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The aristolochic acid components in the nine Chinese medicinal materials were analyzed by high performance
liquid chromatography-quadrupole time of flight mass spectrometry (HPLC-Q-TOF-MS) combined with high
performance liquid chromatography diode-array detection. The separation was performed on an Agilent ZORBAX
SB-Aq column (250 mmx4.6 mm, 5 pm) with gradient elution using a mobile phase consisting of acetonitrile and
0.2% acetic acid. ESI positive ion mode MS was used to investigate the ionization pathways of aristolochic acid I,
II, Illa, IVa, Vlla, and aristololactam I, II using seven reference standards, and the structures of the components
with UV spectrasimilar to those of the seven reference standards in the selected medicinal materials were qualita-
tively analyzed by following the investigated ionization pathways. The identified aristolochic acid components
were quantified using an external standard method by HPLC-UV with detection at 254 nm. Twenty-two aristolochic
acid components including 11 aristolochic acids and 11 aristololactams were identified from the nine selected
medicinal materials; 15 aristolochic acids were found in the tuber of Aristolochia cinnabarina and the roots of
Aristolochia debilis, followed by 14 aristolochic acids in the fruits of Aristolochia debilis and the stems of Aristolochia
manshuriensis. The greatest content of aristolochia components was found in the tuber of Aristolochia cinnabarina
and the stems of Aristolochia manshuriensis, ranging from 8.91 mg-g"' to 13.40 mg-g", and the least amount was in
the herbs of Asarum forbesii, at less than 0.10 mg-g" and containing only two aristolochia components. This study
systematically explored the quantity and composition of aristolochic acid components in selected Chinese medicinal
materials believed to contain toxic aristolochic compounds, providing a basis for follow-up studies on the toxicity
of these substances that can lead to safety standards for their use.
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Table 1 Aristolochic acid components in the nine medicinal materials. “Compound used as reference substances

RT . MS! . . Error
No. . Compound Abbreviation Theoretical ~ Exeriment MS? (m/z) Reference
/min (m/z) /ppm
1 11.2  Aristolactam Illa-N-$-D- AL-IIa-Gle [M+H]* 4421132 442.1130 -0.45 424.104 5,280.069 6 [29]
glucoside
2 12.7 Aristolochic acid Illa-O-5-  AA-Illa-Glc [M+NH,]* 507.1246  507.124 9 0.59  472.087 7,444.1208, [33,34]
D-glucoside 310.045 9, 282.061 2
3 14.6 Aristolactam la-N-$-D- AL-Ia-Glc [M+H]* 4421232 442.1232 0.00 424.103 1, 280.069 4 [35]
glucoside
4 174 Aristolochic acid IVa-O--  AA-IVa-Gle  [M+H]" 520.108 6  520.1082  -0.77  502.097 6, 474.125 3, [34]
D-glucoside 340.055 6, 312.072 9
5 20.8 Aristolactam II-N-B-D- AL-1I-Gle [M+H]" 426.1183  426.1179  -0.94 408.117 4,264.073 8 [35.,36]
glucoside
6  20.9 Aristolactam Allla AL-Allla [M+H]* 282.076 0 282.0758 -0.71  267.061 7,239.064 9 [34]
7 232 Aristolactam I-N-f-D- AL-I-Gle [M+H]* 456.1289  456.1283  -1.32  438.118 5,294.086 0 [35]
glucoside
8 283 Aristolactam III AL-III [M+H]* 294.076 1 294.076 1 0.00 279.062 7,251.066 8 [37]
9 30.0 Aristolactam Illa AL-Illa [M+H]* 280.0604  280.0602  -0.71  250.0589,222.064 6 [34]
10 33.1 Aristolochic acid Illa’ AA-1lla [M+NH,]" 345.0717 345.0718 0.29  310.034 5, 284.037 8, [38]
282.055 6
11 333 Aristolactam All AL-AIL [M+H]* 266.0812  266.0807 -1.88 251.0549,223.058 6 [34]
12 38.2 Aristolochic acid VIIa® AA-Vlla [M+NH,]* 375.0823  375.0827 1.07  340.0451,312.072 5, [34,38]
297.048 5
13 39.6 Aristolochic acid IVa® AA-IVa [M+NH,]" 375.0823  375.0829 1.60  340.045 2,312.066 9, [39]
297.050 4
14 43.7 Aristolactam IVa AL-IVa [M+H]* 310.0710  310.0712 0.65  295.060 3,267.061 1 [35,39]
15 44.7 Aristolactam II" AL-II [M+H]* 264.0655  264.0658 1.14  234.057 2,206.062 0 [35]
16  46.2 Aristolochic acid II" AA-II [M+NH,]" 329.076 8  329.077 3 1.52  294.040 3, 268.059 7 [39]
17 48.3  Aristolochic acid III AA-IIT [M+NH,]* 359.0874  359.0867 -1.95 324.0497,296.078 6, [33]
281.052 6
18  48.6 Aristolactam I" AL-1 [M+H]* 294.076 1 294.076 6 1.70  279.056 0, 251.060 3 [35]
19  49.5 Aristolochic acid VII AA-VII [M+H]* 372.0714  372.0711 -0.81 354.060 0, 326.089 9, [38]
311.065 4, 283.069 7
20 50.1 Aristolochic acid I" AA-1 [M+NH,]* 359.0874  359.0879 1.39  324.050 2,296.070 0, [39]
281.084 1
21 50.7 Aristolic acid I Aristolic acid I [M+H]" 297.0858  297.0850 -2.69 279.064 6,251.077 4 [35.,40]
22 524 Aristolochic acid IV AA-1IV [M+NH,]* 389.0979  389.098 0 0.26  354.0599,326.090 1, [37]

311.065 3, 283.0697
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Figure 1 Total ion chromatogram (TIC) of the reference substances and samples. A: Mixed standard; B: The roots of Aristolochia debilis;

C: The tuber of Aristolochia cinnabarina; D: The roots of Aristolochia fangchi; E: The stems of Aristolochia manshuriensis; F: The fruits of

Aristolochia debilis; G: The herbs of Asarum forbesii; H: The stems and leaf of Aristolochia debilis; 1: The herbs of Aristolochia mollissima

J: The roots of Asarum heterotropoides var. mandshuricum. Peaks 1- 22: See Table 1
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Figure 2 Chemical structures of aristolochic acids (A) and aristololactams (B) in the nine medicinal materials
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e N BEIZIL (8) 5 Ye 4% N BEIZ 1 (9). 5 JE42 N Ik iz A
I (11). S 5048 W BERZTVa (14) 5 5088 LRI (15). 5
JEA N IBENZT (18). 5 JE % N 9k 11 2 e 70 1) 2 Mg i 458
HH 3K, B REBRENNEY — TG 5T %
[M+H]" #E 4> 1 8 1 W, — 95 3% 2 I Bk [M+H-Glc]"
R, WL EPIHED T B T8 N m/z 442.113 0 [M+
H]', MS/MS H#E H BT N m/z 280.069 6, HEMIE Ky [M+
H-Gle]", £ % [ AH % SCRR™Y, HEWT L &40 1 8 5 Je 4%
PN T i I a-N-B-D- 71 %1 BB HF, 46 G40 3257 I 2L A bl A
LUk . 25 R AR M B — G 5 TP R
[M+H] #7512 706 — B 5 I B [M+H-CH, )"
[M+H—CH -COI'W F . Wb A8 MDY T & 1
U 9 m/z 294.076 1 [M+H]", K =% & T N m/z
279.062 7 [M+H-CH,]" #l m/z 251.066 8 [M+H-CH,~
COY', 8562 2% TP, HEWT S e & 8 N L e A
T JRC I, 0L A 2 A A 11 15 S 4% P T e S At AL 54
EEHAY) 6111418, 5 = RARBFIL ST —
GV 5 T R [MAH] HE 7> 85 106 g5 5 T il
[M+H-OCH,]"[M+H-OCH,-CO]"# }y & . Wit &4
15 (V7> 1 85 716 m/z 264.065 8 [M+H] ", H: MS/MS
W B F m/z 234.057 2, 206.062 0 43 5l %} B [M+H-
OCH,]"fl [M+H-OCH,-CO]", 5%} {& i Lh X} - 45 & 5
RPN H O T SRR NIRRT, 1b 54 9 2R R
5 AR ]
2 FEFEWIE
21 FREM AT B M B A e 22 AN FRE K

oy e b A It B U, R IR PR G T
22 BEE SRR DRI D ER R,
DA TR IVa. D JAA TR VIla. & S8 W BE AL & e 4%
P T i 100 TG BH ) RSD (= 6) 3 31 4 0.41%..0.84%
0.74%+0.78%-0.50%- 0.88%- 0.69%, & B {X %% ¥ K 2
fE R
23 ZMXE SHRRI.SUBRRI.SNER
a5 A TR IVa, D ¥4 TR VIIa . & S48 W B IZT. & e
e A I Jig T B 9K P AE 25 B Y0 Bl N S5 I TR AR e 1 56 &
RIr, &5 3 3% 2,
24 WNRFMESR DHRARKRLDHRRI. SR
BRla. B R IRIVa. S YR TR VIla. 5 Y08 A kI
T G0 R A LU s 00 R A 2 PR 45 SR L2 2.
25 FREM IFEAI DAL DRI, D
AIR1MTa. B SR TR IVa., & SR TR VIla. B JE48 N IBEHLT
T JE % P It i L0 [T AR K RSD (= 6) 73 1 4 1.03%.
1.17%- 1.45%10.95%- 1.51%+0.49% F1 1.31%, % 4 L
BFESIA A 24 h N FRE .
26 EEM o LR RT LRI DR
I, 5 SR R MTa, 5 YRR IR IVa. 1 4t &Eazvna\%%%%
PN IR LR 5 SR8 PN I TR ~F- 25 25 5 40 50 08 0.072%
0.007%-+ 0.037%- 0.047%- 0.041%- 0.064% K1 0.006%,
RSD (1= 6) 47518 0.63%-1.12%-0.45%+1.58%-0.51%-
0.49% A1 1.12%, KB H G R I4T.
2.7 MAEEEYE FES DD R ERL D SRR,
Dy AR Ma. 5 A R IVa. D SR R Vila, 5 %2
B PN T e TR0 B 5044 P9 T i 00 A R0l 2 4y Gl
N 97.40%- 95.46%- 91.34%. 89.77%- 93.19%- 97.06%
F195.11%, RSD (n = 6) 43 7l 4 0.44%- 0.86%- 0.99%
1.26%+0.23%-0.40% F1 0.93%, & B 1% 5 i /) 1 off &
RIf,
3 EESW

AW FE R AR AN I, R BB RE A, A
B B REARS 22 NS 1 18 A Ry, X
18 /™ B 53 42 HEE8 A1 6 1% IR AR AU JEAT 43 38, 5 A7 %
FR 990 1 43 L SR P K BB 0 5, Xl Y80 %o R P
3 1 B 5 HOG T B REALL R 23 R 0T R i A Sy i HEE i i

Table 2 Calibration curves, limits of detection and limits of quantitation of seven aristolochic acids

Compound Calibration curve r Linear range/pg-mL"! LOD/ng LOQ/ng
AA-I Y=8.624x107X+4.591x10* 1.000 0 0.312-195.1 1.04 3.12
AA-II Y=1.280x10%X+5 209 0.999 9 0.068-106.6 0.23 0.68
AA-Illa Y=1.389x10%X+1.524x10* 0.999 8 0.054-10.50 0.36 1.08
AA-IVa ¥=9.160x10"X+8 106 0.999 8 0.177-13.80 0.59 1.77
AA-Vlla Y=8.697x107X+3 417 0.999 8 0.502-10.40 0.69 2.08
AL-I Y=1.368x10°X+5 148 0.999 9 0.393-19.66 0.52 1.57
AL-I ¥=1.919x107X+564.1 0.999 9 0.285-0.571 1.90 5.70
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Table 3 The UV of aristolochic acid components

Reference Components similar to UV

Type substance of reference substances UV/nm
1 AL-II AL-IIIa-Glc, AL-1I-Glc, 210, 230, 277,
AL-IITa 288

2 AL-I AL-Ia-Glc, AL-I-Glec 240, 258, 298,
330, 390

3 AA-IITa, AA-IT  AA-IITa-Glc, AA-IIT 225,244,330

4 AA-IVa AA-IVa-Glc, AA-IV 215, 256, 305

5 AA-1 Aristolic acid I 225,244,330

6 AA-VIla AA-VII 224,272

S2HEZG A RE S e A R, BT, B SRR ER AN
LSRR IR & 5 ke v T oA B SRR IR 2R i,
HHRIDIE LA ORRIE B R HAE FENF L
JUAR TR IR 5 FR R BRI & & 2 A S 2 19 30% LA I,
T A IR R 78%. 9 R 2 I YR AR RIS T A
HE0.04~13.40 mg g Z 0], ZiM I B KK ZSL ~
GMT > QMX > MDL > GFJ > TXT > XGF > XX > DH;
Horh, Ty A4 mg B0 0.02~12.63 mg-g ™!, M & &K
N GMT =~ ZSL > QMX > MDL > GFJ > TXT > XGF >
XX > DH; 5 5085 A I i B 8 9 AR A 1 ~1.36 mg g,
i & B IR ZSL > MDL > QMX > XX > GMT >
GFJ > DH = TXT > XGF,

it

BRI 22 MU A, B YRR TR AN B S Py
JESA 1A o S S8 8 (10 5 S48 ORI R
HAE LR R RV R 2, St 10 Fr
o J AL A D SRR R R R i D, RE W, E
AR I 9 P2 M I SRR R, HL 2 S 24 44 LA
MRMANL), HO RIS EEM. ARAMZ Y
PR TR R R A A& B AR B R E R, MATIR
LI ZIMRE 5L, [R5 Fh 246w A )4k 2 D) 1 5 o
AREMR M EESRESFAKR, EBGRA —EE
S, A KR B85 B i A R R R S s T — 3

K HI HPLC-Q-TOF-MS $5i K, 9 Ff 24 14 3 5 14 45 ¢
22 NS SR TR R Sy, Horh AL-Allla\AL-TIILAL-AII
AT AL-TVa 75 5 1% i B ARG, 78 48 76 I 1 ) % i
U, R 5 Al RO ARG H

R HAb A AT E RN AL A 0 I AR 1S B
BUHEALET, BT LA AT B A A R B AL B 4 i
BRI A0 I [, 7 22 A B4 R I 52 2 40 T H B ot JRE
A B DL, SR F SR A6 T A AL i) LAt 0 5 1 %o L A
et BRE I SRR T A B S, RIS T A R 4
BB AT R S SRR AT AT AR 4 AT T e

JE B2 R AT M 2% B B0 M 23 I HE S O RH 2 AT 2% B
R, BT AR5 1 SLR R IRAT B 254 (O BEE s

Bugt: YRR Y IBE IR I [ VG 2 5T R A AT SRR
LI AR ga IR S A IR

& STlk: K LI 45T 1 SI WE TE T SRR T AT
PRSI S 10 SCH A B B B VT L W IR 25 A0 JB AT A7
TR BB SRR R 4 SCR AR, 389 5151 1 W Jeik e
BT SR B KR SB .
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