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Simultaneous Determination of Pyrrolizidine Alkaloids and Aristolochic Acids in Fufang Banxia Tablets by
UPLC-MS/MS and Risk Assessment

TAN Chunmei, FANG Cuifen, WANG Juanjuan, DONG Ting, ZHANG Linlin, ZHENG Cheng, CHEN Bilian "
(NMPA Key Laboratory for Quality Evaluation of Traditional Chinese Medicine ( Traditional Chinese Patent Medicine ), Zhejiang
Institute for Food and Drug Control, Hangzhou 310052, China)

ABSTRACT: OBJECTIVE To establish an ultra-performance liquid chromatography tandem mass spectrometry ( UPLC-MS/MS)
method for simultaneous determination of three pyrrolizidine alkaloids and five aristolochic acids in Fufang Banxia Tablets, and carry
out preliminary risk assessment. METHODS ACQUITY UPLC BEH C,; column (2.1 mm X 100 mm, 1.7 um) was used. The

mixed solution of methanol-acetonitrile (1: 1) was used as mobile phase A, and 0.1% formic acid solution and 5 mmol « L™

" and the column

ammonium formate were used as mobile phase B. Gradient elution was performed at a flow rate of 0.3 mL + min~
temperature was maintainedat 30 °C. Electrospray ion source ( ESI) , multiple reaction monitoring mode ( MRM) and positive ion scan-
ning were used. RESULTS Three pyrrolizidine alkaloids showed a good linear relationship in the range of 0. 48 —482. 60 pg, and
five aristolochic acids showed a good linear relationship in the range of 0. 51 —538. 51 pg. The correlation coefficients were higher than
0.99. The average recoveries were between 60. 4% % and 120. 5% , with RSDs of 2. 1% —-9. 7%. Pyrrolizidine alkaloids and aristolo-
chic acids were detected in all five batches, the total content of pyrrolizidine alkaloids was 5. 42 —5.46 mg - kg™', and the total con-
tent of aristolochic acids in positive samples were 1. 04 —1.70 mg - kg™'. CONCLUSION The established method is simple and ac-
curate, and can simultaneously determine the contents of three pyrrolizidine alkaloids and five aristolochic acids in Fufang Banxia
Tablets. The preliminary risk assessment shows that the safety risk of Fufang Banxia Tablets is low.

KEY WORDS: Fufang Banxia Tablets; pyrrolizidine alkaloid; aristolochic acid; UPLC-MS/MS; content determination; risk

assessment
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Tab.1 Detection parameters of MS for pyrrolizidine-alkaloids

(PAs) and aristolochic acid analogues( AAAs) in Fufang Banx-
ia Tables

m/z Collision

Compounds

Precursor ion Product ion energy/V
Sn 336.2 308.51,138. 1 30
SnNO 352.2 118.19136. 1 30
Sk 336.2 168.21),122.2 26
AA-T 359. 1 298.11),296. 1,324. 1 12/15/20
AA-T 329.1 268. 11,294, 0 11/15
AL-T 294.0 279.0Y) 251.0 22/35
AA-Va 375.0 312.19,297.0 14/34
AA-Vla 375.1 314.1Y 340.1,312. 1 14

£ - T HUGHESINO - T HUGRA ALY Sk - S5 T HUERE AA- T - 2
JURATR T s AA-TT - SU040MR I AL- T - o4 IR 15 AA-IVa - By g4
12 D5 AA-Vla — 7 3E Ch AR IR A5 D) — A REBS F

Note: Sn - senecionine; SnNO - senecivernine N-Oxide; Sk - senkirkine;
AA- ] - aristolochic acid [ ; AA-Il - aristolochic acid [I; AL-] - aristololactam [;
AA-IV a - aristolochic acid Dj; AA-VI a - 7-hydroxyaristolochic acid Aj;

1) _ quantitative ion.
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A = JRAMIRE B =R C - BAIRER; D — BLS&AERERD ;1 —Sn;2 —SnNO;3 — Sk; 4 — AA-Va; 5 —AA-IVa; 6 —AA-TT; 7-AL-1; 8 —AA-T,

A — mixed reference substances; B — test sample; C — negative sample without Asari Radix et Rhizoma; D — negative sample without Farfarae Flos; 1 — senecionine; 2 — sene-
civernine N-Oxide; 3 — senkirkine; 4 —7-hydroxy aristolochic acid A; 5 — aristolochic acid IVa; 6 — aristolochic acid II ; 7 — aristolactam [ ; 8 — aristolochic acid T .
Bl1 Z7+E R+ PAs o AAAs By AE &35 & 5 i 3% B (LC-MS/MS) & & F ik B

Fig.1 LC-MS/MS total ion chromatograms of PAs and AAAs in Fufang Banxia Tables

K2 AFLEFFPAs I AAAs X RE R
Tab.2 The linearity, LODs and LOQs of PAs and AAAs in Fufang Banxia Tables

Compounds Regression equation r Linear range/ng + mL ! LOD/ng + mL ! LOQ/ng + mL !
Sn Y=11234.8X +6 107.48 0.999 9 0.51 -102. 66 0.02 0.05
SnNO Y=9607.41X +1747.77 1.000 0 0.48 -96. 24 0.2 0.3

Sk Y =29 274. 8X +68 630.9 0.999 7 0. 48 -482. 60 0.007 0.02
AA-Vla Y =1688.95X +395.932 0.999 4 1.06 -52.92 0.5 1

AA-Va Y =897. 214X -236. 242 0.999 7 1.98 -49.44 0.3 1

AA-TI Y =1091.88X -412. 874 0.999 5 1.13 -56.25 0.4 1

AL- | Y =43 043.9X +120 118 0.999 9 2.15 -538.51 0. 06 0.2

AA- 1 Y =3545.13X +167.79 1.000 0 0.51 -50. 89 0.09 0.3
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R3 AFFERFT PAsHAAs WEKELER %
Tab.3 Results of recovery test of PAs and AAAs in Fufang
Banxia Tables. %

Low level Middle level High level

Compounds

Recovery RSD  Recovery RSD  Recovery RSD
Sn 60. 4 1.0 74.0 1.8 72.7 1.9
SnNO 91.8 2.0 91.1 1.8 90.2 2.1
Sk 80.0 3.3 83.2 2.7 83.2 1.7
AA-Vla 91.0 5.4 102.7 2.4 107.8 3.3
AA-IVa 67.8 9.5 112.0 9.3 115.2 4.2
AA-TI 90. 6 9.7 97.0 7.1 101. 8 2.5
AL- 1 86.8 8.0 115.5 6.4 120.5 2.6
AA-1 88.6 6.1 100. 1 7.5 106. 6 2.1

Fd4 FHLAR T PAs AT AAAs I E B pg - kg™
Tab.4 The result of PAs and AAAs in Fufang Banxia Tables.

-1

g - kg

Sample 1D Sn SnNO Sk AA-Vla AA-IVa  AA-DI ALl AA-L
S1 19.0 0 5444.3 0 1 065.4 0 542.9 920
S2 21.3 0 539.7 0 1026.5 0 568.0 91.7
S3 17.9 1.4 5427.7 0 1003.9 0 602.8 98.1
4 21.1 0 5398.0 0 1044.0 0 529.8 89.8
S5 6.9 25.4 5405.5 0 453.4 0 509.3  78.8

PR kg; 450 2 f MOE Ay 28 #% 31 5t Lt ; BMDL,, 2y
FEUER &R PR, EFSA TA Ry 4n SR 4 H 3 > 5 AR
i, WA AR H /IME T DL A 8508 1E T, EFSA HE
7 PAs Y BE BN R 237 pg - kg™ bw - d7 T
WHO SEAUSMU AR A AT YRR TR B H SR F A
i (ADD{f, ABFFE AR W 255 5 S vfi ) vk
P TR YA R T AR W B ) BMDL
0.42 g - d'i1E,

{H MOE &3 T8 24 B B E TN 25 3 i 4
FARIF NAN 2 T4 st () B o 5 AL s Al R 2
25, DR e 24 0 1 S B B SR B NG B e, R Dk B
AEPIE . Wang 257 SR HIWA{F1: 0 45 1F EDI, [H it
MOE (W Jil/ 24 B3 AT IR A 3, 4%
33 A MOE (H45 3 L3R 5,

MOE = BMDL,, + (EDI x 14 +365) = MOE x26

ni(3)

RS ETF I K PAs A1 AAAs ty & 3 R (MOE) (&
Tab.5 MOE values of PAs and AAAs in Fufang Banxia Tables

EDV/ pg - kg ! MOE values MOE values
Sample . .
bw - d-! (life long time) (shorter exposure )

D

PAs AAAs PAs AAAs PAs AAAs
S1 0.61 0.19 389 31 667 10 122 823 346
S2 0.60 0.19 392 31933 10 201 830 265
S3 0.61 0.19 390 31 585 10 152 821 204
4 0.60 0.19 392 32 369 10 205 841 595
S5 0.61 0.12 391 51 699 10170 1344 185

T E 2R 2024 45 9 H 5 59 5 17 )

24 MOE B K F 10 000 Hf ik J2& Jo KB,
1 000 ~ 10 00091 XK, 100 ~ 1 000 % i KUK , /1N
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4 it i
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FEN AT B AT IA , MRS o B e R RV A)
W5E 8 M4, R fRT 1L T b AT AL 2R 5
4.2 mEMNEE

ZEE T HEE-S mmol + L™ &4 R4 0. 1%
F R 1) FR R A% TR RN UG -5 mmol - L™ 545 0. 1%
R 1 Y BR B TS WA A i sl AEDRT PAs FI AAAs 1947
B B 25 RAE O R G, BB R 4B
JE R (H AA-T B IS, A EE R Ge b, a
M AA-Va 43 BSCR A B AA-TT 0 W 30T 5 25
AEEE, U BE-CNE (1: 1) E A HLAE, a 1
AA-IVa 23 B BT, H AA- TT 0 o7t AE R i
4.3 FUEA AT

XA ) B Bl R 5 45 RS S B AT AL,
T B e O RIE J3E BE L (HL 2% B0 AA- T A i SO 475 4 07 %5
%, G AW E AL S 1 23 ~4 J5, AA- T /M 1 it
EHETV, Pon T o R A A B DA SR e
Wi 1
4.4 NE

A5 N 1 SRR B G e € 3 0 B
AL, BOKR T 46 51 RE AL B A [E], BB PR
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