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Gy, TRER-T-O- I BERERR T IR S . IIE S B ELES MAPK T, PIK3CA Z57E ) 14 MZ 04T
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SR, BREAE CRr-RE Rl ER T IR, BRI T 4 FEEER B S 4 DT 2 TR R, 45
RERB SEAZEEA 5 RFEGYER . ARSI T UPLC ik 5 75 A R AL 2 By 2 8ol g
Jiik, BeOrikER AR HERRE S, PRI S E T, RN GG X 2% 2 3R AR )T e
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HIBIER AR S, USRI RIS “2 -2 a-2 ik W EER, RN EE gt 78

WIS, [E 4 J5 22 10 58 95 24 25000 o B i R4 FERTL i 2 £ I s g e
REEA: Bor; fRolENE; REEY; WKGEY, e
FESHKE: 2841 CERFRIRAG: A

Predictive analysis of Perilla frutescens(L.) Britt Q-Marker
based on HPLC fingerprint and network pharmacology
ZHANG Liang-qi'"-2, CHEN Fan!?, ZHANG Zi-an"-2, LIN Yun!,

ZHOU Chun-jiao', TANG Zhuo-han', JIANG Xing-ming' ", XIAO Mei-feng! %3
! College of Pharmacy, Hunan University of Chinese Medicine; > Hunan Key Laboratory of Druggability and

Preparation Modification for Traditional Chinese Medicine(TCM), 3Property and Pharmacodaynamic Key

Laboratory of TCM, National Administration of TCM, Changsha 410208, China



Abstract: This study aims to analyze and predict the potential quality markers of different parts of Perilla
frutescens(L.) Britt based on UPLC fingerprint analysis method and network pharmacology. The fingerprints of 15
batches of P. frutescens leaves and 14 batches of P. frutescens stems were established, and the components and
contents of P. frutescens leaves and P. frutescens stems from different places of origin and batches were compared,
and the common peaks and non-common peaks of different parts of P. frutescens were calibrated. Through
network pharmacology to construct the visualization of 'target-protein’ interaction network in P. frutescens, a
'‘component-target' network diagram was constructed to predict Q-Marker in P. frutescens. In this study, a total of
five components were detected in the fingerprints of different parts of P. frutescens, among which rosmarinic acid,
caffeic acid, Iuteolin-7-O-glucuronide and luteolinl-7-O-diglucuronide were common components of P. frutescens
leaves and P. frutescens stems, and apigenin-7-O-glucuronide were unique components of P. frutescens leaves. 14
core targets including MAPK1, PIK3CA, etc. were screened by network pharmacology, and other major pathways
involved in coronavirus disease-COVID-19, lipid and atherosclerosis, and TNF signaling pathway, and constructed
'component target pathway' maps. The top four target proteins and four components were selected for molecular
docking verification, The results showed that there was a very good binding performance between the components
and the proteins. Based on UPLC fingerprint analysis and network pharmacology, rosmarinic acid, caffeic acid,
luteolin-7-O-glucuronide and luteolinl-7-O-diglucuronide were predicted to be potential Q-Marker for different
parts of P. frutescens. highlighting the synergistic interactions of 'multi-component multi-target multi-pathway' in P.
frutescens, which provided a theoretical framework for the quality control of P. frutescens, and also provided a
robust foundation for the subsequent material basis and mechanism of P, frutescens.
Key words: Perilla frutescens; fingerprints; quality marker; network pharmacology; chemical composition

LI RVR R 5 ) N BT RHEM L I (Perilla frutescens(L.) Britt) ¥ (BT
B MR, SRR ERCAER 2 R R 28 . RIRAE T EMAEZ) A 2 000 L, B
RN GiLH: RIS, MR, s giFaadid, EAFERRme”
(1, 2020 4ERR (PEZL) PIcH, KR RAMRECE, 17ONME IR, W T REE
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XEF LT 2016 F£0IEESE I T iEAREY) (Quality maerker, Q-Marker) ¥
&, P SL i R SRR T iR IR T el Y SRR . 2R SRR
BREIEIE . WIEVE, AT @ 2 R i E R SRR IR R, RS iR
PRER R SRR T, MR FERI T A RIRE, SE RGERNEHNS L, HITERET
o PETREUETERORE — N EHE S HE VIS, AT DUE X A 2B AR R E, AR
B 25 5 BeARE L) MM 2Bt TR gy “ 2y, R PR RIEE
Ko BEAES TR B I SE I B B LR I BLEIT), O N T Bk 2 K R 2iA
I7 IS I S Tt A 22 B A PR T o O SEBGE T- Q-Marker P8, 32 FI = B0BUAR
CIEEAR ENEE SRR Y I8 IR 25 B2 TR TR« BE L Il BT BB M
IS T3 A R AL AE Q-Marker,  DUIDNE T3 AR FIML A BT S 42 H wF e fe 275 3 3.
1 R55%E

1.11¢25

_H

ACQUITY UPLC H-Class %Y i =y 20 ¥ AH B i A ( 35 [ Watres A ] ) 5 Waters
ACQUITY UPLC BEH Cjs (a4 (2.1 mmx100 mm, 1.8 um) ; JA3003 B+ Jisr 2 —k§%
R (Ll s PR AR A D .

1.2 3%t 5t 5

ANTEIFE I 15 SIS TR RE L 14 S DRRERE W B 2 K B A PR A F A R T
SRGEEPHERAT, HAP R B M B IR 1, Fra 25 R 5L 38 Bl e P R 2
KEFMHIH = A G EFAR S €, NEDY (Perilla frutescens(L.) Britt) [N [FHAL o

PR oneERR (b5 . DSTDKO001301) ¥Rk &R (Ht'5: DST220215-027) . A
RER-T-O-FEFERR LT (L5 : DSTDMOO06701)  AJEE K-7-0- ~Hi & IR (it
“5: DSTDMO20601) . F*3REK-7T-O- & FERER T (it : DSTDQOO09001) (414K
T 98%, WIFRERAEMFEARATD + HEE (A2, #5: 22065109, EERMA
BRATD 3 2B (i, fits: 22045174, KERMARAF) ; FEE R, #t5:
C2203135, EigRTHL T AEURHIRM AR AR ¢ 4igK (5. 20230629, HiEEFE T
BEaigK .

R 1 EHANFETALHEREER

Table 1 Sample information of different parts of P. fiutescens

FE g [ 4kt ' P b [ 2kt i
Sample No. Origin Medicinal Batch No. Sample Origin Medicinal Batch No.




materials No. materials

S1 i g 220701 S16 [ Py A211117
S2 ik I 220804 S17 ik PN 2212140
S3 ik A 230302 S18 ik PN 20171102
S4 L A 32622015 S19 L PN 2004014
S5 ik g 211103 $20 ik PN 200701
S6 ik wan 220301 S21 ik PN 210601
S7 ik 220501 S22 ik PN 221102
S8 i) wan 221101 $23 i E i8] 230102
S9 i gorH 230102 S24 i E YN 2004015
S10 WIEE LN 20210401 S25 Ml TNl 2301058
S11 N wa 230102 $26 i E v 222100412
S12 VO] g 22111 S27 o] il 2022032402
S13 WIEE LN 220301 S28 Ml TNl 21120904
S14 75 g5 20210401 S29 4R il 210522
S15 bW Ly 20230106

1.3 EA AR E AL E LA R
1.3.1 # e ik 09 ) &

IORE A& &, M. Bofd 4 S0, KRB KR 0.5 ¢ & 100 mL #ETE L+,
TN 40% H BEA TR 60 mL J& 2% B JF Rk e B idsk, 78 1 h JEEEARI 1 h, BUHEAH,
FRPRE, H 40% P RO AN E BRI, 5, JET . HIERE T 20 HLH EL 3 000 r/min
B0 10 min, B FIERECH, £ 0.22 um FLEERLJE, BI7E.

1.3.2 AT B8 b i i ) &

R RRE 0 & &, F 40% I 8 VRV A 70 ) i 43K 04 0.066 1 mg/mL BIAE 2
W, 0.490 0 mg/mL A B B3 -7-O- 1 & B IR H VA, 0.214 2 mg/mL KRB HLEK-7-0- 4
IR IR H T, 0.520 0 mg/mL RRIEFRRVEW, 0.404 0 mg/mL ) 3¢ 3K -7-O- 4 %] WE I IR 1
B
1.3.3 55 B i &3 514

K H Waters ACQUITY UPLC BEH Cig 4154 (2.1 mm>100 mm, 1.8 um) ; %izhtH A
(BB, Wzh B (0.01% HER/AKD , BEEEBEM (0~6 min, 90%—>87% A; 6~12 min,
87%—>85% A; 12~14 min, 85%—81.5% A; 14~18 min, 81.5% A, 18~24 min, 81.5%—
78%A) ; AR 35°C; KWMLK 330 nm; E 0.3 mL/min; #EEEE 2 L.

1.4 BT REHIBZETNE A A RBEBALBTE Q-Marker



1.4.1 & 32 & P s 3 2 2 8 0

FIJH PubChem. TCMSP M1 DrugBank %54/ 7 25 1 FIT 7 26 H F-9 328 55 424 3 73 J Xk 2 e 4
B, EE. KRS HEABIE Cytoscape3. 7.2 #if, MR “RRA-#EA7 R
l42fen&a 5% L FREHT

e 97 126 1 HE AR N String B PR S AR 0TS SR B B AE BLAE A (protein-protein
interaction, PPD) MZ&73#T. il K BIH1E L s 3\ String 04 #4504 “Homo
Sapiens” , B E RAKE (S X 0 4>0.900, FFas s #5747 210, 343 PPI LR, KHFA
Cytoscape3.7.2 BAFBEAT FIRRAL AL B2 53 #7 -
1.4.3 GO 4= KEGG % & '8 & 547

K o3 43 B AZ 0 B0 559N David M3k, EELS 7 Ih A% (molecular function, MF) .
AWt 2 (biological process, BP) « #iiffii4l 4> (cellular component, CC) FIHEH FERT %%
HBEAT S K A4 (gene ontology, GO) Thfe s 50 HT: LRHUHEA FEHT K 5T AL ) 5 L R 241
B R4+ (Kyoto Encyclopedia of Genes and Genomes, KEGG) JB#HT &4 04, GO M
KEGG 73T LL P<<0.05 Fox BA Giit e 30, 4] GO 73 HrAlik B A1 KEGG 73 T Ui 1Al .
1.4.4 “Wo-Ye B-a58 " Mg

KT B A B« A0 R R SERT T KEGG {5 5 18 5 X Cytoscape3.7.
2 AR R I 2R
1.4.5 5 F 5 b4k

TR EME (degree {H) FREEATT RUER MR AKE, R VPAL 9 45 v B A7 1) 3 22
PE, BEAEROR, RUIER A BRI ER SR, G EaR Mg 253 22 4528, e HL PPI k2% h
T R A HE 4 FE AT A OB 5 SRR R A EAT RS EECL, i S A Re, AR

SR A5 G REVR B RE 15 T IR S X R A5 M), ANl 45 BE<-5 keal/mol Wl Ui B 45 5 #4 R AR XS

2.1 EFANEFPAIEL EERAR
211 & FR

B “1.3.27 TURXT BT, K — e LeBIRRE, H% “1.3.37 TN il 4k Pk,
RO DS () R (X, mg/mL) JEATLERIE, 6 SR Ak (]
AR AHR BB LMV W 2.

R 2RMTTTE MRARBANL: M
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Table 2 Linear equation, correlation coefficient and linear range

D% MR IR REL o EBIENEH

Component Linear equation Correlation coefficient (r) Range of linearity (mg/mL)
WNHERZ Caffeic acid Y=3x107X-134 94 0.999 8 0.000 246~0.066
RBEET-O-ZHEWRREEY  Y=9x10°X-142 638 0.999 3 0.014 3~0.241
Luteolin-7-O-diglucuronide
R O- A R T Y=1x107X-212 797 0.999 0 0.008 08~0.404
Apigenin-7-O-glucuronide
R R R -T7-O- i 6 W T R Y=8x10°X-128 767 0.999 4 0.009 80~0.490
Luteolin-7-O-glucuronide
LR Rosmarinic acid Y=2x10X-212 797 0.999 0 0.005 20~0.520

2,12 B BiE k1

RS R, HREMAE. OH5ERE. B EBFRERENSRIE, KSRk

FOkiE 5 (RIEFR) FASIRIE,

QI3HEEAR

FEHFREL 0.5 g If) S15 FEsh 6 40, % “1.3.17 TR & MRS Am, % “1.337 TR
AR ELRIERE 6 IR, TR, TS W AR X R B I TR RRE o e AR . 45 SRR
5 AN LA 0 (1 FH R U TT AR ¥ A X AR AE i 22 (relative standard deviation, RSD) {H#%/N T
2.0%, AHXHORBEI[E] 1Y) RSD B8 /N T 0.37%, 3 BH i S 37 1) 7 VA A 6 B 30

214 F 2 HER

REZFREL 0.5 g (I SIS FES 640, 4% “1.3.17 TR Hl AU MEm, 4% “13.37 TR
We SR AT HELEERE 6 X, KOG, vhSAT U R RE X R B IR R R AR O W TR . 45 SRR )
5 AN FEA UG AR UG THTAR () RSD {34/ F 0.81%, A% (% B B[R] ) RSD (B #5/8T- 0.41%,
R BRI 7 1 T

2152 HER

PR 0.5 g 1) SIS FEN 6 4%, % “1.3.17 Wi FHI&MRMER, % “1.337 Wi F

WRMEAE 00 2 41 8. 12, 24, A8 h il BEAFINSE, SRt ib &, THEIATIE A TR B

I T AR T I T AR . 46

18] ) RSD E /N T 2.1%, R EHRTEE L1 7 v e AT«

2.1.6 A FELK K I

SRR AN A W A A X W T AR ) RSD E /N T 0.56%,  AHXS fr B

FEEFREL 0.5 g B S15 FEd 6 17, IIANIREE 4358 0.005 7. 0.068 0. 0.129 8. 0.021 3.

0.137 3 mg/mL HIWNMERR R B 525 -7-O- 5 &) BEIE IR 1« AR FL R -7-0- 5 &) BE IR 1



RIEER . R E-7-O-F B HERERL 1T IR A X IO 60 mL, 4% “1.3.17 TR il % At
AT, 4% “1.3.37 TN RS EESGERE 6 Ik, THHZBIMNEEER . AR B K -7-0-H %
FERR T . ARBER-T-0- AR . BB HRR . 7 ER-7-0-% %1 Wi B 1 (K~F 35 Ik
[FLCR AR KN 103.8% 99.86% -+ 105.5%+ 100.5%+ 101.6%, RSD #KIK N 2.3% 3.2%-
3.6%  3.4%. 2.2%, &5 SRWIPTESL ) E R E T S .
217 E AR Rz A s B ik ey i

HURIRRE 14 #5000 1S L, 4% “1.3.17 TUR RS & 24T /b 2], 4% “1.3.3”
TR i A AT, RG] AR E RSN 2k fr o R A AL T
WHRG QO 7, RAPMEE, &2 SR HTEBIEITE, ERE AR
PRER B INFE S EE (S1~S15)  (S16~S29)  (WLEE 1) K RT3 N [R5 ok HE AR 1A it
L 2>, MR dbbisE 7 5 Mg, SELPHERE R ILhnE 1 4 MR,
2.1.8 £A G35 545N

NRE— D IRIN K TR AR AL 225 5, SR UPLC X 58 I3 A i 0] JERRAIE [ 35
HAg U ) S AMEISIEET TR, B SR A6 I K UPLC fearERE (LK 3) X HE,
G e RS . KRB EK-T-O- B BT . KR ELR-7-O- MBI R IR T . TR
R-T-O-HI G MR IR . RIEFIR
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Fig. 1 UPLC fingerprints of different parts of P. frutescens
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Fig.2 Control Characteristic chromatogram of different parts of P. frutescens

E: A M B: Mo 1o MIMERR; 20 RBRER-7T-0- “HIEERERR T 3. KBRER-7-O-H SRR

H 4 FFRR-T-O-HBREREY; 5. REER (B3R .

Note: A: Stem; B: Leaf. 1: Caffeic acid; 2: Luteolin-7-O-diglucuronide; 3: Luteolin-7-O-glucuronide; 4:

Apigenin-7-O-glucuronide; 5: Rosmarinic acid (Same as Fig.3).
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Fig. 3 UPLC fingerprints of S15 sample (A) and mixed reference substances (B)
219 =Mz
U IR RERE I 14 4tk BROFMRERY 15 4L, 4% “1.3.17 TR RE S VA TR & 2R AT A0 B, 4%
“1.337 TR IS KA ST IE, SRR, & “2.0.17 TR Stk B U5 R v B TR
[FE AL 5 AN o 1) & o S5 SRR BT TR M 5 M43 1) 5 & 2 il M HERR 0.016~0.071
mg/g. AR K -7-0- ) & HERE IR 2.308~10.613 mg/g. A B H &K -7-0-F % i BE IR 1F
1.676~23.067 mg/g. T XK &K -7-O-H G FERIR H 0.276~2.754 mg/g. KIEFHFI 0.674~13.233
mg/g; LI 4 PR 1 = S0 N MERR 0.060~0.156 mg/g AR B K -7-0- i i b

MR 1 0.037~0.901 mg/g. A JR L 3 -7-O- i % B 1% B2 H 0.089~0.420 mg/g . K i% 7 R



0.178~4.257 mg/g. R R & D & EZ m TR, X5 3CikdkiE —20,
2.2 B EIRF R

WEFCFR M, T R A0 B T 2 A 40 8 7 o 1 2 B AL 22l 4 101, Zhang 4502058 i #F 7 4%
TR 8 Fh 3 i AN B A 2 B oy I, L3 D 8 T e R v B oy T TR B 38 LA
BRI EYE, HARRRER-7-O-H SRR 1 . A RRRLR-7-0- B G R T ) h
NARE WSy, RIS TP R R &, R BUME R G . BT R A RIIB ALK PR 4L
FIREREFe 4 1, AR P A P R A, BAE 4 By BT CAAR B A, ek Ll b 4
JO 0 E B, R, AR SRS SR TR RS TR 4 AN U E B TR 4L
TEEAT SR 95 2 500 IR R 4 ) 4 24 B 4 AP
2.2.1 R E M R Y B R i
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2.2.2 PPI R % 5 #7

W 4 AR K BN 79 MEFTHE S5 N String 285 5, R4 PP IMZE ], FEHEAT AT AL

Fig. 4 "Component-target" network diagram

Wt s fon. B R R . ROPBORAGER 2 25Ok . B degree
E>10 R TPz (18) M DL Rk 26, B3] 14 MO RES (R

3 ) o
B 5 ZE-EEEEMTILE
Fig. 5 Visualization of protein-protein interaction network
R3I VAIMBOEANTREER
Table 3 The node degree values of 14 core targets

ETAS] HE B AR
No. Target Full name Node degree

1 PTGS2 BRIt &5 2 Cyclooxygenase-2 36

2 TNF Ji98 SR FE 5 T-o. TNF-alpha 45

3 CASP3 ot KB HE§-3 Caspase-3 30

4 EGFR R KK 7324k erbB-1 Epidermal growth factor receptor erbB1 35

5 ESRI M & 2 4~ 1 Estrogen receptor alpha 29

6 MMP2 FE )5 4 J@ K 2 Matrix metalloproteinase 2 21

7 MMP9 FE 4 JE K 9 Matrix metalloproteinase 9 33

8  TLR4 Toll #£52 4k 4 Toll-like receptor 4 29

9 MAPK1 MAP %% ERK2 MAP kinase ERK2 20
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10 STAT3 B9 S TS T 3 Signal transducer and activator of 32

transcription 3

11 MAPKS8 c-Jun ZIE KN 1 c-Jun N-terminal kinase 1 21
12 112 HAIEN &2 Interleukin-2 26
13 ERBB2 AR R A R BRI erbB-2 Receptor protein-tyrosine kinase erbB-2 24
14 PIK3CA WEARILIULES 4, 5-—WEFR 3-BSHEAL IV B 7ok PI3-kinase p110- 19

alpha subunit

2.2.3 GO #= KEGG % it & %247

K13 20 14 D AZOHE U David MSEET GO M1 KEGG & H 0, 152 GO s itk
RE (WE 6) F1 KEGG 4 #r Ui E (K 7) . @id GO ik 3 5] 169 4% H, Hr
A5 129 MEVRERE, 20 AN 7- T IhRE, 20 DMEHALE Sy . 43l Bk B =D DURERHT 15 2655
H A GO 7 Aotk I, iy AT FL AR Wi 78 3 e W T R i % . A T AR A I 1)
PR ERRIE I FEE R R E RIE, A TOREEEAE AL S MEEALSS
L2 RT3 R IR /T R R R LS VR SE D RE P A ARA AR A o) T E AR AN PR . i
1108 78 SRTE eSS

B KEGG &R AT 2 116 25 il , ik iy 15 26 & RAER, 75 O8EE+
8 1 M (proteoglycans in cancer, hsa05205) . J&fE (5 Sl (pathways in cancer,
hsa05200) « N 43T 25 Cendocrine resistance, hsa01522)  Z B JF % Chepatitis B,
hsa05161 ) K 5 3F K AE H 1) age-rage {5 5 i #% ( AGE-RAGE signaling pathway in
diabetic complications, hsa04933) . J R A SE K 15 5 18 #% (TNF signaling pathway ,
hsa04668) . g FAIS) kK FEMELL (lipid and atherosclerosis, hsa05417)  Hr A e R 215
‘F1@ % (coronavirus disease-COVID-19, hsa05171) . fgflEdE(5 5@ ¥ (pancreatic cancer,
hsa05212) . & JE 5N RNA (microRNAs in cancer, hsa05206) . 155 f& 5 i %

(signaling pathway, hsa04657) . &5/ (chagas disease, hsa05142) . ¢ EER 21K

{5518 (C-type lectin receptor signaling pathway, hsa04625) . fEMtJE (bladder cancer,

hsa05219) . HIF-1 {5 @ (HIF-1 signaling pathway, hsa04066) .
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Fig. 6 Bar chart of GO analysis
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Fig.7 Bubble map of KEGG analysis
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Fig. 8 "Active ingredient-target-pathway" network diagram
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Table 4 Binding result of components with its key targets

1b& %) Compound gE & e

Binding energy (kcal/mol)

PTGS2 TNF CASP3 EGFR
WIHERER Caffeic acid -6.44 -6.73 -7.0 -6.83
HKIEFEEE Rosmarinic acid -7.93 -6.99 -6.73 -4.63
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Luteolin-7-O-diglucuronide
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Luteolin-7-O-glucuronide

-3.38

-6.15

-7.14

-7.82

-7.26
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Fig. 9 Docking results of Perilla active ingredients with key targets

H: A: WIHERR-CASP3: B: MKEFE-PTGS2: C: AKRBRHLE-7-O-H & WEEEFR1F-PTGS2; D: ARE

R-7-0- i B WERERL 1 -EGRF .
Note: A: Caffeic acid- CASP3; B: Rosmarinic acid- PTGS2; C: Luteolin-7-O-glucuronide- PTGS2; D:
Luteolin-7-O-diglucuronide- EGRF.
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