FABSNREBERERAITFEER 7 M S EXR KK PRI HE
it i2

B, ApAEEESC, B, TS, TR, G, TR GRMERE, o SNSRI S S
SR TR S R S0 3 s b, B2 5 P2 IE R VB S T RERE s o Zo%BE, SEIH 550004)

WE:BR & UPLC-MS/MS 45477 ik, RIM M £ FH R F T sk SD KR AR PEE L EXRRRT
HHEMBRTHR, Hik RAHETFFHRBRYE, 5 AKELHE0~2.2~6.6~12.12 ~24.24 ~36 h B @ BLag fik, &
#H4 K F Acquity UPLC BEH C4 (2.1 mm x50 mm,1.7 um) 425 45 °C,0. 1% ¥ 8 TH-0. 1% F BRKER AR A8, 46 E %
WL, 7% 0.25 mL - min~' o AR A @k B & FIR( ESD) B 5 & F4adh, R0 & Tl ( MRM) #X#7EE, 4R 7
Fr R BN R ERE N EMEX A RAF( r=0.9910), 8 A A EMH%E RSD <15% ,#82 H B 4F R EDK £ KT 84.41% ,
FAHERBGERRBRE , FEER, GBI UPLC-MS/MS 7 ik MR bt RHEEZH, THA T SD X Kk ¥ FHAHRIY T
AR e TR, KRR ERIT,T ARy R 6 RE B, BRI ER R S5%

KRR A FHACRANE I £ AN ik

doi:10. 11669/ cpj. 2019. 21. 014 & 43S :R917 XEkFRERD A NERS 1001 —2494(2019)21 - 1797 - 07
Investigation of the Excretion of Seven Constituents of Inula cappaort in Rat Urine by UPLC-MS/MS

LI Na"“, YANG Shu-ting"*, LU Yuan®, GONG Zi-peng®, LI Yong-jun”, CAO Chuang’, WANG Yong-lin®" (a.
State Key Laboratory of Functions and Applications of Medicinal Planis, Guizhou Provincial Key Laboratory of Pharmaceutics; b. Engi-
neering Research Center for the Development and Application of Ethnic Medicine and TCM ( Ministry of Education) ; c. School of Phar-
macy, Guizhou Medical University, Guiyang 550004, China)

ABSTRACT: OBJECTIVE To establish an UPLC-MS/MS method for the analysis of seven compounds of Inula cappaort in rat urine
to study their excretion. METHODS The urine samples in 0 =2, 2 -6, 6 —12, 12 —24, and 24 — 36 h were collected. Acquity
UPLC BEH Cj4 column (2.1 mm x50 mm, 1.7 wm) was used and the column temperature was set at 45 °C, the mobile phase was
0. 1% formic acid acetonitrile -0. 1% formic acid aqueous solution in a gradient elution mode and flow rate was 0. 25 mL + min~'. The
detection was carried out by a triple quadrupole linear ion trap mass spectrometer in positive and negative ion mode with an electrospray
source. Multiple reactions monitoring (MRM) mode was employed. RESULTS The calibration curves showed good linearity, with
correlation coefficients of greater than 0. 991 0 for all of the analytes within the concentration ranges. The intra-day and inter-day preci-
sions (RSD) were all less than 15%. The extraction recoveries of the seven components were more than 84. 41% , without obvious ma-
trix effect, which met the requirements for analysis. CONCLUSION The established method is simple, rapid, and sensitive. It can
be applied in the excretion study of the seven components of Inula cappaort extract in rat urine. The urine excretion test showed that the
prototype excretion rates are low in rats, and the cumulative excretion rates are all less than 5% .

KEY WORDS: UPLC-MS/MS; Inula cappa; content determination; urine excretion
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Tab.1 The series concentrations of the standard solutions of seven index components

Compound

Series concentration /g - mL ~!

4,5-Dicaffeoylquinic acid 0.017 0. 052 0. 155
Neochlorogenic acid 0.018 0. 055 0. 164
Chlorogenic acid 0.018 0.053 0.158
3 ,4-Dicaffeoylquinic acid 0.017 0. 052 0. 156
1,3-Dicaffeoylquinic acid 0.017 0. 052 0. 155
Cryptochlorogenic acid 0.017 0.052 0. 155
Galuteolin 0.017 0. 052 0. 156

0. 465 1.394 4.181 12.543 37.63
0.491 1.473 4.420 13.259 39.77
0.473 1.418 4.255 12.765 38.29
0.467 1.402 4.206 12. 617 37.85
0. 466 1.399 4.198 12.593 37.77
0. 466 1.399 4.198 12.593 37.71
0.467 1.402 4.206 12.617 37.85

R2 FHAT MR B AAT A 097 AT 5 1

Tab.2 Mass spectrometric analysis conditions of seven components and IS

Compound Iron pair(m/z) Cone voltage/V Collision voltage/V ESI
4,5-Dicaffeoylquinic acid 515.29—173. 08 35 25 -
Neochlorogenic acid 353.15—191. 03 25 15 -
Chlorogenic acid 353.17—191. 04 25 15 -
3 ,4-Dicaffeoylquinic acid 515.27—353.15 25 15 -
1,3-Dicaffeoylquinic acid 515.29—-353. 16 35 17 -
Cryptochlorogenic acid 353.21—173.08 35 17 -
Galuteolin 447.29—-285. 02 25 15 -
Puerarin 417.16—-297. 07 30 15 +
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Fig.1 Typical UPLC-MS/MS chromatograms of seven index components and IS in rat urine

A —blank urine sample; B — blank urine spiked with control solution; C — measured sample; 1 — chlorogenic acid; 2 — neochlorogenic acid; 3 — cryptochlorogenic acid;

4 — puerarin; 5 — 1 ,3-dicaffeoylquinic acid; 6 — galuteolin; 7 —3,4-dicaffeoylquinic acid; 8 —4,5-dicaffeoylquinic acid
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Tab.3 Standard curves and linear range of seven index compo-

nents such as neochlorogenic acid, etc. in urine

Line range Calibration
Compound r
/g mL~! curve
4,5-Dicaffeoylquinic acid 0.017 -37.63 Y =268.09 +20.63 0.9992
Neochlorogenic acid 0.018 -39.77 Y =48.07p +15.644 0.9920
Chlorogenic acid 0.018 -38.29 Y =131.0lp +12.962 0.999 8
3,4-Dicaffeoylquinic acid 0.017 -37.85 Y =101.26p +16.586 0.993 3
1,3-Dicaffeoylquinic acid 0.017 -37.77 Y =70.867p —0.6379 0.998 4
Cryptochlorogenic acid 0.017 -37.77 Y =118.51p +9.1995 0.998 9
Galuteolin 0.017 -37.85 Y =211.35p-0.4949 0.9910
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R4 FREAFPTINBRRPERRRR P OREHE FEE HREMERYAEEZER. n=52%s
Tab.4 The result of accuracy, precision, recovery and matrix effect of seven index components such as neochlorogenic acid, etc. in

rat urine. n=5,x £s

Compound p Accuracy Inter-day precision  Intra-day precision Recovery Matrix effect
/g mL~! /% RSD/% RSD/% /% /%
Neochlorogenic acid 0. 052 102.1+7.4 13.2 12.1 82.24 +9.9 89.11 +3.2
1.47 98.88 £6.7 9.8 5.5 96.96 8.2 92.33 £5.5
13.26 99.21 3.4 4.3 5.9 97.99 6.4 91.23 +4.6
Chlorogenic acid 0.053 109.1 £16.5 14.1 9.1 98.64 £6.3 94.19 £7.9
1.42 100.9 +4.3 6.9 5.7 102.52 +9.2 96.25 +4.3
12.76 98.9+2.3 4.1 6.4 99.63 £5.7 98.69 3.1
Cryptochlorogenic acid 0.053 105.1 =12. 1 14. 1 12.8 80.41 +9.4 94.43 +6.7
1.39 103.1 +£5.6 7.6 7.2 89.24 +5.4 92.13 +4. 4
12.59 98.29 +3. 1 3.3 9.6 95.84 +4.6 93.54 +5.6
1,3-Dicaffeoylquinic acid 0.052 101.9 8. 1 11.1 11.1 83.41 +9.5 93.32+2.1
1.39 99.5 +4.4 6.6 9.6 97.29 £5.8 91.39 +4.6
12.59 98.5+5.6 4.2 5.8 96.32 £5.3 94.43 £4.8
3 ,4-Dicaffeoylquinic acid 0.052 103.9 £12.1 13.4 11.2 91.32 +4.2 91.29 £5.7
1.4 99.7+7.2 4.2 9.2 90.55 5.7 87.33 +4.3
12.62 97.8 2.7 7.2 8.1 89.87 +5.3 8612 +5.8
4 ,5-Dicaffeoylquinic acid 0.052 102.2 £9. 1 8.2 9.7 87.45+7.9 88.12 +4.8
1.39 97.2 +6.2 5.5 4.4 92.18 £6.5 91.23 £6.9
12.54 99.9 +4.6 6.6 5.3 90.22 7.5 92.61 £3.1
Galuteolin 0.052 102. 1 £10.9 9.4 10.2 92.33£5.3 93.34 £4.2
1.4 98.9+4.9 8.6 5.3 90.43 £9.2 94.99 £8.9
12. 62 99.2 +4.2 6.8 4.4 87.69 5.3 92.19 5.8
RS FHAEFPTINERADERRRTFHREEETRLER. n=51xx%s
Tab.5 The result of stability of seven index components such as neochlorogenic acid, etc. in rat urine. n=5,x x5
Different conditions
Compound ’ Short-term stability Three freeze-thaw cycles
/g - mL~!
Accuracy/ % Precision/RSD% Accuracy/ % Precision/RSD%
Neochlorogenic acid 0.052 98.0+£12.1 14.2 98.3+11.6 12.5
1.47 96.8 +5.7 7.5 95.7 +5.8 11.6
13.26 97.3+4.6 5.4 94.5+3.6 6.3
Chlorogenic acid 0.053 101.1 £9.8 12.3 98.1+10.8 9.5
1.42 98.5 6.1 5.1 97.8+7.6 8.6
12.76 95.5 +4.4 3.1 92.5+4.3 6.4
Cryptochlorogenic acid 0.053 101.8 +9. 1 11.3 97.1+8.2 9.7
1.39 103.3 £7.5 5.7 97.4 6.5 8.4
12.59 98.2 +5.4 1.4 98.9 4.9 6.2
1,3-Dicaffeoylquinic acid 0.052 98.2+7.2 9.2 95.7 £6.1 11.9
1.39 99.5+5.4 5.7 94.8 +8.4 8.6
12.59 99.5+5.3 3.1 97.4 5.3 7.8
3 ,4-Dicaffeoylquinic acid 0. 052 101.1+£9.6 9.3 99.3x12.1 10.6
1.4 96.2 +4. 4 5.4 98.1+5.4 8.5
12. 62 97.5 +6.1 3.4 98.3 +6.2 6.6
4,5-Dicaffeoylquinic acid 0. 052 95.3 5.1 9.5 96.2 5.1 10.7
1.39 94.4 +4.3 5.5 97.6+2.2 7.5
12.54 93.6 £5.6 2.7 99.9 +5.6 8.8
Galuteolin 0.052 100.6 +7.9 10. 4 99.4+7.8 9.6
1.4 98.9 +8.9 6.6 96.4 +8.9 8.3
12.62 98.5+4.2 5.6 96.2 +5.2 6.3
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RO FHERMAFTTANBITEEKSERRFHHEE. n=6x+s

Tab. 6 The excretion of seven index components in rat urine after oral administration Inula cappaort extracts. n=6,x +s

m( excretion) /g

Compound
0-2h 2-6h 6-12h 12-24 h 24-36 h
Neochlorogenic acid 1.02 +£0.51 1.79 £0. 14 4.87 £1.20 5.17 £0.97 0.64 0. 12
Chlorogenic acid 1.96 £0.25 3.39 £0. 88 4.61 =1.00 2.98 0. 83 0.98 £0.23
Cryptochlorogenic acid 1.72 £0.91 3.40 £0.20 3.99 £0.39 1.66 +0.22 0.77 £0. 11
1,3-Dicaffeoylquinic acid 0.75 +0. 04 1.12 +0. 63 1.82 +0.21 1.36 £0.49 0.85 +0.24
3 ,4-Dicaffeoylquinic acid 1.60 0. 38 1.75 +0. 16 3.09 £0. 68 11.20 £1.02 1.58 £0.83
4 ,5-Dicaffeoylquinic acid 1.35+0.22 1. 63 +0. 06 2.31 £0.44 7.52+1.12 0.85+0.12
Galuteolin 0.67 +0.03 0.74 +0. 02 0.84 +0.17 1.52 +0.52 0.48 +0.07
RT FHARBAFTANEARLPERBRFHWERFEE. n=6,xxs

Tab.7 The cumulative excretion of seven index components in

rat urine after oral administration Inula cappaort extracts. n=6,x s

m( cumulative excretion)/pg

Compound
0-2h 0-6h 0-12h 0-24h 0-36h
Neochlorogenic acid 1.02 0. 51 2.81+0.43 7.68 +1.35 12.85 £2.30 13.50 £2.40
Chlorogenic acid 1.96 +0.25 5.35+1.12 9.96 +2. 14 12.94 £2.96 13.92 £3.19
Cryptochlorogenic acid 1.72 £0.91 5.12 £0.42 9.11 £0. 80 10.77 £1.02 11.54 +1. 14
1,3-Dicaffeoylquinic acid 0.75 +0. 04 1.87 +0. 67 3.69 0. 89 5.06 £1.38 5.90 £1. 60
3 ,4-Dicaffeoylquinic acid 1.60 0. 38 3.36 £0.54 6.44 £1.22 17.64 £2.23 19.23 £3.05
4 ,5-Dicaffeoylquinic acid 1.35+0.22 2.98 +0.27 5.29 £0.72 12.81 1. 87 13.66 +1.99
Galuteolin 0.67 +0.03 1.42 +0.05 2.26 £0.34 3.78 £0. 87 4.26 +0.93
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Fig.2 The cumulative excretion curves of seven index components in rat urine after oral administration /nula cappaort extracts. n =6,
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