 -5.42 -5.86 -6.54 -6.07 -6.95 -2.66 -4.21 -2.85 -3.97
3-Deoxyaconitine -3.81 -4.92 -4.73 -5.42 -4.45 -4.14 -2.99 -2.78 -1.00 -3.14
1-0-Sinapoyl-8-D-glucose -5.09 -5.29 -5.07 -5.88 -6.61 -6.30 -2.26 -3.20 -2.19 -4.12
11-Acetyl-1,19-epoxydenudatine —-6.69 -7.76 -9.04 -9.11 -6.92 -8.00 -5.86 -7.80 -3.72 -7.73
Songoramine -8.10 -7.24 -7.64 -8.55 -9.35 -7.53 -6.75 -7.95 -4.00 -6.42
Hypaconitine -3.26 -4.45 -3.72 -5.08 -3.88 -4.95 -2.36 -2.35 -1.73 -4.17
TE:PIK3CA — BNREE LRG3 AL A7 o JE s JUN - Jun JFURESER s EGFR - A A KA 7320k
Note : PIK3CA - phosphatidylinositol 3-kinase catalytic alpha polypeptide gene; JUN — jun proto-oncogene; EGFR — epidermal growth factor receptor.
- 357 -
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ESRI-Songoramine Aktl-Songoramine
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Fig. 7 Differential component therapy for RA with core compo-

nent and core target molecule docking partial pattern plot
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HesEd s, VP <0.01,2P <0.001,3) P <0.000 1,
Dp<0.01, P <0.001, 3P <0.000 1, compared with control group.
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Fig. 8 Effects of different concentrations of A. kusnezoffii and
prepared products on the activity of RAW264.7 cells.

n=3,x%s
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528 FALHAR, VP <0.000 1 SHUBALHAR, 2P <0.01,% P <0.001
1P <0.000 1, compared with the control group; )P <0.01, 3P <0.001,

compared with the model group.

B9 TREWEEY REH & RAW264. 7 41 s NO 4 & 4
FW,n=3,x%s

Fig.9 Effects of different concentrations of A. kusnezoffii and
its processed products on the NO content in RAW2647 cells.

n=3,x*s
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Tab.3 Information on the regression equations and correlation
coefficients of the standard curves for the three inflammatory fac-

tors

Inflammatory factor Regression equation Correlation coefficient

TNF-« y =85.677x%+218.7x +1.578 6 0.999 5
16 y = —20.034x2 +501. 15x 9. 824 7 0.999 0
IL-1B y=95.018x% +113. 69x +3.929 7 0.999 4

T - W 5y - OB

Note : x — concentration ;y — absorbance.

S AU H, R 20 E T R R R
TR W T (P <0.01) , RIIA LI R
FERRL S S ). SRR ALA e, AS TR vk B Y 4%
YR ] T 9 5E - TNF-o (IL-6 i1 IL-1B
P& (P <0.05), HA R &% RAW264. 7 4 i
3 i TNF-o, IL-6 F11 TL-18 A4 410 461 4 FH &% i,
WLE 10,

2.3.2 {RAMIUEARIEPESLER X DPPH A 3L 1
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Fig. 10 Effects of different concentrations of A. kusnezoffii and
its processed products on contents of TNF-a(A), IL-6(B) and
IL-1B(C) in RAW264.7 cells. n=3,x +5
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Fig. 11 DPPH free radical scavenging ability of A. kusnezoffii

and different processed products. n=3,x +s
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Fig. 12 Hydroxyl radical scavenging ability of A. kusnezoffit
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Fig. 13 Superoxide anion scavenging capacity of A. kusnezoffit

and its prepared products. n=3,x +s
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