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[ Abstract] Objective To study the active ingredients and potential molecular mechanism

of Notopterygii rhizoma et radix in treating Alzheimer's disease (AD), establish an high performance
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liquid chromatographytandem mass spectrometry (HPLC-MS/MS) method which can simultaneously
determine the content of five components in Notopterygii rhizoma et radix, and provide a basis for experimental
research on its pharmacological substance basis and molecular mechanism. Methods The active ingredients
and targets of Notopterygii rhizoma et radix were obtained from the Traditional Chinese Medicine Systems
Pharmacology (TCMSP) database, and AD related targets were predicted from GeneCards, Online Mendelian
Inheritance in Man (OMIM), and National Center for Biotechnology Information (NCBI) databases. The Cytoscape
software was used to construct a drug-ingredient-target-disease visualization network, the STRING database
online platform was used to construct a protein-protein interaction network, and GO function and KEGG pathway
enrichment analysis were performed. The main active ingredients and key targets were molecularly linked using
Maestro software to validate the network pharmacology results. HPLC-MS/MS method was used to simultaneously
determine the content of five components, namely, nodakenin, bergaptin, diosmetin, notopterol, and isoimperatorin.
XTerra MS C;g column (100 mm x 2.1 mm, 3.5 pm) was used. The methanol-water was used as the mobile phase
with the gradient elution, and the flow rate was 0.3 mL/min. The column temperature was 30 °C, and the sample
amount was 5 uL. The electric spray ion source and multi reaction monitoring positive ion mode were adopted.
Results A total of 13 active ingredients in Notopterygii rhizoma et radix and 36 anti AD targets were obtained from
network pharmacology. Gene enrichment analysis showed that there were 165 GO functional items and 89 pathways
(P<0.05). The molecular docking results indicated that the main active ingredients of Notopterygii rhizoma et
radix had the best binding activity with the key target retinoic acid X receptor. There was a good linear relationship
between the peak area and the concentrations of nodakenin, bergaptin, diosmetin, notopterol, and isoimperatorin
in the ranges of 69.74-8 472.85, 8.51-1 033.89, 0.35-37.00, 15.42-1 873.27, and 58.85-7 150.49 ng/mL, respectively
(r>0.990 0). Conclusion The potential mechanism of multi-component, multi-target, and multi pathway anti-AD
effects of Notopterygii rhizoma et radix has been preliminarily explored. The established HPLC-MS/MS method
is easy to operate, reliable, highly specific, and reproducible, and can be used for quality control of Notopterygii
rhizoma et radix. This study will provide a basis for the research on the pharmacological substance basis, molecular

mechanism, and quality control of related preparations of Notopterygii rhizoma et radix against AD.
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Table 1. Information on active ingredients of Notopterygii rhizoma et radix

Sanm i k=2 ST OB (%) DL A5
MOL000358  B-#+ff§ [ ( beta—sitosterol ) 36.91 099 ZEIZ& (PGR) . BZAEILHEH T2 (NCOA2) | ®
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(ADRAIA) | y-2JE TR Z oSV ¥A7 (GABRA3) . CHRM2,
B FIREREZKB2 (ADRB2) | ¥ FR#E Z{KkalB (ADRAIB) |
HBR AT Z ko2 (CHRNA2) | #REIAZIRG (Hhgid iiis
EA, MEZ) , A4 (SLC6A4) | plBIFTH 24 (OPRM1) |
Y-RIETBRZ Rl 2L (GABRAL) . BB AESZ (R M 07 17 B
fii (CHRNA7) . B#fEL4RMOE 23 (Bel-2) | Bel-2456X%E
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PR R S K A4 (JUN) . CASP3. CASPS., H[1i4Ca
(PRKCA) | #ALHERKINFB1 (TGFB1) | XF4AMERE (PONT) |
AR 2 (MAP2)
MOL000359  #¥ [ (sitosterol ) 36.91 0.87 BZWWFEES, 41C, mibi2 (NR3C2) . NCOA2, PGR
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MOL001941  BKH{#IZE (ammidin ) 34.55 092 HTR., CHRMI1., PTGS2., GABRA1 ., — fkFEfKEF-4
(DPP4) . PRKACA . HiJliz%afLHEFB ( MAOB) . PIK3CG

MOL001942  SERAETEHZE (isoimperatorin ) 45.46 0.66 PTGS2

MOL001951  fh-FAHHNEE (bergaptin ) 41.73 0.70 KCNH2, SCN5A, ADRAIB, HSP90ABI., HSP90AA1, PRKACA

MOL001956  SHHIZEER (enidilin) 32.69 052 HURM#MEFEZ4 (THR) . CHRMI1. PTGS2, R iEEXZ
o (RXRA) | A2V (i AR BERRAFL (PTPN1) |
ADRB2, DPP4, HSP90OABI1, HSP90OAA1, CHRNA7,
SCN5A. GABRAI. PIK3CG

MOL002644  HHHIZEE ( phellopterin ) 40.19 0.48 THR, CHRMI1, SCN5A, PTGS2, RXRA. ADRAIB, PTPNI,
ADRB2. GABRAIL., DPP4, HSP9OABI, HSP9OAAI. CHRNA7

MOL002881 M AKRZ (diosmetin ) 3114 -0.66 iFEFE LA AR (NOS2) . PTGS1. PTGS2, DPP4,
HSP90AB1., HSPO9OAA1, PRKACA . 22 & % & H i1
(PRSS1) . NCOAL., NCOA2, #5#&H (CALM) 1, CALM2

MOL004792  #£4ERTHTF (nodakenin ) 57.12  -142 THR. MEBZEZMAKL (ESR1) . PTGS2. Z Mt JIH 5 s Al
(ACHE) | Pim-1J53EH (PIM1 )
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MOLO11975  9&ifiH} (notoptol ) 6297  -0.33 KCNH2, HSP90AB1, HSP90AAI. PRKACA
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1 TGFB1 19 CHRNA7
2 PON1 20 DPP4

3 ACHE 21 F10

4 AR 22 PRKACA

5 ESR1 23 HSP90AAL
6 CASP3 24 CHRM1

7 HTR2A 25 PRSS1

8 NOS2 26 PRKCA

9 PTGS2 27 CALM1

10 CASP8 28 RXRA

11 BCL2 29 HSP90ABI1
12 SLC6A4 30 CHRM4

13 MAOB 31 CALM2

14 BAX 32 CHRM3

15 JUN 33 DRD1

16 CASP9 34 PTPN1

17 MAP2 35 NR3C2

18 ADRB2 36 PTGS1
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% BC CC DV
B-4 {552 (Dbeta—sitosterol ) 0.221170623 0.578313253 24
SIMIEER (cenidilin) 0.022435181 0.424778761 9
WEZEZE (phellopterin ) 0.022435181 0.424778761 9
M ARZE (diosmetin ) 0.025864635 0.417391304 8
KKHTHAZ (ammidin) 0.010262227 0.396694215 5
R P 257 % ( demethylfuropinnarin ) 0.009215016 0.396694215 5
WFHNER (bergaptin ) 0.004584434 0.396694215 5
JETE B (notoptol ) 0.002798089 0.390243902 4
SEAETTHTT (nodakenin ) 0.010905811 0.390243902 4
8-F M IE-5-H AN R Z (8—geranoxy—5—methoxypsoralen ) 0.000362655 0.377952756 2
diversoside_qt 0.001012453 0.377952756 2
B EEE (sitosterol ) 0.00357536 0.377952756 2
SEERATHHE (isoimperatorin ) 0.000362655 0.377952756 2
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Figure 5. GO function enrichment analysis
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2.2 ETFHPLC-MS/MSENE & 54

1 3 ) 45 24 B A O A B 1 13 A e L2
BN GRSy, A RS A FTNAE AT AD
WS B BTG IR OB 22 R A, ML, ik
2T PR ERAERTI . BT NER . FEARER
JETRHE . SEERETHIR 5 MIBTENG M AT 15
T
221 &#FMH

XTerra MS C,g # ( 100 mm x 2.1 mm, 3.5 pm ) ;
AR EE (B) - K (A) SRt shad, 6 vE
Jii (0~5 min, 53% B; 5~5.2 min, 53%—80% B ;
5.2~7 min, 80%—70 % B ; 7~9 min, 70 %—60% B ;
9~13 min, 60%—53% B) ; i # A 0.3 mL/min;
HEIR 30 °C5 BERERY 5 pl.
222 ki

SR FHHLIBE 25 TE 251U, a2 iy i A =X
TR A, TR m Al A,
ACRER 50 psi, NIFVIER 55 psi, AR
930 psi., BEZWIEH 500 °C, B HLIEH 5 500 V.
PigSHILE 5,
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Table 4. Minimum binding energy of active components of Notopterygii rhizoma et radix and key targets

SLC6A4 (516X ) TGFB1 (60M2 )

L%y RXRA (4PP3)
B—ﬁ-fﬁ i ( beta—sitosterol ) -
WHEZE 2 (phellopterin ) -9.978
SR (enidilin) -8.957
HAFEA (unique ligands ) -13.463

-2.662 -3.099
-2.677 -5.246
-3.690 -4.699
-3.278 -4.563
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Figure 7. Interaction diagrams of active components of Notopterygii rhizoma et radix and key targets
E: A~C% 7| 4 Phellopterin 5 L35 B X2 . Cnidilin&5SLC6A4 ., Phellopterin &5 TGFB1#9 4F A4 H
R5 EiEPENBSHIRIESH

Table 5. Mass spectrometry parameters of 5 components in Notopterygii rhizoma et radix

% 53k FER S E] (min) ERE X (mlz) EFEHRIE (V) ZURHEIE (V)
I RER CaoHy04 1.30 409.2/247.1 60 20
SR C,,H0, 3.89 217.2/202.0 60 30
FtAER C6H,,04 5.15 301.1/286.0 77 35
LT Cy,H,0;4 7.94 377.0/377.0 75 10
LG ES C6H,,0, 8.13 271.2/203.1 39 21
REPGF (NbR) CsH N0 3.00 237.1/194.2 59 25

2.2.3 X} PR Snfik &k 6 ) &

Hh % AR AR 5 A X R GE BT 100 mL &
b, MRS, RATE R R ZIE, R
2°4 40 pg/mlL Xt IR S Ak AR
2.2.4 PR b sk 09 h &

BB AR (=50) 201, WERE,
EHIERIEHS, BEMAPEE 25 mL, FrE, @
AL (T2 250 W, B . 50 kHz ) 30 min,
RERW, HFEANERR R, 75, 1,
HREEUEW, 11 0.22 pm GLALUEME, BIFHIEIR A
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225 HKHEXZRFZE

WS R “2.2.37 WU MEAERTA T . 9T
MR, BEARER . JEIEEE . 5 MRHTI R 25 %
PSRRI, BERCAR MR BEARIR Ol 5 648.57 .
689.26., 224.82. 1 248.85, 4 767.00 ng/mL /]
TRAX IR, PR B AN LR R fS 4%
‘2217 WUR AR RS, Il AR D
Xof BT B0k B R AL AR (X, ng/mL) . U THIFR
R AR (V) ZeiflbniEfhZe, SRIRIE R,
R 6.
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Table 6. Investigation on the linear relationship of various constituents
%y BIEp¥E r LML (ng/mL)
ST Y=7.734 22 x 10°X+0.006 61 0.999 0 69.74~8 472.85
CERa ¥=0.002 046X+0.461 99 0.999 0 8.51~1033.89
A ¥=0.004 81X+0.002 50 0.997 8 0.35~37.00
FETHBE ¥=0.004 60X+0.374 79 0.996 4 15.42~1 873.27
SERRATI ¥=0.004 61X+2.310 69 0.991 3 58.85~7 150.49

2.2.6 AHEEIXE

B “2.2.37 IR X RO A WL OB
Be A5 W & X B S W, SEAE AT . Bh
AR, FIRE, EIEEE. 5 RCETH Rk
FEMCIK N 5 648.57. 19.15, 6.24, 104.07 .
2 383.50 ng/mL, F& “2.2.17 Wi T {0 &1k g 4k
HEREME 6 K, oSk EabEmAl, TR e
. PR NER . AIERER . JEIEEE. SRR
BHZWETH ALY RSD 43510 3.11% . 3.57% . 3.47% .
2.80% ., 2.92% (n=6) , FRHIZALHHRG 2 R AT
227 FHMHIKE

HUA]—JE 1 RR SIS I, 4% “2.2.47 TR ik
FATH S 6 TR, JF R 2217 WUR 6
TR, TR AR R . TN
fig, FMARE., JEIEE. SRKATH R & &
S350 5.590, 0.035, 0.020, 0.130, 4.340 mg/g,
RSD 7350 3.39% . 4.65% . 5.62% . 3.29% . 2.22%
(n=6) , RWZHEHERIMRL
228 REMIXE

HBUOHER SR, Fi “2.2.17 TR (35 540
WT 0, 2. 4, 6. 12, 18, 24 h #rkEmiE, 44
PREIERTEAH . OB TFHINEG . AR . B
SERRETEH R WET AR RSD 435114 1.70% | 4.24% |
5.04%. 5.79%. 3.86% (n=7) , FWHLLTIAR
16 24 h IWEARE .
2.2.9 mAREDCE X I

FERARAE 6 0y B S i 43 7 2 10 S8 16
K, BHLA05g, MG ST,
¥ 1+ 1 FLBPAE S I A KR G RE &, $% “2.2.47
TR 7kl g R S A TR, IR 2217 TR
EAGSREHEREINE , THEARSRIERT T T
IR, FHEARE . BIEEE. SRKETH R
4 18] it 2 43 91 K 99.03% . 96.73% . 99.61% .
99.26% . 99.54%, RSD 435} 4.47% . 3.94% .
3.11%. 3.16%. 2.93% (n=6) , F W% ki
i R

2210 Fomb T

W3y RBIEAMMAR, # “2247 WK
el s, IR “2.2.17 T @5 S
PEHEFEIE, THEASFE S SRR . T
HEER. AEARER . B, RERATH RN
¥ & & 4y 9 N 5.556., 0.035. 0.020, 0.129,
4.321 mglg (n=3) .

3 it
3.1 BETFNEHEZ5HFIEMILAD
1 F#L &I T2l 43 4

AD &P WA 2R AT e, BTG
T AD KR RE  E AT IR AR e . PRZR
RAEAR VL. B-TE M) #E & 1 (amyloid B-protein,
AB) FEAR L. Tau R ULAE . ey & F 2
AR, BAZWA . ZRR. ZHEERIRIT
PeFie JTARSE, A IE B 2 R AR T 1%
AD BAPIaE MRy, KW T REEA
ZANWTEY, AEMCNYG AD i 2
2, 2 4 2R N R G I M 2 B
BR 2GR AR FIBLET, AT oA A2 2 M 26 v iy
PEEALE] s PRI, AR SO R 45 2 B 1k O
TE T IAE YL AD BIEMERSY, T T AD AHG
AL, Mg RN - IRV -HES-AD” AT
AT 28 AT 20 A JE 18 3R 77 AD IAESE KLY PPI
W25, JFHEAT TAEYI DRI, R EIETEIGST
AD T T HA i R 5

AWFFEH, TERE PR IESE T 13 ME TR
g3, R TR R T R O
SIERITE L. 73 FXHERME T Cangit S
FOAR ) MHEAER, TS AR RE R i) —Ff
HOSRHI =, W EURIT A AL S xR E
IS ERES) . S EBARAR M 2 Z TR AH B B
g, HAHAY SN T 255 TR oA BAE IS
AR L, P-4 FS T T LIMR G 5 2 O
EEE, Bl e EEREYIE . B-A
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W2 LA RAR AW TH VR £ Ak A b e R
—F0, S5 AN SRS ™, BA
SCHkE B-A S EEE AR . AT RERS . BT
Skl rEREfL . BrEfb . PURE BT 2, fER
MPAT . RAEFLFMES@ 8 ", AT TR
ZRATHEB . DI RRSE P, Ak, 7EER
TH ) L G BRAARIE ST T, B4 (58 Bt R I —
IR AD IWEZEY, 524 FEER . I
B R F2UR AT DL dE R AR 2, HAbiE
WA, WA, 26, B, HA ST m
il B A AR A R -4 A SR SR RO . B AT
T2 M S TR T 238 ok, Dong 45 P JESE
L AERTA T S R A RE (S S8 SOk AR
TS S VI D RERR AT . (H B— 7% {5 W2y B
M2, HAERYI P 200, ARG REER
Oy EATHERCMIAYY AD RUEEZGY)

20N B o T RO 2 R R L RLPE
SE A, X AR B FE FE AT PPT 4%, X4
EAEAN RS SE— RN RE R,
PR B K e B ARG R HE T I8 S TG 1 AR 4y
4 AH S #0555 AD P 9 HE 05 B PPT M 4%, 45 IR
i 7R CASP3, SLC6A4., ESR1. JUN. PTGS2,
HSPOOAAL 2 1 HAE X R Z W5, WREZE
TRIRIT AD BYSCEEA N, B . ROAEAS b B LA
I EEAL . A AL b AR A TP AR Y SR
FLAFRHLE], PTGS2 AY%% 2 i 5 LR RIE(S 5
WERAH S A F e sh i, HAEm I AD B
RS Y T AD B R R, T
DUz, nsRse il %, ESR1 2
PR IR L R R A, 0] R
P ML 2R BB AN RE . Pl dh 25 iRk
PG A 20 0 IVRRETE AD B3 P A 7E
R 3 I 5 SLC6A4 F L AL 3 0 i i s
o, PR R AR AE A RUS: TN, AR FEE S
FEJAT-FN AD BRG] P EEAER, AR L&
S HMM AR C B, CASP3 %, HEmfE%R
HHEAL, #ZoesbT: ™, HSPOOAAT EHUR e 5
R, 255 AD H p-Tau B9FaE FIZhfE ™,
Xf b BRI R B, AR SCHTS ISR IRYT AD 1%
AR SR SEAE AD MR A R R PR A EEAEA,
TR 00 ) SRR 551 0 25 W) BE TR AT 35D TR AD

h T HEFA T R IETRIRIT AD AR
FERITT VRIS Sl , B3R 5ETE1RYT AD
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AR T A BE AT AD MEF N E B E W
W, RIE SR IETE TS MR AT SR K
Yo S e B, RFRE TR
T 2 SRR, SRR T AR BT 2
EHAM AL R EILTHAS, SRz
AREIEER TN, G SR AL T AD 3%
PEVEATIE, AnAG 2SR R Atk &Y, W
WP T Bk R A L, St eicE R
JEZAL, DA EIT AD MHTZ .
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