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Active components from Andrographis paniculata with affinity to Caco-2 cells
screened by UPLC-Q-TOF-MS
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Abstract: Objective To identify the active components of Andrographis paniculata coupled with Caco-2 cells screened by
UPLC-Q-TOF-MS. Methods The cell-combining compounds from A. paniculata were screened based on drug uptake and
transport absorption experiment using Caco-2 cells, then the cell dissociation solution was detected before and after treating with A.
paniculata by using UPLC-Q-TOF-MS method. The cell-combining compounds from the ethanol extracts of 4. paniculata were
identified based on the retention time and mass spectrometry information of each chemical composition combined with comparing
the extracted ion chromatograms and mass spectrometry datas of reference substances and the related articles. Results A total of 10
compounds combined with Caco-2 cells in ethanol extract of A. paniculata, which were detected and identified as 12,13-
dihydroandrographolide (1), skullcapflavone I-2'-O-glucoside (2), andrographolide (3), 14-deoxy-11,12-didehydro andrographiside
(4), 7-hydroxy dehydroandrographolide (5), neoandrographolide (6), 3-deoxy dehydroandrographiside (7), deoxyandrographolide
(8), dehydroandrographolide (9), and one unidentified component. Conclusion This research establishes a method of screening the
active components of A. paniculata coupled with Caco-2 cells using UPLC-Q-TOF-MS analysis, which can be used to screen out the
active components of the complex system on traditional Chinese medicines, as well as to lay the foundation for further study of the
synergetic compatibility effects among active ingredients.
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10 3E Andrographis paniculata (Burm. f.) Nees
NEARRHE DR, MR, HIERRE.
15 KAREF IR, BB RINPTAE R, F0IEARE.
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FEERS, HBEVR. PURE. PRS2
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COESEIII PR T T T IR sy, Ui
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PR L), | AT T 28 OSERIBE R 2 AR i
ey, X5 O oy — B B IS Ry %
HERD, G0 Y R 2580 T e B 2H 4 TR R H )
e H1 25 L v AN B i o
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TEENHR, P 2R o (R b, s
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BEAEAE RO AE T I R 2 T, AR WS RN i i 2 A
Groy BRI Tk, BRI, AR OROR4EH, & H
FREA KA. MEMAPAHSER, BREZ T
W50 3L 08 FH 2 253 BV I /N o035 PR TR 0
% TAEE,

W WAL A2 1 B 24 7 S 200 1D R G R O B FR TS
Caco-2 4HAEAY 2 H 7 [ P 4112 B 7R 40
WORE AL, JEPESEE FDA HEHEE A 25 PR I i e A
R AR N Caco-2 RN 28 O3 SR B3k 47
A RETTE, UPLC-Q-TOF-MS i 1t hli 0 B ik
TTasts%se, Nt DRI O TG M A B 2 1)
(B [ P AL R0 B JE i
1 #8
1.1 {488

AR TE R R SR AE (243607-7039, 3% H
Thermo Fisher A @) ) ; & X A& & & O #l
(19300012070106, ¥ FE WX S48 ZAX BRI KA PR 2
A]); SW-CJ-ZFD % T/E G (ISR MN 23
TEAFARGRATD; FEERAKBH (01220, &
I E RS AR AT); BCD-216SDN VKA (F &
R EIRATD); AE31 5B AV EMEs (Fr
Bl SV AR A FRA T D EL104 iy 2 —H T RF
[HERF BB 2028 (B BRRAH]; KQS5200B
BB EE RS (BRI A ASRARARD;
A419-1-1 ZIhfeEERAC (5[ Thermo AF]); V 3
S025 JifEimix (f#[E KA /A ]); Triple TOF 5600
7 LC-MS il [AB SCIEX, Mt % DuoSpray ™ &
TR, 30A B RS (B LC-30AD Al

A, SIL-30AC Y {3k AEds, CTO-30AC iR
#, DGU-20A3 B2 i 5L, CBM-20A B! F 3/j4%
Hl28) T
1.2 RFI5RG

HHAEREAGW. FFLTFEIER . L-BAW.
JiElE. DMSO. Hank’s 2R MTT. %GR
Pk AR ZEEREA AR HEE. ZIEH0
H Tedia ~F]; ZFOMENEE. BKEOENTE. #H
70 E N R R AR B AL R R AR A
", HRESHIKT 98%; DMEM mibiks stk
(HyClone ~#]); a4 (ExCell Bio AF]);
Transwell #iz (EEFFET AR, BEEA 12 mm. BEH
112 cm?s BEFLIR 0.4 um); oK 28 CREETTHE
JRACFRA) s KON T L 75 T A 1 RO
K HAh IR A o b 4t

FOSELN 2017 S TIL RN K555 2
WP HBRAT, ZVLVE R 25 K IR H 2417120
B 5 S A P P S e N T OE Andrographis
paniculata (Burm. ) Nees & _F 53
1.3 ZHAEYE R 40 RIS TR

Caco-2 4HfH BT A AR AR 2
HEAE, SRIET ATCC. HE 10%Ma4- 1Mk 1%k
VRBAER. 1% EHERREW. 1% L-BEBE
) DMEM mifiRs R4, F 37 C. 5% CO, H5774H
TG IR . SEES T AR 15~35 X, kb Tx)
AR,
2 HE
21 #ik@ARNSE

TR (P EZG ) 2015 SRR 5O )
& T2, PRI CEZH 50 g, 12 155 85% LM,
[FIRAREN 2 ¥k, 45k 2 h, $REUKSIT. D,
JREHSE 2 100 mL.0.22 pm FFLIEREES, T—20 C
NRAE, BMSREIREEAAEZH 0.5 g/mL (15 CERE
B, A AR B R SR B RS
2.2 MTT AN E O EREURAT Caco-2 ZHARATH]
HI1ER

HUW 04K 4 Caco-2 4HMu % 5X 10* 4>/mL
(BN B, BT 96 FLARMRE %4 = A fLn
S sE AR, UIHERRES SR, 1A% ILH
Hank’s ZE PP VRIE 7S, DA 1E 855 95 B 04 R 0T 41 i
A2 AR . E 37 "C 5% CO, M5 7540 1
3% 24 ho FFYHMINGEE S, Hank’s WOEVYE 11K, 9256
HOCHIME+ R FREE W) NN 530
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0.375. 0.625. 0.750. 1.250. 1.500. 2.500. 3.000-
5.000 mg/mL [P ZEC3EZGR, XTREZL (AHff+ 3557
FHERD A A GEFREHEAD WinAEE
“E O EEM A NIRRT . A 6 NMEAL, 4kE
% 24 hoHank’s RIE¥E 2 I, BALIIA 1 mg/mL MTT
100 pL, F3357% 4 ho WA FLAWAA, BFFLIN 150 uL
DMSO ¥, # 96 fLIRE TEERG#F, BLSo
r/min ¥R 10 min, #4554 Formazan 787074
fifto FEREFMY IR R K 490 nm, I 5E &L OEE
(A fH, THEYMAFEER,

NI = (A s —A 2e)/(A s —A 21
2.3 HAREFEFA

BOnE#4: K 30 Caco-2 20, i 4540 25 FE N
1X10°AM/mL, #EFT 6 fLEF, 24 h J5H Hgui
B, DUERRRTERIL IR, 1 58RI,
B E 14 d J5 TSI . Bl 1xX10°
AN/mL AT Transwell AR, £57% 21 d f5, 2
P E A IAF] 1 000 Q-cm® A_E K 58K ahisE it
HNTF S%IINEF T 25 iR Fia et . Apss 7%
BRI ER)E, ¥/ 37 CHY Hank’s 22 MR
ERSFRFEH I E 30 min J557 2, - Hank’s 85
e 2 W, PeEAMMRE S TERIMARE, A5
2y BT 5 SN M R SR
231 AWEREERE B IRNE (1. 2. 4.
6 h) X ZF U HE B ER B BV 520 o e ek E N [) B
H5, F 4 CH Hank’s 22 Py R E VG 4 i,
INTEK ZEERI i, T-80 CukAE R Eikat 3
BRI, BU R 1 h, SRR, BO (4
"C. 15000 r/min) 10 min, H FiEHEARET,
INTEIK LR
232 Ve AT (AP) —~JE)iK
JEM (BL) #%i2, ¥im. H. ARFERE (3.004
1.50. 0.75 mg/mL) 2§47 0.5 mL 737 mE] AP fulfE
S, TR N 1.5 mL 2% 4 Hank’s fE A2, %
Z, BL—~AP ll¥%iz, Elikkibs (R BL M0 1.5
mL AFREIRERIZY, AP N 0.5 mL =
Hank’s). ¥ Transwell i & T 37 CH:FHEHIEE,
51T 0.50 1.00 1.5. 2.0 2.5, 3.0 h IS0 k%
IZ 200 uL, [FIES#MINZS F Hank’s 200 pL, &F2H1%
4 MPAT AL,
24 HmLIE

FORAIRE S, NSRBI E S, WIR
5min, &0 (4 C. 15000 r/min) 10 min, H{ i

WS 0.22 pm JEREERERE AT 5303 I DA 50
MR A AETCS Caco-2 AR ELAER, kT2 A
R UPLC-Q-TOF-MS 73 #7 .
2.5 UPLC-Q-TOF-MS &it 4547
251 ikt Phenomenex Kinetex Cis (100 mmX
3mm, 2.6 um) B FSIHH N OIS (A -K (B,
BEEEWEML: 0~3 min, 10%~30% A; 3~5 min, 30%
A; 5~15min, 30%~45%A; 15~25min, 45%~
95% A; 25~27 min, 95% A. AR & 0.3 mL/min;
KR 40 °C; HEFEAARL 10 uL.
2.5.2 JRiESAE JRUE{XAR N AB Sciex Triple TOF
5600+, BT ARy 55 IR B AR, B TUR
HLE 5500 V, EFEERE 500 C, ZREEE (DP)
100 V, fitfEREE (CE) N 35 eV, flifgEEY R
(CES) A 15 eV ZW R NE, FiBIR 1 434475
kPa, HlI/X 2 9 344.75 kPa, S 7SN 275.80 kPa.
— RS REE TG Y m/z 50~1 000, IDA %
B NAE I 100 cps HIEEHR S E4T — TS 4 ,
TBETHEMIEEN m/z 50~1 000, JF 8 shA1 540
¥ (DBS).
3 #R
3.1 FOEREURXS Caco-2 ARRAYE %S00
20 3 PR WU AE 2R 0.375 ~ 5.000
mg/mL, Caco-2 40 IIA7IE A 254 i sk FE 1)
BIZEH AL (R D, HAPREEmHIRE (1Cs) E
N 3.150 mg/mL. 7[RI {REH 5 259078 5 5
AL MG 2, o SR S0 45 24 ot 59K B A 8 £E
0~3.150 mg/mL.

F 1 FRREBREFTOERIGEN Caco-2 HAEFEERR
2 (X £s,n=06)
Table 1 Effects of different concentrations of A. paniculata

extracts on survival rate of Caco-2 cells (X £s, n = 6)

H 5 p/(mg'rnLil) TGS/ %
payi — 100.00£12.51
70 FESRBUR 0.375 104.48+11.87

0.625 99.54414.70
0.750 92.69+12.98
1.250 90.78 +10.32
1.500 84.64+11.26
2.500 72.214+10.45
3.000 5530+ 4.25
5.000 3.08+ 0.29
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3.2 UPLC-Q-TOF-MS EME DL E

435 F§ UPLC-Q-TOF-MS % Caco-2 4H fifd 55 BT
e Ia ) 2 O FE R AT B AT . A5 R KNG
EIREDEE . AHMS 2 E RN AL, SRS I
B B A5 Slag . 7P SRR X e o
OHETE RS, a8t S B SR IE T 25 o &
WS SR R e S . 29030, ¥ia
FiT S A 20 A S B U B ) LT 1 A 2. sl
573 (AR MO AR S B e L S A AT LU,
i DESE IR A B TR B (B 3), 2L
B SRIMEEY 1. 2.0 3. 4. 7. 93t 6 Ny,
KU ) s LI ] SRS 3. 5. 64 8.
9. 10 3t 6 NSy

PG SAL 2 B AR B TR . PR R, JE4
A PEEES It P55 56 S R D SRR o B S T L
S0E Y 12,13- 05 0 N R (1D 3% 3R 1-2"-0-
W (2. ZFOENEE (3). 14-i%-11,12-

A-T YRR B-75 0 VE BRI AN A 2L
A-blank cell lysate B-cell lysate treated with A. paniculata
E1 ZOERRIEMNEEFRE
Fig. 1 Total ion chromatograms of A. paniculata uptake

experiment

0O 2 4 6 8 10 12 14 16
t/min

18 20 22 24 26

A AFEHS B-AP—BL #1885  C-BL—AP #1ZF

A-blank transport sample B-transport sample of AP—BL

C-transport sample of BL—AP

B2 FOEHZXERHSBETFRE
Fig. 2 Total ion chromatograms of A. paniculata transport

experiment
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Fig. 3 Total ion chromatograms of extract from A.

paniculata

TIRETFE DENERT (4). T-FRFEBK T 0 N S
(5). HEOLIENTE (6). 3-EE /KT LENEELE
(. FEFOENEE (8). Bi/KFLENE (9
AL APARAE Sy, 10 PSRRIy« MG EE T
S LR S5 AR 2 A 4.

A& 1 (tg=5.36 min): m/z 353.231 6 A H B
B, ZE ik E HO 7 T CHER TR
B 317.211 5 [M+H—2H,0] . 299.200 1 [M+H—
3H,0]". 287.197 9 [M+H—2H,0—CH,O] & 1
R, 287.197 9 [M+H—2H,0—CH,0]" %2 CO
TE A XS 50T BN 259.166 9 [ 1. MR 4 SCHR AL
R, HEWZA S 12,13- WA F L IENEE, H
MS/MS EI LK 5.

a2 (g = 6.38 min): — 2 K& _EHIEL
m/z 477.138 4 [M+H] . 499.121 2 [M+Na] 15 ¥,
m/z 477.138 4 [M+H] 25K % m/z 162, 177 153
315.084 6 [M+H—Glc]"+ 300.061 9 [M+H—Glc—
CH;]" WIREF, UBIL L& & E wsET oo, H
55200 VE SR R By B 2R U AR AL o X SRR
Pl HEMZAL B o B 55 I 1-2-O- I BT AT,
HMS/MS E LA 6.

&Y 3 (g = 6.76 min): ZEIIHIHZE
75 1R, SR NERRRS; . R — RS A
) m/z 701.425 2 [2M+H]". 351.216 9 [M+H],
PLRMIN T REN 350, HEMZLEYS TN
CaoH300s. m/z 351216 9 [M+H] 5 T4 51l 2k 2
H,O. C. CO /% 333.206 1 [M+H—H,0] "+ 315.1949
[M+H—2H,0]". 297.184 1 [M+H—3H,0] .
285.184 1 [M+H—2H,0—CH,0]". 257.152 7 [M+
H—2H,0—CH,0—CO]", F5xEtuEe, i
ZA BN DENEE.

WA 4 (r=7.42 min): HRYE m/z 495258 7 M+
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%*2 FILER UPLC-Q-TOF-MS L5143
Table 2 Identification results of A. paniculata by UPLC-Q-TOF-MS

&S fp/min TR FFETIE (m/z) AT (m/z) KENEY)
1 536 CyH3Os  353.2316 [M+H] 317211 5 [M+H—2H,0]",299.200 1 [M+  12,13- W& % Lr3E N S

H—3H,0]", 287.197 9, 259.166 9,
119.085 3, 105.069 8, 95.085 6
2 6.38 CyHyO, 477.138 4 [M + H]', 315.084 6 [M+H—Glc]", 300.061 9 [M+ #2350 [-2"-0-4 & B
499.121 2 [M+Na]* H—Glc—CH,]"
3 6.76  CyH30s 351216 9 [M + H]", 333.206 1 [M+H—H,0]", 315.194 9 [M+ %003 A ik
701.425 2 [2M+H]" H—2H,0]", 297.184 1 [M+H—3H,0]",
285.184 1,257.152 7
4 742 CyHy0y 495258 7 [M + HJ', 333.207 0 [M+H—GlIc]’, 315.195 6 [M+  14-Jii%E-11,12- &
989.511 3 [2M+H]" H—Glc—H,0]", 297.184 9 [M+H—Glc—  Z UENEEFF
2H,0]1", 285.184 4,257.153 4
5 971  CyHyOs 349.199 5 [M + HJ, 331.189 6 [M+H—H,0]", 313.181 2 [M+  7-FRFE/Bi /K 5 003% P TS
697.393 0 [2M+H]* H—2H,0]", 295.166 7 [M+H—3H,0]",
283.169 1, 255.137 7
6 1036  CyHyOs 481279 1 [M + H]', 319226 1 [M+H—Gle]", 301215 5, #HrE0iEAE
498305 5 [M+NH,]", 289.215 1
961.551 7 [2M+H]"
7 1124  CyHis0g  496.289 5 [M-+NH,*  317.211 5 [M+H—Glc]", 299.199 1 [M+  3-FUB/K 28 00 2 ST
H—Glc—H,0]", 287.199 4
8 12.45  CyH304 335221 9 [M 4+ HJ, 317.210 2 [M+H—H,0]", 299.199 6 [M+ =% 5 [»3% A fig
669.435 5 [2M+H]" H—2H,0]", 287.199 8, 259.168 2
9 12.66 CyHyO, 333.205 8 [M + H]', 315.194 4 [M+H—H,0]",297.183 6 [M+ /K% La3 P s
665.404 1 [2M+H]" H—2H,0]", 285.184 8, 257.151 7
10 1336 KA 379.247 4 [M—+HJ", 361.237 6 [M+H—H,0]", 343.229 1 [M+ KR40
757.488 0 2M+H]" H—2H,0]", 315.195 6 [M+H—2H,0—
COJ", 285.184 0,257.152 4, 175.147 8
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Fig. 4 Structures of active ingredients from A. paniculata
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353.2316
119.085 3
95.0856 | 1133.100 3 287.1979
93.0711 191.105 4 259.166 9 h99 200 1
‘ 231.1356 \‘ 13172115
L J o ‘ w|| II‘m ‘||L| |“"|‘|"MH”' Wl | sl Ll il \ ‘ L
100 150 200 250 300 350 400 100 150 200 250 300 350 400
miz miz
5 12,13-WEFLEABR) MS/MS
Fig.5 MS/MS spectra of 12,13-dihydroandrographolide
771384 315.084 6
315.0857
Lsm.osg 8 1781431 300.061 9
100 200 300 400 500 600 100 200 300 400 500 600
miz miz

6 EZH 1-2-0-AEEEH MS/MS
Fig. 6 MS/MS spectra of skullcapflavone I-2'-O-glucoside

H]". 989.511 3 2M+H]", #EWH 5 T+RA
Co6H33090 m/z 495258 7 [M+H] 2k % m/z 162 (Gle)
K 333.207 0 [M+H—Glc]", HAeRZ®RZERL
EW3, Afmlz M 315195 64 297.184 9, 285.184 4.,
257.153 4 (f ) B, Ao ELScmRBR! >, ez A
YoM 14-BA-11,12- i S 8 O3 N R .

&Y 5 (k=971 min): —ZJRILEHI m/z
349.199 5 [M+H]". 697.393 0 [2M+H] #2155
T, REEDRXN 7 FIRERN 348, HARR
fi 7 N EWEY) 3 58 A0, MRS m/z 331.189 6.
313.181 2. 295.166 7. 283.169 1. 255.137 7 HIHRFHIE
BT, 5o, wEisie ey 75k
it 7K 00 S P T

G5 6 (1r=10.36 min): — ST IEZE K m/z
481.279 1 [M+H]'. 498.305 5 [M+NH4]". 961.5517
[2M+H]F1 319.226 1 [M+H—Glc] #1475 1
W, 76 m/z 319.226 1 [M+H—Glc] 4b i3 it 2k
25 HyO F CH#E Fy T AE = BB i o i3 m/z 301.215 5
[M+H—Glc—H,0]" #1289.215 1 [M+H—Glc—
CH,O] MIRFIE 25 T . AR i ]I BRI MS/MSS 17
FFEEX R, A 6 T LARAE #7003
P o

&) 7 (tr=11.24 min): RHE m/z 496.289 5
[M+NH,]"+ 317.211 5 [M+H—Glc]". 299.199 1
[M+H—Glc—H,0]". 287.199 4 [M+H—Glc—
CH,O]' &1, thRIRHES5EY 6 HfL,
AV ANEERRST, HEERN CoeHag0s0 4ty

F0E BRI R, HEMZ AL A
3-ERE WK EOENTEE .

&Y 8 (tr=12.45 min): HEMBEES5HE
Py 5 ARAL, K ELSCEREE Y, e iz A 2
AFOENDS.

&M 9 (tg=12.66 min): 7E m/z 665.404 1.
333.205 8 A HIKGIE] [2M+H]". [M+H] &1,
KIHAF N CooHas04r K HO B FJETERK
m/z 315.194 4 [M+H—H,0]". 297.183 6 [M+H—
2H,07" . i 5% MS T8, ATRLELE
W) 9 B MK 0 IR

&Y 10 (g = 13.36 min): — it B H I
m/z 379.247 4 [IM+H]'. 757.488 0 [2M+H]", R~
AL E IR 7 T RE N 378. m/z 379.247 4 [M+
H]"%k 2% H,0.CO.CH,0 4 5l K % m/z 4 361.237 6.
343.229 1. 315.195 6. 285.184 0. 257.152 4 [AJREF .
HEMA S 7 ENRERS — 8L iz s
VIR EE O i N BRSE R, AR BAR S R A A4 B
WARA S, HMS/MS FILE 7,

4 g

SR KRG RN, K2 RHAPES NG
DU EE R, HHEA—. RLIER T
| fFEHEE. 3MEFE. 1 R, 3HELl
X} Caco-2 2 BAE i b 8 1 B AR DTE RO, 45 3 kB
FH PR BECE e R0 i o v B o R B T o
B, AR 3 A5 EEDUE R R S
FETHME, H 1582 DDTER S A
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274273 6
315.195 %61'236 )
275.276 :
214'288? ‘ ‘ ‘37‘?247 4 757.488 0
L L Lo L 1 !
285.184 0 297.184 8
207.173 8 331.2273
117757.'11467287‘ 257.1524 3612376
| 255.136 379.247 8
119.084 7147.115 5
O ‘ H ““ | ﬁ l ’ ‘ 757.404 9
T d TN L I 1 T uu.um.mlm. TPV PRI O P PP Y rinan R

100 150 200 250 300 350 400 450 500 550 600 650 700 750
mfz

7 L& 10 By MS/MS [
Fig. 7 MS/MS spectra of compound 10
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