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Study on the mechanism of Tibetan medicine
Mpyricaria germanica on ulcerative colitis
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Abstract : Based on network pharmacology ,molecular dock and experimental verification, the effect and mechanism of Myri-
caria germanica in the treatment of ulcerative colitis (UC) were investigated. The UHPLC-Q-Exactive-Orbitrap-MS technique
was used for the rapid analysis of the original phytochemical components of M. germanica ;the core components, target genes
and main pathways of M. germanica for the treatment of UC were predicted and screened based on the network pharmacology,
and molecular docking validation was carried out on the core components and targets;and the therapeutic effects of M. ger-
manica on UC were observed by the mouse model of UC induced by dextran sulfate sodium (DSS). Twenty-three active ingre-
dients of M. germanica for the treatment of UC were screened and acted on 111 common targets ; PPl network analysis showed
that AKT1,TNF,CASP3, etc. might be the core targets ; GO biological process mainly involved inflammatory response ,immune
response, etc. ; KEGG signaling pathway mainly involved MAPK signaling pathway, TNF signaling pathway, etc. ; molecular
docking showed that TNF,CASP3 and other core targets could bind well with the core active components ; M. germanica can
improve colon length and colonic mucosal damage in DSS-induced UC mice, and reduce the levels of TNF-a and IL-6 in colon
and serum. M. germanica exerts its therapeutic effects on UC by modulating TNF-a, PTGS2 and other targets through com-
pounds such as rheic acid,isorhamnetin, ellagic acid, wedelolactone and desmethylwedelolactone.
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S, BRI ELISA 5% & 10 Ui B B AT 46
M, SEERZE WG, 25 27N BB 34 K, fiff E) 4G
W I 1L SR AE MK R 5 PRIR SR 435 1 3R I A T Fe L
Wi AR s BUH ) i Be L 29, AR R K (TS ) T
VENAEY), DI 1 em A2 B 8 09 iz BT HIUE
YR T 7K 43, o P 20 2] W T, AT A i A



208 KIRF=YIB R 5T K

Vol. 36

W YR IR R e o, RSG5 I 4 2L ERL AR
TEAEIL . S 2l S 10 1V F 60 CIEAE IR,
AR AL, PUFAE S, LT £ AT, DAB &K, i
A PR ST e, e T ORER A R
1.4.3 RT-qPCR &4 UC /s R 2 B 28 22 TNF-a
#= IL-6mRNA & ik
1427 TR 5 BB L BN R4S i s A
SIS 513K, 76 /N BUSS I Bh I AL SURE AR R AL -
izol, 257 N IR R AR I ZUE mRNA | 2858 7%
S R LAY cDNA 521, RT-PCR A4, 5147
S,
%1 LERRTE PCR RE3IWFT
Table 1

Real-time quantitative PCR primer sequences

N Bl

Gene Primer sequence(5'-3")

F:TGCACTTTGGAGTGATCGGC
R:GCTTGAGGGTTTGCTACAACA
F:TGGGACTGATGCTGGTGACAAC
R:GACGGCAGAGAGGAGGTTGACT

TNF-«a

IL-6

1.5 MZHEZESHN

1.5.1 UHPLC-Q-Exactive-Orbitrap-MS 3k B 3 A7 1L
1.5.1.1 FEEHI2

W0 B ST AT RO RIS A A, 3 100 B i A5
SRR AR . FEASTE 4 CIRBE T iR iR
J& PRI & SRS (0.1 ~200 mg) , 73 5 A 0. 1
mL 7K (F1¥2) , R HE 1 min, JILA 400 pL $5¥% FEEZ
(121, V/V) B E 1 min  {IRIE& R 0.5 h,2
K,-20 CHCE 1 h PLIEHE A ,12 000 r/min,4 °C &>
20 min, Bt 3§ B2 THEE R T 200 pl 30% 2,
AlE, 14 000 g,4 C &L 0.25 h, B E3E EALGI
1.5.1.2 WAHEIESE

{354 : Waters HSS T3 (100 mm x2. 1 mm,1.8
wm) ;s G EhAH: A AR 0. 1% W R- /KIS, B A K
0. 1% MR- LM -5 N EE; fii i 0. 3 mL/min; £ 40
C ;PR 2 WL VEEREE :0.0 ~2.0 min A/B(90:
10,V/V),6.0 ~15.0 min A/B(40:60,V/V),15.1
~17.0 min /K/ZJ5(90: 10, V/V) B kLML B T4 C
H Bk ke A 3047 A sh3E A 2 A (BEALI Y 3% 22 7
BT, A W A PP 2R G0 0 e P R S 0 A5 s 1Y AT
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M ARG HATHEAR — G G Bk, S 5
T-J5 (electrospray ionization, EST) 2544 : 557X, 40
arb ;s BB 10 arb s B FEE HLE 3 000 V/-2 800 V;
IR 350 C s B LM A IR 320 C, =N
Full-scan MS* #5X; 4945 7 200 & 7/ B 7, —
RFHEIER 70 ~ 1 050 Da, — 2494 200 ~2 000,
— R HEER 70 000, — 2% 17 500,
1.5.2 §HA £ 2EMR %G TN

# UHPLC-Q-Exactive-Orbitrap-MS 15 2] (1 fk. 2%
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gov/ ) V-5 BEAT I 1 , i 2 1 R A= A FH EE (oral bio-
availability,OB) > 30, 28244 ( drug-likeness, DL) >
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Table 2 Active components and target number of M. germanica

%i* No L& Compound #3540 Number of targets
1 I i 35 N g Wedelolactone 58
2 FEMERA % Taxifolin 23
3 KR Rheic acid 47
4 Fr#4 % Pinocembrin 22
5 Wl2Efa ¥ & Pectolinarigenin 41
6 Z& (8,3 Morin 35
7 MV JPRR £, Linolenic acid ethyl ester 23
8 2 4EY Linarin 21
? S K Tsovitexin 20
10 2252 Isorhamnetin 43
11 ¥ fz & Hesperetin 29
12 R ZEZX Galangin 15
13 & Forsythin 9
14 & H Eriodictyol 22
15 # LA % Epicatechin »
16 WEAERR Ellagic acid 43
17 A ZE Diosmetin 41
18 LA NS Demethylwedelolactone 42
19 KGR 3-0-FZHF Cyanidin-3-0-glucoside chloride 12
20 /R SE Bl Boldine 22
21 ZEODEME Andrographolide 9
22 4B ZE Andrographolide 35
23 () -FREETILFREE TR (-)-Epigallocatechin gallate 21
2.1.2 HAasr UC sy e 505k & PPL M2 I3 I uiia g | 25 FR 70 A TR R BETR R AE IR
LPROE=3 PSR4, e F 2 ATl TNF ABCB1 RELA %,

M GeneCards 5 25716 H UC H5 2 415 4>,
LA b 285 ANIHPE UL A 2 415 AN AH CHE
FIBGZ A, AR HAIGT UC R 7E/E ISR A2 111
ASCULIE 2) o B b A 30 5 A 55 A - 355 P
53-UC” 1], &l 3 s, i iad7 UC A%

uc

K T L HH VR TE L U AR String B8 1, M PPI
A A 218, a8 4 frR, TNF EGFR Al
CASP3 SFJE[N A7 T PPL [ 45 [&1 Y 4% 01 B, 78 PPL
PO 28 v R 7 S BEVRIAEE AR T o

M. germanica

B2 BeHERASSHxE8sFRE
Fig.2  Venn diagram of UC-M. germanica targets
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TNF AUGX5s ADRA2A TURD  ERN1  SIPR1  PTK2 PLG  KCNA3 o E:i chitide
DNMT1 ~ ALOX15  DRD2 RARB  EPHX2  ABCC1 TYK2 RELA ESR1 Forsythin Epicalechin
TBXAS1  ARG1 MMPS  GPR35  AHGG2 AR ELANE  PTGIR CYP2C19 Lifafin Endiyol Isoitexin

CCR4  CHEK2 SYK HDAC2  BRAF cTsG RAC1 CA1  SERPINE1

FGF2  AURKA PTB81  MCL1  CTDSP1 PTGER4  KIT L2 HPSE

B3 HmEERS-ERER" MY

Fig. 3 Network prediction of active compound-target of M. germanica
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— EPHBACY

= A SN

e WSt S\
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ALDH2

B4 ZER-ZEBEEMZ

Fig. 4  Protein-protein interaction diagram
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5B 580 E M 4 43 (cell component, CC) =4, @il 5 for
GO I B 5 4 70 M7 L 35 /9 if 7 ( biological 7%, BP /R LI ] 3 B2 48 v £ — SR AL LA A i
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Positive regulation of protein phosphorylation I @b
Negative regulation of apoptotic process _ X
Positive regulation of transcription from RNA polymerase Il promoter _ 8

ERBB2 signaling pathway _ 4
Positive regulation of smooth muscle cell proliferation D B
Positive regulation of cell growth _ 4
Response to oxidative stress [
Nuclear chromatin _ 4
Membrane raft _4
Protein complex _ 4
|
I
| I
-

Cytoplasm
ytop M Biological process

Pl
asma membrane = Cellular component

Nucleus 10 B Molecular function
Cell surface
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Nucleoplasm _ o
Identical protein binding I
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Enzyme bncing —
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Fig. 5 GO enrichment of function analysis
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it R AR AL 4 A A T AR T LA
FE P45 AR AR S I 4 5 CC R 2 S e (0 i R
FUTS S A T A5 A O MIF 32 28 5 A1 [F] 4 11 o
Zia ERRESY MR A K, KEGG @ i 5

AT R (UNTEL 6 o) , SiAiiRyT UC i 2 BEAE:
JHIE S A A5 A i % (TNF {5556 5 \MAPK {5 5 5%
I MM SR (R T AT

Pathways in cancer

Prostate cancer-

Proleoglycans in cancer+

TNF signaling pathway 1

Eslrogen signaling pathway -

T cell receptor signaling pathway 4
Hepatitis B4

MicroRNAS in cancer -
Apoplosis 4

Pancreatic cancer

HIF- 1 signaling pathway 4
Chagas disease (American trypanosomiasis){ »

MAPK signaling pathway4 &

Toxoplasmosis+ *

©

. 4
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= log10(pvalue)

@ & 0 o
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& 6

T T
-] 7
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Fig. 6 KEGG pathway enrichment analysis

2.1.4 HAEBSERERSY S T HELE MK ERE
A ¥e ik G 0 4 F xf IR E

it — LB S A IRIT Btm E SE I R 151 AL
il BB IR TT 50 MR 45 M R A% O B ) 5 I 5t
T4z W0 Bk P 2 2 ] B 45 G M 45 21 L
F3. MASEAZIKZHME GRS, a2
] 3 FAE J by, MR s s WA R
7N, KB 2 FVIP I 2 PN TR | 07 WH 4 PN TR FLER A6 TR
G W5 O HEAE AL TNF, CASP3 | EGFR
PTGS2 FI HSPOOAAL 1445 4 g1 /NT-5. 10 keal/
mol , i W W 2 [0 LA B 4F i 45 5 1 M, HOR R
5 TNF, KRR 25 F 17 W 5 oA T A E7 1 2 N TR 5

PTGS2 2 |8l p4h & GEX/INT-7. 23 keal/mol , i 75 HY
SREUAY S G 162, A PyMOL B4 k4T rT AL 70 A
(ULIELT) W EEmT A4k 1 % 30T 3 I 3k 5 0 24 g
RS A M A0 28 7 2 AR B (1 B9 36 1 11 48 P, Rheic
acid 18 13 2 LR 4k &L ALA-109 ,GLY-224 . VAL-226
5 TNF JE LS A&V, i i 28 L R ok &L CYS-32,
TYR-116, CYS-26, HIS24 | LYS454 . GLU451 5
PTGS2 JERL 7 s 24, LW 845 iR 5 PTGS2
1 F IR AR L ASN-28 \GLN-26 ,ARG-29 ,CYS-26
LYS-454 CYS-32 HIS-24 .GLU451 # % 9 45 &,
It H iR AL A P R IR AR L AR A2 IR R
G T 4%

R3 FHROMSERLBERLGR

Table 3  Binding energy between core components and core target proteins of M. germanica( kecal/mol)

4% Compound TNF CASP3 EGFR PTGS2 HSP90AAL
KR Rheic acid 7.23 5.18 5.59 7.42 5.28
JHU I35 1% Demethylwedelolactone 5.69 4.86 5.72 7.26 4.89
W 285 P g Wedelolactone -5.13 4.70 -5.10 -7.77 4.45
$2AEAR Ellagic acid 6.93 4.69 5.39 6.97 4.8
H 2% Isothamnetin 4.55 4.53 4.65 4.93 5.16
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Fig. 7 Schematic diagram of molecular docking
T (O FIR AL L, S (07 SRR 1) 2 AL TR AR 0k, 3 (AR SR, A TNF-R BT ; B PSTG2- K B TR 5 C. PSTG2-25 MWL A5 N iR ; D
PSTG2-17 35 N TiE . Note : Blue for ligands, green for amino acid residues docking with ligands, yellow for hydrogen bonds. A ; TNF-Rheic caid;B:
PSTG2-Rheic caid ; C: PSTG2-Demethylwedelolacton; D : PSTG2-Wedelolacton.

2.2 {KRRIGIGIE
2.2.1 HFARRMTUC DR —HFR S0 Y

25 N IR/ B R R R IR R
WA R AT GRG0 528 O IRAUA L, A

H/ANFRE RSB R, B iRbESs , sl , BA TR,
H AN [ AR B 9 (6 1 R VS s AT 1T L 2, an &l 8 iy
30 1 - NC
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Fig. 8 Effect of M. germanica on the body weight and DAI score in UC mice(; +s,n=10)

2.2.2  @FAEm L I £ R4 R R PR
1 69 % v

25 N HR AL/ BB AACHE S 3 5, Zh AR 25 4 52K
LA PR IR 5 525 O REZELA EL, BT/ R
PRARHESZETL , I BRIG A, b K i v, 4 1 20 i i i)
Wi . SBIRYZAAA LY, #5245 20 2/ N R BRI 2 ), AR AR
HEF R 5 41 v Vi P B S 3 T e (LI 9)

2.2.3
8% v

525 [0 R A AR L, B R A N BRI 3 b
TNF-o FIIL-6 7K 5 2 Ft 5 (P < 0. 001 ) 5 5
LA L, S50 o AR 2 N SE VR AN RS i A
21 TNF-a Hl IL-6 7K - . F FE AR (P < 0. 01) (I
K10),

HA 2t UC s Ko i TNF- A= IL-6 K-F



214 KRFE=YIRESE S5TF % Vol. 36

B9 H7%xt UC/NREHERRETBEMN( x200,x +5,n =10)

Fig. 9 Effect of M. germanica on pathological changes of colonic tissues in UC mice(; +s,n=10)
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