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1 MR5FE
1.1 #HR5RF

FEAPEEAE, DU o0 HEE . 0GR (4K
P (52 ) , L ETER A,

12 UEHIEHE

SCIENTZ-12N & VR T HIL, 708 2 A U Rt
H A PR T s BGZ-140 HLFREE XT840 | i
RS A FRA F s GP2310 Sl b, | A L1 Jat
B HL e A BR S 7] ; HI650R BS.OHL, U AR
HFRAF]; EXION LC System # = 808 (41543,
F[H SCIEX 24 #) ;SCIEX 6500 QTRAP+= 1 DU
FERREAL, ¥ SCIEX Z 1A B AR A 5 H
BRZH]

1.3 Ristan

1.3.1  HES IR R EL SRS R B T4 07 =X
AL FRFE AR EAE , AL B A B R TR (DG) AU
i (HG) &l B (YC) PR 48 (WB) . FT A
FEARZ 5 — B SRR TG , WFES (60 Hz,30 s)
FREL 50 mg MIFEASE T B0 T A SEBGR [ H
fis: K=3:1(V/V),-40 CHA ,FHNHR]700 pl; iR
Ji€ 30 s,35 Hz 2J3¢ 4 min, VK/KIBHE 5 min; B2
SPREFE 3 GRS b 4 Cal i A
4 °C,12 000 r/min (50> 7] 13 800xg, -4 8.6 cm)
B0 15 ming /DO RV, 28 0.22 wm FRALUEEE
18 PR IURRR B LT R 20 £%, IR E 30 s, BEA
FEARZSHL 50 L, IR A BUBTHE (Quality control, QC)
FEAR ;—80 CIV A7 E 2 L HLAEI

1.3.2 UHPLC-MS Zr#r Rkt tere 4o 4
A, 5302 DG 41 HG 41 .YG Z1F1 WB 41, &4 3
WE 3N EYFEENA, T 12 MR HT
LC-MS MG 34T

fdi 1] EXION LC System (SCIEX ) # /& 2508 AH
A3, @it Waters UPLC AR 3EA: % Hbnfk
GYHATEIE B WA EATE A M 0.1% P R
PI7KIE, B M O . AERARIEEE 40 °C, A 3h
PEFESRIRLE A 4 °C, SEFEARTRCA 2 wLL, B a5 57 Sy
min , JL AN wl/min,

% 235 45 TonDrive Turbo V ESI B T 5 11
SCIEX 6500 QTRAP+ =T PUMAT BTG, A2
g W (MRM) RS T B o0, B IR A S
AT B W HE ; +5 500/-4 500 V, 77K, 35

psi, ML 400 °C, B F IR 160 psi, B FIHA 2:
60 psi, EFEHE 100V,
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P PE e i e TEREAE AR,
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(BT U8« X A Peak HEATIEUE, DL 25 BRI B4
BRI T XA MENZ  (Relative standard de-
viation , RSD ) X i B (B AEA T 8, Sl R ARLIE 9 . XoF
A Peak HFATHIIE, ROREBERHASHEALT
50% B AEFT A H P 2B EA 2 T 509% Y U T ALEL
i BRI ARLIETRD < X UG HIE T A SRR (B A T4
(Missing value recoding) , BUEAR AU Ty 72 Ry e /IME
FeLA(0,0.5) DX [a] PN A BEALECR ZEA T4R0RD . Bt
AL A # (Normalization) :  F] F P #5 (Internal
standard , IS ) X BHE 4 TARE AL AL 3L
1.4 MEHEF
L4l FEAPHEARIE PR E  ARYE UHPLC-MS
SIBTEE R i e ] R AL AP EAEA R . BE e
i PubChem (https ; //pubchem.ncbi.nlm.nih.gov/) %4
6 PR AR AR 1 SMILES 2549, IR S A
Swiss ADME (http://www.swissadme.ch/index.php)
V-5 BEAT TR, RS 25 A IR A e
(GI absorption: High) LA S22 254 ( Druglikeness ) 4=
H A "yes" AR , it B AT R 25 W R R T
P W 43 . Fl H Swiss Target Prediction (http://
swisstargetprediction.ch/) i 2 i 155 1 14 B 1Y
WTEAE S a3, TBR P /T 0 BYSE SUREE A2 40
o
142 PE57MCH S 7E GeneCard (https://
www genecards.org) &l B | L “fatigue” 1 “anti-
fatigue” N BRI HEA TR 2 S A FFARE AR DG
Jer D0 5 2 1 A
1.4.3  FLAPEERSE 57 SCHEME S e O B AL A
MEAE T T o3 5595 57 Z B TS AE R 2, >R ] Ven-
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ny2.1.0(https : //bioinfogp.cnb.csic.es/tools/venny/ ) 73
e, 0 AL AR AL 1 Ao P R A P AE 1 5 9% 55
R R Z B R A B, HRELATA
STRING (https://cn.string—db.org/ ) BUHE I | 3 £
“LRPE A, P h “Homo sapiens” | ¥ HEHR
FUSTEAE 2% (PPLMZ ) IR 5 4 PP o 4%
FE S, i Cytoscape3.10.2 FRFFEAT M 4553
M1, H Centiscape 2.2 i35 45 0 2230 oo
(Closeness centrality) ., "1 4> 710 P (Betweenness
centrality ) & H.0% (Degree centrality) , 3 T
(D FEF 1 (Degree ) i i Hi S LML 25 LU 22
il PPT R4 R € TR Jre s S BHEAE A
FRRE,

1.4.4  FEAPHEAETS RSy S5 HE s 28 b H%
95 57 AH O AR o M A 355 1 1800 O A FHAE R
PTG U — MR | B R AL TS
PERLSF FAS R 255 B 5 A Cytoscape3.10.2 51
o, i Network Analyzer 730 A A5 B, K4 32
(EDNAH G BT P B o3 A9 57 8 A B AT 8, LA
B TATTAE R AR A6 175 1 153 9 55 3 1" I 246 v
PR M, LTI — e 25 A W Ak A AR T
PRI 57 48 1 28 R

145 GO WIReM KEGG 3 B & 400 KeAL e
T A8 9% 55 ¢ B 4 5 S A DAVID (https ://david.
nciferf.gov/ ) B0 2 P, #E4T 3L UK (GO) T RE AN
SRR N AL N R 215 (KEGG ) il i & 2 04T
GO 3 Afr Al I TR P W e A T ke, ARt 7
(Biological process,BP) & % /s T 8 H LAY
A P A IO Rz FEREX, AR 23 (Cellular
component, CC) 7M1 iR 38 LEHS 5 MG,
43T I HE (Molecular function, MF) 437 7] DAk BH
2T YRR A2 AR S R . R R AE
28 % 5 (https://www.bioinformatics.com.cn/login/)
W GO TifiE Al KEGG 1l i & 4 45 47 vl 1L
4{[35737]0

1.4.6 X% FIH TCMSP (https : //old.temsp—
e.com/temsp.php ) T 2T ZEXF FE 1 R AR IEAL I P
I3 ) mol2 A% S, B A S 23 R R TE
&, [R5 RCSB PDB 4R 1% (https: /fwww.
resh.org. hnuem.opac.vip/) T 285 23 HF 5 10 S A
SR 3D 511 PDB S, AR 41 X4

fRSZAR , ] Pymol Xif 52 A4 HEAT FHIAL B , [ 257K 3
FHRBLRECAR, FH Auto Dock BT H#E AT
AT T IR A pdbat A8, R AT
it OpenBabel 2.4.1 W45 pdbqt #%2, 7E53F
XL FE R, #E8E Docking FEERUEST 201X 22, IF
WA 4G5 REAN VB A TE U DU Wi 1 o5
KHEM R Ve I R, 456 R Ik BB i
PIRHEH SO BA e BB VE . X4
(¥ Bl <~4.25,<-5.0,<=7.0, 43R R AL i1 2
RZ AT, RAFHISRAYZS 5 HE, 25 (Conven-
tional hydrogen bond) 7E/rF ML G HRE R
KEBEMEH, MU o1 Z A 455 I X
MZEEALE A RENE 28 3 [ B9 A BLAE R, AT 42
T A A IRRE TR, b, SEARES | 5
oy FAEAS AR Ry OE), A7 B TS R R4 S L
‘E, )5, M H Pymol Fl Discovery Studio 2019 %X
PEX 3 BLAR 5 3 1 BTS2 AR ) 0 He 48 SR A 7 T AL
,f/t &l\}i[38739] o
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FEPUEAL PUR RO C A S FZEAE R LRt
SR APHEE 2R 2 EERRBIYIZE, ENTRA
PR TH AR AFIAE I o IeAh R AP HERE il B
BRI, AN A2 | I e A A
A Z R0 A i 1 LR BTG
22 MEHEESH
2.2.1  FRAPEREAETE TS FIOCHEAE i LSRAG AL
REAEACHY 544 4>, T Swiss ADME §if i Hy
63 MALAPEEAETE MR ST, BEJS R ixX 28 i 7 A
Swiss Target Prediction Z(#s 2, L1595 868 4
VEFIRE A W IRTE X SR T 59 595 Z A OC 2R L TE
Genecard Fdia PE AT R IFHEIR T 1 052459 57
AASCRYHE o i 35 BT (1) BfE 1 AL e
AETEME LA HIHE A 57 48 s Z R 170 438
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SR ARG AL AR A E U 57 J5 T AR FH AL
il B S BEHE 5 5 A STRING #E4T PPL M4 50 #r
PPI (25 Hy 169 /™75 53 A1 3 020 220, i 3 432
UL HO 1 (Closeness ) . 1A H 0 PE (Betweenness )
AT, BZMfE T 30 D OCHEE &, i
SEER S AR T AL 382 ARIUAY PPL 4%, & 2 4%
JEEARLGT DG B S A T HE T | (L v P € B R, 3R
X S S AT S T T e R R EE R,
GYHT, TS R B HE A T S A0 i SRR AR 1 2
(WL 1), 5 H A B(AKTL) M8 2 H p53
(TP53) MR IRFER T (TNF) 2 iz A K R T2 4k
(EGFR) B 4iiffiik E49% 2(BCL2)

Hirp AKT1 i T PI3BK-AKT-mTOR 155 5 ji
A OAALE | IZ[F S S 5 IR ARG 5 5
b Fn Y8 T2 4 A A B . AKT {5 %5 38 58 i
mTORC1 F1 FOXO1 155 3 [m] 4% il 4 1 5t & s A
AR, DT sZ e UL PR A= B LG LR 248 L
PRI/ i FIAS il FH S B0 LA D) BE T R, TPS3
TR LRI RE | SRR SN DA K 4 i
T-HAAFRE T, 2 5 A ae AR IR | X+
YR A M AE IE ROV HCIRAS T BT aE . R AN i
A AERE S AR TEOLAR T 3 55 M 25 OC FE 2 TNF
A DU s R e R AR T | B AR
RAE AR ST, S B B AR 1E 5 A A 2
IR RS RE ST, DN AE R 55 B DR 17% 7 F
AR EGFR 38 2k ] 5 SR8 I | e A A 4
MR TAF S, AR EL A e ggd A 4 o R LA
Uo7 I VER . XA 2 0 T AR AR A B
TR e B A 57 IR, I T B L A (gl
FREIR 0 R0 A= 1% B HE ) BCL2 DU 5 3 400 ) 240 i
T SESRPTEALAE T LA R JH AT LR AR T BE |, 35 BhAn
JiL AR IE A BRI ES AR AR, AT 7R 40 i
AU ST, DRAF B 32 3k BE 98 57 (R 52 e
2.2.2  FEAPHEACTE PERL ST - 57 S MR 25 2 H)
JH Cytoscape3.10.2 FRAFE AL HEAL 135 VE L ST 5
AR AT S5 08, %S H 231 A
ST 063 5l i, BRI 3 R St i
] Network Analyzer 4-AT ifE, 1T LOULES 27 M
R399 57 I 2 TR A I O o Fvh T A
559% 57 RS AHE 2 | BE(E R R Bt A1

KL REAEAT I HE 2T

698
(39.9%)

B 1 #EEEREs S RS8R ER
Fig.1 Intersection diagram of action target of male

flower of Eucommia ulmoides and the target of fatigue

L2

NR3CH
(cawr PARP1

B2 XK@ PPIMZE
Fig.2 PPl network diagram of key targets

F1 EEHZE S MHXERELER
Table 1 Top five key target protein genes ranked

by degree value

FaLtk  PAPol BEPSk AL
AKT1 1 595.69 0.0044 113
TP53 932.96 0.0041 101

TNF 914.21 0.0041 100
EGFR 1479.76 0.0041 97
BCL2 574.58 0.0040 95

AN, TEAGER AR 2 v | BEEHER i 5 1936 1
B8543 5] 2 BT AN BTG (Apoatropine) | AR B
(Cochlearine) , 2= % $ L fif§ (Deoxylapachol ) , & &
12— 7K 4k & % (Yohimbic acid monohydrate) Fl /5
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MAT3R (Homoferreirin) X SE M ERIZE P T 435 CHEEH
LA, R EANT AT REAEAL R AE BT 57 75 T A

B3 AL{PiETEiE MR 557 HE 4R

Fig.3 Network diagram of active components in male flower of Eucommia ulmoides—fatigue targets

2.23 GO YifE5 KEGG M) & Ea b it X 55 19 IE 818 (Positive regulation of transcrip-
— 5 T AL HEAE PO 5 B AELE, ] tion by RNA polymerase I1) . XFAMEPERELY
DAVID X i ¥E H 1) 30 4~ 40 25 54T GO Thig i (Response to xenobiotic stimulus) 8 1= 2 fit
I KEGG 18 #% 5 4704 N GO BRSO F | BP J¥E (Negative regulation of apoptotic process)#Fll
SAARAR T 305 AN H , FEW X RNA RAH 1 {555 5 (Signal transduction) 55 ; CC & 45 R I

RNABA ISR,
RSN
o vt

e = wau
e - = amnEn
OGS L e
EREOREA M
Bea e ——
EREOEERES [E— L
REMMEA [ L
REFES —— L
ATPEE i = L
DNAZARRMERFEN, RNARAMINSE [ N
DNAKSASRETF A [— L
DNAZSE el
125 10.0 75 50 25 o 10 20 30
R=N
~lg(P-value) R B

Gene count

B4 #ETETES R GO E&E 247 BP,CC #1 MF

Fig.4 GO enrichment analysis of BP, CC and MF of anti—fatigue male flower of Eucommia ulmoides
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AN 38R HE, FEERLARE T AE A M (Cyto-
plasm) | 40 il %5 J5i (Cytosol) , #% (Nucleus) F1 4% i
(Nucleoplasm) %5 MF 4055 T 59 N5 H bR
TER 1454 (Protein binding) A& 145 & (1-
dentical protein binding) | i 45 & (Enzyme bind-
ing) 12 R H #EE 4 A (Ubiquitin protein lig-
ase binding) H1 % H ¥ B¥ 45 4 (Protein kinase
binding) &, A T B EDULHE 7 i S8 AR S5 IR AR
I DR (R 2R T B M ) B R B, R
T BP.CC Il MF 4% H hHE# i 10 195 555 H Bt
FrT AL B BRI 4 FR

N T BRAG T O s AU 97 i A v A
FAEZM:, RIS KEGG & 4840 Hr i it 25 PR B0 R
PAH, Tk T 20 A F 258 B, IR T T Ak Ak
(& 5), SRR, X5 FE 32 B0 KRRE
% (Pathways in cancer) . J8AEH A8 H R A
(Proteoglycans in cancer) . R85l ik A0 4L
(Lipid and atherosclerosis) . W 77 b #T 1 (En-
docrine resistance) . < VO PR AH S 920 B JEK
%t (Kaposi sarcoma-associated herpesvirus infec-
tion), AN ZKE 41 Mg 7 & %4 (Human cy-
tomegalovirus infection) | J5 iE T Y microRNAs
(MicroRNAs in cancer) . Z B JHF %8 (Hepatitis B) |
f2E SR -2 AR5 (Chemical carcinogene-
sis—receptor activation) . it %1 I B %% (Shigellosis) |
PI3K-Akt {5 5 18 i (PI3K-Akt signaling path-
way ) T # iR45 (Prostate cancer) B JRIE I A AE
1 AGE-RAGE {5 5 % (AGE-RAGE signaling
pathway in  diabetic complications), JK ¥
(Measles) . 3L 14 U 1z 77 5 3f bk 58 #F B 4 (Fluid
shear stress and atherosclerosis) . %% H 9 (Col-
orectal cancer) HIF-1 {55 il i (HIF-1 signaling
pathway) \TNF {5 518 % (TNF signaling pathway)
WL 2R {5 50 % (Estrogen signaling pathway ) S FL
JiRJE8 (Breast cancer) &, 3 S RPN 1] REiH L
S N AR R AT R TRE | ARE S
BB IHFES I, 2 5T R E SR RE,

Ak, B f# A Cytoscape #14F4: ] KEGG 55
L B A A B0 — R - 5 -
5l R (8] 6) , DLt — 20 s 3 6 G B i fi
TE W 28 R 6L B N S 25— P 1 — B -9

IR RIT I 2 ]

N

A GRS

i PRI I RAE ) AGE-RAGE {5 il #% +

HIF-1 {55 id#% °
-log 1o (pvalue)
15

SR o 1 R 1 R | ( ] 13

TNF {5 5@

s | 1
SEURBTYIRL SRR REREL | 9
R SEbGEREL L @ 7
ZHE

KIS [ e

eV P PR ST AR
G e

N B

1L BB-Z RS |

EWHH [ @

JEIET 7N RNA F @

S E
PI3K-Akt {5 45 il #
10 20 30
[CESEY

Enrichment

B 5 MMPEETESH KEGG B

Fig.5 KEGG enrichment analysis of anti-fatigue

(Y X X
>

of male flower of Eucommia ulmoides

S5 B 2 ] B9 23X — AT AR R 3 A TR
b B A AT 5 BV TE LR AL T
XFE,
224 SFXHEZER CKEEEHEZTT S HY kD
5 AKT1 .BCL2 TNF TP53 il EGFR, Skt:fiifiit
TP R BE (B HE A B S A T5 2 A 20 B AN AT G
BRARG, | A R B T IR — /KL A R = AT
R0 FRHET, BT A AL AL P o
S B0 5 2 T RHE 4545 BE 2350 (KJ/mol ), H
o2 sk (0 BT R S A R B R R
TREE AR ST

g 8 s, BT 454 RE 158 HAT A6 S
BT 8 AN XNHEAH S, FIH Pymol #1 Discovery Stu-
di02019 BAFXT RS AT PTAL 00T . B 1R
— KBS EGFR _FEILRR ASP-807 JE K 3
ANEHE; BRBS EGFR FAE SRR LYS-713 JE
1 AEE; BER—KIEEYS AKTL B4R
MR SER-396 JERL 2 A, 5 ALA-50 JEAK 1
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Fig.6 Male flower of Eucommia ulmoides—active ingredient—target—fatigue—signaling pathway
H
-24.23 5
20.25 30 \\é
ety el
g B &3
% E -22.01 20 4411; Eﬁ
R E ¥ 5
TP53 21.96 2255 20.79 15 g
L a0
EGFR ] -18.37 2276 2351 -14 —§
Sl =
Bl BT+ i BRAR G FE R YR KLEY SIER
Active ingredient
TE LSRG G RER SR OSOREE R RE I8 . BUEBTR (BLL) RS & BB R OO RIES & 1 RER S (EDER)

B 7 AfhETETE R S X RIS S F IR S 8E 5 # (kJ/mol)

Fig.7 Molecular docking binding energy fractions of active components in male flowers of Euonymus ulmoides

and key targets (kJ/mol)

MEHE; AR — KRGS TP53 Eia AR
PHE-328 JE i 1 &8, THR-329 JE 1% 2 &
DL LEU-330 JE AL 1 A4S0 ; BT AN HE 4 5
TP53 [ HY& R THR-329 Al LEU-33 & IE T 1
ANE G, EAEPIEERS AKT1 b9 LR SER-
205 F1 THR-211 SIE i 1 A2, SilE xRS
EGFR 43R GLN-812 1 ASN-816 £ %,

| ANESE; RAEPIERRYS TPS3 LA Z AR LEU-
330 F ARG-342 Uk 1 2k, 45REM, B F
R — KA W) 5 S B4R 5 AKT1 TPS3 #l EGFR
JRBL BRI & 1, Hrf EGFR 58 FR—K
EMasAaeis, XRHUEFR—KILEWLE
P& EGFR TEPE )7 T BA B A )1, AL Z T,
e AT R AE 2 A0 A s A AR 25
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Sl =N

fig, H1T EGFR {55 5 A i Al | S ni it
FREE VARG, T3k 2o B2 5 P09 97 1 HIA 58K,
I = R — /K AL A I BRORR B T R 3 A s
EGFR {55538 ok sZ i 40 B 9 4 24 | 26k LA KO
IS0 SR, BT = AR B0 57 B

(a)EGFR-FFR—KIEW

3 it

AT L X 4% 25 B 25 A0 R IR
NG T AL 3 1 1 R O 57 T 11
TEAVEHILE], st GO A1 KEGG 43Hr, 7R T ik 2t
T 0 P R A MR AR A 1) 2B A AR AR i i

jun-2

PR FARGORITAEH o BRI | A AL oG8

GLU
70
TRP
: TR
ASN 7 PHE) (47
508 AT
ivs
AT
6Ly / ;
e LEU V4 T
AT T
- et
1LE
AT
Asp
A0%4 Inteactions
. [ e dr s et
Interactions [Ty —— [ Fi
Hw W At
[ Tp—— ] sl
[ Carton Byrogen Bond RS

@ GLU
N A326
" :_."
g v
{ Nz
X )1
&
L4 s N AN
GLY.
6Ly A394
L4 z‘fk SS;)S ARG
GLY
3 A328
A393 6Ly
435 T
Interactions A:332
eals I fvicerPi Stacked Interactions
[ Corventional Bydrogen Bond ] Alisd van aals i pi Tshape
[ Carben Eydrogen B O rirtll E Com::i:m: Hiydrogen Bond E :lk:l e
M Unfavorable Donor-Denor
N 2epriin
(c)AKTI-F FRR—KILEY ()PS3-F FR—KILEY
PHE 'HE
ARG A:341 A:338
A2 GIN
/./,’,'\ A331
— LN
S P %
\/Q/ A S~ o
g @
A:345 K
i
: ILE
@ A332
PHE
A:328 B Fi-Pi Stacked
B Anide-Pi Stacked
Interactions [] Carbon Eydrogen Bonc [ Pi-aliyl
van der Yaals [ alkyl
B Conventicnal Eydrogen Bond [ Pi-alky

[ Pi-Lone Peir

() TP53—Bal A MBI FE 5

(f) AKT 1248 57 EL IR
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i)

SER
A969

AITY

ASN

A345
S
o PHE
d A338 THR
l . oD A329
b AIT
PHE
\ Al @ TYR
% A327
< ILE
A332
[ ETTr——
d (=L Interactions
[ van der Yaals [ carbon Hydrogen Eond
Bl Conventional Hydrogen Bond [ Pi-Alkyl
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Anti—fatigue of Male Flower of Eucommia ulmoides Based on UHPLC-MS
and Network Pharmacology

LAN Qianmin, CHENG Cui,

WANG Tingyu,

LI Jiasi, SHI Xiaodong"

(School of Food and Biological Engineering, Chengdu University, Chengdu 610106)

Abstract Objectives: The purpose of this study was to explore the anti—fatigue mechanism of male flower of Eucommia

ulmoides by network pharmacology and molecular docking technology, to clarify the interaction between its active compo-

nents and key targets, and to provide scientific basis for its application. Methods: UPLC-MS technology was used to an-

alyze the active components of male flower of Eucommia ulmoides, combined with database screening component targets

and fatigue related targets, identified common targets by Venn analysis, constructed PPI network and functional pathway

analysis, and verified the binding ability of key components and targets by molecular docking. Results: 63 active com-
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ponents and 868 targets were identified and 170 intersection targets were screened. Network analysis showed that EGFR,
AKT1 and TP53 were the key targets, and the molecular docking were verified to have strong binding to these targets.
Conclusions: This study revealed the potential mechanism of anti—fatigue of male flowers of Euonymus ulmoides by net-
work pharmacology and molecular docking techniques. Active ingredients such as Yohimbic acid monohydrate may exert
anti-fatigue effects through interactions with key targets such as EGFR, AKT1, TP53, etc. These findings provide a the-
oretical basis for further research and application of male flower of Eucommia ulmoides in the field of anti—fatigue.

Keywords male flower of Eucommia ulmoides; anti—fatigue; network pharmacology; molecular docking



