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Abstract: In this study, an analytical method for the simultaneous determination of four aristolochic acids in asarum by ultra-high
performance liquid chromatography-tandem triple quadrupole mass spectrometry (UPLC-QQQ-MS/MS) was established. The samples were
dissolved with 70% methanol, extracted ultrasonically, and separated on a Waters ACQUITY UPLC HSST3 chromatographic column (2.1
mmx100 mmx1.8 um) using 0.1% formic acid in water -methanol as the mobile phase in gradient elution. The flow rate was 0.3 mL/min, and
the column temperature was 40 ‘C. Aristolochic acid A, aristolochic acid B, aristolochic acid C and aristolochic acid D were analyzed using
electrospray ionization (ESI), positive ion mode scanning and multiple reaction monitoring mode (MRM). Results showed that aristolochic acid
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A, aristolochic acid B, aristolochic acid C and aristolochic acid D showed good linear relationships within the concentration range of 4~100 pg/L
(>0.995). The detection limits were 3.00 pg/kg, 5.00 pg/kg, 25.00 pg/kg and 20.00 pg/kg, respectively, with the spiked recoveries ranging from
91.97% to 106.40% and RSD<4.24% (n=9). The method had high specificity, accuracy, precision and wide linear range, and is suitable for
simultaneous determination of aristolochic acids A, aristolochic acid B, aristolochic acids C, aristolochic acids D in asarum. The test results
show that asarum and asarum-containing Chinese traditional medicine had certain amounts of aristolochic acid A and aristolochic acid D, but

did not contain aristolochic acid B and aristolochic acid C. The data provide a scientific basis for safe daily consumption and medicinal use of

asarum, and the quality control of asarum-containing Chinese traditional medicines.
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1.0 45.0 55.0
3.0 75.0 25.0
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Table 2 The MS condition for determination of four aristolochic acids

] G E/min - HBFmlz) FBHTFMz) HHEVENV EEEE/V
anma a2 ol TR @
T i U S
pamc  2e S0 TEME @ %
T G .

R EBTA. REAHRBEAE, YRARRRENEN, MELRKCTRALES, ML REAIAME] RAE,

123 BB SRk b4 &

(1) PG RIS SR TR A Y%
% B. BRI C. LYIATR D % 0.0050 g CREFAZ
0.00001 g), &F 100.00 mL ZF &), FHEREEIE
FREZEZE, $5), FCHlBOREE N 50.00 mg/L Arikfs
B, 4 CIRAE.

(2) IRAERAEF AR /A HEF =R 0.20 mL &
YRR A DYURTR By SRR C. LY D L
RARAERE W, BT 10.00 mL 80T, BB
BN, ®E), ISR A, DRI B. S
BIR C. YRR D RN 1.00 pg/mL VR A FRiEH
[, 4 CIR-AR.

(3) VRAFRAE TAER: THERTRER 4 Fh 5 SR TR bR
YRR 4.00+ 20.00+ 40.00+ 60.00- 80.00 100.00
L, 7373 FH 70% FBE7K 58 25 48 1.00 mL, FCii] 153 4.00
20.00. 40.00. 60.00. 80.00. 100.00 pg/L FHFIHTHx
HETAEMZR. i F AT RC ).

124 Faog )&

(D) WRIREE: EHL 10 SREHS), HHE
1.00 mL ¥, BT 50.00 mL ZEHH, I 70% FEEH:
BEZIFE, $E51, #A 30 min, A, FH 70%FELE

298

RAEZE, 022 um AHLRIEFLIE, (ENHERR
REaST1

(2) [EARIAFE: B 10 Fr el E s mt i sk e ,
FESFREL 1.00 g 5bkE, BT 50 mL A&, 1A 40 mL
70% L, A 30 min, B4, H 70%HEEE AR Z
%, FH0.22 um AHLRIEBLIE, EABHARIER.

2 HR51He

21 B RSHLF

LYEETRE A\ By C. D2 —KHFEIERIR, 451
FRALL, T HAGIURN H ARSI I 7> B T R, 2%
BT HEE-0.1 FRIKIER. 21E-0.1 HRRZKIER AL
ZEHRE-0.1 R E R AR T . 4
B, WEEMOR TR, BABLT R
M SR BERIE RV, ToiA BB e ik i b
Wt (H7E, BREBMETTH, N SRR,
BJAIEH T AR, X B SRR IR S AT
Ko

22 EEAEH%F



MR B MR Modern Food Science and Technology 2022, Vol.38, No.5

a
380

340
300

0.0 05 1.0 15 20 2‘5 3.0 35 40 45 50‘55 6.0 65

Time / min

2.6e5
2.4e5
2.2e5
2.0e5
1.8e5
1.6e5
1.4e5
1.2e5
1.0e5
8.0e4
6.0e4
4.0e4
2.0e4

00 1 I, ul, 1
0005 10 152025 3035 4045 50 55 60 65

T T T T T T T T T T T T
)
e =
— B

Time / min

291

i
|
i

I
il

0005 10152025 3035 4045 50 55 60 65

IS
i
&
'S

TI T T T T T T T T T T T T T T T 71T

Time / min

1.28¢6
1.20e6

1.10e6
1.00e6
9.00e5
8.00e5
7.00e5
6.00e5
5.00e5
4.00e5
3.00e5
2.00e5
1.00e5

0

4.26

L
I

1
'00005 1015 2025 3035 4.0 4.5 50 55 6065

T T T T T T T T T T T

Time / min

E1 TReEENSEFR (T10) &aigE
Fig.1 Total ion current chromatogram of different
chromatographic column

T Welch AQ-C18 (4.6 mmx100 mm, 5 pum)-
Phenomenex Luna NH2 (4.6 mmx100 mm, 3 um)-
Phenomenex KinetexC18 (4.6 mmx100 mm, 2.6 pm)-
Waters ACQUITY UPLC HSS T3 (2.1 mmx100 mmx1.8
pm) S I 4 PR At D DR iR A
PR THERE TR0, NH2 A (8] 1) X e

PRI R R 0, Tk BTSSR AQ-CI8
(F 1b) H: ke C18 (B 1) S L SRR 143 5 e

D1 T3 (B 1d) X 4 YT (17 B8R
R, #kfH Waters ACQUITY UPLC HSS T3 (2.1

mmx100 mmx 1.8 pm) {ER VYR )53 25 it .

23 BRMEXAR

1.9¢6
1.8e6
1.7e6
1.6e6
1.5e6
1.4e6
1.3e6
1.2¢6
1.le6
1.0e6
9.0e5
8.0e5
7.0e5
6.0e5
5.0e5
4.0e5
3.0e5
2.0e5
1.0e5

4.8e5
4.5e5

4.0e5
3.5e5
3.0e5
2.5e5
2.0e5
1.5e5
1.0e5
2.0e4

0.%.

b 2.7e3

2.6e3
2.4e5
2.2e5
2.0e5
1.8e5
1.6e5
1.4e5
1.2¢5
1.0e5
8.0e4
6.0e4
4.0e4
2.0e4

0.0

0.0 1 1 1
0005 1.0 152025 3035 404550 5560 65

Time / min
E 2 ZrMNENRETRE
Fig.2 Dynamic MRM chromatogram

}

T T T T T T T T T T T T

005 1.0 1.5 2.0 25 3.035 404550 556.0 65

Time / min

0.005 1015 2025 3035 4045 50 55 60 65

7.0e4
6.5e4
6.0e4
5.5¢4
5.0e5
4.5e5
4.0e5
3.5e5
3.0e5
2.5e5
2.0e5
1.5e5
1.0e5
5000 0

Time / min

3.73

A
A TN

0005 1015 2025 3035 404550 5560 65

Time / min

299



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.5

d 5.4e4 -
5.0e4 }

4.5¢4 +
4.0c4 | “
3.5¢4 | ‘
3.0ed | H
2.5¢4 |
2.0ed | H
1.5¢4 |
1.0e4 | i
5000.0 27|

0.0 | 1 | 1 AN AN 1 | 1 | L I
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 4.5 5.0 55 6.0 6.5

Time / min

[E 3 ZLHS5THY MRM L E
Fig.3 MRM Chromatogram of each component

¥ 1.2.3 HHECHIRRAARE TARRAE 121 5 1.2.2
i NlE (- 2. B 3, HIEREFR IR
IR C. Y ATR D, YATR B. YRR A,
DAFRIE S TR IR BE A A bR, DAE TSI TR AR g Al
RTINS, YRR AL B C. D HIZMITHE
SR y=0.2133x+0.2227 (R>=0.999); y=0.0916x+
0.0615 (R*=0.9981); y=0.0575x+0.0245 (R>=0.999);
y=0.0081x-0.0079 (R?=0.9967). WUF#J5iE 4.00~100.0
ng/L WRFEVEHE N2 R R RGP, AR REEHE 0.995
PAE. FELMERELL (S/N=3) SRifie B Y4 AL By C.
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Table 3 The results of precision (n=6)

feet LB A LAKEB  LAHKRC  BHAKBED
K (ng/L) 39.36 38.21 39.44 39.93

RSD/% 1.41 1.54 1.73 1.26

x4 REMSEER (n=6)
Table 4 The results of stability (n=6)
o = gke)
Oh 2h 8h 12h 24h  RSD/%

I A B A 859 866 858 874 873 1.22
LEAB B Rbd Rbd Al Al Ried Red /
LRABC Rl Kbl Al Al Ried Ried /
L LB D 27289 27272 27270 27254 27297 27281 0.67
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Table 5 The results of repeatability (n=6)
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& 6 IAREIER (n=9)
Table 6 The results of recovery (n=9)

o e

ARAE (nghkg)  AmirE/(ngke)

M (ugke) =HEY%  FHEE % RSDY%

250 1118 99.03
I 458 A 879.0 1000 1748 93.03 97.67 424
4000 4926 100.96
250 266 106.40
I 408 B At 1000 1023 10230 102.72 3.40
- 4000 3978 99.45
250 248 99.20
I 14588 C A 1000 937 93.70 97.86 3.76
4000 4027 100.68
5000 31849 98.67
I 4082 D 27279 10000 35834 96.12 95.59 3.54
20000 43483 91.97
R7 9 MPZIEIG NS
Table 7 Test results of 9 kinds of Chinese medicinal materials samples ( xzs, pg/kg, n=3)
‘o A R
Ha B A I, 4 B I, 4 C I, 48 D
m¥F 879.0+1.23 A A 27279+3.23
o Fob L BT Atk At A 139.8+1.34
A RE 24.65+0.34 A A 49.06+1.23
B RGEF A 161.8+2.64 At A 778.9+4.12
Gy o 61.78+1.54 At A 563.0+3.67
T f AL 796.3+3.34 A RAb 275.9+1.45
FAEL At At A 54.17+0.67
Rt RIE 52.93+1.31 At A 587.9+2.43
ArhELmF 26.44+0.98 At Kb 460.0+4.21
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TE 4~100 pg/L ¥R PV Bl 9 281 5 R 48 R 4T (1>0.995),
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