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[ Abstract]

treatment of myasthenia gravis (MG) by network pharmacology and molecular docking and to further verify the

Objective: To predict the pharmacodynamic basis and core target of Shengxiantang in the

molecular mechanism through animal experiment. Method: The active components and potential targets of
Shengxiantang were retrieved from Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP) , and the disease-related targets from GeneCards and other databases. Then the common
targets of the decoction and the disease were screened out, followed by the construction of protein-protein
interaction (PPI) network, and Gene Ontology (GO) term enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment of the common targets based on STRING database and Cytoscape 3.8.2.
Afterward, Cytoscape 3.8.2 was employed to construct the disease-active component-target network. AutoDock
and PyMOL were used for molecular docking of key components and hub genes. Finally, we used the Ra97-116
peptide to induce experimental autoimmune myasthenia gravis (EAMG) in rats and then verified the core target
yielded in the docking with the model rats. Result: A total of 655 disease-related targets, 118 active components
of the decoction, 21 common targets of the disease and the decoction, and 3 hub genes were screened out. The
common targets were mainly involved in the GO terms of regulation of active oxygen metabolism, positive
regulation of protein transport, and positive regulation of protein localization, and the KEGG pathways of toll-
like receptor signaling pathway, phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling
pathway, hypoxia inducible factor-1 (HIF-1) signaling pathway, and T cell receptor signaling pathway. The
results of molecular docking showed that quercetin and Aktl had the lowest and stable binding energy and
interacted with each other through the amino acid residue LY S-30. Western blot demonstrated that Shengxiantang
significantly inhibited the expression of p-Akt protein in the spleen of EAMG rats. Conclusion: The
pharmacological mechanism of Shengxiantang in the treatment of MG may be that the main chemical
components regulate the expression of the core protein Akt, and then may participate in and affect PI3K/Akt
signaling pathways, laying a theoretical and experimental basis for further research.

[Keywords] Shengxiantang; myasthenia gravis; network pharmacology; molecular docking; animal

experiment
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Table 1 Potential active ingredients of Shengxiantang

Mol ID OB/% DL Mol ID OB/% DL

MOL000379 36.74 0.92 % [£|MOL004653 46.06 0.66 %&#]
MOL000033 36.23 0.78 [ |MOL013187 57.13 0.64 %&#
MOL000211 55.38 0.78 ¥ |MOL004702 30.50 0.63 4&iff
MOLO000296 36.91 0.75 ¥ |MOL004598 31.97 0.59 4&iff
MOL000433 68.96 0.71 [ |MOL004624 47.72 0.53 45

MOLO000374 41.72 0.69 ¥ |MOL004609 48.96 0.41 4&iff
MOL000387 31.10 0.67 ¥ |MOL000490 30.05 0.31 4&if
MOL000439 49.28 0.62 # | MOL000354 49.60 0.31 %E#]
MOL000442 39.05 0.48 # | MOL004648 31.60 0.28 %Ei]
MOLO000371 53.74 0.48 {1 |MOL004628 47.82 0.28 45
MOLO000380 64.26 0.42 # £ |MOL000098 46.43 0.28 45
MOLO000354 49.60 0.31 [ |MOL000422 41.88 0.24 Z4iff
MOLO000378 74.69 0.30 # [ |MOL004644 79.91 0.23 45
MOL000398 109.99 0.30 #[£|MOL001645 42.10 0.20 4¢if]
MOL000239 50.83 0.29 # [ |MOL012040 31.31 0.84 FHjk
MOLO000098 46.43 0.28 7 [£|MOL001924 53.87 0.79 FHjik
MOL000438 67.67 0.26 [ |MOL012081 40.10 0.76 FHjik
MOLO000417 47.75 0.24 ¥ [€|MOL000449 43.83 0.76 FHjk
MOL000422 41.88 0.24 & [£|MOL000359 36.91 0.75 Ftjk
MOL000392 69.67 0.21 [ |MOL012055 33.84 0.74 FHjk

MOL004514 3526 0.87 I+ MOL012053 83.02 0.45 JHFk
MOL004540 35.50 0.87 ZI#}||MOLO011999 31.31 0.42 FHK
MOL004542 30.67 0.86 I+ MOL012023 36.79 0.40 JHFk
MOL003773 36.16 0.84 ¥ |MOL012062 37.19 0.40 FFJE
MOL000546 80.88 0.81 ¥ |MOL001925 68.18 0.40 F1Jfk
MOL004489 60.06 0.79 ¥ |MOL011991 47.64 0.35 FHjE
MOL000449 43.83 0.76 HI#|MOL012052 102.67 0.34 F1jE
MOL004497 51.65 0.62 ¥ |MOL012011 30.04 0.32 FFjE
MOL004528 41.58 0.61 ¥ |MOL000483 118.35 0.26 F1Jk
MOL004492 38.72 0.58 HI#:|MOL012073 30.19 0.24 FFjE
MOL001677 58.02 0.52 I#|MOL012078 50.01 0.23 FFjE
MOL004373 45.41 0.44 Z%1#£|MOL004355 42.98 0.76 fff
MOL000483 118.35 0.26 XI#|MOL006070 39.84 0.71 4
MOL000422 41.88 0.24 %I1:||MOL004580 66.44 0.27 #Ad
MOL000631 112.90 0.20 ZI#:||MOL006026 39.21 0.25 54
MOLO004718 42.98 0.76 4#]|MOL005996 45.15 0.25 #HH
MOL000449 43.83 0.76 %4£#]|MOL000006 36.16 0.25 fiifl
MOLO002776 40.12 0.75 4% |MOL001689 34.97 0.24 ##4H
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(LN N R U@ i B S R A ol S P e S e
B W R WG 25 G R G AR B I A7 AR s AR L LA
JfL 28 B v A7 T A A RS R A A B 2 Sl 5
Z ol BT RS A5 o AL 5 BRI e

2.6 KEGG {55 # % & %50 #r i i Hiplot 78 4%
B FE R 21 A 22 AR B 5 i 4T KEGG {5 = i % & 48
ML R B R R T 76 &5 Tl K (P<
0.01) , Fif 20 4% 38 6 22 1l 2508 181, UL 3% 5 3 R B on A
R 5 EAENIC S BB AR (E 5 I R A
Toll ¥ 57 1 {5 = i B% . % B8 Wk UL At 3- 3% il (PI3K)/
Akt 5l i KA TN - L(HIF-DfF Sl . T
2 L 52 AR S5 A 50 i 4
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2.7 3O 4R R TN Hh 2 T M v R A
IS A RE ST AR B - rh 24 0 Ik Ly A AR R AR
W 2% 43 B 45 21 85 3 A A% 0 16 E AR 43 B R
E KB H K 5 Cytohubba & MCODE i 14 i 1% A9
B 3N A% 088 5 Akt] TP53 F1 ESR1 #1745 & fE 1y
T o — MO NG AR S ARG A R
ez i, HL Bl e M0 7= 2R A AR 1 AR R R AR
P X A9 53 v R, Akl 500 R A5 PR R B
AR, WK 2, T A LR AR AL LY S-30
AR HEEAE HT, UL 5 RSB Tk R

K2 MO TFRASTFHEESEE
Table 2 Molecular docking of 3 target

ooty PDBID fkAWAK 4545 fiE/kJ - mol”
Aktl P31749  EH LA -8.80
Wik % -9.31
ENZEE S -3.19
TP53 P04637  EEEIT -6.4
ik e 3% -2.11
UNZEE S -2.98
ESR1 P03372  EHEH -6.89
ik e 3% -2.16
VNS -2.04

2.8 i )R] OK B AR A O % AChR-ADb /K722 4k

T A R (45 2500 ), R I ELISA K6 I K B % ik
HhJA I TE H AChR-AD [ % & , EAMG BRI 20 K [ i
i 1 AChR-Ab & it W] W & T 4 ) 41 [ 7 4
(42.931+2.966) EAMG # (48.497+
5.256) pmol-L",P=0.003],
2.9 FhBE AR BUMIE Akt 2 112 3K K S A9 52 R

K M Western blot &6 I 35 7 45 o J5 & 2H K 5L IE
HA P Akt H LR AR A LR 3, SR
I3, EAMG B8 241 K B p-Akt 85 11 & 18 W i Tt &
(P<0.05),5 EAMG BRI 4]t , FHR A K P
FI) 2 2 I R T 2 W 4 p-Akt B A 8 1 I  [AAIR
(P<0.05). WK1,
3 itig

HFIEN XN ERNEZPE THAERSE A S

S e VRPN N TE B 4 AR XE A B TR A kR
e, K DA R LSS TE IR G 580 1Tl e iy O
—HEFE LI H ) AR o AE TR 2 R
WE, (B AT N - K] iR ) A BT CIKIE”
ET R CEET IR R o MR A 09 I IR 3 B
FVEERG 1 AS 8] B B, ] J@ o B AN () A9 99 iE, 40 < 1

pmol-L",

F3 ARG KBBEp-AtEARIEKENEIM (X+s5,1=3)
Table 3 Protein expression of p-Akt in rats of spleen tissue(x=+s,

n=3)

28 51 ) p-Akt/Akt
S E 0.312+0.017
EAMG # # 21 0.767+0.016"
Tt 17 A6 5 = 41 1.463 g-L" 0.657+0.014"
T 37 7 = 41 2.925g-L" 0.607+0.018"
Tt 3 37 w5 7 = 41 5.85g-L" 0.506+0.007"
it B2 1 JE b ¢ 5.4 mg-kg'-d’ 0.484+0.014"

SR L Y P<0.05

L L LT

carn
R - - -

GAPDH S S 3 D:

A B C D E F
TE:A R4 B. EAMG BB 4L ; C. FH I IUR) 415 D. FHA
R B, TR s R 4L FL RE R TR JE AL 2
B1 SEHKXRMp-AktE B RIEBK
Fig.1 Expression level of p-Akt analyzed by Western blot

7S 59 N RN = S NS (SIS R T v
PR 5Kk B ai 7E (L N 28 ) o OB Skl b L 45
O fY I PR 5 B, 7E (B2 24 3 p 294 3% ) P BT 4 T
RARIER I OB RN B " — A, I A1 il
TP R RRIEMARTT TG & ®
SiE WUTE 3 B9 i PRIG YT b A B, EAE LTE ) 32 B2
TR M AR B A R SR S 2, AT R
Sy 35T B UE T s 0] AT R A8, AN AN BE i ik A AR T
8B R, i HL G AN RO [R] s S R LG
7 G K B e B AR 2 F R Oy P L
B, B AN U [ SOAR R, 2 P L, O]
FORE 2 3 w R A 2, — Tk — B I Z i, Se
ABFE 30 B 51225, T 28 D B2 3L BT R
FEaE A LTE THRRT 28 Jr i TR Z A, 9
Mgl a2y, Resl KT E A A LI, 5 inEml
YCBH WA TR 95 3 R B O A O 08 2 B AT RE 2K
6252 01 Lk T, v 25 3 2% g5 UM TH B2
Z VIR EAE AL J1 KT BEIE™

P 265 24 B 2 AR 8 1 ) o B O Al B 24 B
S R N LR A R EOR T R
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{5 5 30 B 1 Z2 08 T R L AR HIE 58 DA I 4 2 B 2
) B SR T B TR T SEE ILTC 1 B4R R AL B
TETE MG TT H 5 . R4S TCMSP Bl 7 A AR I 35 24
Yish Ji2& 0 ve T TR S ek 2 (RS R
SEH THRR S AR ) 19 76 B AT RO 4 L 118 S AE R
A KR AT B FE LG I 90 B A5 655 1 5 48 43 B AR
20 N, 76 5 M55k, MR T
PR - RO A - S SRR L B T A RO S
B S 5P Z A BEAERCR TR
“ZM -2 -ZE IR LR T 2%
WA -

A RO A3 -2 S 4 R, B U AT
EOARER HEEINEGRSEL, WG L
Y236 97 R WLIC F1 4 F 0 20 A & ) Fn B 22 4
Senh o FERE, T EE MR R CEHE T ORR
BRI EBUR U AL s TR R 2GR AR
FHP TGS e i 1 2 R ] AkUmTOR {5 5 38
BEAIE 2 AR SR 58 A 19 A R RN 5 fih K 2B 0 2 B IR
Tl T I 5 P, A A AR AT O ) A i
B2 Wik R EAE R T R PR PR
U VA SR L T B3 IR TR BI(Th) 1
T4 Z -y (IFN-y) F1 K 3 Th2 1 (1 40 il £ 2 -4(1L-4)
IR, HE IR SR DR, B HUR T RE A A
il fifEd YR AE IR T -a( TNF-a) £ F1 40 41 £ -18(1L-18)
14 3 PR e 3k ol i e T BB . KRR B HLA B
JEPUR I R B AR AR A O HL I &
PI3K/Akt.MAPK 55 {5 538 B (1% 98 55 DL K AH G 240 i
PRl R 11 28 3k A5 R A T Th i v 2 ]
A T P AR IR A T e R R R T
FHAENLIE ST .

i# 3 Cytohubba }2 MCODE i {4 X§ PPI ¥ £%
28 A B R AR B A 0 B A Akl TPS3,
ESRIL, T & A1 /] G J2& 7B i A o7 316 ILE ) 1
AR . WFSTHRIE Akel T HE5R CDS'T 40 M 19 431k
W3 CD8'T 21 it 1) 14 48, 40 il DCs /28 BE 3005 L M
7 3 21 9 G 8 g VR Y . I 5% 8 3 WL
JC 77 58 AN JE W A Th 1 Th17 46 M Kz HAH ¢ 44
Jifg Al - IL-1.1L-6 . IL-17 . IFN-vy F1 it 58 I35 2E 5 5
(TNF)-a 23R B0 3 . vl 38 i 0 ) Akt/mTOR
15 530 4% 8 TL-6 1Y 26 3k 25 035 FRE ILJC 1 /B
JUL TR 9 57 P TG 1 0 RS . ESR 2 4 A i 3 K 2
R a(ER) WYL, BA e 835 i VEH , ESR1 AT LA
P87 VEGFA 1 & 2 /K 0, #F 98 % W 1L 7 AChR-
Ab BH M 1 FRE LT 71 52 & VEGFA K- 8 35 T
- 148 -

X FW VEGFA A iE S 5 T &4 WLJE J1 i &%
TP53 J& Y i AF 5% d5c )12 (09 g KL R, TPS3 B ] A
B WA IO L L mT LA A A R 7 R
FER ol Bl 4 4 I B A R, TPS3 3l i M il mTOR 15
53 [ I I DA TR 0 ) R S Y A o
TP53 7] 3§ i 1L-6 1) 3 5] 3% 5k [W) Ao 412 32 200 i 1% 34 4
A A

R4 KEGG i #% & 5 3 M 45 1 v LLE 3], T B
% F 2 LY Toll #5214 (TLR) % % i % . PI3K/
AkE 530 [ HIF-1 15 538 B T 4052 1445 5 30 i
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WLTE 1 09 0 55 a8 A% Ry BB N K 2 IR
AR, TLRES SRR RSN K EEE
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JNTE FAE WLJC 77 B 79 PBMCs FR 77 76 TLR B 5 %
35, TLRY9 mRNA Yy 5 % ik /K F 5 JAE LIS ) 1y
I PR ™ o A W S IEAH G R TLRATRES 5 T
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ARt S IE S5 T M5 Ak 08 T R R 2 b
e R RTE Y TAIR M R F RRE FTIEE .
— T 5 3 BH , PI3K/ Akt i S5 100 i) 551 mT il 56 UL
JC J1 # % PBMCs " Thl #1 Th17 40 g & % 34,
HIF-1a 2 K% B2 fi# Al PI3K/Akt/mTOR 8 45 i §% 1) %
FE 5, HIF-1a 03 GLUT K 56 5Ol % i 55 4 () 3¢
K A B P AN A PR T L AR IR RE Y L X R B PI3KY
AKUHIF-1a {5 53 [ 0] 8 15 55E JJLTC 1) 5 % )
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