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Abstract: Objective Based on the core theories of quality marker (Q-Marker), network pharmacological(effectiveness) and
chemical components (specificity and measurability) were developed to predict its Q-Marker, evaluate its quality and search for new
resources of breviscapine. Methods The main chemical components in Erigeron acer were analyzed by UPLC-Q-TOF-MS; The
Q-Marker of E. acer in the treatment of cerebrovascular diseases were discovered by network pharmacological effectiveness and
chemical components specificity and measurability; Q-Marker of E. acer from different producing areas were simultaneously
determined by UPLC-DAD. Results A total of 26 active compounds were identified, including scutellarin, erigeside I chlorogenic

acid, isochlorogenic acid A, isochlorogenic acid B, apigenin, luteolin, quercetin and so on. The Q-Marker were chlorogenic acid,
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erigeside I, scutellarin, isochlorogenic acid A and isochlorogenic acid B. Ten batches of samples were investigated. Their contents
were 0.43-2.13, 0.18-1.92, 0.21-3.75, 0.07-0.18 and 0.56-1.76 mg/g, respectively. Conclusion It was scientific and reasonable

to predict Q-Markers of E. acer. The study provides science data for the quality control of E. acer. It also provides a foundation for

the development of new resources of breviscapine.

Key words: Q-Marker; UPLC-Q-TOF-MS; Cerebrovascular diseases; network pharmacology; Erigeron acer Linn.; scutellarin;

erigeside I; chlorogenic acid; isochlorogenic acid A; isochlorogenic acid B; apigenin; luteolin; quercetin

ORI R A AR SRR Bk
g ERER. B H SR A iR SR,
O MU B FE TR G B AL, T R A A
i 8 B AL TR 40% L 2, B i A v A
AR, rh 2 S ROGRZ4E 67 Lo I 5 i
TR A RIRBAERVNE A RIEZH K
Erigeron acer Linn NZF} K| 2 AR FLAMY),
FEATREFRE X RIS, S5
T (PEZ ) 2020 FRREAEIRR TGRS0
IE IR HIAT S 40 DRl s R AR, AR R 2
AR SR PR EEEY. R CKELE
WZGE) B, Hrar R IR, B R 8T,
. yiesE. (FHEAE) il CERE IR MK
R WE. BR. KB, Ik, RREHIITER
XF & B 2 MEYIEET 1 A2y T RIE TR A
WHREN, WCGEREMKZ EH 51 RIERLIL
gy, BOREEEEE. WMEERRS. REIRE. RS
FRGE, IFHAT R ORISR B i
KT RAE. SR, A% GERL SR 7 S 2 BEAE
FIAL AR WA T, 75 AT DA AT S AE B IR A b
REHEEN, WRHEELBRAIIT . EFERET
WAL R IR N TR TN GOT A
RGN, K “ 2H)-Jk IR -4E fi-500 7 2%
RY, RGBS HLAEA. BRI HE

ENLHI SR, P20 AR AT 35 PR RS TR
MFLEEF BB, . BT RIEAMB R, 2R
YO, AR R AR R, KR
AP — Bl EORHRERM . 2016 X1 B 22
+023 i AR EY (quality marker, Q-Marker)
oS, X2t B AdER EEE L. A
W5t K H UPLC-Q-TOE-MS 7B % & 250 k3%
LRy, 5T Q-Marker #0038, L% 243
S0 AT KT TR YT O 0 I A R R
AR ZE 53 £7 S AT KT TR T o 0L 78 (R
PE LRI IE I o, I Q-Marker A pFA 3
TR, A RGEIRPR R S AT SR AEZ R SR T
T B .
1 EEHH

ZIEMS 2%, 7 [ Merck A &), IR (DIKMA,
Oit), SRR (S 1512028). AT =6 T (it
5 1513048), HTRLFE (iS5 15100301). FE4RJR
2 AHILS 15100702) F4¢ R R B(HLS 15101132)
V) B ST R A R A IR A w] L i shs e i o
IIEIIRT 98%; ALK, KIEFAED T
dn N SEHCRAE T i i, 00 R IR K 2ok 8
BRETRNFF CGERZFEREAREY WE E
acer Linn., PpALRAET RS RBERT:, FEGRIE I
1.

®1 HRER

Table 1 Information of samples

i 5 SRAEH 15 ZE (B a4 (N K /m RAEERT [A]
S1 DY 1 8 L L A 99°3022.29" 30°17'16.69" 4204 2018-08-24
S2 ONH RS wET 100°12'26.85" 31°36'59.04" 3932 2018-08-24
S3 VY1 T B A A 101°14'13.62" 30°02'29.55" 3199 2019-06-22
S4 VY13 B R A 100°16'47.48" 31°5026.00" 3495 2019-06-22
S5 VY13 B SR A 100°16'47.48" 31°5026.00" 3495 2019-06-27
S6 UIFEE=YAC S5 101°25'09.06" 30°33'32.49" 3476 2019-06-27
S7 O HEIEELE T L 99°3021.47" 30°17'17.80" 4327 2019-06-28
S8 P91 R L B 9 L 100°86'50.43" 29°99'97.79" 4512 2019-06-28
S9 VY 1iE = E &L 101°33"27.68" 30°32'35.52" 3803 2019-06-28
S10 WHHBEEZ 2 99°95'36.35" 31°61'517.89" 3873 2019-06-28
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Fig. 1 Chemical composition analysis of E. acer liquid total ion flow diagram
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Table 2 Main chemical constituents of E. acer

e MS/MS HFA i
1 060 192.0661 165.0421 CHi206 EN
2085 1920287 / CrHs07 Pl
3 118 3160816 / Ci3H1609 EN
4 130 354.0956 191.0564,179.035 3, 173.045 2, 135.045 5 CiHis09 isochlorogenic acid
5 1.54 3540961 191.0565,179.0358, 173.045 5, 135.0450 CiHis09 chlorogenic acid
6 194 4940703 317.0304,287.017 5, 166.999 3, 139.001 4 CuHisO14  myricetin-3-O-glucuronide
7 218 436.1008 323.076 5,221.045 4, 179.034 7, 161.024 4, 135.044 § CaoH20011  erigeside I
8 226 476.1876 431.1902,191.055 1, 179.034 4, 161.023 9 CuHnOn M
9 230 610.1525 300.0270,271.024 4,255.029 4, 178.998 4, 151.003 5 CyH30016  rutin
10 237 461881 300.023 5,233.065 0, 191.0550, 149.044 9, 131.034 7 CuHnOn M
11 246 478.0737 301.0354,283.0229,255.029 1, 178.998 8, 151.003 7 C2iHisO13  naringenin-7-O-glucuronide
12251 4780734 301.0413,179.001 3, 151.0059 CauHisO13  quercetin-3-O-glucuronide
13253 462.0790 300.027 3, 285.040 3, 271.024 6, 255.0299 1, 243.030 0, 151.003 4, 135.044 6 CyHisO12  scutellarin
14 257 464.0939 300.027 5, 286.042 8, 271.024 7, 255.030 1, 243.029 5, 151.003 8, 135.044 9 CuHisO12  isoquercitrin
15 2.66 462.0779 446.085 9, 331.044 4, 316.020 0, 301.031 1,285.039 6, 269.045 1, 255.028 1, 151.0023  Cx2H014 EN
16 2.82 594.1569 285.0390,255.029 5,227.034 7, 151.005 3 CoH3001s kaempferol3-3-rutinoside
17 2.82 516.1256 353.086 5, 191.0559, 179.034 8, 173.045 4, 161.024 3, 155.034 7, 135.045 0 CosHasO12  isochlorogenic acid A
18 293 624.166 6 417.1557,315.050 3, 300.026 0, 269.042 6 CasH3016  isorhamnetin-3-O-neohespeidoside
19 298 516.1264 353.086 5,191.056 2, 179.035 0, 173.045 5, 161.022 9, 135.0452 CosHaOn2  1,5-dicaffeoylquinic acid
20 3.04 516.1246 353.086 8, 191.054 7, 179.035 0, 173.045 5, 135.045 2 CosHuO12  isochlorogenic acid B
21 324 5441227 381.0822,363.0720,319.082 0,221,045 3,203.034 3, 179.034 9, 161.024 4, 135.0449  CacHO1s  erigoster B
22 334 446.0848 269.0451,175.023 8, 113.024 0 CuHisO1r apigenin-7-glucuronide
23 335 5161268 353.0862, 191.0559, 179.034 9, 173.045 4, 135.044 9 CosHuO12 1 4-dicaffeoylquinic acid
24 346 492.0903 447129 4,315.049 8, 300.026 6, 269.044 1, 175.024 4, 161.024 5 CoHxO13 carmine
25 357 476.0965 299.0549,284.0317,175.023 2, 151.003 5 CoHxO12  scutellarin methyl ester
26 3.67 6021281 4552126 CosHaeO1s KA
27 3.98 364.0795 331.0455,299.0198,271.023 3 Ci7H1609 EN
28 437 6721920 611.1647 Cy7H250s EN
29 461 6721912 301.0354,285.0397 CoHse01s R
30 474 6421801 581.0912 CosH3Or RN
31 511 5861303 423.0920,301.035 3, 285.040 1, 179.035 1,161.024 4 CuHiOn A
32 5.16 286.0472 241.050 1,217.050 2, 199.039 6, 175.040 2, 151.003 7, 133.029 4 CisH100¢ luteolin
33 5.18 302.0430 273.040 4, 245.044 6, 178.998 4, 151.003 7, 121.029 1 CisH1007 quercetin
34534 4701165 337.1152,285.0410,201.041 3, 163.040 8, 145.030 2 CiHaO1s A1
35 546 1088.509 0 911.4655,677.3472,193.035 1, 175.024 8, 131.034 4 CisHsaOn A
36 549 1074.529 0 849.459 7,439.321 7,409.133 8, 337.113 3,295.102 5, 277.092 6, 235.082 4,217.071 4, CsoHgOn KA
205.070 6,149.045 2, 131.034 7
37 563 270.053 1 225.0553,201.055 1, 181.065 4, 159.044 8, 151.003 4, 117.034 1 CisHi00s  apigenin
38 571 300.0638 284.0319,256.036 5, 227.034 6, 151.003 6 Ci6H1206 chrysoeriol
39 5.80 330.2405 229.1439,211.133 7, 183.138 5, 171.102 4, 139.112 4 CisH20s Nl
40 6.19 308.1979 235.1344,209.1149, 185.118 0, 137.097 1, 125.096 5, 121.065 5 CigHag04 5-0-methyl embelin
41 648 294.1822 236.1037,221.1532,205.1220, 192.116 1, 177.090 4, Ci7H2604  dendocarbinJ
42 6.63 310.1759 285.173 8,265.143 0 Ci7H260s Nl
43 6.79 4883493 469.333 5,360.996 3, 235.0159 C30Has0s Nl
44 6.85 460.2077 301.0348 CasH3:0s EN
45 733 2942184 275.2009,235.169 3,223.168 8, 211.132 1, 195.139 1, 183.138 4, 171.101 3, 155.106 5, Ci5H300s EN
121.101 6
46 740 2942185 275.200 5,235.169 3,223.133 3, 195.139 1, 183.138 4(C11H1902) CisH3003 Nl
47 774 2962351 2772165,195.1387,183.102 2, 171.102 6, 155.107 8 CigH30s EN
48 7.80 296.2349 2772165, 195.138 7,183.102 2, 171.1026, 155.107 8 CigH303 EN
49 793 4523140 273.0154,161.0458 Ca6H1405 Nl
50 7.96 4983198 255.2326,183.0121 CoHa60s microlepin
51799 4523140 273.0154,161.0458 CasHa406 EN
52 816 2942187 249.2238,197.1177,185.117 8, 149.098 3, 141.127 2, 125.097 1 CigH3003 EN
53 8.68 3122086 / Ca1Has0, Nl
54 891 4683082 325.1827,305.1714, 255.2315,183.011 6 Ca6Haa07 Nl
55 894 4683076 325.1804,293.1172 CasHaO7 R
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Z DKM ER TR I, WIHERR R4k &9 B A B
T LB A A 30321, Yue B30 I A 71 51256
RIL, AT RBAN-EFB A EPRT ADP 55 KR M)
MRS FHAZ S NG A B B RR
R s AR 5 AR T o i SR A S T () AR T S
TR OERMY . Bk, oisERE 282 —RANA] 20K (1)
BRUBSY, BEEREFNNERR S B o) 302 TR R IR
7 o LA I Al B R EE
2.4 FETFRS AR Q-Marker FUl 434

M EAR SV AL, Besr nl il v b %
A, AEIRIRRS . FERTERY . R A A R
A2, (R E 2L 2020 FERRILE ) KGE B 5
KESENE DI EESE (RTROR) sk
FRB4, XN SEBSER A HPLC v [R5 kT 2340 =
EFRP SRR TROER. REJER A, B4R
% B &5 10 A2 il B3 & o IR KZ 8 &
Z B KT EVHY, RISRER . FER AL

SRR B MR KB E R P, AL,
PNDLHL Bt L SR BT 38IHAT SR AN R AT T &R
GUEFL, RO T AT SR40-Fh & B KRR EY) .
t, PSR, TREH I IRCER. 7%
JRER A RERRIR B 55 5 MEEYIN GEIRTT O
M BIRH Q-Marker, PN EFEHIFaIrZ —
2.5 ¥3& Q-Marker S ENE

251 & KA IE R % S ENE
(1 Bl 2% PR B AR S VA VR 1) 2% 40 I S R “2.17 T
H ™ i 0 AR IR R S AT HE, B0
TEVE 7y B R AT, g L 7.

IR 20T RAEH 1 30 RAHE 4-REHER A S-REHR
iz B
1-chlorogenic acid 2-erigeside I 3-scutellarin  4-isochlorogenic
acid A 5-isochlorogenic acid B
7 REMR&E (A) MEEER (B) B UPLC &iLE
Fig.7 UPLC chromatogram of mixed references (A) and E.
acer (B)
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2,52 FREGIERHIE 3 A B PR Ak S R
443 mg. fIRAEH 1526 mg. {T R LK 4.67 mg.
SRR A 4.88 mg. REEER B 5.02 mg EA 10
mL Ef T OIN N R P A P S R B 2K
RAIER, o3 AR R B A5 58 0.443. 0.526.
0.476. 0.488. 0.502 mg/mL % & i fifs 55
253 AMERRFEHE il (TR L
R LE. FEIRR A FEEER B IRA XIS
WRRE 04 24 204 50, 100, 200 f%, iT 0.22 um 7%
FLUERE, MR OGS AR 2 pl, A0SR B0 HE g
Ho DAEEIEIE IR ALAR (YD, SRS &E
WEENREALER (XD HEATEYERNE, 7 PP sr 2tk
[EIE TR VS G5 R T SRR RN [H )Ty
FE: Y=18762 X-15281, R2=0.999 7, £M:iulE A
1.26~25.38 pg/mL; T sifeH T4tk mAT5fE: Y=
21736 X+2464, R2=0.999 8, £ iuHE N 2.21~
29. 60 pg/mL; T3 LRAMERHTTHE Y=19 372 X -
12 863, R?=0.999 7, &4 VEH| 4.54~35.62 pg/mL;
SRR A LEFA T FE Y=16 228 X-32 873,
R*=0.999 5, Z&MVEMIN 2.19~33.86 pg/mL; F4¢
JRER B ZMEMATFE: Y=26 724 X+2318, R*=
0.999 9, ZEMEVER N 3.27~31.32 pg/mL; 45 R FEW]
LMERRRLF
254 FEEERE BURAXIRMER, &Re
TSR LR 6 I, MESRERR . [T RIEH 1.
N ROER. BRERER A, REREE B 1G5 %
W T FRE, 5 RSD. 45 5 R % RSD 235k
1.48%. 1.01%-+ 0.88%. 1.24%. 1.31%, F WX
AR
255 HEEMRE HUE—HOIXGELGMOR, %
P RV O 3R T BT AL, ) S i v
W HEFESHT, R EAB AR, WESERR. AT
BUAH L TRCE. REER A, FEJRR B 1)
e R U AR AR, T RSD. 45 7R % RSD
SN 0.92%. 1.32%. 1.46% 1.33%. 1.35%, %
B 5 9 I AT
25.6 FEthilie  BUGEAMOR, At
TRATBCH AT ATACEE, & A I, #R il ok
PEHERE, 0 3I7E 04 24 4. 8. 12, 24 h HEFE, W%E
SRR, TRAEH I ITRCR. »AERKR A 7
SR JEIR B 1) (il i KU AR MR, 1HE I RSD. 455
B7R%% RSD 4351 0.87%+ 0.92%-. 1.05%- 1.51%-
1.29%, RIALKGIERAE 24 h WA E T RIF.

257 MFEERRRLEE RERIRCHS & GE
MR, IO Uy, B 0.2 g, SrR 3 4H, A
341, A HIIMAR I EBOE R (O alES T
2R SN IR B Y 80% 100%- 120%), 1%
(A Wb A LTl e 1 [ W T2 T £
MRS R, WERERR. ITRAEH I /TR
L REJERE Ay FERIRTR B (1) (i U6 5 U i X
B, THE S AR 2 B NAFE B R A0 RSD. 45
REIR &P R 7308 98.95% 99.31%
100.62%+ 99.63%-+ 99.76%; RSD 433~ 0.99%-
1.35%+ 1.24%. 1.13%. 1.63%.
258 FERIE  2RFRECKEZAMM AR 04 g, 1%
“2.17 TG AR 0 VA AR B AR AT R AL P ) A%
MV, FEHR 217 TUR B AR RERE, R RS
TR EFEM &R EEINTREASE, R
3. AREIR, 10 EAFE W, RaERE
9 0.43~2.13 mg/g, NTHMEHE 1 &R 0.18~1.92
mg/g , K RLEEEN021~3.75 mg/g, LZEIAR A
B4 0.07~0.18 mg/g, FEEM B &M 0.56~1.76
mg/g, JIELE 4.08~8.79 mg/g.
#*3 (EFENEHER

Table 3 Determination of components in E. acer
e = $/(mg g7

BRI IT R LT RO K FAEMR A RAERB B E

S1 213 0.18 0.21 0.14 1.59 4.08
S2 1.19 1.17 2.70 0.15 1.24 6.46
S30.76 1.10 3.13 0.12 1.11 6.22
S4 092 1.57 4.26 0.16 1.66 8.57
S5 043 1.04 1.93 0.07 0.56 4.03
S6 1.19 1.92 3.75 0.18 1.76 8.79
S71.82 0.88 0.98 0.10 1.32 5.10
S8 0.67 1.20 2.39 0.13 1.98 6.37
SS9 1.03 1.66 3.23 0.15 1.65 7.72
S10 1.27 1.39 2.05 0.11 1.02 5.84

2.6 EHTF Q-Marker B KEZ# EIRMBIFM

2.6.1 FEGHT N T EUPEM KE M R AR
it LL10 #ELRAE KER S S Q-Marker A7
BARWEIRAS B, FIH SPSS20.0 H¥E gt it-dft, K
AL AT KRG R, SRILE 8. iR
PEROIRIE SR, 20288580 10 B, 10 HEX K&
M 3 R TRAMM ST. S5, S7, HA
FR/ANT 5.5 mg/g, Ff& BRI TOE B
B, 11264865 S2. S3. S8, S10, HE S EE 5.8~
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Fig. 8 Dendrogram of 10 batches of E. acer

6.5 mg/g, B EERIETHETE R H AR 1k
FEih S4. S6. S9, HEEEKRT 7.5 mg/g, HEmE
BORETEZ R, B RESIER, BEFEGE
% Q-Marker J i & B350, WREUR, 155 Bk
BRI B 1 S e TE T B X ) T GE B AT .
2,52 FE5r 5T (principle component analysis,
PCA) L 5 4 Q-Marker & &@m AR, KH
SIMCA-P14.1 STt 3R AR AN F =1 10 SRR Sbadk
1T PCA, SR ERAT 2 MEMS, R RTTIRER
89.700%, KX 2 NMEMSHEEENR, U
HU 2 > F2 Bl o] DU = 2 oy 2 e I R 45
B, FRAESEILE 9. ERS TSR ER,
TE {175 2 AT LAy 2 28 T 280 ST, S3.
S5. S7. S10, E&E/NT 6.2 mg/g: 11 FEAFEM
S2. S4. S6. S8. S9, M ELE 6.37~8.79 mg/g.
PCA 25 5K ras BA B ENE, H—D iR
B M R e AT EE .

4 6

t[2]
Ldbhls

o8

»®

-8 -6 —4 -2 0 2
t[1]
B9 AR~ ¥ ENEMTSIE
Fig. 9 Principal component score chart of E. acer from

different origins

2E B RTR, BL 5 A Q-Marker A& & NAR B4
Fr, 10 AP~ e s DLUE 2 B ER R E L. it
Gh, REWIFREYH, [TRETEEFENHREN
HYETAIL HAEYREME ST 8 R AR G0 28], 1
JE R, AT DA INRE USRI P S HER, DA
S04 T O 250 1 B DA K OAT SRAE R RO
RN -4 B
3 it

ARG GEE UPLC-Q-TOF-MSMS #t £ &
RZIM CIEAT 2T B BT R AT, 55 ML
BRI, FET Q-TOF-MS HIHER /> T8 WM
BTE, o 26 AR RN R A R A 1 A 5
i#it Swiss Target Prediction £, 15 2IAHICHE 25
327 A, FHr BAA VYT o I B T AR AT 141
Ao BT CERLER TR, TH AR
[H7E 5 min LAJG G220y, HRYE H o0 7 55 1 A
A FHERT R 2 o SRR BE BRI 2K iy, M
EIRYE CEBEY O B T8 . Bk, AHE
T 29 DR RBAT 808 , 18 5 B AN
FE T HIBOAKEERRITTE,  J5 IFRA TR 4k 4t
AT B, DAV 45 8 AL 5oy -

HE T I 5% 24 3 2 2 0 O A R A R AT
Fo R RE 26 AN TR S S W HERR 235 4 1% 40 1T e
BT MAPK1. AKTI. PIK3R1. EGFR. TNF %:4[
FAE T e B . A0 T BhC - A 52 A HLAE s
% Rapl 15 ‘518 B 55 S 5l 2% 4 HB 7 0 i
IR 25 BRAE L, MR T £ Q-Marker FH 2L
PEFR AL AR JE AL, IR — Pkt 5-O-methyl
embelin. /rEE& . &R KBEF R, BT ER.
FJRIR By JFIR. ITROR ITRIEH I 74
JREE A 5 10 AN K MHERE KA &N R TT
SO 0 LA 993 6 76 1Y) B 211 Q-Marker o

Q-Marker [ 2 J52 DU I A 00 PN 25 A 2380 9
FEIB SR TR TR “ARE” R E
PREDRIZOEZR, PR BENZ NS K
2R P R B AR HE 20, R Y X 4% 24 B
A AT REIR YT O L R, R R
1 H . Q-Marker A% oA US> o B3 I R 147
PRI AR 25 W T Je i, i il SCERBIE 78 2317,
R PRod A 5 245 28 ot iR 2R S Y Bl . Q-Marker
o3 BTN R B — @ S B HIOK, e
JEE B E I 7 DA R B B O vE R TR MR E
Wi, BPEERCR. B S 15 nIAR I B 7
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TR 7S PR O A2 AR AE 2R Th & UK ek
[FIZREE ) DIRCEEA — sy . e tH VR IT O
0 0075 8 BT PE R 43 5-O-methyl embelin. 3%
R SEHER. KRBEZR. HXE. RaER B,
SER. ITROE. ITRMET L REER A% 10
AT K R R E Y, WMaEY
5-O-methyl embelin. & XHEFR) £ CETHEE
IR AR AT OGBSI RE ) SCERARGE s BARER AL
HEY (TR RBRER. WL £ Eh s
i, (HIRZ M EHERXEEY), ARFA T
By, MAMERN KER Q-Marker. [H b, T
Q-Marker [FJJ5> “HR A ol #it, ¥k
s EIR. TR . ITROR. TR A
SEERJRR B N K& AT oI I % 1) Q-Marker o
PL S /> Q-Marker A s & & VAN FRFR AT 10 A4S/ 1
ROEEHAT BUR STV, BADY A R B I
R, N GETI M YIRS 2%

gr b, IRIEZAM TS e 2B F i
FoRL, i, SREH Q-Marker XMEFEFH K, AT
KH UPLC-QTOF-MS 7 # UK W& 2k
oy B b, B B E AR S TR AR O B S,
i aze H YR I7 Oo i LB 99 1) Q-Marker, AT & &
e W98 S 2 B b VAR, it — BT k%
FEVRTT O ML BRAE A VLRIBE T AT SRAE R P8 Bt
V5 TT R S o B 458 i SR BEAR A, [A) I Dy RS R 24 4
Q-Marker 93t S b FH H2 {107 LK

FlBAFR PIANEE S FRARGAF BT R,
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