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Abstract: Objective A component-target method was developed to predict anti-inflammatory quality markers (Q-Marker) and
evaluate the quality of Qianghuo (Notopterygii Rhizoma et Radix) based on the concept of biosynthetic pathway and network
pharmacology. Methods The biosynthetic pathway was used to predicting potential Q-Markers. The component and potential
targets of Notopterygii Rhizoma et Radix were predicted and screened by traditional Chinese medicine systems pharmacology
(TCMSP). Then, the Genecards and OMIM databases were used to search anti-inflammatory target genes. The component-target
network was built with Cytoscape software to screen the anti-inflammatory Q-Markers. Then, molecular docking technology was
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used to dock the selected compounds with the target (PTGS2). Finally, Q-Markers of Notopterygii Rhizoma et Radix from different
base sources and producing areas were simultaneously determined by UHPLC to evaluate their resource quality. Results
Nodakenin, diosmin, bergapten, notopterol and isoimperatorin were the main active compounds with anti-inflammatory action of
Notopterygii Rhizoma et Radix was established, which can be used as the main selection of Q-Markers. The results of molecular
docking showed that the binding energy between Q-Markers and PTGS2 was low and conformation was stable. Fifteen batches of
samples from different base sources and producing areas were investigated. The content respectively was 0.05—14.84 mg/g in
nodakenin, 0.04—3.88 mg/g in diosmin, 0.07—0.32 mg/g in bergapten, 0.10—16.76 mg/g in notopterol and 0.20—7.99 mg/g in
isoimperatorin. Conclusion It was scientific and reasonable to predict the anti-inflammatory Q-Markers of Notopterygii Rhizoma et
Radix based on biosynthetic pathway, network pharmacological and molecular docking. The study provides new method for
improving of quality standard and the quality evaluation of Notopterygii Rhizoma et Radix.

Key words: Notopterygii Rhizoma et Radix; biosynthetic pathway; network pharmacological; quality marker (Q-Marker); molecular

docking; quality evaluation; nodakenin; diosmin; bergapten; notopterol; isoimperatorin
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Fig. 1

Biosynthesis relationship of furocoumarines in Notopterygii Rhizoma et Radix
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Table 2 Information on active ingredients in Notopterygii Rhizoma et Radix
Mol ID e OB/% DL B

MOLOL1975 5 6297 048 KCNH2

MOLO004792 4% Al #H ¥ 5712 069 ESR1. PTGS2. ACHE

MOLO001942 7 KK BT #1 & 4546 023 PTGS2

MOL001951 1 T #i = 4173 042 KCNH2. PTGS2

MOLO11969 % kIR FIM =& & 4131 021 AR

MOLO0026443 Hll 3 % 4019 028 CHRM1, PTGS2. RXRA. ADRB2. DPP4

MOLO119638-7 M 3-5- A MM KR 4097 050 KCNH2. PTGS2. DPP4, NCOAL

MOL000358p-% i 3691 075 PGR. NCOA2. PTGS1. PTGS2. KCNH2. CHRM3. CHRML1. PDE3A. HTR2A. ADRAIA.
CHRM2. ADRB2. SLC6A4, OPRM1. CHRNA7. BCL2. BAX. CASP9. CASP3. CASPS.
PRKCA. TGFB1. PON1. MAP2
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inflammation target in Notopterygii Rhizoma et Radix
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Table 3 Degree information of top 23

EA S FE{E A E B R
MOL000358 24 0.638 954 79 0.465 517 24 EW
PTGS2 10 0.494 559 30 0.461 538 46 B
MOL002881 7 0.125 811 58 0.350 649 35 WED
MOL001945 6 0.178 197 06 0.234 782 61 &Y
MOL002644 5 0.038 446 14 0.337 500 00 AW
MOL001956 5 0.038 446 14 0.337 500 00 AW
KCNH2 5 0.066 525 84 0.343 949 04 8
DPP4 5 0.023 177 59 0.295 081 97 B
MOL001941 5 0.081 048 72 0.333 33333 EW
ADRB?2 4 0.054 975 00 0.339 622 64 B
MOL011963 4 0.029 981 39 0.33333333 AW
CHRM1 4 0.045 685 03 0.348 387 10 B A
ACHE 3 0.265 548 57 0.288 770 05 B
MOL004792 3 0.313 766 60 0.360 000 00 AW
NCOA2 3 0.063 144 09 0.348 387 10 B
MOL000359 3 0.038 076 94 0.264 705 88 &Y
MOL001950 2 0.037 037 04 0.226 890 76 EW
PTGS1 2 0.018 257 06 0.339 622 64 40
PGR 2 0.027 082 29 0.327 27273 B
RXRA 2 0.000 140 00 0.255 924 17 B
MOL001951 2 0.006 364 18 0.325 301 20 AW
MOL011974 2 0.006 364 18 0.325 301 20 EW
NCOA1 2 0.001 702 11 0.268 656 72 A

R4 FFEESRE
Table 4 Binding energy value of molecular docking

Yi's wEM ZE4r BB/ (k) mol ™)
1 AL —-39.30
2 8-FMAEIL-5-FHAELAFIER —-38.46
3 FEIEM —40.73
4 FMAKRE -35.12
5 JETEEE —40.12
6 fhFMH= -37.20
7 B-A B -43.05
8 AriinE -43.05
9 ISR -34.70
10 RKETHHER -33.86
11 ®MEses -35.20
12 FRRETHIER —34.28
13 ZHERRPIH & H R -35.95
14 hF-Hi g -31.84
15 FHHAT -44.31
16 tMERER -30.26
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Fig. 5 Molecular docking of PTGS2 and compounds

2.3 ET UHPLC-DAD ¥t%i& Q-Marker HE=
ST

231 GBIt AEHEN ACQUITY UHPLC
HSS Cis (100 mmXx2.1 mm, 1.8 pm) ; WM N
ZE (A =K (B BEEEPEE: 0~4 min, 20%~77%
A; 4~8 min, 77%~80% A:; 8~9 min, 80%~
87% A; 9~10 min, 87%~90%A; 1A EN
0.15 mL/min; A7 30 C; MK 270 nm;  HEFE
&2 P, TG E LA 6.

2.3.2 AEEER IS B R G 3 505D
049, MEME, BT 50mLEEEEMT, HEMN
R Z L, PReiia, H#/ALE (200 W, 40
kHz)30 min, %1, FEAREiE, HFRENEEK
e, #5), R, ENSRIEWL A 0.22 um Sl
JERESEE, BPfE.

2.3.3 REXTHSIEIREIGIE R RRECE
TR 4.72 mg. &M OKE 0.80 mg. il T-Ht Py lis
1.40 mg. JFEIEEE 2.34 mg. FRKATHIE 2.32 mg B
N\ 10 mL & A I N R S A R T R A R A
g, BBA&M, 4 01F 8 i EWRE S A
0.472. 0.080. 0.140. 0.234. 0.232 mg/mL X &
it W

234 ZMKRRFEE HAERIETAE. FH
ARAF BT AEE . JEIEEE. S RRATHH IR S0 IR
PSR RE 04 2. 20, 100. 200. 400 f%, Fi 0.22
um FAFLIEAEET, %08 “2.3.17 T iRk
FE2 ul, TS R A . DALRFIN R oy i

A 3
4 5
I |
B | 7
0
S 1'2 _.Il\ A ?II\ 4 IJ\_ -lf.
: : 5
C
1
2 .4
[ 3
o 1 2 3 4 5 6 7 8 9 10
t/min
BRI 2-BMAH  3-HTFMNARE 4-J5EE 5K
HIEZES
1-nodakenin 2-diosmin 3-bergapten 4-notopterol

5-isoimperatorin

E 6 BEXRm (A). £& B) fMEMXEE (C) B
UHPLC &if[E

Fig. 6 UHPLC chromatogram of mixed references (A), N.
incisum (B) and N. franchetii (C)

WA AR (YD), Rl B A3 1 0T B A P A
AFR (X)) HEATERMERIA, 5 Rl AL 1A 5
FERZE VLIS R0 AL AT s B a0y
& Y=2950129 X—1127, R2=0.9998, i
N 0.078~40.000 pg/mL; A M- A 28 [\ )5 7
Fi: Y=14 231402 X+6764, R2=0.999 7, ZM:i5
FElN 0.027~29.000 pg/mL; fiflTFAH A BRZME R T7
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Fi: Y=54 783 139 X+873, R?2=0.999 6, £ktiu
Fil: 0.028~33.000 pg/mL; &3 B £k 14 =1 9 7
Fi: Y=29 676 924 X+240, R2=0.999 6, it
Y 0.058~35.000 ug/mL; SFRKHT L A 15
JiRE: Y=36 233 163 X+999, R2=0.999 8, £kt
Y5l 0.039~42.000 pg/mL. FHLMEE R BT,
235 MEEEWE  HaEGE . Ty KR EKREE
(P FR VR A VAT, T5IR “2.3.17 TR (i SRR
1 d Z WIELEIERE 3 UGHEAT H RS % FE e, 4k
HERE 3 d 3EAT B RGBS, 43 il e TH LR AR
RIEHE . AR BhFMAER. JEIEmE. REKHET
AR e T AL, vk H N B H R %
RSD. #R 7R, &xiaHN A HE RSD /)
T 3.0%, FHIARSZLG KA & E N A H I
TG BN RAF, FF6 20 il 2 2K .

23.6 HEMRAE E--#REIEAH (S6)

$ “2.3.27 WU AR SR I ECH AT AT AR B, i
7% 6 A, HERE AT, I “2.3.17 TUR
G SRR, ME R R . FER
H. e FMHNEE. JEiEEE. FRETSHERNSE, 1
HH RSD. 4R ER% RSD 74l 1.17%.
1.08%. 1.33%. 1.12%. 1.06%, %Mt 77 %K) &
TR

237 faoEtEiRE  BCEWEMES (S6) ,
“2.3.27 TN AR S VAR RS BT AT AR R, )%
R VAT, HEHR “2.3.17 TR B &R, 4
WIFEO. 2. 4. 8. 12, 24, 48 hitkE, IEREM T
BACRTEAF . FHAT . TN, JEEEE. 7
RRETEAZR IS &, THEH RSD. 453 E/R% RSD
35 1.01%. 0.78%. 1.23%. 1.32%. 0.88%, #*
B S AE 48 h AR EME BT .

2.3.8  MFEEIWCR RIS K B PR IS TS AR
(S6) , FREXL 9 M, Fr 0.2 g, 43R 34, F413
By, S A SRS R (RIS T2
AR NS IR S A 80%. 100%. 120%) , §%
“2.3.27 T9U A i I VR A C A1) AT T A R ) S
AT, %I “2.3.17 TR i hiRe, e
FEm P ETERTIAE . FHORE . T ANEE. JE0E
. SERRATEAIZR ISR, THEAS IR I
FERISC R F RSD o &5 H L ~F 3 [ Y 2R 2 i
99.85%. 99.78%. 98.77%. 98.76%. 101.11%;

RSD 73 %A 256%. 0.99%. 0.74%. 1.43% .
1.93%, %SISR SR T % R I IOARE W3R R4

239 FEMINE 2 AIPRECE ISR R 0.4 g,
2 “2.3.27 WUNH]R ALl mvE i, &I “2.3.17 T
OSSR T, AR LA B AT BT R &
SR, GIR WA 5. &5 RRWIPTE JEIEFE
8 AT LA S AR AT B . FRT . A
B, JoimlE. FRECATIZRSE 5 MR & &, mb
HHEER . BATIR S 2L, PR R M AR
Pt o SERERZERAESE Q-Marker i i #4211 & 2
PERRIATYE, fJe e RACAT A . & rRHE . i
FHINER. JoiERE . RIKETIIER 5 ML EYINIETE
RIEFLRAER T Q-Marker.
x5 ZEFRENELER (n=3)

Table 5 Determination of components in Notopterygii
Rhizoma et Radix samples (n = 3)

Pt Fiw s $u(mg g7Y)
LKA A ARE A ARG JEiE e JERETE R

S1 1.23 0.18 0.26 2.77 0.71
S2 0.38 0.04 0.07 3.81 0.41
S3 8.15 3.88 0.13 15.47 4.88
S4 0.05 0.24 0.18 12.06 4.26
S5 2.67 0.18 0.22 16.76 5.13
S6 2.42 0.83 0.18 11.33 5.02
S7 1.45 0.15 0.13 1.78 0.84
S8 4.15 0.23 0.32 11.66 5.15
S9 1.42 0.16 0.14 4.89 1.88
S10 14.84 1.01 0.26 0.10 7.99
S11 211 0.18 0.08 14.79 6.02
S12 12.12 1.83 0.27 1.82 4.99
S13 1.16 0.88 0.10 0.27 0.78
S14 111 0.26 0.24 5.73 3.94
S15 7.06 0.96 0.27 0.91 0.20

2.4 ET Q-Marker B EAM ZIR & BIEMN
N E B 54 Q-Marker XiHRE L K12 HEfE
73, RH SPSS20.0 A i) R -F- 43 A xf B 4 4
BEAT AR UL AL 3, AT B 40 B Cprincipal
component analysis, PCA) , DL R4 IREAE(E
DUBRZ AR Rt £ ikHE, 48R NEK 6. K
6 AT, TS BB ER U g X B R AE A >
1, BUGIEEGHT 2 A FE R (PCLATPC2) , Rttt
BRZE N 80.403%, KX 2 NMERSMIELEER,
BT DLW N TEEREAR MG B Hor, PCL %R
fiEE Ry 2.266, J7ZETTHRE N 45.327%, SNKHTH
. JEIEREAN T N BRAE PCL A B BT, B
FEIEFHOG; PC2 HRMEMH N 1.754, 7 ZTTHRE N
35.076%, SEALRTEAH A& AR HIE PC2 A mi#
fif, IR, VIGEFEmHENLR 7.
T RS RS AT AN, X 15 AR
TERES TSR EVENY, RPN eR B 5 0 25
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*x6 FFEEMHERME
Table 6 Eigenvalue and variance contribution rate

F A VISR BRI B gng 17 Al
7 A1t 7 Z 0Tk E % BRI ETTk R % it T EWEREY% BRI Z R IY%
PCL 2.266 45.327 45.327 2.266 45.327 45.327
PC2 1.754 35.076 80.403 1.754 35.076 80.403
PC3 0.669 13.384 93.788
PC4 0.282 5.646 99.433
PC5 0.028 0.567 100.000
=7 HEFHRIERE #*8 ZEMRHERSEN
Table 7 Factor load matrix Table 8 PCA scoresof Notopterygii Rhizoma et Radix
o BN samples
PC1 PC2 %' PC1L PC2 &Sy (B 4
KAC AT HF 0.370 0.888 S3 2.020 117  1.930 984 1.978 207 1
FHH AR 0.517 0.662 S5 1.614 614 1.956 063 1.761 132 2
" 0.775 —0.478 S11 0690649  0.752 411 0.716 553 3
ig;ﬁ%% 0.786 0570 S8 0417741  0.425983 0.420 710 4
i hj : : S6 0337564  0.369 256 0.350 882 5
S RKHT 3R 0.803 0.223 S4 0271319  0.406 886 0.330 046 6
s P4 EARLA0])  pa 4R s 22 B T RE S i 4 S10 0.484 056 —0.010 390 0.267 651 7
H a LR F i fm i R 25 S12 0250498 —0.111 340 0.092 290 8
AR . HR4E PCA 458041, PC1 A1 PC2 & S14 -0.103850 —0.021160 —0.067 630 9
[ 3 o ) 0h IR 9 AN FB /ML S9  —0.706440 —0.637570 ~0.675 340 10
JR R o P vE R R ) S S, BUET 2 MR, 5 S15 —0.797450 —0.870970 -0.828 320 12
. X . S2  -1.088680 —0.964 400 ~1.032 840 13
N PC1=0.163 ZX;+0.228 ZX,+ 0.342 ZX5+ S13  -1.226750 —1.196 360 —1.211 660 15

0.347 ZX4+0.354 ZXs; PC2=0.506 ZX;+0.343
ZX2—0.272 ZX3—0.325 ZX4+0.127 ZXs. 4R F K
Iy era R A F=0.507 5PC1+0.492 4PC2 it
HEEARME, FEERATHY Gk 8) . 4
xW, DHEAPRIMEMK Q-Marker 1EATFMTEFR
P AR JETERE S, S3 I i, B B
e, LEAHEATHT S /Al S3(JEIE) « S5 () .
S11 CPEMIETE) « S8 (FEMFIEIE) « S6 (FEiFH) ;
CRE19 5 5 A RS S1 (8T « S15 (3
MIETE) « S2 (JEIE) . S7 (38I&) . S13 (FEnt
FETE) » WU ZE. AREEIETEIE SR A
W25, XATRESIETEMRIR . KIS, L1gs%
FEEEPS
3 g

2GR 4, Q-Marker J 4 AT A B sk
HAF—-wmEEHRR. Ml egle ikt
JEHERE YR . B R NS SR,
A EIRRTE . PhTFA R JEVEEE. SRERATH
LA B W VAR Q-Marker. X SIELEIALE D)
500 24 24 B ik BT AR VR M L M RE, 2B
SEAHIF U IR I P 4% 25 B 2E R (E Q-Marker fRIA
T, SoCEEEA PTGS2 M PR, X 5
ARG A BEY /N T—29.3 kdimol,  SEFT J1%il,

e iRR e, AEaimtERE. Bk, it
ZiBL 2t gE A Q-Marker A% 0 BELIR Ui 3% HY 4K 16 AT
H B, BhFMH AR JBIERE. REATHER
& 5 FWEMERME R IEEPRIER T Q-Marker,
5 Q-Marker 1] “HR. R b 5HRE. nrduAn
AETTHCA” TR A% N 25— S8

ARSEE LY UHPLC-DAD %[RRI & 55 3%
HQ-Marker E&EINTVE, FHrTEMEM; &
DRSSy H A B H RS 25 B2 R A, A7 REh 4k, 2
ENE. EIWMEY R, fFEEEINERGER, £
SIS IR} B S AT AL, SN[ LRI 3
HO(ZHE-K. HEE-K. 205-0.05%28) , ANH
AR E (0.15. 0.30. 0.40 mL/min) , ASFEFER
(25. 30. 40 C) %A, mAHE ORI N
- N B AR, AR E N 0.15 mU/min, AR
30 C; Kl 270 nm; FEiZAMF FRF RS,
AL

A FUE I RAEAR = A6 s R
%% 2 %% 5 UHPLC-DAD X 36 1% Ht % 1€ I 1)
Q-Marker FATHIN & 3 HT. 454 Q-Marker #% 0¥
WAL KA AT A . FEARTE. BTN
e JErEEE. FERATEAZ N IETE B A LR 1E T LE
i) Q-Marker; #/rifid UHPLC-DAD X Jgif 2 Fh
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FEJF 15 LR S I B o T AT I, 4551
BSAIE 7 Ik Q-Marker Ui it it #2 1) & BRAE AR AT
PEo L, AWFFRSRAE T —Fh S 2R 2
Q-Marker FRIRIFFE 7%, Sk oAt v 245 11 Jof & 4 1) 2%
BEUR AN B A B 1 SR
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