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 OE: BE A mRORH 5 = E DR BT PRI R rh 9 R B SRS RIS T 43 H ik
7% R A CQUITY UPLC® HSS T3 {4i%41:(100 mm=2.1 mm, 1.8 pm), 0.1%H 8-5 mmol/L-7K 5 (A) Jz H
BE(B) i S AH, BEEEVEML, Wi 0.35 mL/min, #HIRY 40 °C, RAIER 72 N A TR, 5R
9 Tt T YR A TR M) 5 1 2 R T B N 2R 1 O R LI (r>0.9990), I AEE B R (n=6) K 89.62%~107.61%, HH*}
PR <5.18%. ULt sikE bl sf YA TR(A . B, C. D). 7-RIECLYIARER A, ThYRARNIEN: . S yR4s
PIRM Y, YA N F1 &R ARAE N 0.376 mg/kg, S {E N 7.034 mg/kg; YR NI BIT &t
fIR1E ] 0.984 mg/kg, TR EEN 11.931 mgkg, G5 UL ERBUER . PTEE ML . FICRE R . B4E
fEE %, 38 T B rh 2 O SRES R AL A W A I
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Qualitative and quantitative determination of aristolochic acids in
Houttuynia cordata by high performance liquid chromatography—
tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 9 kinds of ristolochic acids in Houttuynia
cordata by high performance liquid chromatography-triple quadrupole mass spectrometry. Methods A CQUITY
UPLC® HSS T3 column (100 mmx2.1 mm, 1.8 pm) was used, 0.1% formic acid-5 mmol/L-aqueous solution (A) and
methanol (B) were used as mobile phases, gradient elution was carried out, the flow rate was 0.35 mL/min, the
column temperature was 40 °C, and the positive ion multi-reaction monitoring mode was used for detection. Results
The linear range of 9 aristolochic acids was good (r>0.9990), and the average recoveries (Nn=6) were
89.61%-107.61%, relative standard deviation<5.18%. Aristolochic acid (A, B, C, D), 7-hydroxyaristolochic acid A,
aristolochic lactam and aristolochic ketone in this batch of Houttuynia cordata samples were not detected. The lowest
content of aristolochic lactam F1 was 0.376 mg/kg, and the highest content was 7.034 mg/kg. The lowest content of
aristolochia lactam BII was 0.984 mg/kg, and the highest content was 11.931 mg/kg. Conclusion This method has
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high sensitivity, good repeatability, high recovery rate, simple operation and high efficiency, which is suitable for the

detection of various aristolochic acids in Houttuynia cordata samples.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; aristolochic acids; Houttuynia

cordata
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NWAATET ARAERKWHED . SRAR LTS
i8R AL B, C. D & 7-REEDMAAIR AL 9-F A K
ThYRAR TR A; ThYRAS N I T AL A T YRR N R T,
II. BII, BII., F1. Allla 5. f0F5FR YL REY
il S AN o NS @ R o 1 DY o 1§
FRWDLIRRTR AL B LAY & e 4 Bt 1A 1T
FA W B RERE M, W] B SRR R B A L B
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SF R ROV A €8 5 B Bk 5T 7% 74 (high performance liquid
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-MS/MS)[F] i 5 9 Fb o GRS R 1 % 1 U7k, X
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1.1 ¢ #§

AB Sciex 6500 Qtrap 1 = T PUA T8 M B 1 B R %
{(BCA ESI 2 FIH, Analyst 1.7.1 Software [ 4Fu})(3E FH
ABSCIEX 22 H]); 3-18K K28 ik iy i .0 WL(3E B Sigma 2
Al); RF(d=0.1 mg, 3 EFHH{LESAF]); Nanopure 4li7K
#HL(ZE [E Barnstead 23 F]); SCO-5201S # = PG VEHL( i
7R AR A PR H)); YHG-9075A R H HAUHR R 5% XL
T
1.2 K S5#H

FRufEdh: TYR4ATR A (ST200314-021), Sy MR C
(DST200825-056) . Y44 R D (DST200911-057), 7-#%&
TP TR A (DST200413-172) . B Y44 (DST200919-074) |
I oyn 5 fig 11 (DST200326-058) . & 41 4 N Bk ik
(DST200912-055). ZHya£4 ML BII (DST200511-121),
LA INBERE F1 (DST200925-254) (A3 =98%, M#ER R
REARFARA R, BEE(GiEa, fE Fisher 24H]);
FF R (4 3 K F 90%, 51E SIGMA-ALDRICH A7),

FEMCR T =78 16 M fef fa R 5EAR, 3t 60 4.
1.3 /5 &

1.3.1 &5t

ACQUITY UPLC® HSS T3 (3 E Waters 2\ #,
2.1 mmx100 mm, 1.8 um); st A: FEE; Fishil B:
0.1%H f2-5 mmol/L Z FREZ /KW ; MEEVEM: 0 min,
95%A; 0~0.50 min, 95% A; 0.50~1.00 min, 40% A; 1.00~
4.50 min, 5% A; 4.5~5.00 min, 5% A; 5.01~7.00 min, 95%
A, ViE: 0.35 mL/min; FEiR: 40 °C, BEFEE: 1 L,

132 JRigdtt

K FH HA, 155 55 85 T4k U (electrospray ionization source,
ESI), 1E & F 2 S W5 45 3K (positive ion multi-reaction
monitoring mode, MRM)iF 172 S 44T, bS53«
1; B 7L JE (temperature, TEMP): 550 °C; B T{bHLJE
(ionspray voltage, 1S): 5500 V; Mi%“{ (ion source gas 1,
GS1): 45 psi; HiBIN#S (lon source gas 2, GS2): 50 psi;
K%< (curtain gas, CUR): 35 psi,
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Table 1 Mass spectroscopic conditions of 9 kinds of aristolochic acids

MRM %
ey kA P B 15} 8] /min — —
E 85 F(m/z) FEF(m/z) FIEBE/V Tilf 458 HA, [ /e V

. 298.1% 20 17

ThYER TR A 3.96 359.1
268.1 20 19
. 268.1% 20 17

YRR B 3.72 329.1
294.1 20 28
. 282.1% 20 15

YRR C 3.05 345.1
284.1 20 32
312.1% 35 17

LR IR D 3.28 375.1
314.1 35 17
. . 312.1% 20 15

T-FRHE T YRR A 3.28 375.1
314.1 20 16
279.1% 190 16

L YR N b 427 294.1
251.1 190 11
N 251.1% 160 40

YRR INBENE F1 3.51 266.1
167.1 160 16
N 264.1% 155 16

ThyReR INERE BI 4.17 280.1
219.1 155 34
121.1% 40 52

Ty A il 4.54 219.1
177.1 40 80

RN ERE T

9 B R YA R D Al 7-R LT g A R
SERIR, IERTCE 2 R R SE AT, (R
B S E SRR H B FIRA SE A, ARk
Iz‘é}}l:o
1.4 HEEEIIE

A KRSy
2 FHy R
2

R A B ARG TR T K 22, 7E 100 °CTRIRT,

Ky, ik 60 B, FEHFREUEIRTRA 0.5 g BT HIERLD
Erh, FH 80%M IS K B4 E 10.0 mL, FREE., 7F 45 kHz, %
IR TR IRE 30 min, FRE, I 80% FHEEANEH ST
Iyo BT EOHL 10000 /min, B0 10 min, B F R
0.22 um JEME, $ B IR TROAR G- B AR TR

2 GER5HH

2.1 EBURAFERE

AR T WEE, CBE. . LB BR 4 Fiig
), HHR 1.3 M 14 007 AT SRR, 4 FhiaGR G H g
B Y RS &40 3.943 . 3.611. 3.693 .
3.974 mg/kg, LS REN, LR LERIRERCRRAE, W
FERZ, BRI 2 o R 2 R CBR1E 32U
M, TERT, H M BA RIEE KRR, s

5 AR 22 5N T 10%. A %08, Bt i ffe
SHFRIOAA o R H TS R R B A SR ERIOR, SE
SRR 80% FH FEE BUSCR e fE, BIULARIST I 80%
FH s A B A7
22 BERHMRK
221 GitkHikE

HARAF B B L& W m ES O, iR T
Kinetex® 2.6 um C;g3 H: (50 mmx2.1 mm). ACQUITY
UPLC® HSS T3 (2.1 mmx100 mm, 1.8 pm), C;s #
(2.1 mmx100 mm, 1.8 um) 3 FEFEREXT B AR B0 5 B 1%
LA PR . SCIR A BRI, 3 R kE AL AP
W W ZEHE A K, X FEHRAEGYW A E T3>Ch,
50 mm>Cyg 100 mm, Ff IAHFFEEH T3 @ik,
222 AHALE

Sl B R A A A A B AR, AT 0.1%
MR- . 0.1%M EE+5 mmol/L ZMRHE/KIER-Z M
0.1%H B /K-F B . 0.1%H fE+5 mmol/L 2 BRER KV -F
B SR Ry sh A X B AR G oy s il . 25 R RW, H
CNE Z AT B R AE R i s A, E bR ST o o {22 AN R,
BZRE RN A, EHIaY) 5t st R, el
VA BIRORANEE . I 2R (9 8 S AH L BR00 J5 19 H U EsF [ A
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PR, CTEEERE, WM E 5 2 R R HIAK,
TN 2 R 5 AN O R H A, RN R B 1 3l
AH B AR BT GG I R AT . 2R BT 0.1% H R+
5 mmol/L ZFRE /K- H A R i 3 AH
223 REHAAEEA T

P53 3 o i AT AR S AR A S 1 e 8, H AR TG 43
BTSRRI AR, R R S A AR, (E B AR
Wi Fe 5o 8, e R SRR R WA A:
B WA B: 0.1%H ER-5 mmol/L ZMREE/KIEH; B
Mt 0 min, 95% A; 0~0.50 min, 95% A; 0.50~1.00 min,
40% A; 1.00~4.50 min, 5% A; 4.5~5.00 min, 5% A; 5.01~
7.00 min, 95% A. ¥ii#: 0.35 mL/min,

23 FIEEHMHK

WA RHERY, IS 1 M T R 2 AT T,
[R] B 25 2 - 0 5 AN B P IRD X 9 A I SRR FR 2B W) s itk A T
FEPEE ST, HAETSCER G TR 3 T F a0 T 5
+NH,., 2 FE+K, 4 Fi+Na, 4 Fa+H, o FE-H%.
AWRFELERT 9 PSRy R & F s Th, 23
Ly R(A. B, C. D). 7- 33 Y4 TR A S Fiib & W7
43 B+ NH, S M S 558 e L0 B I (B A s S SRl I TEAE:

ChYnEY IR F1, D048 P BEiE BIT A EL Y44 R 4 Flib &
PIAe o i+H S50 T R, (IR o BRI LB 1
FH I S5, P B R A AR ks e X

FIFH MRM #8520 358 52 XA B8 b AT R PR L L 5
AHUE Rl O H R R TR, AR B AR
(A fec = RN . 9 R L YRR TR ISAL S RIS UL 1.

L B E RS RTE SAELA, 9 Fh T SRR IR
KA WA B STETR N 0.35 mL/min 504 F, #H 0.1%
HR-5 mmoL/L R B /K- IERp FE VR, 7 (At
LA, R 1,
24 FEREFER
241 KMRSEE. BBRAEE R

B RN 1.0 pg/mL BRRAHriE TAER, H 80%
P B SRRy 1. 2. 5. 10, 20, 50, 100 pg/L
FITR A FR e 2R 50 (2 SEAS TR Mk %k 0.1~10 pg/L)o 3% 1.3
FEid Dy AT, AR TR RUA PAARBR, BRI 00 B
BAsbR, 58] 9 A HARL G i DL 3 5 EMLH
(SINY A HHBR (limit of detection, LOD), 10 f%(S/N)iffi & &
2R (limit of quantitation, LOQ), Z5H L3 2, 9 Fhhynsd
T 24 ) i 2 R PRl PN 56 R LA (r>0.9990)

. TG IEF BEL
2.2e6 f
% 1.8¢6 | FIATRD BIEREE HIRRA
= ::3:2 AT I ERA SR MBI
E TR NI
ol Sseic _
05 10 15 20 25 30 35 40 45 50 55 60 65 70
- B A 7] /min
BT 9 Bl E RS ER IS A X B it BB Il
Fig.l1 Total ion flow diagrams of 9 kinds of aristolochic acid compounds
F2 IMMEMZLMESE, HXRR. BRHRMESR
Table 2 Calibration curves, correlation coefficients (r*), LODs and LOQs of 9 kinds of substances
&Y a1y )5 #2 LR BRFEE/(ug/L) r’ it R/ (pg/kg) FE R/ (ng/kg)
LRI A Y=170304X-9496.77537 1~100 0.9999 0.7 23
HYatie B Y=76729X+433.16136 1~100 0.9994 0.2 0.67
LR C Y=55058.2X+312.03656 1~100 0.9999 1 4.1
LR D Y=131233X-19197.29979 1~100 0.9992 0.8 2.5
TR R T SRR A Y=148138X+5209.47895 1~100 0.9992 0.5 1.7
YR N Fl Y=199730X+12848 1~100 0.9991 0.3 1.1
HypE N BERE BII Y=143409X+3759.29 1~100 0.9992 0.5 1.7
YRR N I Y=173762X-162309 1~100 0.9990 0.2 1.8
P4 i Y=1058540X+175995 0.1~10 0.9991 0.01 0.33




%5 13 3]

ZHUE, R OB E TS IR T G R I E £ R T SRR RS

5303

My B ARG
W fa i B B8 1.3 1 1.4 05 WL T iad A S 6 A BRI T
Mg, TR 6 WK, 9 P B A X R v I 22 (relative standard
deviation, RSD)XI/NTF 4.77%, 16 AL ASAGIN 5 104 4 g 48
U o VR B 50 ng/L MIFREIR S W AIME 2. 4. 6. 8.
10, 12, 24, 36. 48 h BHZIREME, 9 Fiik&4) 48 h
HERINSE IR 5 2 h AN Z5 SRR EE, TR/ F 10%, RSD ¥
INF3.73%, ULEATRE S SR TRTE 48 h NERUE, 45
W3 3,
243 EREZE

PRI BEET 0.5 ¢, Ml 18 1y, i, . K 3
AMREE, R 6 TATRES, A BIMA BB E ) 5.20.
80 pg/L FIXT HE SRR (SH YRR 0.5, 2. 8 pg/L) 1.0 mL %
Horhfa IR RE S, A AR SR & . THEEAR 3] 9 A
BB AR DR & RSD, L3 4. SE3 IR = 89.62%,
RSD%<5.18%, Wit ik Hemf vl 5.

2.4.2

2.5 SERREEASN

R AZMAE 16 MM B EE i e SRR, k)
W, 2 60 H i 4 B 1.4 BF i mir b 3 i O o A B i, 4%
W13 BT I (635 - T3S 2% 14 X A0 i E A 700 2 (n=6) o LB
T P B AR S AL R B R 7 min, 4 TR I B ]
TR, 458K s, ARETDMARA. B, C.
D). 7-%IL TN TIR AL YL N BRI YDA IR R
Ky th, DDA AT RE 2 R kA A i B R R,
RF MR B, FREH, AEERASE L
w7 A, XA YA AT AT T, X
S Ak A L 0 P R rh S IR, AR R T A B o AR bk
R Al UL, DRARAG H BEHERE S, D SR A% Y R
Fl S8R EN 0.376 me/ke, fEEA 7.034 mg/kg;
L yp ey Bt BIL & B R AE N 0.984 mg/kg, T {EN
11.931 mg/kg,

x3 tERPIMYRREESZRER(ng/L)
Table 3 Stability test results of 9 kinds of substances in the standard (pg/L)

E 2h 4h 6h 8h 10h 12h 24 h 36 h 48 h RSD/%
YR A 50.94 50.14 49.18 50.16 49.81 49.76 49.61 48.87 49.3 1.24
Ly R B 53.27 51.91 52.08 51.79 51.72 49.17 48.99 49.51 48.87 327
LR C 53.31 53.67 5227 51.01 51.94 49.35 49.87 49.03 48.54 3.73

TR SRR A 51.28 51.76 50.97 49.87 48.76 48.33 49.08 48.16 47.29 3.14
YR Nt F1 52.25 52.09 53.18 51.97 51.34 51.09 50.97 50.35 49.33 221
HYaE N BEiE BT 53.17 49.76 52.19 52.08 51.94 50.12 49.76 49.57 49.85 2.72
L YRR NIt 54.47 52.97 51.76 52.19 53.06 50.07 51.23 49.49 50.19 3.16
T YA il 5.079 5.197 5.173 5.172 4.963 4.856 4.907 4981 4.894 2.65
LY ER D 51.63 51.97 49.94 49.85 50 49.72 49.67 48.67 48.71 2.26
F4 9 MLEWMIREIIE (=6)
Table 4 Recoveries of 9 kinds of compounds (n=6)
ey pobRdens  CFEEML rsp mdREWkEE CFHIENL RsD bR CPHELEE RSD
/(ng/L) /% 1% /(ug/L) /% 1% /(ug/L) 1% 1%
LY A 5 100.84 2.37 20 96.28 5.18 80 100.04 4.39
LY B 5 99.45 2.19 20 107.61 5.17 80 100.39 421
YRR C 5 91.90 3.7 20 98.09 4.72 80 100.07 1.51
YR D 5 89.82 3.83 20 100.2 1.44 80 99.6 4.62
7RISR A 5 93.63 3.68 20 101.01 4.56 80 99.51 4.45
H YRR Nt F1 5 96.20 3.94 20 101.83 2.94 80 98.65 4.73
Ly Nt BI 5 98.8 1.61 20 101.28 4.69 80 95.69 4.22
L YR N It 5 94.69 3.29 20 100.67 4.76 80 99.96 4.95
T YA i 5 89.62 3.48 20 100.83 4.51 80 99.51 3.75
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Table 5 Detection results of aristolochia acid compounds in Houttuynia cordata from 16 areas of Yunnan province (mg/kg)

KA Hb TG A B C D 7-A F1 BII i fii
{1l 3 ND ND ND ND ND 1.789+1.349 3.403+2.468 ND ND
T 5 ND ND ND ND ND 0.771£0.198 2.216+1.993 ND ND
[ERamE 5 ND ND ND ND ND 2.437+1.849 3.713+2.649 ND ND
HE MM 3 ND ND ND ND ND 1.499:0.261 2.301£0.523 ND ND
PN 3 ND ND ND ND ND 4.283+2.373 6.133+3.314 ND ND
BB 5 ND ND ND ND ND 1.262+1.193 1.621+1.309 ND ND
BT 3 ND ND ND ND ND 3.983+3.025 11.931£11.759 ND ND
s i 3 ND ND ND ND ND 0.376+0.092 0.984+0.645 ND ND
Ji g 3 ND ND ND ND ND 0.889+0.038 1.667+0.071 ND ND
A3 T 3 ND ND ND ND ND 1.276+0.262 2.036+0.343 ND ND
patipill 3 ND ND ND ND ND 7.034+8.629 11.805+14.655 ND ND
TEZ N 3 ND ND ND ND ND 0.771+0.198 1.283+0.470 ND ND
ARGIPI| 5 ND ND ND ND ND 3.722+2.405 5.926+3.985 ND ND
FoaRl| 5 ND ND ND ND ND 1.101+1.345 1.764+1.969 ND ND
I v i 5 ND ND ND ND ND 1.369+2.123 2.067+2.760 ND ND
LT 3 ND ND ND ND ND 0.897+0.098 1.664+0.168 ND ND

e ND Rn ARAG H BE T IME

3 & 1

ABEFEEEST T UPLC-QQQ-MS # il fa flg ik 9 fifith
YRR RIS A PO I 7 3 o D7 1 B L AL
[ 7 mine J7iAM R B R, ATEEVEL, HEABREN
BIR, RERI 2R bk 9 MO SRR IR &S
RN K

EE P
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