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Q-marker prediction analysis of Paeoniae Radix Alba based on fingerprint and
network pharmacology

MEI Xi, XIA Jin-xin, GUO Shuang, SHEN Qian-neng, JIANG Li-hua, YAN Guo-jun, ZHAO Xiao-li, LU Tu-lin,
MAO Chun-gin
College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To explore the potential Q-marker of Paeoniae Radix Alba in Danggui Sini Decoction based on fingerprint and
network pharmacology. Methods The fingerprints of Paeoniae Radix Alba decoction and Danggui Sini Decoction were established,
and the law of components transfer was also defined. The “compounds-targets-pathways” network was then established to predict the
potential Q-marker of Paeoniae Radix Alba through the network pharmacology. Results The fingerprints of 15 batches of Paeoniae
Radix Alba decoction and 15 batches of Danggui Sini Decoction were established, and the five chromatographic peaks were identified,
they were gallic acid, albiflorin, paeoniflorin, 1,2,3,4,6-O-pentagalloylglucose, and benzoyl paconiflorin. Through the network
pharmacology analysis, the potential two active components, eight core targets and 13 key pathways were screened out, which
indicated that paeoniflorin and albiflorin were preliminarily predicted to the potential Q-marker of Paeoniae Radix Alba. Conclusion
The analysis and prediction of the Q-marker in this study can provide a reference for the whole control of the Paeoniae Radix Alba
quality, which can also provide the basis for the further research on the efficacy-related substance and mechanism of Paeoniae Radix
Alba.
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PUARIEPRAE B 7 B85k b, hnosk 24 R Bl & HoAth AL 2%
TR TR PR A LA 22095 22 L SR KB PR DG 48
T B NS ACEC SR . HATA DSD R ELZ,
TR FRIATE, B4 ad B 0L, 207 i E
H R0,

g EArEY) (Q-marker) ZITHEREEH T
s E TP S i E A OMES, HET AR
A AR SR S AT Ay B AR A ¢ o) -1,
HETCH T8, A 75 Q-marker HIHFFT.
Q-marker MEZHIFE H, AR 2 32 HI0T 548 B
TIHm, RS 25 R AR AL B Tk
fihe AR ZGFE SR B B R RO M R £, R
S B R 24 % )R PN TR B )RR S PR 3 — 0314
XK 26 247 3L 2 ST AE R G W) AN 2 A ) A R i
R, RS HESXT 254 AL AR,
TR 245 W B BB A LSO AR bR 40161, AR
W Tk N2 M 44 77 DSD HH LR 24 AT R AU &
M Q-marker HJ “TLJEI” Wk, G TRESUERE &M
AT, MWALEEFAEYAE B A R oA
ATIETER) Q-marker, 4y EAT BT B &G 29T K
WIS

1 #8
1.1 &8

Waters €2695 =30 AH A, FFEDYICIE .
HIRFE. Bahdtiess. PDA KIZSA1 Empower .
PEukh (3£[H Waters AF]); MS-105DU HF7r#T K
P Gt EARRFED-FERI 2 A 7D KQ-500B Hidz i 5 i
EERy (RILE S MESARAR]D; H1650-W &3
R B G IR A S8 AR KA BR A F]D;
TD5001C HLF R COREER B A SR A IR 27D .
1.2 X%

AN (IS 4644). 1,2,3,4,6-0- %S
T A (S 3367) 2R AT 251 (45 4633)
B0 8 iR P HEbR R AR RS A IR AR wET
g (#t5 110831-200302). ~jZ5H (Hit'5 110736-
201842) WWHHEEMZA R ER TP O (6
T, fEE Merck AT ); AiiEK CBUINEERIE S
AR AR AR R b el (E 254 F i
BAHRARD . AR (45 B1~BI15, =il
LMD JIERE GEHHRIRED . AR
GZHB) PR DG dE 0 GBI T8 52D RiE
W GEHRT RV B D HEROR = HR B |
KA Gl a2 . S i P EE 2R 2H 2%

B R 8 1 08% %5 2 2 N B EARMEYAT Y Paeonia
lactiflora Pall. WITFJEAMR . TERHEY) 24 H Angelica
sinensis (Oliv.) Diels. AR . HRHE Y P EE
Cinnamomum cassia Presl. B T-JRW . 5 Y8 FHE
WAL ¢ Asarum heterotropoides Fr. Schmidt var.
mandshuricum (Maxim.) Kitag. [TFEMFHEZE. K
M RMEY) =M A8 Akebia trifoliata (Thunb.) Koidz.
FTepe = SRMEYIH 5 Glycyrrhiza uralensis
Fisch. TR ZE. RERMEM L Ziziphus
Jujuba Mill. FITHREGARSE . AT DSD %4 5%
15 MK
2 FESH#R
2.1 EEEH

Merck Purospher Star LP RP-13 endcapped (250
mmX4.6 mm, 5 pum) G FAFHLE (A) -
0.05% R /K (B, BREEYEHL: 0~8 min, 5%~
10% A; 8~15 min, 10%~13% A; 15~24 min,
13%~15% A; 24~30min, 15%~17%A; 30~35
min, 17%~20% A; 34~45 min, 20%~30% A;
45~50 min, 30%~45% A; 50~65 min, 45%~80%
A; 65~70 min, 80%~95% A; MAFIfE 1 mL/min;
g% 230 nm; KR 30 °C; HEFEE 10 L.
22 HEEE

CZER Y IdES B MY S E R4
H=W, R (KD, A=, gl =M,
HREZH (R, WEH, KEZ+hk (B,
Ak, DUK\T, BECT, ke BR—T
H =i "AH 7075 i B EE O e 4b 5 711 ) St
b, PN 13.8 g, KA A FHMON 8 M (4 62.5
g), —J1J)9 200 mL iH5, FREUETTZ0k, BFR
s, sk 1600 mL, JeikER, S5 0K RRERM
BRHIA 600 mL, LA 80 HffijEit, B /KAIFE M .
¥ UL _EJ5 4% 15 i DSD AR FL . 15 #EE AT K B
FESD A 1 #EER AT I E KBTS S e IS5 N
B1~B15 W EATR A RIS BN B g5 9 S1~S15
(AT R K BRE . 959 DSD1~DSDI5 ]
LAV G RE S BT B MK BUORE S g 5 o
YXI.
2.3 i EAERNEIE

HY AT K B DSD K B 1 A B 7K BIORORE
A, K EW 3mL, B 10 mL 2, IFEES
mL, A FE 30 min, B4, MHABERZIEE, #2257,
eI, EUERUEM, RPA.
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24 NTEREARHIE

FEMRBE BT NANEE. A4E.
1,2,3,4,6-O- T1.3% €&~ I 1 4 B AN 2 R IR AT 2460 0 HEE
mE R, AR, SRR EIRE S AN 544,
74.5. 321.9. 121.6. 6.5 mg/L W7 A5 IR FhA W
2.5 FEFER
251 SHRIERER  (PEZ) 2015 FERCEA
4R RVEN AT T AR AR YR R A), B i,
IR IR, MUREAIAHEASRRIE, THE®
A U P AT o4 B ST T R R St g T
252 FESERLK: U DSDIL, M8 “237 iR
AR A, 1% “2.17 TN Bl AR iE gt
FE 6 UGHATINE . 45 K] DSD #5147 0 [ AH XS
TREIE ] RSD<<0.21%, AEXTIEIA RSD<2.9%,
NG B L R A
253 HEEMHAE HUE—HL DSDI1, #% “2.3” T
TFHEFATHIS 6 AR A, 12 2.1 TR
WEAAFHATINE . 455 DSD #3443 W A AR X (2 B
i [A] RSD<<0.23%, AHXTUERIAR RSD<<3.0%, # M
FINEEEE R .
254 FaEMERE B DSDIL, #%ME “2.37 Wi K7
A BER SR, 23 IAE BRI AR £ JS 04 44
8. 12, 24, 48h{% “2.17 Wi Mo &AFHATIE .
5K DSD &I WERAE X R BE I ] RSD <
0.15%, FXFIEMHF RSD<<3.0%, I DSD Atk
EIRAE 48 h WHASE .
2.6 EUENEHR
2.6.1 FREUERG S SAHRUETEY B 15 4t DSD
Jo 15 #EEATKENEAE S, 3% “2.37 TUR ikl &
PER IR, % €217 TR BGE & AEATR, i
SRR E . i R 2 R SRR AR U PR RSt
(2012 4ERRD #AF, Z37Lh DSD11 #1 S11 1) Fa 4 &
AR NSRRI, RA 0L, #1722 SR IEA
BREE TR, HshUCECAE AR SRR A A, A
PR 45 522 1, 15 it DSD FIAIALEZE 0.989~
0.998, KA 15 fit DSD BARLFH—8E; 15 it
AT KBIRAREAE 0.972~0.999, FHI[E-—7~ 1k
)15 LB~ R E R R E ) —. 15 it DSD A&
15 fLEATKBR e s S i E LK 1., 2, AR
B HE T R DL 3, AR 45 SR LK 1.
2.6.2 FROUENBSE ST SL5f33IK) DSD Sk
FIATBAPE KRR . AT KRR AR SRS WL 4.

DSD f8 4 Al 5 25 N LA g, A KL

1 DSD 54 A%
Fig.1 HPLC fingerprint of DSD
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Fig. 2 HPLC fingerprint of Paeoniae Radix Alba decoction
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A 10 17
12 3o 7 912 14 141819
56 11 1315 122 232425
B 2 12
7 1517 2425
C 2 8 12
| 4
0 10 20 30 40 50 60 70
t/min

A-DSD JLHEHIARIE  B-AATKIBILA R CRA X
K 2-RR TR TAANEE  SATHH  12-1,2,3,4,6-0-
TR B TIEHER 15 P AT 2

A-common pattern of DSD B-common pattern of Paeoniae Radix
Alba decoction C-chromatogram of mixed reference substances
7-albiflorin 12-1,2,3,4,6-0-

pentagalloylglucose 15-benzoyl paeoniflorin
3 DSD. BHAVKRLRIESEIEHAEA RS RA
EE
Fig. 3 Common patterns of DSD and Paeoniae Radix Alba

2-gallic acid 8-paconiflorin

decoction and chromatogram of mixed reference substances

WIS v e 9 AN A I, @i Xt DSD.
AT BF K IR K (AT 7K BT O 48 SO RE vl s, 2
S B TFIR). 7 516 (RANERF). 8 FlE (A
259, 11 Si&, 24 SIEkRET AR, T 12 Si&
(1,2,3,4,6-0- L& & FBEE N 15 506 CRRI5
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1 DSD K BEATKRIRIESEERIVE
Table 1 Similarity evaluation of DSD and Paeoniae Radix

Alba decoction

T AHALLE T AHALLE
DSD1 0.993 S1 0.984
DSD2 0.995 S2 0.983
DSD3 0.990 S3 0.972
DSD4 0.989 S4 0.972
DSD5 0.996 S5 0.981
DSD6 0.996 S6 0.982
DSD7 0.998 S7 0.999
DSD8 0.997 S8 0.999
DSD9 0.998 S9 0.996
DSD10 0.997 S10 0.996
DSD11 0.998 S11 0.986
DSD12 0.998 S12 0.987
DSD13 0.998 S13 0.987
DSD14 0.997 S14 0.999
DSD15 0.997 S15 0.999

a 10
i | 6 1 N ? 1314151171.%122 232425

c 2 8 1

! 11 1517 2425
0 10 20 30 40 50 60 70
t/min

a-DSD11 fRGUEIRE -5k (A7 B K B (YX1D) R0 i
c-FIATKRI (S11) FREElig

a-fingerprint of DSD11 b-fingerprint of negative Paeoniae Radix
Alba decoction (YX1)
decoction (S11)

4 DSD SRRBEAFAMKRIR. BAIKRIRIEHEE
Fig. 4 Fingerprints of DSD and negative Paeoniae Radix

c-fingerprint of Paeoniae Radix Alba

Alba decoction and Paeoniae Radix Alba decoction
AJUVED . 17 S, 25 SR BAEAAT PR TRIAE],
HATREH T2 7o 5%, 72 DSD A —E .
2.7 MBABEFHR

2.7.1 fEIEAEDEL AT R R A RS
FREHEE (TCMSP, http://tcmspw.com/tcmsp.php) -
PubChem Compound %472 Chttps://www.ncbi.nlm.
nih.gov/pubmed/). Therapeutic Target Database (¥
&£ (TTD, http://bidd.nus.edu.sg/group/cjttd/) Swiss
B O http//www.

Target  Prediction

swisstargetprediction.ch/) B TR ~Aj4 NIEH
AT 1,2,3,4,6-0- T BT IR AT B . K AT
H S MEEY), Rt EMER RS IR
Uniprot 24 % (http://www.uniprot.org/) 5 il
FRIE R A4 R 0 I IR R DR 42 o % B PR 1
W REEEI, BREESLN, RARHS
5 AMMEE VARG 119 ANME R E A

272 HAEASERABE (PPD M #3k
3 119 MEREH S AL STRING 11.0 B
( https://string-db.org/cgi/input.pl ), ¥ F ik £~ A
(homo sapiens), 5 = B 17 5 85 158 B2 H00V 408 >
0.9, HAMSEREAZ, LRSS PE R,
KA PPL % (& 5). Xt PPIEATIRAMEFAE ST,
EHCAE “PEEtE” (degree ) “ A tE”
(betweenness ) “HErH " (closeness) 3 NS
PIRF A E . degree=10 1 SAE AZ OIS, &
fie AR 10 NEEZOHE N, BMAAEE SRC
(degree=23). HRAS (degree=19). EGFR (degree
=15). PRKCD (degree=15). VEGFA (degree=
13). HSP90AA1 (degree=12). TP53 (degree=12),
PRKCA (degree=11). PRKCB (degree=10). LCK
(degree=10), HAKIIX 10 ML FE A 258
AR E . B TRA K.

273 Difgw Lo @k A David 6.8
B (https://david.nciferf.gov/) XF 10 NETE I
OFE R HHET GO ThaeM KEGG i & 1.
GO Tife st EEH TR i Dhfe, A
MaThRE. 7> IhReMAEYITIRE. KEGG & &7

5 PPI W%
Fig.5 PPI network
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LA BT AERE U AR5 58 % . GO MTKEGG
ST ALl P<0.05 R EA GRS

£ GO ‘B &, HLIREL 99 N GO % H, H
RAEYDIEFE (biological process, BP) 5 62 4>, 41
TIhfE (molecular function, MF) 5 24 4, 4
ZHR% C(cellular component, CC) /5 13 />, EF P
f<<0.05. FDR<C0.05 5% H #E47J8 R, GO 7r#ir4h
RIREY)ERE (BP) B3 & EA1EM/GE
ERBB2 {5 5. ERK1 fll ERK2 ZRIK ) 1 14245
W S TIhEE (MF) EEEELE ATP 454, &
IR LS & S DIRe: difudl sy (CO) LA
YUz A B X k. RS B 2.

KEGG & & 133 50 s, w®#f P <
0.05. FDR<0.05 HIEE AT s, WK 3. EEEH
FRT 13 kg B AR AE T K A 2 R
(proteoglycans in cancer). GnRH 15 5@ (GnRH
signaling pathway). 5t (bladder cancer). dE/)h
4 fitidE (non-small cell lung cancer). I N J7 4=
KK 75 5% (VEGF signaling pathway) 4§, &
HIX 10 AN CHE s AT BE 32 B30 0 45 1% L83 ik
BT IR T H Y o
274 “HEOr-ER-HEERT WERIE S D10 MG
BEAMISRH) 3 AN 13 ZAEBENT A (node),
1t Excel WAV XTI R R, KR IKE TN

*k2 HEFEEYMFIEE
Table 2 Biological process of genes

el H K Thig H PfH FDR

BP  [fi/MRIE (platelet activation) 2.56X107  3.63X107

BP ERBB2 {55i@# (ERBB2 signaling pathway) 4 8.90X107  1.00X107?

BP  ERKI #l ERK2 XM IEH%E (positive regulation of ERK1 and ERK2 cascade) 5 1.38X107¢  2.00X107

BP  MAP G AIFA AT (positive regulation of MAP kinase activity) 4 341X10°¢  5.00X107°

BP  ELEEEHEMN (peptidyl-serine phosphorylation) 4 3.27X107°  0.046

MF  ATP 44 (ATP binding) 8 129%X10°  1.00X1073

MF  EAWBEREESS A (protein phosphatase binding) 4 4.10X10°  5.00X1073

MF  [i§%54 (enzyme binding) 5 1.73X10°  0.020

MF  EAWEEEY (protein kinase activity) 5 2.33X107°  0.026

MF Y Ci&tE (protein kinase C activity) 3 2.64X107°  0.030

MF  EAFERERMENS M (protein tyrosine kinase activity) 4 3.88X107°  0.044

CC Mtz R X4 (perinuclear region of cytoplasm) 6 5.08X107°  5.00X107°

x3 FEERERNBEEESN
Table 3 Pathway enrichment analysis of main targets

ID %5 KEGG {5 5 il % SR A P1a FDR
hsa05205  JEREFE A ZHE (proteoglycans in cancer) 7 438X1078 4.97X107
hsa04912  GnRH {55 #% (GnRH signaling pathway ) 6 438X1078 4.97X107
hsa05219 Mt (bladder cancer) 5 1.34X107 1.52X107
hsa05223  FE/NAHAENERE (non-small cell lung cancer) 5 4.82X1077 5.46X107*
hsa04370 &N EAKRE T{5 5@ (VEGF signaling pathway ) 5 6.82X1077 7.73%X1074
hsa05214  JJFi5E (glioma) 5 8.83X 1077 1.00%x1073
hsa05200  JEfEi& S (pathways in cancer) 7 2.43X1076 3.00%X 1073
hsa04510  FiAEPE (focal adhesion) {5 5 iH 6 2.62X10° 3.00X107
hsa04012  ErbB {5518 (ErbB signaling pathway) 5 2.87X1076 3.00%X 1073
hsa04015  Rapl {558 (Rapl signaling pathway) 6 2.88X1076 3.00X1073
hsa04540  Z&BHi%EH: (gap junction) 5 3.00X107° 3.00%X 1073
hsa04915  WEEER(5 518 (estrogen signaling pathway) 5 4.81X107° 5.00%X1073
hsa04919 FURIRISZ 5 51812 (thyroid hormone signaling pathway ) 5 8.76X107¢ 0.01
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Cytoscape 3.7.1 B, M ZHAFEHIKRM
e, @ILE CRr-AE R -EER T SRR, T
I M2 AT AT R, SRR 6. gk
BT AL, EAj sl 2. 23K E EEH
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Fig. 6 “Compounds-targets-pathways” network

(s T HAR R i, REFIX 8 M SURIERIE
FATRETE OCHE; 13 KIMBR I EHEAHIT, HmTRE2
HATIETE Q-marker FY) 245 5 i@ .
2.8 EEOH

AT Bl AR 2ot K
KRR, Horp ARy B R AR R
VTR, H BIRE AR I AT TR R R R
FKUA K Z AR N ML) EF A0S, fERER - AT 2
PR A % TR AT, A5
WEEE . AZT . REBAT G ETEHED; a5
SCEATIATT MAPKs {5 518 #% & PI3K/Akt/mTOR 15
SHMESEH SRR AT, HIARRE A
AJREAEIRYT B & S g BT RUE . BIE
FH/NAI 1202105 (AT 058 BT LA MMPs (3%
EANENE, X0 A B — e HE TR P2,

KA IE IS TR SIS RIN T DSD R AT
FEETIR. AN AT 1,2,3,4,6-0-1
BT ERE. KPBATAH 5 MUy, &
I 265 25 B S S0 H 5 2 AN AT AR D1 8 A
B 13 4508, FET Q-marker FIE RIFEAE
R &G BT, VEPTATZEE . AT N ER

& AT E R Q-marker.
3 g

AWM Q-marker [ o5 ) 7 RIA% 35 55 315
AL REE S AR T R, R FR S E S
RN T B~ DSD o 5 AMEsERsr, R 245
SR YE . AT A R AT s A
2 VAT N R LE B AT BRI K B AR A I 2,
MAEEA~ A DSD A48, ARSI E
Aj Q-marker HRFA 1t ATEH AT N BRE N EA~]
MRS M EE RSy, B AR RSN AR A R
47 PRBLFT TG AT Q-marker (15 % ; 7 DSD
A BC AL A 35 0 40 B T30 4 A 1 Q-marker, JIiE T H
Aj Q-marker HJF4K, HNEA] Q-marker ()43 il
AT A RAKYE, [ B g — 28 3 8 B w0
Q-marker & B2

W2 RS P A IR IR A R R, R
PNV R B A i 223, 0F A T R 2 AT R =
i, SR AR UG ) A 2 7 AT PR
24, ARHFFLILE DSD HEBRZG AT R, R
FH AR SU IS AT 28 2538220778, o A T AS 2451
ATE N BT N EATIEER Q-marker, AT &R
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