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[ Abstract ] Objective: Ultra high performance liquid chromatography coupled with Q-Exactive Focus
hybrid quadrupole and orbitrap high resolution mass spectrometer ( UHPLC-Q-Orbitrap HRMS) was applied for
identification of chemical constituents in Pimpinella thellungiana. Method: Chromatographic separation was
performed on a WATERS BEH C ;column (2.1 mm X50 mm, 1.7 wm). The mobile phase consisted of 0. 1%
formic acid aq (A) and acetonitrile (B) with a gradient elution. Mass spectral analysis were performed on Q-
Exactive Focus hybrid quadrupole and orbitrap mass spectrometer. The mass spectrometer was connected to UHPLC
instrument via an ESI interface. Samples were analyzed in negative ion mode by the full-scan-dd MS® ( data-
dependent MS/MS) scanning mode. Then the constituents of P. thellungiana were identified by compared HRMS
data with those of the standard compounds, MS cleavage mechanism and the related literatures. Result; Based on
the characteristic mass data of accurate molecular weight and fragmentation ion information, 29 chemical
constituents were identified including 19 chlorogenic acids, 7 flavonoids and 3 phenolic acid. Among them, the

identified components except luteolin-7-0-8-D-glucuronopyranoside and apigenin-7-0-B-D-glucuronopyranoside
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were reported in P. thellungiana for the first time. Conclusion; The established UHPLC-Q-Orbitrap HRMS method

can be used to identify the chemical constituents of P. thellungiana quickly and accurately, providing the scientific

evidence for its quality evaluation and material basis research.
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Fig.1 TIC of Pimpinella thellungiana ( negative ion mode)

Identification of chemical constituents in Pimpinella thellungiana by UHPLC-Q-Orbitrap-HRMS

No. tx/min [M-H]~ §/ppm [ A=F¢ Ms? Y

1 0.8 191.0552 0.2 C,H,,0 173.04[M -H -H,0] ~,127.04[M - H -2H,0 - CO] ~ ,93.03[M - £ TR
H-2H,0-CO -20H] -

2 3.97 353.0881 0.2 C,sH;40, 191.05[ M - H - Caffeoyl] = ,179.03[ M - H - QA] = ,135.04[ M - H - #r&gfsm"
QA - CO0,] " 127.04[ M - H - Caffeoyl —2H,0 - CO] ~

3 6.63 353.0881 0.8 C,H;0, 135.04[M - H - QA - CO, ]~ ,173.04[ M - H - Caffeoyl - H,0] =, cis-4-CQA
191.05[ M - H - Caffeoyl ] ~

4 7.14 353.0879 0.2 C,H,0, 191.05[ M - H - Caffeoyl] = ,179.03[M - H - QA] = ,127.04[ M - H - ZtJ5fR"
Caffeoyl —=2H,0 - CO] ~

5 7.56 179.0340 -2.3 CyHgO0, 135.04[M -H -CO,] ~,107.05[M - H - CO, - CO] ~ wp g

6 7.79 367.1037 0.7 C;;Hy0, 193.05[M — H - QA] ~,173.04[ M - H - Feruloyl - H,0] ~,134.04 3-FQA
[M-H-QA-CH, -CO,] "~

7 7.93 353.0880 0.5 CH;0, 135.04[M -H - QA - CO, ] ~,173.05[ M - H - Caffeoyl - H,0] ™, Faztlsim"
191.05[ M - H - Caffeoyl ] = ,179.03[ M - H - QA ] ~

8 9.45 337.0942 -1.4 C, H,0q4 191.06[ M = H — p-Coumaroyl ] = ,93.03[ M - H — p-Coumaroyl - 2H,0 - trans-5-pCoQA
CO -20H] “119.05[M -H - QA -CO, ]~ ,163.04[ M -H - QA] -

9 9.54 353.0881 0.8 C;sH;30, 191.05[ M — H - Caffeoyl ] = ,179.03[M —H - QA] ~ ,127.04[ M - H - 1-CQA
Caffeoyl —=2H,0 - CO] ~

10 11.48 367.1035 0.2 C;Hy0, 191.06 [ M - H - Feruloyl] ~,134.04[ M - H - QA - CH, - CO, ] ~, 5-FQA

173.04[ M - H - Feruloyl - H,0] ~
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gxl1

No. tg/min [M-H]~ i#% 12 MS? Y 5E

11 11.91 367.1038 0.8 C;;Hy 04 173.04[ M - H - Feruloyl - H,0] ~,134.04[ M - H - QA - CH, - 4-FQA
€C0,] 7 ,193.05[M-H-QA] "

12 12.88 3370932 1.0 C, H 04 191.06 [ M = H - p-Coumaroyl ] ~, 93.03 [ M - H - p-Coumaroyl — cis-53-pCoQA
2H,0 - CO -20H] ~

13 14.24 367.1036 0.4 Cj;Hy0, 191.06[ M — H - Feruloyl] = ,134.04[M - H - QA - CH, - CO, ] ~ 1-FQA

14 16.00 477.0683 1.7 C,H 0, 301.04[M - H - gluA] = ,151.00[ M - H - gluA - C;H,0, ] ~,179.00  #fit &z 3 4 45 ¥l
[M-H - gluA - C,H,0,]~,107.00[ M - H - gluA — C,H 05 ] = ,283.03 FEMIT
[M-H-gluA -H,0] = ,273.04[ M - H - gluA - CO] ~

15 16.55 461.0738 1 Cy Hig0,, 285.04[M - H - gluA] = ,133.03[ M - H - gluA - C,H,0,]~,151.00 K J# % £-7-0-
[M-H - gluA - CgHs0,] ~ /j@fj&*ﬁ oM B

16 16.83 447.0937 1 Cy Hy Oy 285.04[M - H - glu] ~,151.00[ M - H - glu - C4H,0, ]~ ,133.03 A BB & 5 # %4
[M-H-glu-C,H,0,]" HETY

17 18.93 193.0498 -4.3 C,,H,,0, 162.02[M - H - OCH, ] ~, 134.04 [M - H - CH, - CO, ], BI#RFHIK
178.02 [M - H - CH, ] -

18 19.35 515.123 1 1.7 CyH, 0 135.04[ M - H - Caffeoyl - QA - CO, ]~ ,173.04[ M - H - 2Caffeoyl - %% J5 % B
H,0] ~,179.03 [ M - H - Caffeoyl - QA ], 191.06 [M - H - 2
Caffeoyl] = ,353. 09[ M — H — Caffeoyl] ~

19 19.86 515.1196 0.1 C,sH,O0,, 191.06 [ M — H - 2Caffeoyl ] =, 135.04 [ M — H — Caffeoyl — QA — S 45 A"
€0,] " ,179.03[ M - H - Caffeoyl - QA ]~ ,353.09[ M - H — Caffeoyl ] =

20 20.55 515.1200 0.8 CyH,,0,, 191.06 [ M — H - 2Caffeoyl ] =, 135.04 [ M — H - Caffeoyl — QA - ¢is-3,5-DiCQA
C0,]~,179.03[ M - H - Caffeoyl - QA] ~,353.09[ M — H — Caffeoyl] ~

21 20.79 445.0778 0.2 C, H,0,, 269.06[M -H — gluA] ™ ,117.03[ M - H - gluA - C,H,0, ]~ ,151.00  J+3¥#-7-08-D-
[M—H-glud - CyH,0] = ,225.5[ M — H - gluA - €O, ] W AR T

22 21.71 515.1198 0.6 C,H, 0, 173.05[ M - H - 2Caffeoyl - H,0] = ,135.04[ M - H - Caffeoyl - QA — cis4,5-DiCQA
€0,]17,179.03 [M - H - Caffeoyl - QA ]~,191.05 [M - H -
2Caffeoyl] = ,353.09[ M - H — Caffeoyl ] ~

23 21.83 475.0884 0.6 C,H,0, 284.03[M - H - gluA - CH; ]~ ,299.06[ M - H - gluA] ~, 151. 00 LS Ny X
[M - H - gluA - CH, - CiH 0, ] F AR

24 22,29 515.1198 0.6 C,H,0, 173.04[ M - H - 2Caffeoyl - H,0] = ,135. 04[ M - H — Caffeoyl - QA - F-4EJE ik C"
0,17 ,179.03 [M - H - Caffeoyl - QA ]~,191.06 [M - H -
2Caffeoyl] = ,353.09[ M - H - Caffeoyl ] ~

25 23.27 529.1359 1.3 CyHy 0y, 191.06[ M — H - Feruloyl - Caffeoyl ] ~,135.04 [ M - H - Feruloyl - 3-C-5-FQA
QA -CO,] " ,179.03[ M - H - Feruloyl - QA —H] "~ ,173.04[ M - H -
Feruloyl - Caffeoyl - H,0] = ,353.09[ M — H - Feruloyl ] = ,367.10 [ M -
H - Caffeoyl ] ~

26 23.66 515.1198 0.5 C,H,0, 173.04[ M - H - 2Caffeoyl - H,0] = ,135.04[ M - H — Caffeoyl - QA — 1,4-DiCQA
€0,]17,179.03 [M - H - Caffeoyl - QA ]~,191.06 [M - H -
2 Caffeoyl] = ,353.09[ M — H — Caffeoyl] ~

27 23.84 529.1357 1.1 C,sH, 0y, 173.04[ M - H - Feruloyl - Caffeoyl - H,0]~,135.04 [ M - H - 3-F-4-CQA T 4-
Feruloyl - QA —= €O, 1~ ,191.06 [ M - H - Feruloyl — Caffeoyl ] ~,353.09 C2-FQA
[M-H - Feruloyl ] ~,179.03[ M - H - Feruloyl - QA - H] ~,367. 10
[M - H - Caffeoyl ] =

28 24.08 285.0406 0.3 C,sH, 0, 133.03 [M - H - C,;H,0,] ,151.00 [M - H - CH,0, ] ~, KBHZE
241.05 [M-H-CO, ]~

29 25.42 269.0456 0.1 C;H;0; 11703 [M - H - C,H,0, ], 15.00 [M - H - C,H,0 ], /K

225.06 [M-H-CO,] "

1 CQA. WIMEREZE T2 ; pCoQA. T TLBEZE T R ; FOQA. Bl B Bk 25 7° 12 s CFQA. W M Ik - B 2R Bk 25 77 B2 5 Caffeoyl. WMk Bk & 5 Ferulogy. [ %4 ft
K3 Coumaroyl. 7 & ik FE ;") 5 X0 HE 5 L XS
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[M-H-H,0] ,127[M - H -2H,0 - CO| " # K
BT OB B TR (QA) L kB S Y
WS T8 Tl m/z 179.034 03[ M — H |~ 3 7 fx
AlRERY o U CoH O, o TEH i R &b s
T m/z135[M —H - CO, |~ , £ %F B 5% B, 8 3A
HohmmmEm: (CA) 'L AW 1T S T Tk
N m/z193.049 79[ M - H ]~ 4 Wi fe il & 19 73 150
J C o H,,0,, H MS* 2RI T m/z 178[M - H -
CH,],162 [M-H-OCH,] ,134[M - H - CH, -
CO, |~ Iy 1 Jr g -, 4 DU JHC Sy BT 8 52 i HC S ) 44K
(FA) o {H 55 By 5 F o FR i O B A ) AN — 250, S T
B R SRR
3.2 {EMREALEYEE HRIERELEYZ
ML A~s 2 A MERR BB A TR S R AN 4
TRAHEAG A% A MBS, BRI R iR
b PR HEE P S LR . ETFRESA
ZARE, 5 R R Y LR ORBUE . — R A I R
Ak G W, Herb B R XUR AL A R L o

LRIE R AL G W Y ESI-MS® HL A B 5 A9 R AE
FEH m/z 191,179,173 ,135,193, 134 25 4R 4F 55 7 1]
ERILEA B W2 Wi 1. Hh m/z 179[ CA -
H] "8 m/z 135[ CA - H — CO, | = 3R W77 75 o nf: 7%
FPl ,m/z 191 QA - H] 8 m/z 173[ QA - H -
H,0] KA ETRRIEA , m/z 193[FA -H] ",
134 [FA -H - CH, - CO, ] ~ 3 W] {7 1E ] &4 it L 141 .
[F] B AR 8 BF 2 5 2 19 5T o 5025 (E T HE b 5 2
TR IR A LRSI B 5 1 5 7 AH 22 162,
146,176 Da FRWIZ5# 43 BIAFAE 1 /4> o i ok 2 35
TR BE RN BT AR AL . AR, AR A W AE AE 2 R IR
Gy SRR ARG 9 T 1 v A5 R S 2 ) AH X
F2BE W DL B A A A SO AT T B 51T o S ]
HEAT AR X 45 o

EEW2~4,7 M9 WEHNTETIEN m/z
353.088 1[M - H ], #ilr H 4 Xl gy C Hq
0,,MS* 2L P24 T m/z 191,179,173, 135 25 B 4F
W R B 1 R LA A G W R 5 b e 5 28 7 IR 2K
EW. &5 X, LAY 2,4,7 5%
FFERRER (5-CQA ), &% J5 iR (3-CQA ) T & Ji iz
(4-CQA) . thEW 3 MWL 5 4-COA AHEI,
B m/z 191 By A0 X+ B b 4-CQA 55, 1 48 SC ik
(21 ], 78 AR WAE €335 55 18 T, 3-60 A 4-07 19 I =X

SR A e G B SRS B e R R, HL -1 B X S 4 AR
m/z 191 [ AH X5 5 B 0o, PRtk & 4 3 41 I8
N cis-4-CQA . AL-E Y 9 1 — 90 5 3% (&1 iy ik e g 1
Joom/z 191, H S5 Bk e T ok AR 4 SCHR [22 ] 4
% 1-COA.,

&) 8 F 12 HEJr 7 8 T W m/z 337.094
201[M-H] ", K47 UM C H,, 0y, H1E MS®
BIRE 72 T m/z 1910 QA - H ] 7 kg & 1, 5
BERSTAH2E 146 Da, 8k 5 AL BB A BLIE 22 T 1R
FAEY o MRIEHAR A A S % sk [23 ], e
PO AL 5 W e w it B B ok, Bt AR &9 8 12 4
MKy trans-5-pCoQA Fl cis-5-pCoQA,

& ¥) 18 ~20,22,24 F1 26 iy 1 85 1INy
m/z515.119 81[M - H] ~, H.4r 73X A g€ CxH,,
O, —F ik K vp A= pl m/z 353[CQA -H] ™, m/z
191[QA —H] " ,m/z 179[ CA =H] " ,m/z 173[ QA -
H-H,0] % m/z 135[CA -H-CO,] ., HET
(m/z 515) T8 T (m/z 353) Z [a] #H 2% 162 Da, L)
LT 28 7 R A4 REAIE B 1 m/z 191,179,173 5
135, R WX JLA 6 & 2 Z ommETE 2 7 R 2K L&
Yo AL 19 20 (&35 i RE B 1 & m/z 191,31k
e m/z 135, PR RARM 2 m/z 179, R G
JE 3R TRERSE . & 50 IRE X, LG
P19 %5 hy S 5k RUIR A (3,5-DiCQA) L& ¥ 20
19 1Y G 5T 1% AR ARL, SCHE I Ry cis-3,5-DiCQA
1641 18,22,24 7126 (1) MS® [&] LI B T J& m/z
173 2R XL &2 4 I T RE S
Yo 553G XS, LG W 18 Fl 24 73 5 258
SR B(3,4-DICQA) i R &4 Ji g C (4, 5-
DICQA) . fb-& 1 22 i 24 1) 503 KTARALL , 4 #E
Wy cis-4,5-DiICQA ., L5 W) 26 H1 05 5 1, AR 418 SC
Bk[24 ], #E0 HG 1,4-COA,

&Y 6,10, 11 113 5 75 TN m/z
367.10345[M -H] ", H4 77N C,,H,0,,
R ik B Al m/z 193 FA - H] ™, 134 [ FA -
CH, -CO,] " A1 191[QA —H] ,173[QA - H -
H,O0] ™, #efe i ix JUAS 1 & W ok B 8156 28 1 iR 2
FRAESCHR [ 14 ], Z i v, 5-FQA 1 Bk I 5y 1 2
m/z 191, P BEA A 58 BEAR 55 19 m/z 173,11 4-FQA
1 3-FQA &35 rf AH XT 5 B2 S5 5 1 5 1 43 ) 02 m/z
173 1193, Ftfb &4 6,10 11 Fi1 13 53 54k I8y
3-FQA,5-FQA ,4-FQA Fi1 1-FQA .

k& 25 M 27T o T8 7 %N m/z
529.135 88[M -H] " (C,H,;0,,, <5 ppm), i
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JE P B m/z 367 FQA - H] ™ ,353[ CQA -H]
191[QA -H] ,173[ QA - H - H,0] " ,135[ CA -
H-CO,] FFIEfE &, HPh e+ (m/e
529) MIF B (m/z 367) fH2% 162 Da, /R E 2k —
S35 UMMERE , F1F B 7 (m/z 353) 1 22 176 Da, 7R
TR — 40 F B B 5L, SCHE DAL & 25 1 27 Sy
ME Bk B 2R IE 25 TR . AL 25 RN 27 I K
m/z 353 FIAEXS B L m/z 367 By E R, WAL &
My 25 (3L m/z 191 fb& 8 27 L&k m/z 173,
HRAESCHR [25 ], /b G 9 25 #E0 y 3-C-5-FQA , fb &
W 27 HEW Sl 3-F4-CQA 1§ 4-C-5-FQA,
3.3 WERAGYMEE W HRAGY R
it — Pt Ry W T B 2R A L A SR I ) B TR G . v
ook — LA, FEIE M E K H,0,C0,C0, %
PE/NG>F B C 3R K AR Bk IR Hn-Fil 7K (RDA ) 24 fii
PTR80S ) 1 35 I B A% C 3R 2 7 5K
AR, Hp I SR R 4% % A RDA 246 5 T 1
AVTE T AMXT FEERE ST AREAE S5, 7R
SR A Y A m/z 151 (A7) B 7l oy 1
FRIE 2 W B F o

25X BT R A G W 15 F0 21 43 5 S E R
AR ZR -T-0-B-D-H % W BE IR 1 M T 3 R -7-0-B-
D-A % FERE IR 1 o A6 G 0 15 F1 21 (9 24 A LA hy 5
25 CID 24 208 1 43— 4 %50 B I IR 5% 5& 176 Da, JP
A TR BERFTHRE ., RBERMT RS
TIE BB, 8 22 5AE C I EOR R B R LT
KEL AN OH, KBEE m/z 285 A B+ m/z
241[M —H - CO, ], I %4 RDA B4 5l m/z 151
(A7) ,m/z 133 BF % % m/z 269 H AT [l
FER BB, R 1 40 CO, 74 m/z 225, [A] i}
%k H RDA B 4 i m/z 151 (A7), m/z 117
(B " )M AERE B 71 &9 28 HHfE S T
BT IESN m/z 285.040 S6[ M — H] =, I H 25 44 X
S CsH Og o Ho= Az (e B 8 7 55 K 28 0 3 3 44
T R 1Y JC 0 B8 A ), 0 0 G Ay R R
Fo AW 29 MUHES T8 TR m/z 269. 045 56
[M-H] W &ATRER X C;H,, 05, H™
A BB B B 5 O R A A B R T T R
BRI O HOh TR R

41 16 [ HE 4> F B F % H m/z 447. 093 69
[M-H] #iEWETger s XXk C,H,0,, 1K
MS* F2: 1 A F S C,H,, 0, (162 Da) 4= i m/z
285 WY B, [ B e AR R R R T R R R R
AHIF] % e oy R R AR . (baY 23 1

- 150 -

WS T8 Tl m/z 475.088 44 [ M - H ], m/z
951. 184 62[2M - H] ~ , #EWr i vl BB 43 F 2k Cyy
H,,0,, . TEH R E =42 T m/z 299 B A
B, 5EEE A A 22 176 Da, B &K 1
SrFRE R R AR AL B S &R 1 4+ W (CH,)
PR m/z 284 RE B B S BRSO RR [ 28 ] 4
iy TR AR B T 2R A M PR Y

&Y 14 WUEDY T B T 15N m/z 477. 068 27
(M -H] #EWrm a5k C,H,0,, H
MS® it B Bk 1 4y T A BERE R (176 Da) 7=
Hom/z 301 BRE R B F, [ A P74 m/z 283[M - H -
H,0] ,273[M - H - CO] ", 3 % 4 RDA ZLf#IE i,
FRAERE A B m/z 1S1 (AT ) DL WE A B F m/z
179 (A7) ,m/z 107 (A" ) K46 SCHk [29-30 ], #E
DT IC i 3R, AR A DL IR 2, IRk & ) 14
Y M B R AT IR T

HO,

€]
g
S 0
()
OH

€] 124~ 0
A
on —l_H m/z 179
OH O H,0 -CO
m/z 283 : o o e
R
O |2 o D HO' 0
° 473 A A m/z 151
on ~ ], OH O _co.
;| % MH m/z 301 S
HO. O 0. | O A HO. —|—H
. ).
OH HO
m/z 273 *A" m/z 107

B2 WEEHRMEBAE

Fig.2 Fragmentation pathway of quercetin

4 itig

W8 B SR F T A R IE 67 S U e 4
WA SEAN el SR ks o W B 5 |5t < Il = i
Y e I 3 AL G W L A S TR S | B IR 28 AN 4y
B A HLIR S 7 B B 155 20 A A g % e 37 T 284 fe R
HE T LS EEGE TR R AU K
EWr. MO A5 b o A I 3 2 21 1 b 40 R
TAEMEAEY, — 7 1A fE 2 H TR 50% H
7K Ay 8 BBV 5 A B i I K 2 1 43, 53— T T T g
2 T IX B A M MR N R 3 ER T EST R AE
BT I MR T B

AHF 5% % | UHPLC-Q-Orbitrap HRMS X} 2f 2T
I 24 68 1) 32 AL 2% B4y BEAT T SRR, AR AR 5 43 B I
T AL 0K B A X o3 B BLE Y 4 UL R
A5 B LA B 5% B R DG SCRR B Lo 45 T ik A
YOE 29 MEG W, AR GRS Y 19 4, B
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RKTA /N TAHIR 3 A, H A BR A R 5 2% 4 45 bl
T TR Y R P 56 3% 1 ) W TRE TR Y 0, HOAt 27 BB W)
YR g i W RE . P ai R A S R it —2
HIF 5 - £ 24 44 14 25 280 o Ak i i 42 3 LA R i
PRIV FH 45 B4 % FE A o
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