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W OE: BM @ MIUR R E S E R E XA 13 Msr & =R UHPLC-MS/MS Jii%. 3% SRR aiiAH &
- = UG AT BRI, 3%k 5 UPLC BEH Cig (100 mm X 2.1 mm, 1.7 um), H:3E5 40 C, #EIAEJ9 5 mmol R
BRI 0.1% FHRRKIETR (A) -5 (B), BEEH, AFIE 0.25 mL/min, ESI f15 7 R4, FibaM4HBIA A 344.5 kPa,
RN 206.7 kPa, WESEHLE A-4 500 V, B TALIRE N 500 C, 13 R Bk 2 2w sl (MRMD., 48R #
RACITRAR- RS 264, FULZRER WIMEER . BiEtRIR. SRR FRARER. 13- imEfkZs R 1,5- WmnEmh s iR
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4.420~4 420.000. 44.76~17 904.00. 48.00~9 600.00. 2.108~210.800. 4.136~413.600. 1.070~107.000 ng/mL, H.Zkk3%
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Abstract: Objective To establish an UHPLC-MS/MS method for rapid and simultaneous determination of the content of 13
components in Ainsliaea fragrans. Methods The UHPLC-MS/MS method was performed on UPLC BEH C;5 (100 mm x 2.1 mm, 1.7
um) with acetonitrile-water (containing 0.1% formic acid and 5 mmol ammonium formate) as mobile phase for gradient elution. Flow
rate was 0.25 mL/min and column temperature was 40 ‘C. A triple quadrupole mass spectrometer equipped with electrospray
ionization source (ESI) was applied in negative ion mode with the following parameters: ion spray, —4 500 V, ion source temperature,
500 ‘C, curtain gas, 344.5 kPa , nubulizer (GS1), 344.5 kPa, heater gas (GS2), 206.7 kPa, and multiple reaction monitoring (MRM)
was performed for quantitative analysis of these compounds. Results Under the optimized MS/MS condition, the linearity ranges of
protocatechuic acid, caffeic acid, neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, 1,3-dicaffeoylquinic acid,

1,5-dicaffeoylquinic acid, 3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, luteolin, luteoloside and
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apigenin were 1.099—274.800 ng/mL, 1.006—100.600 ng/mL, 1.080—1 080.000 ng/mL, 83.12—=8 312.00 ng/mL, 19.92—996.00
ng/mL, 1.076—269.000 ng/mL, 5.555—555.500 ng/mL, 4.420—4 420.000 ng/mL, 44.76—17 904.00 ng/mL, 48.00—9 600.00
ng/mL, 2.108—210.800 ng/mL, 4.136—413.600 ng/mL, 1.070—107.000 ng/mL (» > 0.9958), respectively, with good linearity. The
average recovery rate of thirteen compounds in the samples were in the range of 96.54%—99.75%, and the RSD range was from 0.48%
to 0.96%. The RSD values of precision, stability and repeatability test were all less than 3.90%. Conclusion The method had good

repeatability, high specificity, stability and controllability, and could be used for quality control of 4. fragrans and its preparations.

Key words: Ainsliaea fragrans Champ.; quality control; UHPLC-MS/MS; luteolin; luteoloside; apigenin; protocatechuic acid; caffeic

acid; chlorogenic acids
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Table 1 Sources of A. fragrans

FIR Yk s HIR Yk s FIR Sy E T RE
LV & N16501 TLVE1E /K 35 3 H16501 TLPEE K g M16601
LV & N16502 TLVE1E /K 35 3 H16502 TLPEAE K g M16602
LV & N16503 TLPE1E /K 35 3 H16503 TLPEAE K s M16603
LV & N16504 TLVE1E /K 35 3 H16504 TLPEE K s M16604
LV & N16505 TLVE1E /K 35 3 H16505 TLPEAE K g M16605
LV & N16506 TLVE1E /K 35 3 H16506 TLPEAE K s M16606
TLPrd & N16507 TLPEAE7K 3 3) H16507 TLPEAE K g M16607
LV & N16508 TLPE1E /K 35 3 H16508 TLPEAE K s M16608
TLPr & N16509 TLPEAE7K 3 3) H16509 TLPEE K s M16609
LV & N16510 TLVE1E /K 35 3) H16510 TLPEAE K g M16610
LV & N16511 TLVE1E /K 35 3 H16511 TLPEAE K s M16611

LV & N16512 TLPE1E /K 35 3 H16512

2 FAEEHR
2.1 RBREH
2.1.1 %M @il Waters ACQUITY UPLC
BEH Cg tai4E, izahH N 5 mmol HEREAN 0.1%
FEKIEH (A) -2 (B); BEEEMEM, 0 min,
8% B; 5min, 15%B; 5.10 min, 11% B; 9 min,
17% B; 12 min, 17% B; 15 min, 95% B; /5 5 min
PR . ABURE 0.25 mL/min; #3E 40 °C;
MR 1 L.
2.1.2 il CRAHM S SR (ESD;
577 XN 2 s S I S (MRMD, A il 255 (UL
# 2); WIEHIE (ISVF) —4 500 V; FEALSIRRE
(TEM) 500 C; Zfk#s (GS1) FffBI S (GS2)
M 344.5 kPa, S T3SKN 206.7 kPa. 13 NMEFRK
I3RS S LR 2.
22 HiXSEIARNSIE

WA EHERERGMH AR G 4 5240 1.0g &
T 50 mL #EEH, IIN 70%FHEE 30 mL, #R5E i &,
PR 45 min J5, AR =, H 70% R
WNERFORM R E, #5, AHEEER, 12 000
t/min &0 10 min, R 40 %, 0.22 pm HFLIERE
JEI,  EPAS A VA
2.3 XTERMRIBRAEIE

43 K 25 FR UK R S 1,3- ok Ik 2 R
(11.11 mg)- MiIHEEZ (10.02 mg)- 4% JFEZ (10.39 mg) -
3,5- MIHEREZEE TR (11.05 mg). REHZE (1034
mg). FrEEEE (10.80 mg). AEEE (10.54 mg).

*2 MUBEGSH

Table 2 Optimized conditional parameters

el FHET (k) THT (mz) FHERUENV RHEAE RV
JR LR 153.02 109.03 -100 =25
e 179.03 135.04 -100 =25
R 353.08 191.05 -100 -28
SEIR R 353.08 191.05 -100 -28
e 353.08 191.05 -100 -28
1,3-Z0mEmE 2 7R 515.11 353.08 -100 -28
1,5-ZWmEmE 2 7 R 515.11 353.08 -100 -28
34-ZIMHEREZE TR 515.11 353.08 -100 -28
3,5- 2 T g 515.11 353.08 -100 -8
4.5-Z I TR 515.11 353.08 -100 -8
ARHZ 285.04  133.09 -100 -40
AR EAF 47709 285.04 -100 =30
FRE 269.04 11703 -100 =35

FagtJilig (9.96 mg). JR LR (10.99 mg). 1,5-
TUEEREZE TR (11.19 mg). 3,4- WMERESE TR
(11.05 mg) & (10.70 mg) A1 4,5- - himEwE 4
TR (10.76 mg), ZrAlET 10 mL EJid, HEE
BRI e, EHl 1.00 mg/mL KIiE&H, 4 CHE
1Fo AT, 70% T RE I R RE 21 75 0 )0t SR
24 EREMER

53 T K B W TR A 0 B A VRN A e X
BERSETS 2 ul, % “2.17 T ROAR-FG 451
HERE AT o A A S E XAV P N E B 5 13
ol tof B ot 1100 £ B IS TR0 R0 o O 2 0 0 B AR R
Uf, TCHABTFH, PRI Ao At T 1 o
B, WAL, WE—EL REARLEERL.
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J Table 3 Results of regression equations and linear ranges
\2 L ‘2 waw EEpiz:s SR (ngmL) -
14 3 r SRR Y=1805X+469.1  1.09~274.800 09997
3]° 9 o LI BT PR 7=8967X+289.8  1.006~100.6.000 0.9989
6 7 6 718.}' II. BTN Y=2 427 X+206.5 1.080~1080.000 0.999 1
‘11 lll FER Y=62648 X+8331 83.120~8312.000 0.9975
> 3 S Y=597.51 X+1416.1 19.920~996.000  0.998 7
l ‘ 13- 0MEBE S TR Y=2946.7X4+9125  1.076~269.000  0.999 4
1,5- =0 5.555~555.500  0.9974

‘13 ‘13

0 24 681012141618 0 246 81012141618
t/min t/min

-RJLRRE 2-UnHERR  3-WT R 4-8ER S-RARR
6-1,3-UMHEREZE T ER  7-1,5-WNHEBEZE TR 8-3.4- IiERE
ZETRE 9-3,5-WMHEBEE TR 10- 4,5- IIHEBE S TR 11-K
BEE 12-KBREHE  13-7%%

1-protocatechuic  acid 2-caffeic acid 3-neochlorogenic  acid

4-chlorogenic acid  5-cryptochlorogenic acid  6-1,3-dicaffeoylquinic

acid 7-1,5-dicaffeoylquinic  acid 8-3,4-dicaffeoylquinic  acid

9-3,5-dicaffeoylquinic acid  10-4,5-dicaffeoylquinic acid 11-luteolin
12-luteoloside  13-apigenin
1 #HiAmA®R Q) MTBEBRABER
UHPLC-MS/MS [Eli¥
Fig. 1 UHPLC-MS/MS chromatograms of sample (A) and

reference substances (B)

2.5 KMERER

R 2.3 7T i) 2% RV %o BRIV ROE 1,
WIRFRRE, 113 6 N RIR LM TR, Hl4&
2 My TAEMNEZR. $% “2.17 T RS S AR
Mo DUETHRUAMALER (YD, IS5 S B R AL
P (X0, HHTLMERIE, FRIEERE, WK 3.
2.6 fEHREIRI

R R 2.3 T00T i) 2% PR VR 5 o) TR i 25 R
TEE, 4 70% YRR R BT Tk P R VR B 0T T
W 4% “2.17 TUROAE-BOS S AR B, o
ELEHERE 6 I, MAF)EJLZRIR . UNHERR . Bige)i
TR, SRR, BRZERES . 1,3- ikl Zs 7. 1,5-
TUMMEREZE TR 3,4- MHEEREZE TR 3,5- ik
B2 R, 4,5-InHEBE 2 TR REBEER. KR
BT, P RIETH A RSD (n=6) 4} 5119 1.82%.
0.65%- 1.70%- 1.54%. 2.18%- 1.32%. 1.24%.
2.38%. 0.83%. 1.66%-. 1.96%-. 1.53%. 1.64%,
FUNZA NG 2 R AT
2.7 RREMIRE

H R —HER(H165 1 DA S B A, $242.27

B)

?
BT Y=29543 X+464.8
T 4.420~4420.000 0.998 3

;
;
34-TINHEBEE TR Y=1425.1 X+759.8
;
;

35-CIMUEEEE TR Y=1916.1 X+5 852.4 44.760~17 904.000 0.996 5
45-ZHIHEREZ TER Y=2013.2 X+6 430.8 48.000~9 600.000 0.991 5
NN Y=10275X+12746  2.108~210.800  0.9930
YN RE Y=21332X+4502  4.136~413.600  0.9982
PR Y=5116X+15148  1.070~107.000  0.9980

T 792 AT &AL, ol T RE i i 25 e
0. 2 4. 8 12 24 h $% “2.1” TN AH-FIE %
PEERE T, MR, 4R BIR R LRRE .
MERR . BTt Rl SRJRIR . BRSRIRIR. 1,3-nmmE
BEZE TR 1,5-WHEREZE TR . 3,4-—WiHERE 2
B2 3,5-WMHEREZE TR 4,5- —MIHEmEZE TR A
BER. KRBEE. FRRENK RSD (n=6)
SN 2.39%+3.53%-2.33%2.21%+2.04%- 3.45%
2.41%- 2.31%- 3.06%- 1.19%. 1.81%-. 2.95%-
1.53%, FUAGRASIERAE 24 h WERE I RIF .
2.8 EEMRAW

H R R (H16511) A5 B S B X 2541, $%42.2”
TR J70 AT il 46 6 (sl I, 4% “2.17 T
N VRAH - SR A R A A, W e AR, TH AR
JLZRTR . IMMERR . BT R IR . SRIEIR . PR AR |
13- WmEEE & /R . 1,5- iRt s TR . 3.4-
TUEERE S TR . 3,5- MNHEREEE TR . 4,5- 0
HEfpE R TR . RBE R, KBEFH. FERRE
7350 RSD (n=6) 73 514 3.68%- 2.46%- 1.80%-
0.86%. 3.06%- 3.88%-. 1.86%. 1.61%. 1.29%.
3.30%-. 2.76%-. 1.02%. 2.08%. %W FTE 7
FEEERLT.
2.9 NEEEWEIRTE

B2 S 2 H—ft (H16511) &5 FREXZ
MR 6 43, FHRELL 1.0 g, FEHEFE, FEZEMA
TREX R IEOE R, 15 “2.27 TR ik &4
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AV, ME, THEIIRERICER, SRR LRIR
IEERR . BrERIRRR . ZRIEIR . FRZRJEIR. 1,3-Z=m
MEREZE TR 1,5- WM ZE TR 3,4-MnmFsE 2
TR 3,5-MIHESEEE TR 4,5-IneEmE s TR
KBEZ . RBEF . R PR RS )
A 97.64%- 96.54%- 98.15%- 97.25%- 97.18%-
97.32%-+ 99.27%- 98.24%-+ 99.18%- 97.67%- 99.75%-
96.63%-97.16%, RSD 437114 0.52%-0.54%- 0.89%-
0.53%-+ 0.61%-+ 0.57%-+ 0.94%-. 0.48%-+ 0.62%-
0.70%-+ 0.89%- 0.55%-. 0.96%.
210 EFNTHEFEREXNAMF 13 BRSNS
ENELER

HUEHEZGMFE S, $% “2.27 T ikl &

B, 1% “2.17 TUR RO -5 2 PR b e 2>
Br SPATIRE 3 UK, IUE RER AR PR 7 I T AR,
THE 13 Pty & &, TLPHA R & g, 1T
P58 1 7K EL S 0 B ML DG 45 48 7K B Je I AR R 45 2R
AR 4~6, SRR, AFEFAH 13 Bl
EEZEFIARN, WE— 1 A 2 S B X254 o
13 Rl i) & BAFAE 25 TP R S by 7174
1B 7K SR 4 7 AT PG A2 7K Jek U 7™ M A A i - XL 245
M 13 Bl B EE SR TR IR . R
FREFRAMITIRER G REUR, U & G H XA
el R, ik, MEHEEESAKR, BIAMEN
JR AR By ERE R T AN R T R
FEVL VYRS B 771l TLPG A2 /K 38 47 AL FE 427K

R4 RHBEESAHEERRERNUES

Table 4 Content determination of 12 batches of A. fragrans from Nanchang

& (g g )

G e . . . L3O S 3 4 3 S-SR A S ORE e
FOURRE MR WaER SER RSER BESE METR BETR BETH BETR REEE KREH HFEE

NI6SOI 16510  S.041 20580 14876 8233 886 3110 6318 1188 19910 3249 59660  —
NI6S02 7361 3385 8539 8777 5035 SIS 2289 4268 9554 14320 2066 - -
NIGSO3S  — 4598 12790 12365 6375 740 5513 2770 7863 12840 2271 205400  —
NIGSO4 14050 6162 16990 10947 5333 2428 3857 5668 7803 14800 2908 27990  —
NIGSOS 14130 4403 8852 11201 5458 S105 2592 3189 7284 13900 351 28020  —
NIGSO6 5004 2594 8035 7696 3569 5027 2653 1806 3022 9497 1764  — -
NI6SOT 8778 4756 25610 16759 10110 1458 1694 3307 6382 10430 2564 46600  —
NI6SOS 22240 2071 14270 18295 8875 1832 2129 3577 7240 9726 2399 69300  —
NI6SO9 22950 3129 16250 11703 5764 2753 1856 2624 5708 9686 1920  39.000  —
NI6SI0 22950 3891 9698 14356 5625 2970 2265 2041 465 4804 2421 88420  —
NI6SII 5324 5597 17640 13115 6465 3636 2356  20L1 6162 T9L1 2713 77810  —
NIGSI2 5229 2850 6772 9596 3849 2408 2014 1936 6038 6634 1488 132700  —

=7 JeRE, RTERR, FE

“—"is a trace amount, below the limit of quantification, the same below

x5 RMEYEHEFTRERNESER

Table 5 Content determination of 12 batches of A. fragrans from Huangao

2 (g g )

2k S A A\ 5 #
FIL%R R HaRR 4ER RSER

1,3- Wi 1,5- e 3, 4- Bk 3,5- e 4,5-
METR BETR BETR BETR BRETR

ARER AREH R

H16501 4278 4.947 102.5 9627 4715 20.51
H16502  26.81 3.965 538 2992 1572 8.55
H16503  71.95 5.608 131.9 11827 614.9 15.15
H16504  19.29 4208 100.9 10 547 485.4 39.39
H16505  26.15 4936 1134 9519 457.4 115.90
H16506  21.87 3.380 93.8 7254 388.6 50.13
H16507 3138 3.638 67.0 9050 4404 100.80
H16508  16.68 3911 116.1 14710 793.5 26.90
H16509  35.16 17.930 103.1 13 245 697.5 -

H16510  29.96 2254 26.4 2514 933 83.10
H16511  40.18 4489 105.9 9121 362.1 23.10
H16512 3232 7207 79.2 8354 3763 -

270.5 373.5 4201 1147.0  5.035
87.8 167.8 2041 8143 3852
2237 282.5 6 869 11620  4.057

146.900 4331
455200  9.773
146.800  6.863

98.5 2149 4201 7574 4.69%4 95.800  1.907
3274 3955 5030 11900 5297 78.800  2.799
214 2499 3 664 1048.0  3.550 68.100  2.389

256.5 186.0 2817 839.6 4350
170.4 161.6 4625 650.6  4.185
67.5 156.3 3555 7212 3.706
136.2 93.0 1022 5441 4207
290.5 203.4 3726 830.5 4499
70.2 228.6 3694 8345 3274

146.300  2.701
253500  1.614
185400  9.628
149.100  3.717
236.600  6.520
263.900  6.165
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Table 6 Content determination of 11 batches of A. fragrans from Miaoling
RN (gg )
TR - I 1,5- e 3, 4- Bk 3,5- D 4,5- e
B pem b weER A fam o L ISR I e men mk

METR METR BETR BETR METR

M16501 9.33 1.803 2143 1433 453.9 5.58
Mle6502 1173 2.503 7119 8 005 303.9 -

M16503 8.04 1.978 79.18 11321 4743 29.72
M16504 1470 5.849 91.75 10320 419.6 66.45
M16505  19.16 6.677 97.70 10390 4269 211
M16506  24.66 2.530 83.12 7480 345.8 10.82
M16507 1745 3.023 78.54 7258 290.9 12.70
M16508  50.15 12.27 89.18 7583 280.2 -

M16509  26.35 4.095 20.68 1158 26.4 -

M16510  20.35 3973 100.2 8796 362.6 27.73
M16511  18.29 3.209 86.06 8649 3189 18.39
M16501 9.33 1.803 2143 1433 4539 5.576

56.3 682  1007.0 3279 10.010 37.500  13.530

63.6 139.6  3887.0 602.5  17.680 90.100 1914
107.8 1386 33190 546.8 8.630  193.600 -
104.4 2170 43240 10100 5310 308.900 2.190
82.55 1992 52490 884.8 6.940  83.480 2.445
2163 2263 30260 8522 5570 130.800 3511
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