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Abstract Objective: To establish a quantitative analysis of multi — components by single marker ( QAMS)
method for the simultaneous determination of nine effective components including phenolic acids and flavonoids
(neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, rutoside, isoquercitrin, kaemperol —3 — O — ruti-

noside, 3,4 — O — dicaffeoylquinic acid, 3,5 — O - dicaffeoylquinic acid, 4,5 — O - dicaffeoylquinic acid) , in
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Solidaginis Herba. Methods: Ultra — high performance liquid chromatography was developed on an ACQUITY
UPLC® HSS T3 (100 mm x2.1 mm, 1.8 wm) column with acetonitrile (A) —0. 1% phosphoric acid solution
(B) as mobile phase in gradient elution. The flow rate was 0.3 mL + min~', the detection wavelength was
327 nm, the column temperature was 30 °C, and the injection volume was 1 pL. Chlorogenic acid and rutoside
were chosen as the internal standards for phenolic acids and flavonoids respectively to establish the determine cor-
rection factors of neochlorogenic acid, cryptochlorogenic acid,3,4 — O — dicaffeoylquinic acid, 3,5 - O — dicaf-
feoylquinic acid, 4,5 — O - dicaffeoylquinic acid isoquercitrin and kaemperol —3 — O — rutinoside, respectively,
by multi — point correction method and their contents were calculated. The results were compared with the results
of external standard method to verify their accuracy. Results: Nine components showed good linear relationships
within their own ranges(r=0. 999 5) , whose average recoveries were 98. 2%— 101. 7% with the RSDs of 1. 0% —
1.7%. The contents of neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, rutoside, isoquercitrin,
kaemperol —3 — O — rutinoside, 3,4 — O — dicaffeoylquinic acid, 3,5 — O — dicaffeoylquinic acid and 4,5 - O -
dicaffeoylquinic acid, in nine batches of samples were 0.008% — 0. 014% , 0.055% — 0.097% , 0.010% -
0.019% , 0.191%-0.412% , 0.018%-0.035% , 0.116% - 0.50% , 0.028% —0.048% , 0. 111% - 0. 235%
and 0. 113%—-0. 182% . The results obtained by QAMS were consistent with those of external standard method
(relative average deviations less than 2. 8% ). Conclusion: The simple,accurate and reproducible method can be
used for the quality control of Solidaginis Herba.

Keywords : Solidaginis Herba; phenolic acids; flavonoids; chlorogenic acid; caffeoylquinic acids; rutoside; iso-

quercitrin; kaemperol —3 — O — rutinoside ; content determination; UPLC; QAMS
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Tab.1 Linear relationships of various components

L%y

( component )

B4 )5 12 ( neochlorogenic acid)

2R JFFR ( chlorogenic acid )

[ 25 JF R ( cryptochlorogenic acid)

75T (rutoside )

St B (soquercitrin )

INASE -3 - 0 - 25 M (kaemperol -3 — O - rutinoside)
3,4 - 0 — —WHEMEZE THR (3,4 - O - dicaffeoylquinic acid)
3,5 - 0 - ZIinkEEZE TR (3,5 - O - dicaffeoylquinic acid)
4.5 - 0 - —WMHERLZE TR (4,5 — O - dicaffeoylquinic acid)

a5 Jy LR
(regression equation ) (linear range) /(g + mL™")
Y=7.9131X-1.2373 1. 000 2. 666 ~33.320
Y=9.1372 X -11. 866 8 0.999 9 12. 003 ~150. 035
Y=6.6684 X-2.058 1 1. 000 4.017 ~50. 816
Y=3.6147 X+27.945 1 0.999 8 60. 162 ~752. 025
Y=4.457T7 X +2.282 1 0.999 9 6.283 ~78.538
Y=2.9989 X +23.614 1 0.999 6 46.090 ~576. 125
Y=8.4821X-5.6306 0.999 9 7.427 ~92. 288
Y=12.046 6 X —-56.707 2 0.999 9 35.284 ~441. 045
Y=11.3836 X -48.612 6 0.999 9 31.583 ~394. 788

2.4 HEEIRAR
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0 - ZHWEH 3,4 -0 - Bt S TR 3,5 -0 - —
WMEREZE TR 4,5 — O — M ME IR 4 T IR 0 1 B
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0.56% , 45 RRMIZ TR A E R AT
2.6 FoE kA
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FRAFIEREINAE , DNAT BT % IR A D PR P IR
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UIHERLAE TR 3,5 - 0 - MMt TR 4,5 - 0 -
I P 2 e R U B RSD (no=6) Oy 0.20% ~
0. 82% , £ R P 24 h WEUE
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FERARECE AN & 1S9 5 — B A8 2541 1Y)
A (i 3 506) 6 1y, B4 29 0.5 g WG HFRAE , 439
R 2% A5 8T 4% LR 0.006 8 mg + mL™' | 4% 5 R
0.045 6 mg - mL™" JAZ¢JEE2 0.009 0 mg - mL ™"
T0.1890 mg - mL™" M Hz 1 0.017 0 mg - mL™" |

IZ5W -3 -0 - 25715 0. 121 8 mg - mL ™' 3,4 —
0 - MM T2 0.023 7 mg - mL™' 3,5-0 - —
IIMEREZS T2 0. 106 6 mg - mL ™" 4,5 — 0 — —MijiEf
TR 0.086 8 mg - mL ™ TR A X A V10 mL,
Fi2. 137 IR Il s A i, JF 4 2. 27 W
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Tab. 2 Recoveries of various components

[ %ix FA VN KGRy [l i - Il RSD/

( component ) (original ) /mg (added)/mg (detected)/mg  (recovery)/% (average recovery)/% %

B 4% JF B2 ( neochlorogenic acid) 0.070 2 0.068 0 0.137 1 98.4 100. 5 1.5
0.070 3 0.068 0 0.139 8 102.2
0.070 8 0.068 0 0.140 1 101.9
0.070 4 0.068 0 0.137 8 99. 1
0.070 9 0.068 0 0.1395 100. 9
0.070 2 0.068 0 0.138 6 100. 6

25 J5L 82 ( chlorogenic acid) 0.447 8 0.456 0 0.901 2 99.4 100. 5 1.4
0.448 0 0.456 0 0.910 5 101. 4
0.451 6 0.456 0 0.899 5 98.2
0.448 6 0.456 0 0.909 9 101.2
0.452 0 0.456 0 0.911 1 100. 7
0.447 6 0.456 0 0.912 0 101. 8

R 2% J5UR ( cryptochlorogenic acid ) 0.091 5 0.090 0 0.181 8 100. 3 98. 1 1.4
0.091 5 0.090 0 0.179 8 98.1
0.092 2 0.090 0 0.1815 99.2
0.091 6 0.090 0 0.178 9 97.0
0.092 3 0.090 0 0.179 9 97.3
0.091 4 0.090 0 0.178 6 96.9

74T (rutoside) 1. 846 2 1.890 0 3.686 8 97.4 98.4 1.4
1.846 9 1.890 0 3.689 1 97.5
1. 861 6 1.890 0 3.693 8 96.9
1.849 5 1.890 0 3.713 4 98.6
1.863 5 1.890 0 3.7553 100. 1
1.845 4 1.890 0 3.7375 100. 1

SSH I (isoquercitrin ) 0.154 1 0.170 0 0.3256 100. 9 101.7 1.7
0.154 1 0.170 0 0.330 1 103.5
0.1554 0.170 0 0.328 9 102. 1
0.154 4 0.170 0 0.326 7 101. 4
0.1555 0.170 0 0.323 6 98.9
0.154 0 0.170 0 0.329 6 103.3

I Z5H -3 - 0 - Z5F P (kaemperol —3 — 1.153 8 1.218 0 2.3899 101.5 99.1 1.5
O - rutinoside) 1.154 3 1.218 0 2.343 6 97.6
1.163 5 1.218 0 2.3511 97.5
1. 1559 1.218 0 2.369 5 99.6
1.164 6 1.218 0 2.375 6 99. 4
1.153 4 1.218 0 2.359 1 99.0

3.4 -0 - Bt E TR (3,4 -0 - 0.2239 0.2370 0.461 6 100. 3 100. 0 1.5
dicaffeoylquinic acid) 0.224 0 0.2370 0.458 6 99.0
0.225 8 0.2370 0.461 1 99.3
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F2(4)
% EEE A HUUEES S EllES S [m] i A RSD/

( component ) (original) /mg (added)/mg (detected)/mg  (recovery)/% (average recovery)/% %
0.224 3 0.2370 0.465 9 101.9
0.226 0 0.2370 0. 466 8 101.6
0.223 8 0.2370 0.456 2 98. 1

3,5 -0 - —WMMEREZEE TR (3,5 -0 - 1.055 2 1. 066 0 2.132 8 101. 1 101. 2 1.1
dicaffeoylquinic acid) 1.055 6 1. 066 0 2.150 2 102.7
1.064 0 1. 066 0 2.149 5 101. 8
1.057 1 1. 066 0 2.136 8 101.3
1.065 1 1. 066 0 2.126 9 99. 6
1.054 8 1. 066 0 2.125 8 100. 5

4.5 -0 - MR ZE TR (4,5 -0 - 0.8450 0.868 0 1.715 6 100. 3 100. 1 1.1
dicaffeoylquinic acid) 0.8453 0. 868 0 1.707 5 99.3
0.852 1 0.868 0 1.736 2 101.9
0.846 5 0.868 0 1.718 0 100. 4
0.8529 0.868 0 1.708 9 98.6
0.844 7 0.868 0 1.711 1 99.8
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2.7 pm) IR ¢ IR | R A DR | e M BT Ll R
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TRRARX AL IE N A e, 25 2R L 3. lhisk 3 ol

BRI R et B A T A AR AR R
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FEXF BTk IR | S b e 1 45 7 A U3 AR A GE R 5
AIFEMA N o
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U0 R FH AT D B ][] A 7 €8 1% 0 1 £
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Bt ) 25 2 4%, A0 A% 2. 1. 37 TR kil 4 (3t 0
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[(C,xA) /A o € C o33 o 155 I 180 B N AR
PIRR E , F ORI 83 AR A TE R 7, A, (AL 43 5]
AN 3 B N AR T AR, S5 R LR 5 AT
H1L,ESM FI QAMS 25 ifr 15 45 FAH I, A X F- 34 e 22
(relative average deviation, RD) <2.8% , 1] QAMS
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3 tie
3.1 NFRY A e
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Tab.3 Effects of different instruments and columns on relative correction factors
AR RS IE KT (relative correction factor) T
)i'%ax " RSD/
Agilent 1290 Infinity Agilent 1290 Infinity I[ waters ACQUITY UPLC™  (average
(component ) alue) %
HSST3 BEHCy Aq-Cg HSST3 BEH Cg Aq-C, HSST3 BEH Cj g Aq—Cp 00
Bt J5R (neochlorogenic acid) L1421 1.1351 1.1399 1.1466 1.1512 1.1369 1.1456 1.1425 1.1401 1.1422 0.44
[ 52 ( cryptochlorogenic acid ) 1.3625 1.3510 1.3466 1.3763 1.3528 1.3559 1.3559 1.3564 1.3582 1.357 3 0.62
MR T (isoquercitrin ) 0.8201 0.8256 0.8195 0.8163 0.8269 0.8325 0.8212 0.8265 0.8168 0.822 8 0. 65
ILZS WY -3 — 0 - 2B (kaemperol - 1.1937 11866 1.1925 1.2014 1.1986 1.199 1.1869 1.1956 1.1899 1.193 9 0.46
3 -0 -rutinoside)
3.4 -0 - WM TR (3,4 -0 - 1.0702 1.0740 1.0760 1.0712 1.0736 1.0752 1.06095 10762 1.0757 1.073 5 0.24
dicaffeoylquinic acid)
3.5 -0 — M2 TER (3,5 - 0 - 0.7642 0.7487 0.7492 0.7629 0.7509 0.7621 0.7599 0.7598 0.766 1 0.758 2 0.89
dicaffeoylquinic acid)
4,5-0 - MRt S TR (4,5 -0 - 0.8095 0.8076 0.8107 0.8160 0.8132 0.8212 0.8101 0.8069 0.8099 0.8117 0.56
dicaffeoylquinic acid)
F4 BRI EITREBEIE
Tab.4 Relative retention time of various constituents
FHXHG- B H5f[A] (relative retention time)
A . T RSD/
Agilent 1290 Infinity Agilent 1290 Infinity I[ waters ACQUITY UPLC™  (average
( component ) alue) %
HSST3 BEH Cy Aq-Cg HSST3 BEH C Aq-C, HSST3 BEH Cjg Aq—Cp  00°
e J5R (neochlorogenic acid) 0.7697 0.7438 0.7364 0.7594 0.7461 0.7359 0.7267 0.7389 0.740 5 0.744 2 1.8
[ &R R ( cryptochlorogenic acid) 1.0543 1.0799 1.0727 1.050 1.0626 1.0711 1.0656 10596 1.0682 1.065 4 0. 80
SR (isoquercitrin) 1.0538 1.0504 1.0429 1.0520 1.0463 1.0526 1.0611 1.0565 1.0468 1.051 4 0.53
IIZE® -3 - 0 - ZEFBH (kaemperol — 1.1203 1.1325 1.1223 1.1265 1.1352 1.1274 1.1237 1.1156 1.1299 1.126 9 0.52
3 -0 -rutinoside)
3,4 -0 - WM Zs THR (3,4 - 0 - 1.8275 1.9947 1.9394 1.8303 1.9736 1.8893 1.8536 1.9785 1.8798 1.907 4 3.4
dicaffeoylquinic acid)
3.5 -0 - —MiMEfE 4 TER (3,5 -0 - 1.9087 20478 20119 1.9113 1.9609 1.9925 1.9598 2.0177 2.0007 1.979 0 2.4
dicaffeoylquinic acid)
4,5 -0 - MBS TR (4,5 -0 - 20431 22348 21784 2.0533 21213 21212 22122 206092 2.0809 2.123 8 3.3

dicaffeoylquinic acid)

PHHARIA™ o ZBEH ST, — R ALY 6 ABIRYS i, DRI PR 90 1R S B3 1A B R W M 4327 mm

BT HAAR R B 25 BEA% L 3 S BT 26 10t B AR
[FIREEFREAZ o [RIB X 9 A o A T 614, 6 A4~
T R 2 A3 G % PR B AR — 35, 3 S BRI S A 40 e 3 [
WEA—F, BT, SR PR e , X IR 2 15
IR LRI RN T 4 W E A BR S R B 2 1)
FRY) , PRUESS R e iR 45 RAIESE LA 2 M)
JEAE R BRI 2 45 SR A0 ESM [ 45 SRR H 10
3.2 KM kR

HHIE G 6T BRI T 200 ~ 400 nm P K A
HEFT TG4, 2558 6 BRI AT 7E 327 nm ik
A KW, BT 2 B 4 AE 354 nm [ A B K IR
WAL, e it v i 2 i R R I 2 S TR S IR, #6354 nm
RRF 32 e 182 AP, 28 6 28 B 43 78 327 nm Ak mieg 1 A X A

RWEHR L

ARSI K o
3.3 TR IR Ok R

T AR 2 (Chn B ] 37t 42 BORN 6 7 2
B0 , AR (30% HEE /K 70% HEEK | FE
S AN SIS [E] (0.5, 1. 1.5 h) , N [FDRFE L
(1:5.1:10,1:20) o 45 5 44 [m] 370 41 BRIt 30 138 A v
YRR G W) 2 AT E 2 LA T0% F E
KIS R B T B OB, A 0.5 h il &
MK, B 1 h Fl 1S h (& A —2,1:10 FI
1: 20 (RHR HE 25 SR TG IH 2 X 51, (RN EE o 1220 1,
R ol VR v AU 1 D R 0 T R DN
LB PERAVENR HE 1:10,70% HEKHE A ALEE T h 1
SR A A TR A s
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RS SI~-9E—HEHDINMNEADEENELE R (n=2)
Tab. 5 Determination results of 9 components in Solidaginis Herba S1 — S9
)i %x ik & (content) /%
(‘component) (method) S1 2 S3 S4 S5 S6 s7 S8 S9
HBEIE R (neochlorogenic acid) ESM 0.008 0.013 0.011 0.010 0.008 0.010 0.010 0.014 0.014
QAMS 0.008 0.013 0.011 0.010 0.008 0.010 0.010 0.014 0.014
RD/% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 JE R ( chlorogenic acid) ESM 0.056 0.061 0.072 0.068 0.055 0.069 0.068 0.097 0.089
Wt JER ( cryptochlorogenic acid ) ESM 0.011 0.017 0.014 0.012 0.010 0.013 0.013 0.019 0.018
QAMS 0.011 0.017 0.014 0.012 0.010 0.013 0.013 0.018 0.018
RD/% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27 0.00
75T (rutoside ) ESM 0.236  0.191 0.328 0.319 0.262 0.320 0.329 0.412 0.368
MR 3 (isoquercitrin ) 0.031 ESM  0.020 0.018 0.029 0.028 0.023 0.028 0.029 0.035
0. 031 QAMS 0.020 0.018 0.029 0.028 0.023 0.028 0.029 0.035
0. 00 RD/% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25 -3 — 0 - 25 BEFF (kaemperol — ESM 0.139 0.116 0.198 0.196 0.156 0.197 0.203 0.250 0.230
3 - 0 - rutinoside) 0.231 QAMS 0.140 0.117 0.198 0.197 0.156 0.198 0.204 0.251
0.22 RD/% 0.36  0.43 0.00 0.25 0.00 0.25 0.25 0.20
3,4 -0 - “WNHERLZE IR (3,4 - O - 0. 045 ESM  0.028 0.032 0.035 0.035 0.028 0.035 0.036 0.048
dicaffeoylquinic acid) 0. 044 QAMS  0.028 0.032 0.035 0.035 0.027 0.035 0.036 0.048
1.1 RD/% 0.00 0.00 0.00  0.00 1.8  0.00 0.00 0.00
3,5 -0 - ZWNHERLZE IR (3,5 - O - ESM 0.162 0.111 0.194 0.202 0.160 0.193 0.203 0.235 0.211
dicaffeoylquinic acid) 0.211 QAMS 0.162 0.111 0.195 0.203 0.160 0.193 0.204 0.235
0. 00 RD/% 0.00 0.00 0.26 0.25 0.00 0.00 0.25 0.00
4,5 -0 - “NHEBZE TR (4,5 - 0 - ESM 0.1145 0.116 0.154 0.141 0.113 0.146 0.145 0.182 0.169
dicaffeoylquinic acid) 0. 169 QAMS 0.115 0.117 0.155 0.141 0.113 0.146 0.145 0.183
0. 00 RD/% 0.00 0.43 0.32 0.00 0.00 0.00 0.00 0.27
3.4 JRohAHELER [2] WEEFER T EMYEmRERER S . PEMYE. 746
LT AN EG (N - K. ZHE -0.1% (M. dest: BRestifiet, 1985: 75
BRI LI - 0. 1% BRI TR - k) S (), g St o, 385, 5
ZJH%E _0 1%%%Yﬁ'?&%?ﬁﬁj$ﬁﬂj‘sﬁgﬂgﬁﬁgﬁﬁ%ﬂg@ [ 3 J %ﬁ%{kv E{}’%‘é, gK,%dé?’ Tn’j_“ 4&#.\—&%}41%‘]?% CyclinAl/
TR TR e A3 B8R , TR 43 AT e (] Fe CDK2 3 B A P 40 I T 5 022 (). I 2
L5 b ARBESE R AT QAMS 3k [a] I I 5 — A B 4K Wi RARGE, 2023, 42(4) ; 233
*%}?é’%)fﬁ@f&ﬁ)ﬁﬂﬁ\ [i%!é%)ﬁﬂz‘{ﬁ A4-0- :Hj]ﬂﬂﬂzm JIANG YJ, LUO S, ZHANG YZ, et al. Solidago decurrens ex-
tracts inhibit proliferation, invasion and migration of liver cancer
ETM3,5 -0 - ZWMEMEZE TR 4,5 - 0 - Witk cells by suppfessing eyelinA1/CDK2 pathvjay[]]. Chin J New
@ﬁ’%?@?ﬁ 6 /I\MEZA?%$H)EPT N EWEZ%\ ”JZ%M - Drugs Clin Remed, 2023, 42(4): 233
3-0 - ZF/BEE 3 BB B & B ONERAE (4] o, BAEL EM . —BEENLERS 2
{705 e 255, s R ) g, b 1R 2 R T A, WKL) 2R, 2008, 19(1) ; 93
AL T R I A L T Sy ik — 4 5 R — LI XL QIU M.Y., LIU SP.. C}.lemical co'mpo.sit.inn, pharmacolng.ical
LS S et e e
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