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RE:BH #sa X RLA FPRERSHGRNT X FE RARSHIORAE# - = F WA RS R A& P G R
YL K4 F, &kt A Waters CORTECS® C g A2 (150 mm X 3. 0 mm, 2.7 wm) , &5 484 0. 1% FRRE& - 0. 1% V8 L sk
(70:30,V/ V), ik % 0.25 mL/ min, 4238 % 40°C,# 54 S ul; R A&k 5 (ESD & F &, 2 Rom B X (MRM) #4751 & F 42
B, A m/z2943.5>797. 4 AR FTEFER RAREVNLHF KAFREALO0.010~10.026 wg/ mL 5EE A 5% @mAREM £ R BRI
(r=0.99919) MR 0. 040 pg/ g, EFFRA 0. 12 pg/ g3 M FJE FEA M T LM RIELE R RSD ¥/ T 4. 0%;-F ¥ it el & A
84.61%,RSD #1 5. 19%(n = 9) . 30ITH- 50 P JR7A REEH L3 K M98 FFREH 35.0 pug/ g.29 SR TEH P, RIAREHALF KEEA
0.43~242.53 pg/g; 1 BLRABESFIRE , REAFERA 3.45% 518 T E A LRI A KRR ZHEIF 2R 2R G EBRABHALSE
KRB KRS R RIA R L K5 A & AOR AN B9 - = v AT R K
Establishment of Identification Method for Adulterated Bupleurum marginatum in Fuyan Kangfu Tablets
NI Qin,LAl Guofang
(Yunnan Institute for Food and Drug Control ,Kunming ,Yunnan ,China  650106)

Abstract: Objective To establish a detection method for identifying adulterated Bupleurum marginatum in Fuyan Kangfu Tablets.
Methods The ultra — high - performance liquid chromatography - triple quadrupole mass spectrometry was used to determine the
contents of nepasaikosaponin K in the samples. The chromatography column was the Waters CORTECS® C, column (150 mm X
3.0 mm,2.7 wm),the mobile phase was 0.1% formic acid aqueous solution — 0.1% formic acid in acetonitrile solution (70:30,
V/ V) ,the flow rate was 0.25 mL / min, the column temperature was 40 C,and the injection volume was 5 L. The mass
spectrometer was operated in negative ionization mode with multiple reaction monitoring (MRM) ,with m / z 943.5 — 797.4 as
the quantitative ion pair. Results The linear ranges of nepasaikosaponin K was in the range of 0.010 - 10.026 pg / mL(r =
0.999 19). The limit of detection was 0.040 pg / mL and the limit of quantification was 0.12 wg / mL. The RSDs of precision,
stability and repeatability tests were all lower than 4.0%. The average recovery rates of the above four components was 84.61%,
with RSD of 5.19(n = 9). The specification for nepasaikosaponin K was established at 35.0 pg / g as the acceptable threshold.
The content of nepasaikosaponin K in 29 market samples were 0.43 — 242.53 pg / g,non — compliance rate was 3.45% (1 / 29
batches exceeded the limit). Conlusion The overall quality of commercially available Fuyan Kangfu Tablets is satisfactory, but a
few batches were found to contain adulterated Bupleurum marginatum.

Key words: Fuyan Kangfu Tablet; Bupleurum marginatum; nepasaikosaponin Kj adulteration; ultra — high - performance liquid

chromatography — triple quadrupole mass spectrometry
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15 1 2 I A UL L R TR L S IR AR T O e AR BT
260,50k b, 7R IR B R 25 07 5 A8, H 1985 4R i &
2020 4 pi € [ 24 ) A B T < IR B AR W 5 A
Bupleurum chinense DC. ¥ B M 4 % Bupleurum scor-
zonerifolium Willd. B -T-1AR Ry 25 11, W35 43 301 > Fk hy
“Ab SRR S ) gk, BE e E AR P A ) 10 23K
B S5 JE A A A 36 R 17 28R 7 AR RO Be AV Ry KR
TRt SRR T R SRR K E T S 2 A
A, LR Z A ARARAL e LLSE B, — 2 B2 B - v W S
25 68 B R R AL B Oh B A BRI B 4 A
i 4= 70 G 4 2 A Y B W 25 AT M S8 Bupleurum
marginatum Wall. ex DC. var. stenophyllum (Wolff. ) Shan
et Y. Li 1 TR AR, 7 5 4 iy LA AR BAIC, o 18 Ph ek
TR IE fh 558 v D - 100 JE T /R Se 0 e 1 KO Ho AR
TEPE B ot -2 SR R A A S T
25 ~ 140 %513 - 181 IURBFTR IR, SEEH A 08 o3 i
PER T R S AT IR 7 - 18 IR, 1o S 42
FABONBORHANEL , LAGRRE 3 S0 vh 253 700 922 4 1 A A
FEHLLLR IR S8 AT K o dadn , R A s S0R A €
T ERIBE TS (UPLC — MS/ MS) ST IR R A sk
HB 2B ORI I , I TN BB W T
1 XBE5RE
1.1 {48

AB 4500 QTRAP %Y =5 %50 A 2335 o i 3¢ FH X
(L Z A SR AR B2 5 AT BRZA 7] ) 5 SB — 800 DTD
TR 75 W VAL (T2 PR 2 AR R ey AT BR A R 5
BSA224S - CW B HL + K F- OKF 24 0. 1 mg) . SQP -
QUINTIX224 — 1CN B+ RF-(H B2 4 0. 01 mg) , 341
H Hi -1 Mettler Toledo 23 & ; DFY — 400 % 4% #2228 rp 25 4
B GRS T AR AL FRA R -
1.2 X%

JETA 7R S B AT KOk IRt Crf 2 24 b A e o
e, 15 R 112073 - 202201, & 2 94. 2%) 5 L M 415
ali, R MLl , Al R4 el , K R 2tk b
SEFATR A Cr ] 24 R A F 5 Bt K 2 i S I A R
FAFRA TS 2051°8 120992 - 201509.C230115004) ,
JECSE AR R (b 2 E T Mt R T S
20221106) , IHR e i CRIEAE B LR 1, P ST - S16
FHA,S17-S273kAB),828 -S293kK A C) ).
2 AEEER
2.1 REEH
2.1.1 &%

{35 : Waters CORTECS® C¢#:(150 mm X 3. 0 mm,
2.7 pm) ; JBIAH 0. 1% FERIA R - 0. 1% W IR LG %

x1 HERER

Table 1 Information of the samples

%5 LAy N A YT Eiacy

S1 221006 S11 210819 S21 220710
S2 221005 S12 221112 S22 20220706
S3 210818 S13 220914 S23 20220903
S4 220810 S14 221011 S24 20220202
S5 221007 S15 220119 S25 20221005
S6 230203 S16 210318 S26 20230305
S7 221022 S17 20220602 S27 20221004
S8 220505 S18 220404 S28 220309
S9 220506 S19 20220705 529 211010
S10 220507 520 20210704

W (70:30,V/ V) ; 3k :0. 25 mL / min; B : 40 °C; PEEE
iS5 ple
2.1.2 &t

K LB (EST) B FU , DAZ2 S 07 Wil (MRM ) A5
KT 4 B RN 4 500 Vi TEAOREE
H 550 °C, TS FHE A 50 L/ mins A m/z943.5 —
797 4CERE TX) om /2 943.5 — 635. 5 CGENEE T
X)) sm/z943.5 — 781. SCEMEE X ) AR 251X,
HEFLH RIS 190 V, BlEfE L R0 508 —46 V., - 71V,
- 33 Vi A WA 1.

R % 943. 60
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Fig.1 Mass chromatograms
2.2 BEHE
Xof B SV VR R T R S R K X R 20 mg,
K% PR, B S0 mL A B, 0 B O o 45 L 4
SNIFE
ATV W BURE S N R i DR AR ST R %
PR (FH2F4E50 0.5 o), B HIEHIEIE A 5%
e R TR A B 25 mlL, 4 2E L BROE TR, A (TR
300 W B4 50 kHz) 4034 30 min, 504 , FRRPRE Fiat,
B 5% WA A BRI SR IR B TR B 5T, kst Rk
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TR, BT X
BAYEXS BRSO AR IO R A R AR DT M 20 il R KO

S AP RE Al PR AR R 20T A o, RIS
Z HORE AP LS s o T TR
A IRAT PRBC PO A T $ TR TR s i)
“TARBREE 7 TR J7 ik i A AE S BORE AR E Y 7R
TRE OIS E AR E (2 T4 0.5 ¢) 4% 6K
TR 28 07 5 T RS LURE S R
5 Oh JBR S B A A 5 R« R BT S A AU 5
B, [ 2 LR i 8 0 6 7 ik ol 4, BN 42 O 1009,

]
HI

50% , 10% il 58 50 BHPEAE S W -

AR FRE )1 18 1 10% TR 45 1 il i 00 JORE i, T
90,5 AR E (S T 551 0. 45 ) RS B INASE
BRI B CF Y T 2580 0. 05 o) | IR HE I T A il 25

il g, BIAS .
2.3 AEFEEE

N

$2p0)

g 5

HSNHHE
TO SR AR LR IA R 4680 B K B R ) (X, pg / mL)
kAR bR TR CY) AR bR EA T LA 1), A5 1)
FEY =696 814 X +714.429 3(r =0.999 19) L5 K1,

i)

N

VR LT v 306 AR B X I 5 2 R SR
VA TR L T R I (B IS ) Acb 24 A A H |, 2 P
B X B TE 0 o 2 LA i Vs T TR Hh G S Rl i e
SEE R K, 5 HACISEN B EIRT 1,580
50% 7 4% 51 FHAEARE S TR 3500 1009% 780555 BH A
VS VR PRI 3 rh ARG e I R S R K DR TR RR 433 29
2 HORE b 1 35 A5 A 66 £ o T DL IET 2.
RVER R E R E 2. 2 00T X BE i T TS
i, I, 3ol ) BT Rk B R 0..010, 0. 050, 0. 100,
0.201,0.501,1.003,2.003,5.013,10. 026 ng/ mL

VAR PO o, 4% 2. 1 T i AR AR I E

JETA/REEHA B K MR EAE 0. 01 ~ 10. 026 g/ mLAiE
FEl P 5 e TR 2R P 5 2R L AE

LR L o B2, 130T B M R T T

0.501 g/ mL X IR

BT /< 10° BT
3.0 m/z943.5—797.4 160 m/z943.5—797.4
2.5 1 140
2.0 120
1.5 100
80
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Al Bl
BT /% 107 BT
127 m/z943.5—635.5 m/z943.5—635.5
60
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4 20
(2)7 10
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A, B,
B TR B TR
1507 m/z943.5 7815 m/z943.5—781.5
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1
00 200
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t/ min t/ min
0 2 4 6 8 10 2 4 6 8 10
A, B,

A Ay A, TR S

AT 2 LURE LRI 48 T 50% T
S BH A VS TR BR 100% 780 SE 5 BH PR AR A i L
2. 2300 AER AR PFREREINE L D S il P AR B

=
=20
BT /% 103
6 m/z943.5—797.4
5 1
4
3
2
1
0

BT /% 103

m/z943.5—635.5

t/ min
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2.5
2.0 1
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0
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C2
BT /% 107
m/z943.5781.5
8
6
4 1
2
0
0 2 4 6 8 10
Cs

SEd B,,B,,B, PSSR

1. RiARERALFK
C,,C,,Cy BILAE TG R
E,,E,,E,. %44 100% #5220 Fa AR S I8 ik
2 HAEIMRME
1. Nepasaikosaponin K

BIFRRIE /% 10

For DU B 5 7 o B 5 4%« UL S VA R (G5 S1) L 7
BEL e 2. 1T 50 A PR HE AR S S R S e
0.036 pg/ g M 0.119 pg/ g i, JETA IR S i 4 K &
T 5K X I € U 1 £ M 34 0 R T 3

BT /% 10*

" m/z943.5—797.4 m/z943.5—797. 4
20 1
12 !
10 15
8
6 10
4 5
2
07 0
t/ min ¢/ min
0 2 4 6 8 10 12 2 4 6 8 10 12
D] E]
BT R [ x 104 BT /% 10
7 m/z943.5—635.5 12, m/z943.5—635.5
6 ! 10 !
5 8
4
3 6
2 4
1 2
01 +/ min 0 t/ min
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l)2 ‘2
BT /% 10° BT /% 10°
m/z943.5—781.5 m/z943.5—781.5
7 1 10 1
6
5 8
4 6
3
4
2
1 2
0
+/ min 0 t/ min
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D, £,

D,,D,,D,. #4h 50% 52 3 FaHEAE S0 5 ik

A, A,, Ay Reference solution  B|,B,,B;. Negative reference solution C,,C,,C,. Reference sample solution D,,D,,D,. Adulterated sample solution

88

(50% Tibetan Bupleurum)

E,,E,,E;. Authentic Tibetan Bupleurum sample solution

Fig.2 Typical MRM chromatograms
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10255 725 EAE fh H) 22 52 RO A 22, S TRE b e i
IR SEHH AT K A PR S e £ FR 4331 4 0. 040 pg / ¢ J2
0.12 pg/ g0

R 1) H RS, B2, 2 00T o vk B
470. 501 g / mL X BE SR BOE B 4% 2. 1300 Rl 4%
% SRR 6 U, 10 S R T RR L 25 R @ TR R S48 .2 17 K
S B 0 O (8 I TR R RSD R 1. 65%(n = 6)
KU HWREEE R 2) HIRE® R, 7l — 3258\ 5%
223 d N iHE 2. 2350 R 5 kB 1 10% sS4 PH
FE ST, 2 58 U5 24 H R 2.1 350 R 88 A5 Rk
FEDGE 0 SRR 5 1 A5 R TR G4 2 H K
[ - 24 4 51 R 0. 638, 0. 593, 0. 612 pg / mL, RSD
H3.71%(n = 3) , FW H A% R4

TR RIS 2. 2550 4200 10% SR FAVEAE fb i
WS &, T = EE 0,4,8,10,12,24 hEHE 2. 1T F
TR SR AR E T SR T AR 25 2R JE TR R S
H K Wi AR RSD M 2. 49% (n = 6) , £ W15 1H 10% i
S BHEARE S WA RIS 24 h WA TR E .

TS 4 2. 200 F A5 P 10% S A
PHAPERE A VAT, I 6 0y, 442 2. 1 300 38006 2k AR R R 5
O SREIETR FRI T I S5 AR IR S 24T K it
RSD 1 1.55%(n=6) , RUITIEEZ MR

T (BT« B N 5 R i (G5 S29) idi i,
L0y, A3 ARG b e JoT VA EE 16 BRI R 4%
2. 2T00F 7 i A M A R, R 2. 1 30 IR A
EREINE , 0 SR TR AR, FE TR AR e 3 25 SR L3k 2.

2 MEEKIREER(n=9)

Tab.2 Results of the recovery test (n = 9)

gl #aAE(ng) MAT(ug) WEE(y) @RE%) X(%)  RSD(%)

1.6958 119.1802 1.003 120. 106 0 92.30
1.7001 119.4824 1.003 120.38438 89.97
17100 120.1782 1.003 121.060 7 87.99

1.700°5 119.5106 10.027
1.7022 119.6300 10.027

127.9110 83.78
127.8762 82.24 8461 519

1.7044 119.7847 10.027 127.953 5 81.47
1.696 1 119.2013 50. 140 159.3842 80. 14
1.7009 119.5387 50. 140 159.946 2 80.59
1.7001 119.4824 50. 140 161. 1170 83.04

J5 B 2F I  BUR A 5 3L FE i (45 S8, S18,
S28) Akt , 4% 2. 2 N ikl A A A #e 2. 13
RIS AR UERR I R O SR T BT 3 A i A R 3
FE TR JETH R S8 B K & 243012 0,028, 0. 49,
4.87 pg/ mL,

2.4 TEFRELEEATS O b BRI T SRR E I R ARIA

B0 LG 26 P G 22 25 4% - IR S8 0 A G e 0K

Ak, [ 2. 2 500F 73k 43 Bl A5 S 54 Oh LU 1] 5%,
10%,20% , 50% , 70% , 100% 5 P FE S s W, 2L 6 4y,
F2 2. 1300 350 A5 AR o LAAB DR i i i 2
BN LB (X)) AR AR AR JETH R G880 Rt Ko 2 & T
Xof of 7 €6 e e T B R A A (Y1) A TR A [T A5 ]
AR Y = 41 140 X' + 68 600. 6(r = 0. 999 42) , 45
FEH BRSO SR OO LA 5% ~ 100% i [F 1N 5 04
T FRZMEOE R R AT

B PR LI 2 7 il USR] R 3 HERE & (45
S6,526,528) , 4% 2. 2T J7 k43 il il i Se 45 0 L i)
H10%,20% , 50% 48 P AL G s i, 4% 2. 1500 1K
ZRAFEREIN RE i ST UG T BRI T AR S B 0 e 1) 2
T O0AE S RS 5 14 B 45 Oh LU 1] 45 520 45 £ e 4]
B 2286 K 1. 01% ~ 2. 68%, Vi 1% 7 1 REVERA I &
FE GBS B 00 L PR LR 3.
3 ARRE B OORER DL TS LB SIS 50

Bt 4l B bk 52
Tab.3 Comparison between experimentally determined and

theoretical adulteration ratios of Bupleurum marginatum in

adulterated samples of Fuyan Kangfu Tablets
s BB (%) FMBA (%) £18(%) _
1 2 3 1 2 3 1 2 3 X
S6 10 20 50 9.87 20.16 52.73 0.13 0.16 2.73 1.01
26 10 20 50 11.19 22.16 54.68 1.19 2.16 4.68 2.68
28 10 20 50 11.52 21.86 50.06 1.52 1.86 0.06 1.15

2.5 BHREMITRERAEE

2020 4 f € [ 2 3 (PO ) ) <0212 2544 FVK 46
S T ) T R, 2% T AR I 39007, [l RN
[F] L5 S A AR MR T TRV B se SURPAE I T B, 45 6
EHRFEE F ik, a2 A S o R EE 7 S 1
RS B DR R TR R S8 AT K ARG h T
AR RS R s S B h R B 10% .

FAARBEE R AL T2, 50 VB3 AT R FE b
(%' S6,S26,S28) , 43Tl A — & S S Ik IR
F2 2. 2T J7 1 A8 BERE IR 34018 B 10% 1 78K 5450 FH
PERE SO, ¥ 2. 1300 Rl S5 E AT E 18 m / 2
943.5 — 797. 4 W BT TR B i 45 R 3B T 10%
S 5 SR AR T e IR S R K 3
F0.707 g/ mL, 440 TJ5 5 Pr AT 585 e In R S
A K A9 32. 146, 34. 506, 36. 827 pg / g, 1Y
34.49 g/ go I, ABIFSE HPAUITHE S b JE TH 2R S0 1
H KA &R R35.0 pg/ g-

S 45 O 0 S I < > R Ot T T ) B B S
TR A TR A L 5 B VA TR — B0 3 X R AE B
Xfm/z943.6—797. 4GET) .m /2 943. 6 — 635. 5(7E
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PE) sm /2943, 6 — 781. SCENE) X AY i, HLAE A%
AbTT TR R | g SEVIITE JEIR/R S R K i R T
35. 0 g, A BORISEB R T aT BEAF RSB 1A
2.6 SENE

YR 20 HEUCRE it 2% 38 i, 4% 2. 2 00K J7 vk ) A5 At
AR, P 2. 1 300 R SR R E AR | T s e T AR
FFHERE S B R 2R R e TR R ST R K
AU T ARAR A 2. 4 50 N 2ok (a1 H D7 A TH A S i 42 0
el S5 R W 4( - kB h) .
F4 VHERPRIAREVEFKSENELERRBHER
Tab.4 Determination results and adulteration of Nepasaikosapo-

nin K content in 29 batches samples

o ARRICHK gy g RARALEK
g PREERCAD g gy PREERCE )
(pg/mL) (pg/g) (pg/mL) (pglg)

S1 0.008 8 0.43 - S16 0.0189 0.92 -

S2 0.0100 0.48 - S17 0.1957 8.41 -

S3 0.009 4 0.45 - S18 0.4939 20. 08 6.95
S4 0.0151 0.73 - S19 0.6399 29.13 9.49
S5 0.0275 1.34 - S20 0.016 4 0.76 -

S6 0.0212 1.03 - S21 0.1651 7.63 -

S7 0.0190 0.92 - S22 0.1505 7.03 -

S8 0.0255 1.23 - S23 0.1588 7.42 -

S9 0.022 1 1.07 - S24 0.1196 5.61 -
S10 0.0196 0.95 - S25 0.158 1 7.40 -
S11 0.0216 1.05 - S26 0.1556 7.29 -
S12 0.0204 0.99 - S27 0.1714 7.92 -
S13 0.0173 0.84 - S28 48656  242.53  83.19
S14 0.0172 0.84 - S29 0.2882 14.38 -
S15 0.0166 0. 80 -
3 iTig

3.1 fEiEEHRMRK

WA P %28 T O B K B R I TR 4
ARV BIAR AR 2R S A 0 VR R A o RO
E R 7 A R AR RE ST, LLO. 1% R -
0. 1% W IR C G VR I 3l AH 45 BE PR 0 s, 00 g 0 355 0
WEIE Ao B RO B f
3.2 WEEXRERERDBLEHBHERSH

20 It T B A A b S B DR A I L AR R
96. 6% , FE M= i T A H B 2 #L YR AE L (S18,
S19) B0 L il 2k 5% , Horpr 14 IR (S19) 4223 10% , T
CJ 1HEWRFE & (S28) B0k LL 8 35 80% , 15 B i B A
i T FH S S AF A B Oh B G o A 7 Al 7 42 i S8 WK R
TR DRy it 5 R BB T, N X A AR R A Jo 4 o DA BTG
b f) 22 5, Aff R B Tt ) 28 A T 4
3.3 AEEM

AHFFE ST TR I R R R e S B O 1)
90

UPLC — MS/ MS ¥, % 7 ik VR i, R B HERf 2

15 o (A O T B R i B 4B O LU ) T HEAT RS, WO

SRR BRI h 24 5 B i VAN 5 4B DA i 2 4t

BRSO

S 3k

[ BRHAERA . FTEAREPE L ARG ZAFE. H
HEAFE(H M) [M]. T A Tk R, 1994 17.

RIBERHEERE . THEARERESHE(—F)[M]. LT
b & E 243 A, 2020:293.

BlvrE#HFRyBASERES . TEMRAE[M]. LK A
4k B, 2004 : 108.

(4] RGBT, HHME, R BLF . 2B 47 PEABHHAE
FZAE[J]. P E 254 E,2020,45(3):697 - 703.

(5] RAH,&—F , BRIK,F . BT FABEFREALMN
Ao Ty ik 09 7 S RSP TR T [J]. P E 25 5,2022,33(20)
2454 — 2459,

[6] T, FRA, BEH,¥ . REARFEFHREALE
FiEe At R [)]. P E % F,2023,37(4):461 — 468.

(7] T 4.4 %=, LFRE 5. EWEKS5HHREMGLEHR
BERI]. P %H4,2016,39(9): 1975 - 1981.

[8] St B BFIE . TN AT HM KEHMAZTHF
A:2003 SR [M]. 3¢ 8 5% AR RAE 20031 165.

[9] 3k £, BAE, BTN, F. AT TERARAREAR
0 R FIERARER IR ABER R[] PP EHEE,
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