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Comparison of chemical constituents of Isatidis Radix and Isatidis Folium based
on UPLC-Q-TOF-MS/MS
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Abstract: Objective To compare the chemical constituents of Banlangen (Isatidis Radix) and Daqingye (Isatidis Folium) by UPLC-
Q-TOF-MS/MS technology. Methods The liquid phase separation was performed on Accliam 120 Cis (Thermo Fisher, 250 mm X
4.6 mm, 5 um) column, the mobile phases were 0.1% formic acid acetonitrile and 0.1% formic acid solution with gradient elution, flow
rate was 0.3 mL/min, column temperature was 40 ‘C. Mass spectrometry was performed using electrospray ion (ESI) source under
positive and negative ion mode. Retention time, precise mass charge ratio, secondary mass spectrometry and other mass spectrometry
data were analyzed using PeakView® 1.2 software (AB Sciex, Foster City, CA, USA) based on reference materials, literature data and
Massbank database. Results A total of 71 compounds were identified and speculated in Isatidis Radix and Isatidis Folium, including
alkaloids, flavonoids, lignans, sulfur compounds and organic acids. Six compounds were identified and speculated only in Isatidis
Radix, including sulfur compounds, and two compounds were identified and speculated only in Isatidis Folium which both belongs to
alkaloids. Conclusion The established method can systematically and quickly compare the chemical constituents of Isatidis Radix
and Isatidis Folium, which could provide an important basis for the research of quality control and pharmacodynamic material basis.
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RS AR K T 389 SR FH 24 13 SR A& TR AR 2
FKhdly, WFHEYRIEAE, 2HA TR
JEHEYIINE Isatis indigotica Fortune. {15 AR F1
R, AE R BRI PR N R, AR AR R R 55 241
RETE, 0. B4, BATEREE. IR,
PR A BRI G AR P 375 - i SRR AR 132 )
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1T TEORIRNIIRE T, B B a 4 e T AV
KRIEZR. S EDEMEEE s 12,
BEXTRTE M A 22 1 B SRR, HAR 2 R o7
FEAFE Y. mERSE, Ho R S RE
ARAR [RIU3-141 i 5 AR AN T i v 1) 22 b B A A 22
SRR A YUREE PRSI, i, HRE
MRUEANE 22 2 157 V& A TG BE-4-O-B-D-H & B 2L
AHURBAEE . HUBR R FRAEMERDS); V%
WA IR Bt HA AR AN 3 B S BR TR . (A &
BRESEAERKMPIAE . HEERHICT, KF
B o et 2 S 20 B 3 A5 T B B e
TE PRSI0 T Ry P A, 25 i S (R R ST AR AR AT

T E A TR, AR R 2 A
g — AR b R MR AR AN R 72 24 350K 5 E i)
DX, SR, AR AR A K 7 I 7 42 5 Atk 7 TG 174
FFM S Z BRI T R, A 90K F i
FHETE DY - C AT (]S BCAH  (UPLC-Q-TOF-
MS/MS) HiA, S AR AN T 4k 2% B o AT
AT, M EE o BT 3 P o el 22 ek, DA
SR i JoR B A R0 25 80 ST S A g — P S K
SRR .

1 {NE5HH
1.1 14&5

UFLC-Q-TOF-MS/MS ¥ i it Fl %4t (UFLC
XR & A 3%, Shimadzu Corp., Kyoto, H
A); BLE Triple TOF™ 5600+ 1 Analyst® 1.7.1 .
{Eul (AB Sciex, Forster City, ZE[E), Milli-Q 4k

K &4 (Millipore /A ], Billerica, FE),
MS105DU -+ /5 43 2 — ¥ 7t K ¥ ( Metler
Toledo, Zurich, ¥id:), HEAEPIFVERS (BLEHS
A RAFD.
1.2 ##

WEARZG KT (LS 1912003, 7= HH i ak 46 #1
258 (5 2003002, P2 H AR5k B0 E
JUINRZMZNARATR, Sl KA dRl s
Bt 52 4t FAT 250 4858 4 A+ FAe RHE AR L
indigotica Fort. I\ T-JEAR AT s 0 [ b B A%
T B (B H=98%, CFS202102) My iiX KA
AW ARETR /AT (ChemFaces); JRE (JFigEsr#
99.6%, L5 110887-202104). &iF (i &40 %
93.6%, L5 111977-201501). fREF (i &%
99.7%, b5 110879-201703). (R,S)-5#EF (FikE
7330 100.0%, HE5 111753-202007) 1 E H E A
gyt e b A IRRE (E S $=95%,
D16GB171471) Mg H LRt EMFHA R A F .
JR it 2% B S AN 2.5 B Thermo Fisher Scientific Inc.
(Fair Lawn, JE[E); i HEREH Sigma-Aldrich
Co. (St.Louis, FE[ED. #2li/KH Milli-Q Ak
th %4 (Millipore Co., Billerica, FE[E) #{kLiHT
i FARTAE FFLA2 N 0.22 pm A JEREE .
2 FHiE
21 HiEARNE

I R EER AR E R GE=57) 1g,
WP E, BT 25 mL B, K% A 60%
FBE/K 10mL, #9E, FREME, 40kHz A HEEL 30
min, FEEFIERG, F 60%HEEKHN 1551 H &
0.22 pum FEMREEE, SRR, H15.
22 XMERMIAERRHIE

FEEFRPURE . SFE . RS S mg, I 5%H
i K B 1) BT IR E 20N 0.02 mg/mL TR A X I
AR R R LR E T B VR A IR EE | (R,S)-
TREFE S 5 mg 0 H EEEC &) RORT B BE N 0.01
mg/mL [P)7RE%F HE I
2.3 BILFRGFRILEY
231 WHEIELEM  Accliam 120 Cis filiFE (250
mm X 4.6 mm, 5 um; Thermo Fisher), JiiZ14H°4 0.1%
FIRAKIE (A -01%F R CIEHR (B), BhEED:E
6 C0~5min, 5% B; 5~35min, 5%~95%B; 35~
40 min, 95%B; 40~41min, 95%~5%B; 41~45
min, 5% B); AR 84 0.3 mL/min; i N 40 C,
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232 UG PSR A HWEE R R
(electrospray ionization source, ESD), 735lPAIE.
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psi), BT URECR 2 KN 378.95kPa (55psi), X
HARIE AN 241.15 kPa (35 psi), B FIREE N
550 'C, BTWi% HE (ion spray voltage) 7E1EE
TR N 5500V, FEGE TR -4 500 V,
filtf# fE Ccollision energy) N 40 V, ¥FZIHl A
( collision energy spread ) N 20 V, X EH &
(declustering potential) 4 80V, ZZAbS A4 BI I
NES, BMFATL (m/z) A 50~1 500, 76158
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) AR .
2.4 HHES

7 ) B N AMRIEAR . K I SR I SR R AL 5
I FUAHSSCHRIGE, RS RO AR . KM
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FHEXTR S E AR E . A RN AER e
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3 X
31 WRERMAEHFBULERSBIEE
K H UPLC-Q-TOF-MS/MS ¢ A 5 AR Al K

B o AT E VA, 23 AR BICEE AR AN

B/ EST (=) MTEST (+) AT
T TE EL B IR g 1, 25 AR R 1 A 2. AR 2.47
TR 73 BT 71, S O AR AN T i35 R
LTS, BFE S ANEERE. 3 MR EHE. T
BEAEMAE 12 DEEE. 10 MAFERZE. 2241
VL. 8 MANIERE LK 4 A HABSE: BOER
Fef o3t 6 Fh, AR 1 AARJEERIE. 2 ME
Y. 3 NEWAEYIE: KA Ry
24, OIS, BARSERINE 1.
32 WEMMEBIES R
3.2.1 AVIBEEY) WS AT
b KSR A A EY), KEBEAAE
BARINGE, LRGN T ER R N o F R
Hy0. CO, 8 S B4, H o0 RAIRGE M 1 R =
Heo AV R AR E AR AR T i R IE M A 2

25
56
N\
7
A
gf 43 46
45
4|
4
2.3} 0 M
\ \4
9
2 L
- J
- | TSLATASNN L ,,,15_.»‘1 A_L AL ST Y .
G4
B
47
48,49

0 68

63 \\\69
58,59 7

61,62 70,71

67\"
60\ | |l6590
5[ J\ A \L'Na.!l.l ”’f \J MJIJ i

5‘/1 52 56 75

| sa_ |
AT LT

‘2

I

AVl

76

7

dOINLL

m\_\ﬁ\_w Lo e

A/K N

il

0 4 8 12 16 20

A1

t/min

24 28 32 36 40 44

1 (A IE (B) BTF#N THIERA UPLC-Q-TOF-MS/MS E £ & & [E]

Fig. 1 Base peak chromatograms of Isatidis Radix in negative (A) and positive (B) modes
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Fig. 2 Base peak chromatograms of Isatidis Folium in negative (A) and positive (B) modes

T 1 WERFMABTHLFRS B UPLC-Q-TOF-MS/MS £ EHR

Table 1 Identification of chemical constituents of Isatidis Radix and Isatidis Folium by UPLC-Q-TOF-MS/MS
o

R e M e B HB

1 0.98  CoHiaNsO2 [M—H] 173.10440 173.10462 13 131.0822 AR A\B

2 105 C4HoNO; [M—H]" 11805097 11805095 0.2 \ AR AB

¥ 108 CyHiNsOs  [M—HJ 26608948 26608939  -03 \ it A.B

4 123 CiHaO4 [M—H]” 11500368 11500368 0 710123 LY AB

5 153 CuHiNOwS2 [M—HJ 38803776 388.03831 14 2590139, 195034 1, 96.960 4, FKELKHF/FELEKE A
74.9912

6 1.57  CoHN:20s [M—H]" 243.06226 24306250 10 200.057 6, 152.039 6, 110.025 8, JR A B
82.029 4, 66.035 3

7 175 CuHiNsOs  [M—H]” 28208439 28208466 1.0 150.041 6, 133.0152,108.0202 19 A.B

8 212 CuHwNOsS;  [M—H]” 372.04285 37204341 15 259.013 5, 195.033 8, 96.960 2, HEMEETE A.B
74.991 1

9 469 CiHuN:OwS:  [M—HJ”  463.04866 463.04929 14 969596 4REZHFERT ALB

10 766 CigHuNaOsS2  [M—H]™  447.05375 447.054 47 1.6 96.959 6 ERARER T AB

11 841 CisHiNOs [M—H]"  294.09831 294.09963 4.5 131.0377 et A.B

12 846 CigHisN2Os  [M—H]” 333.10921 333.11044 37 144.046 2 ZRIVH A A.B

13 929 CiHsO2 [M—H]" 12102950 121.02959 0.7 92.0259 KRR AB

14 9.43  CauHO13 [M—H]" 525.16137 52516275 26 363.1057,195.0678,167.035 3, FEANHAKETA A B
150.0315

15 947 CxHyNOnS — [M—HJ 48812321 48812427 22 326.067 0, 163.009 8 HFH 27 AB

16 1024 CoHi00s [M—H]"  197.04555 197.04640 43 182.021 2, 166.997 6, 123.008 6, T & A,
95.0132

17 1040 Co7HxO1s [M—H]  $593.I5119 59315300 3.0 503.119 3, 473.108 0, 311.056 3, ¥kl A %-CO-“H % A\ B
2820537 Wt

18 1042 CrH2N:OwS2  [M—H]  477.06431 477.06458 0.6 96.9592 S-HEILHEELE AL B

19 1053 CsHeOs [M—H]" 181.01425 181.01456 1.8 93.0346,65.0400 LRENEF®R AB

20 10.73 CxH30016 [M—H]"  609.146 11 609.14841 338 411073 8,357.061 7,327.053 3, AR & %-6-C-H 4l A, B
299.0549 H-1-0- MR T

210 1075 CxHuOis [M—H]" 68325566 68325811 3.6 521206 6,359.1499,329.140 6 P4k T B A
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1 &)

HEDTE T (mz) ik

5 m/min AFR ERR S BeE  TE (X109) MS/MS #f & F B A&
22 1142 CyHuOis [M—H]  $93.15119 593.15349 39  341.0680,311.0570,283.0628 et AB
23 1175 CasHaOue [M—H]” 623.16176 623.16373 32  371.0785,341.0673,298.0494 4% 1:%-2"p-D-4 A.B
EREH
24 1176 CaHxOu [M—H]”  447.09329 447.09419 20  429.0828,357.061 7,327.051 4, FZrEiif A.B
297.040 1
25 1195 CoHunNiOwS: [M—H]”  477.06431 477.06479 1.0 446.0474,96.960 2 SFEHAEREEER AVB
26 1220 CasHzOn [M—H]” 52321849 52321864 03  361.1665,347.078 9 FE3F RGN RARE - AL B
D-H kIR
27 1270 CaHzOn [M—H]” 52120284 52120533 48  359.1402,329.1402 VA A -4-0-p-D- A B
HERE
28 1244 CyHiOs [M—H]  193.05063 193.05067 02  178.0275,149.0602, 134.0373  Fil 4 AB
29 1263 CuHxOw [M—H]" 431.09837 43110045 48  341.0671,311.0565,283.062 1 R4t AB
30 1265 CuHiOs [M—H]" 2230612 22306217 44  208.0387,193.0142, 164.048 1, 7 T A.B
149.023 9, 121.029 0, 93.034 3
31 1284 CyH3e013 [M—H]" 58122397 58122613 37  389.1625 55- TR ALB
FRE-4-O-FI B Hi T
32 1296 CxHiOu [M—H] 59721888 59721953 1.1  5512144,389.1614,359.1515 FEAMRHAKENE A.B
33 1300 CuHxOn [M—H]” 461.10894 461.11023 28  371.0785,341.0671,298.049 | R4&lrE AB
34 1344 CoHuOs [M—H]  359.15001 359.15026 0.7  344.1256,130.089 7 BRI R AB
35 1348 CyHuOu [M—H]  519.18719 519.18850 25  357.1319,151.0392 MG Z-B-D-M W% %) A\ B
G
36 1374 CiHeOs [M—H] 137.02442 137.02481 29  93.0341,65.0395 7 AB
37 1405  CoHiOs [M—H]" 187.09758 187.09873 6.1  169.0871,1250971,97.0655 F_f& AB
38 1462 CaHiOs [M—H]" 36116566 36116587 0.6  346.1450,179.0725,165.0556 JFF3FRiEmHAE  AB
39" 1503 CaH20s [M—H]"  359.15001 359.15127 35  329.1417,192.0795, 178.065 5, iz AB
175.076 9, 160.053 7, 147.042 1
40 1517 CxsHuOu [M—H]  S9L17193 59117240 08  367.1053,223.0621,205.0522 %7¢if AB
41 1550 CaHaNo$:0  [M—H]”  561.08544 561.08656 2.0  160.0431,96.9605 FARE T A
42 1572 CyHxO; [M—H 37111363 37111462 27  353.1067,341.1034,338.0799, s A.B
323.0578,279.070 2, 267.067 9
43 1754 CisHiOs [M—H]”  269.04555 269.04661 39  151.0034,117.0337 PRk E A.B
4 2141 CisHiOs [M—H]" 25506628 25506731 40  213.0556,185.0610,171.0453, Fifi# A.B

151.003 1, 145.066 2, 107.012 4,
83.012 5, 65.002 6

45 2164 CisHioOs [M—H] 26904555 269.04655 37 Kz A.B

46 2230 CigHiOs [M—H] 28306120 283.06199 28  268.0393,239.036 6,211.041 3, iR A.B
167.050 5

47 121 CsHiNO MAH] 11808626 11808584 -3.5 580650 Y M A.B

48 148 CsHNO MHH] 13704579 137.04512  -48  119.0354, 1100344 W AB

49 153 CHNO MHH] 11303455 11303417 -34  96.0062,70.027 1 M AB

50 174 CsHsNsO M4H] 15205669 15205635 —22  135.0296,110.0339 R A.B

SI 207 CiHaNOp  [M+H 18010191 180.10119  —40 162089 1,133.0509 N-FHEEHER  AB

52 217 GHNO [MAH] 14606004 14605980 —1.7  118.0640,91.0539,65.0384  2-FsLrkilf AB

53 368  CHNO [MAH] 15005496 150.05470  —17 132043 5, 122059 7, 95.048 5, 2,5-— 30| A.B
77.038 4

4 454 CsHNOS MAH] 13003211 130.03165 -36  60.9736 (RS)-4: k% AB

55 528 CuHpNiOr  [MHHJ 20509715 20509706 —0.5  188.0711,146.060 1, 118.064 8, 1/ AB
91.054 1

56 659 CiHsNoOr  [M4+HJ 18906585 189.06571  —0.8 1610703, 149.046 9, 116.049 1, 2,3- =% 4-¥: 32 A.B
92.049 1, 65.037 7 (R 3.2

57 766 CiHiNoOr  [MAHH 19108150 19108133  —0.9 1460599, 132.0440,128.049 1  (R)-2- 4 A -1,234- 11 A

SEI-4- R I

58 845 CisHisNoOs  [MAH 3273393 32713423 09 201.1020,173.071 1,145.0753  fkisis AB

59 852 CiHN:O [MHH] 14705529 14705518  —0.8  130.0298,92.049465.0384  A(3H)-MEWSHR A.B

60 928 CoHiN:0s  [MAH 23510772 23510754 08 700646 HIERW C A\B

61 1046 CsHiNO; MHH] 15408626 15408593  —2.1 136076 4, 108.043 2, 80.049 1, 3-ZFasLm|nk A

68.049 3, 53.038 2
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1)
. . D TETIE (miz) % i .

e N % . R s oz HRE
85 tR/mm 7] %it: l%%*%ﬁ EL@{E ;Uﬂ\“ﬁ (X 10%)) MS/MS ﬁ*)#'%% éﬂ:— EE
62 10.52 CisHuNO4 [M+H]"  258.076 08  258.076 01 -0.3 240.006 4, 212.071 1, 184.076 2, 6-FeH-4-(5-RHHE AL B

154065 3, 129.069 6 -0 5L) e
2(1H)-@H
63 10.7  CuHioN20s [M+H]" 219.07642 219.076 32 -0.5 201.066 4, 173.071 4 RS 8 2 B Bt A\ B
64 1153 CuHioN2:0 [M+H]" 187.08659 187.086 67 0.4 \ i 220 TS 8 4 R B A\ B
65 12.16  CsHsNO: [M+H]"  148.03930 148.039 08 -1.5 120.044 7, 92.049 3, 77.038 4, #ea A. B
65.038 2
66 13.12  CHNO [M+H]"  146.060 04  146.059 79 -1.7 118.064 7, 117.056 7, 91.054 0, [5|WE-3-Ffig A.B
65.038 3
67 147 Ci7H20N206S [M+H]" 38111148 381.11171 0.6 219.059 5, 186.079 2, 179.039 7, W|WE-3-7,f5-4-FAE - A
171036 1, 164.017 0 2-C-p-D- AR
68 1499 CioHsNO; [M+H]" 176.070 61  176.070 58 -0.2 160.039 2, 133.051 5,104.0490  4-FI4{JE-3-I5| EHIEE AL B
69 15.15  CisHioN202 [M+H]"  239.08150 239.08170 0.8 211.086 6, 147.054 7, 132.043 7, 3-$2 K g i A.B
120.043 5,92.048 7
70 16.68  CisHisN2O4 [M+H]" 323.10263 323.102 81 0.5 305.093 0, 291.101 5, 186.053 1, Hf f-2-(4-E R-1,4-— A. B
158.058 9, 130.064 3 3B
i
71 16.86  C30H3409 [M+H]" 53922756 539.22713 -0.8 521.2139,367.1519,137.0593  FBfEEARE A A\ B
72 1734 CioH9NO: [M+H]" 176070 61  176.070 64 0.2 161.047 4, 144.044 4, 133.051 8, 1-F4JE-3-W|V:HE AL B
117.057 1, 104.049 1, 89.038 0
73 17.67  CigH1oN202 [M+H]"  263.08150 263.08175 0.9 144.044 1, 120.043 0 SEEE A\ B
74 19.85  CisHsN2O2 [M+H]"  249.06585  249.066 08 0.9 221.0712,130.028 7 ey A.B
75 2178  CiHioN202 [M+H]" 263.08150 263.081 74 0.9 235.086 1,219.091 3,206.0838  #gik A. B
76 2251 CxHisN4O4 [M+H]"  523.14008  523.140 02 -0.1 505.1279,289.059 5,235.0852 Wik A.B
77 2272 CigHioN202 [M+H]"  263.08150 263.081 86 1.4 245.071 7, 235.087 1, 219.092 3, &£ A.B
190.065 9, 165.070 1, 132.044 2
78 2348  CuHiIN;O [M+H]"  364.14444  364.144 53 0.2 2451070 =R A e B
79 25.67  CyHisNs;O2 [M+H]" 364.10805 364.108 24 0.5 336.112 4, 166.066 4 H R B

ABRIEHR: B- KT s * IR %S M 4 i X I LR
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