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[Abstract] Objective: To explore the effect of chemical compound of aconitum alkaloid on the
lipopolysaccharide (LPS) -induced inflammatory response of RAW264.7 macrophages and investigate its
mechanism. Method: The chemical compounds of Aconitum Kusnezoffii Reichb were collected from TCMSP
database with consideration of oral bioavailability (OB) 230% and drug-likeness (DL) =0.18. The potential
targets of each chemical component were predicted with use of Pubchem database and Swiss Target Prediction
database. Rheumatoid arthritis (RA ) targets were collected from GeneCards database and selected by intersection
screening. Gene ontology (GO) classification enrichment and Pathway enrichment analysis were carried out with
use of DAVID database. Cytoscape was used to construct "Chemical Compound-Potential Targets-Pathway-
Disease" network. Protein-protein interaction (PPI) network was constructed by using STRING database and
Cytoscape software. RAW264.7 macrophages were stimulated by LPS to establish macrophage inflammation
model in vitro. Western blot was used to detect the effects of chemical compounds on the expression of tumor
necrosis factor-a (TNF-a) and cyclooxygenase-2 (COX-2) in RAW264.7 cells induced by LPS, as well as on
the expression of JAK kinase and nuclear transcription factor- kappa B (NF-«B) signal pathway. Result: A total
of 27 chemical compounds were obtained by searching TCMSP database and consulting literature (OB>30%, DL
20.18). 12 chemical compounds were obtained after screening. 177 potential targets were obtained after database
prediction and screening, and 97 targets were obtained as potential targets for the treatment of RA after
intersection between 177 potential targets and 4 329 RA targets. A total of 32 biological processes (BP) , 5
cellular components (CC) , and 12 molecular functions (MF) were enriched by DAVID database. The
construction of network topology map showed that different chemical compounds can act on the same target and
the same chemical compound can also act on different targets in the treatment of RA. Aconitum alkaloid can be
connected with the same pathway through different targets or with different pathways through the same target,
indicating that different targets may have synergistic effect, which fully reflected the complex multi-compound,
multi-targets and multi-pathways mechanism. Different concentrations of LPS in stimulation (0-200 wg+L™") can
significantly up-regulate the expression of COX-2 protein in RAW264.7 macrophages ( P<0.05), indicating that
the inflammatory model was successful. Compared with the normal group, the expression of TNF-a and COX-2
protein in the inflammatory model of RAW264.7 cells increased significantly (P<0.05), while the expression of
TNF- @ and COX-2 protein in bulleyaconitine A (BLA) , songorine, yunaconitine and karacoline groups
decreased in varying degrees compared with the model group (P<0.05). Compared with the normal group, the
expression of IRAK4, NF- kB, JAK1 and STAT3 in the inflammatory model of RAW264.7 cells were
significantly increased (P<0.05) , while such levels in BulleyaconitineA, songorine, yunaconitine and
Karacoline groups were significantly lower than those in the model group (P<0.05). Conclusion: Based on
systematic pharmacology and in vitro experiments, the related targets and signal pathways were analyzed to
provide new insights into the pathogenesis of RA, reveal the molecular mechanism of aconitum alkaloid in the
treatment of RA, and provide new ideas for the application of Mongolian medicine in modern medicine.
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lipopolysaccharide-mediated signaling pathway
activation of MAPK activity
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Fig. 1 BP, CC, MF enrichment analysis
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G0:0045121~membrane raft

G0:0009986~cell surface

20
G0:0016705~oxidoreductase activity
40 G0:0004497~monooxygenase activity
G0:0019899~enzyme binding 15
30 G0:0020037~heme binding
G0:0035240~dopamine binding
20 G0:0042803~protein homodimerization activity 10
G0:0016712~oxidoreductase activity
GO:0008134~transcription factor binding
10 G0:0008144~drug binding 5

®1 BLWEMFEMS OB,DLE
Table 1 Chemical component in aconitum alkaloid and their OB

and DL values

M_ID % OB/% DL
MOLO002397  karakoline 51.73 0.73
MOLO004748  3-deoxyaconitine 30.96 0.24
MOLO004749  3-acetylaconitine 37.05 0.20
MOLO004756  crassicauline A 34.13 0.21
MOLO004757  yunaconitine 33.56 0.20
MOLO004759  napelline 34.48 0.72
MOL004763  Izoteolin 39.53 0.51
MOLO000538  hypaconitine 31.39 0.26
MOLO002088  aconitine 7.95 0.23
MOLO002089  mesaconitine 8.70 0.25
MOLO002431  songorine 24.46 0.72

- BLA - 0.55
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RAEIRIT RAWAME R . BARAE Y ad 78 40 i e &b oz
TR L,

C

GO:0042802~identical protein binding
G0:0019825~oxygen binding
GO:0005506~iron ion binding

B % g P mE% lgP
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(74); (+)-Isoboldine(28) ; napelline(17) ; karakoline
(12)
hypaconitine, acetylaconitine, mesaconitine (9) ;
crassicauline A, aconitine(8) ., RA 5 133k A= ¥y i 1t
IFi) (18 85 7 A FH I 0 rp X6 RASA 7 505 Wt ) s
Degree 18 4 | & ¥ F 25 & B (118) i & B 2
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B (P<0.05) . I, 100 wg-L' LPS A i &
RAW264.7 40 7 A= S AE i W32, 5,

3.8.2 1k W4 X LPS i 55 RAW264.7 4l Jfl 77 1% %

Karyolemma

M 5% W RAW264.7 48 Md HH BLA, songorine,
yunaconitine, karakoline A~ [/] ¥ & i 3 J5 , XT 4 it 79
B4 5 AR5 ) 25 AN AR ] |, B 18 Wk T T 05 2 S g F
%% ,BLA A 12.5 pmol-L", songorine A 25 wmol-L",
yunaconitine & 12.5 pmol-L"', karakoline A
12.5 wmol-L", W53,

3.8.3 fb2E A X RAW264.7 40 s TNF-a & 111 355
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%2 LPSX RAW264.7 411 COX-2 B RIEMHM (xts,n=3)
Table 2 Effect of LPS on COX-2 protein expression in RAW264.7

cells (x+s,n=3)

215 JOT b e B /g L COX-2/B-actin
EH 0.534+0.113
LPS 25 0.698+0.117
50 0.745+0.120
100 0.895+0.156"
150 0.989+0.114!2
200 0.809+0.201'2

5 IEH A L # V P<0.05 ;5 LPS 4 fe AR 7 & L # 2 P<0.05.

F3 WERS I RAW264.7 HTFERHFI (X+s,1=20)
Table 3  Effect of chemical components on survival rate of

RAW264.7 cell (x+s,n=20)

215 W % /umol - L BLA
e 0.124£0.051
DMSO 0.119+0.050
BLA 12.5 0.121+0.029
25 0.144+0.051"
50 0.098+0.053
100 0.094+0.053
200 0.090+0.050
songorine 12.5 0.130+0.052
25 0.134+0.050
50 0.118+0.020"
100 0.099+0.025"
200 0.092+0.058"-%
yunaconitine 12.5 0.165+0.051
25 0.149+0.054"%
50 0.132+0.056"
100 0.140+0.053"
200 0.094+0.055"2>%
karakoline 12.5 0.130+0.058"
25 0.115+0.056
50 0.110+0.003
100 0.115+0.052
200 0.107+0.054"

W5 0F 52 IR Y P<0.05; 5 DMSO 41 [ 82 P<0.05; 5 44 24
2] F AR 1 Y P<0.05,

M2 5 IR 4L I RAW264.7 20 i 5 AiE 450 A
W TNF-a 35 0 2235 11 & TF 3 (P<0.05) . 546
20 Ft %, BLA, songorine, yunaconitine , karakoline ZH
TNF-a 8 [ % 3k K 34 A 6 # ERY FBEAR (P<
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COX-2 i w— w— — —-— e |,

[l ey e e s> s> e 42 kDa
A B c D E F

A. IE % 41 ;B. LPS 25 wg-L' 40 ; C. LPS 50 pg-L' 41 ; D. LPS

100 wg+ L4 ;E. LPS 150 pg-L" 2 ;F. LPS 200 pg-L"' 41

ES5 £HARAW264. 74 COX-2EARIEE K

Fig. 5§ Electrophoresis of COX-2 protein expression in
RAW264. 7 cells of each group

0.05). WLsK4,Kl6.
3.8.4 AL X RAW264.7 400 COX-2 1 11 3 34
B0 5 IE W 4 H B, RAW264.7 41 i 48 iE f5 7Y
H COX-2 2K [ 1 3 15 W] 8 7 55 (P<0.05) . 55 7Y
4] L %, BLA, yunaconitine, karakoline 41 COX-2 &
1 2 38 7K 7 354 N [ B2 B 19 B IS (P<0.05) o UL
4, 6,
3.8.5 Akl X RAW264.7 41 il NF-«B 18 B i 5
M 5 IF W 41 H A, RAW264.7 40 i 4% 4 # L op
IRAK4 il NF-«B # [ 1Y 2% i5 B 5 3% hn (P<0.05) .
5 A 44 LE %8, BLA, yunaconitine, karakoline ZH
IRAKA4 #1335 7K 7 ¥ A AN 8] 2 B8 9 B IR (P<
0.05) ; 5# I 4H L %% , songorine , yunaconitine ZH NF-
kB 3R [ % 18 K OV 8 AN R R B 9 B IS (P<0.05) .
&4, K6,
3.8.6 X JAK i B w5 IE %W 4 k&,
RAW264.7 4l Jifl 4 4 #5 7 v JAK 1 Fll STAT3 25 11 %
ik W] OBG O (P<0.05) . 5 BIAY AL 3, BLA,
songorine, yunaconitine, karakoline ZH JAK1 % [ &
IR IR H A AN TR AR BE B REAIR (P<0.05) 5 5 B AL 2 [
% , songorine, yunaconitine, karakoline Z{ STAT3 &
2 38 7K 7 35 N [ B2 B 19 B I (P<0.05) . L3
4, 6,
4 itit

HEAE I IE H SR VT 2B 1 ROIHIE R 2 — L 7E
VEZ P00 1 & A R R vl 2 DG ERE T 2
L 2 18 T 90 AH SC E H A HE I, Y LPS il i
W 200 J FF I 2 AR LPS TR WO | B AR
F A 5l % NF-kB , MAPK ™ | JAK 153 3§73 b
KA RAEA TN COX-2, Zr b KL LE T,
IL-1,IL-6, TNF-a 2% RAW264.7 /)N il E W5 241 it
2, — B T 8 ST R RE AR TR A 5 R AE IR . ASHF
5% LA RAW264.7 41 Jl 4 BF 58 %5 4, 28 LPS H 3 2 57
0 200 0 2 i ASE 7R F 5 A A 2 X AR RE 114 5 i) % L
4y F AL

TNF-a 2 I 1 19 B A% - 5 W3 4 i 7 A 1 — Fob o
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x4 UFEHHSILPSESE MM RAW264.7 H1 TNF-a, COX-2,IRAK4,NF-xB,JAK1,STAT3 B H R LM M (F+s5,n=18)
Table 4 Effect of chemical components on expression of TNF-a, COX-2, IRAK4, NF- kB, JAK1 and STAT3 protein in RAW264.7

macrophages induced by LPS (x+s,n=18)

205 e /umol- L' TNF-a/B-actin ~ COX-2/B-actin IRAK4/B-actin NF-«B/B-actin JAK1/B-actin  STAT3/B-actin
E# 0.423+0.077 0.938+0.165 0.409=0.070 0.495+0.072 1.121£0.276 1.070+0.306
IR 0.812+0.168"  2.126+0.334" 1.082+0.108" 1.252+0.079" 2.083+0.109"  1.526+0.305"
BLA 12.5 0.525+0.107>  1.348+0.116"2 0.662+0.063"2  0.794£0.140" 1.153+0.4452  1.194+0.284
songorine 25 0.491+0.1802  1.562+0.090" 0.762+0.107  0.959+0.084'-2 0.848+0.3912  1.127+0.212?
yunaconitine 12.5 0.581=0.1252  1.767£0.199"2%  0.698+0.038'  0.970+0.097"23%  0.634+0.1022  0.838+0.125
karakoline 12.5 0.522+0.066>  1.587+0.420"-2%  0.507+0.076>  0.774+0.064">+5  1.074+0.3132  0.988+0.218>

5 I H AL VP<0.05; 5 R A [ 45 2 P<0.05; 55 BLA 41 L %53 P<0.05; 55 songorine 41 [t 4% ¥ P<0.05; 5 yunaconitine 41 It 4 ¥ P<

0.05.

- [ 2; -
COX-2 wa SHED e Sy S S 69 kD
IRAKA e SRR S SN Sl s 5) (Do

NE-AB g D S S S s 50 kDa
ax1 [, :: -

STAT3 P- — —— — c— 88 kDa

[aclil | ey —— o—— W— W— ) |]);
A B C D E F

A TEH 41 ;B. BiAI4] ; C. BLA 41 ;D. songorine 41 ; E. yunaconitine
2| ; F. karakoline 4

6 [E I 40 Bl RAW264.7 1 TNF-a, COX-2, IRAK4, NF-«B,
JAK1,STAT3 | B KRBk

Fig. 6 Electrophoresis of TNF-a, COX-2, IRAK4, NF-«B, JAK1
and STAT3 protein expression in RAW264. 7 macrophages
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AL S 0[] TR AL AR AR R DR R A KR Y
32 ) S0 L, COX-2 AT 5 5 48 A= DU M R 77 2B Wil
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i 96 20 B rh R IR & . R — P RE S g e T AR
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K oAk B MUK B A8 BE 7, 12 R F B 35 Ak mT DL 1 4%
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SRR R A, WO RN SR A
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