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Simultaneous determination of nine bufadienolides in Liushen Pill by HPLC-MS
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Abstract: Objective To establish an HPLC-MS method for determining nine bufadienolides (gamabufotalin, arenobufagin,
telocinobufagin, desacetylcinobufotalin, bufotalin, cinobufotalin, bufalin, cinobufagin, and resibufogenin) in Bufonis Venenum and
Liushen Pill. Methods HPLC analysis was performed on ODS-2 column (250 mm X 4.6 mm, 5 pm) with the mobile phase made up of
acetonitrie and 0.15% phosphoric in water. Flow rate was set at 1 mL/min and column temperature was 40 ‘C. The detection
wavelength was 296 nm. Nine bufadienolides were determined by HPLC-ESI-TOF-MS with the mobile phase made up of acetonitrie
and 0.2% formic acid in water. Eletrospray ionization source was applied and operated in the positive ion mode. Results Nine
bufadienolides were separated at baseline with good linearity (» > 0.999 6). The recovery rates were 92%—105% (RSD < 5%).
Conclusion The method established is rapaid, simple, and accurate, which is helpful to control the quality of Liushen Pill.
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R FE, BN ZE-0.15% B KV, BBk
Jii: 0~15 min, 20%~25%ZJi&; 15~25 min, 25%~
40% N 25~35min, 40% £ ; 35~37 min, 40%~
55%Z. M 37~45 min, 55%ZE; 45~47 min,
55%~100%Z.Ji5; 47~52 min, 100%ZME; 52~54
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UM E 1 mL/min; A3 K 296 nm;  #EiR 40 C;
HEFEE 10 pLo XIS ZSHRALRE S S BIPERE S T
HPLC 3% & WL 1,
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BOEEDENL. EST B, 1B FRGEHE miz:
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IR R 214.73 pg/mL. HRIEREEE R 366.44 pg/mL.
IETE R 241.56 pg/mL. HRIEFREEIE 468.11 pg/mL. JIF
B FRCHE 331.56 pg/mL [RITE A6 B Al 25V
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Fig. 2 HPLC-MS total ion chromatograms of mixed
0 10 20 30 40 30 reference solution (A) and test sample solution of Liushen
t/min
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Table 1 Identification results of nine bufadienolides in reference solution by HPLC-MS

VR fmin BTET BT MU P BIE(X1079) fe 2y
S Mg

1 17.445 [M+H] CyuH3s05 4032472 403.2479 -1.7 FE gt R
2 22.964 [M+H] CuH330s 4172263  417.2272 -2.1 YUETE R
3 29.250 [M+H] CyH3s05 4032475  403.2479 -1.0 TCHEEEER
4 29.873 [M—H,0+H]" CpyH;30s 4012321 401.2323 —0.4 LOBRIEFR TR
5 30.806 [M+H] CyeH3,0s 4452579 4452585 -1.3 WErE R
6 32.671 [M+H] CyH3s0; 4592374 459.2377 -0.7 HRIERE R
7 38.661 [M+H] CpH3s0, 3872529  387.2530 -0.2 WEHEE R
8 41.534 [M+H] CyeH3s06 4432420 4432428 -1.8 MR A
9 42.105 [M+H]" CH330, 3852375 3852373 0.4 SR 3 C AR
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Table 2 Identification results of nine bufadienolides in Liushen Pill by HPLC-MS
5 fe/min HTET AR HIATTY IR BREN(X107) et
S Mg
1 17.438 [M+H] C,4H;505 403.247 4 403.2479 -1.2 Frifgigefth R
2 22.975 [M+H] CuH330s 4172266 417.2272 -14 VUE TR
3 29.253 [M+H] CyuH3505  403.2472 403.2479 -1.7 e R R
4 29.857 [M-H,O+H]"  C,H3;30s 4012315 401.2323 -1.9 L OBRER T R
5 30.775 [M-+H]" Cy6H3705 4452576 445258 5 -1.9 WEEE S R
6 33.439 [M-+H]" CyH3s0,  459.2369 4592377 -1.8 IR e R
7 38.638 [M-+H]" C,p4H;50, 387.252 1 387.253 0 -2.3 IERER
8 41514 [M+H] CyeH3s0s  443.2410 443242 8 4.1 HEUE TR
9 42.119 [M—+H]" CoyH;;0, 3852362  385.2373 -2.9 Mg af R
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2. 4, 8. 16, 32, 64 1%, HlELFERREAENI 7 42
S o 0 IR B WIH 2R 1) o e A JEE 11 R 5 %o T it v
W10 uL, N ERGRA AR, e R . LT
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Table 3 Regression equations with correlation coefficients of nine bufadienolides

1 fp/min [5]J J5 7 r Ll (ngrmL ™)
T At R 17.270 Y=9403.5X—5 7322 0.999 6 1.10~70.39
I RERG 23.180 Y=9585.4 X—3 300.8 1.000 0 4.03~257.78
LA RER 29.533 Y=8300.6 X—3 149.1 1.000 0 4.09~261.89

F OB RE R 30.131 Y=11 524 X—709.03 0.999 9 0.67~42.96
IEFBER 31.063 Y=8263.9 X—2728.8 0.999 9 3.36~214.73
T E R 32.890 Y=7672.7X—4691.1 1.000 0 5.73~366.44
iR R 38.888 Y=9337.9 X+177.01 0.999 9 3.77~241.56
AR TR AL 41.989 Y=8073.2X—3 395 0.999 9 7.31~468.11

JUR s 5 T 42.483 Y=7319.1 X—2590.4 1.000 0 5.18~331.56

1.7. 42, 7.2, 4.7. 9.1, 13.0 ng; 4{5MELL R 10
I, AR ERAL R . VOUETEERE IR TR &
OEARIETE S R IEET R, RIER TR IERER .
HEBE TR TR | MRS B 0 ARSI B 23 710 4 11,01 8.5+
10.2. 3.4, 8.4. 143, 9.4. 36.6. 259 ng.
2.8 BEEHEEIRE

FIRC2.017 TR R ST, 23l BN BRI
10 uL, FARHEFE 6 Uk, AR . YoisdExs .

TRUSEENG . K ORISR ER . RE R i

R IEGR, PSRRI, TR B R
RSD 70514 1.36%- 1.25%. 1.44%. 1.07%- 1.08%.
1.21%. 1.20%- 1.16%. 1.11%, RSD #%J<<3%, 4&
RIS R AT
29 FREMRIE
BUONAHALRE SR, $ “2.17 T4, 7F
0. 2. 4. 8. 10, 12. 16, 24 hiEFE 10 pL, NHf
FhAERRAL R . YIS TR WARERERE . XL

HIEHER. IEHER, BIERER. WRR.
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TR R | I R O I TR ) RSD 2308 1.70%
1.60%- 1.80%- 2.37%- 1.83%- 1.87%- 1.93%- 1.71%-
1.75%, RSD ¥J<<3%, #5FRKHI/NHALEIKAE 24 h
MR
210 EEMHRIE

e R (1 AN AT = T £ 4 7 Wb a8 QI N IR
P4 6 4y, X BIHERE 10 pL, SN AT Al
R VUERERS . mARMSTEERG . 2O RERR T R
IEFR TR PIERER ERER. RIERREE. R
s 74 P L R 0 B0 RSD 2050 K 2.06% 2.28%.
2.47%-2.09%- 2.44%.2.36%- 2.47%- 2.45%- 2.45%,
RSD ¥J<3%, #iREWIVEEEIERL .
2.1 [EUERIE

R SRR A — S /S AURE #5642l
A2 B EE N BRI G, fe bl
PR T VRN B S 2.1 T R4 A 52

THE IR & RSD, 45 BRI Igfth R . YPUERERS |
WARIETERE . LOB BT E R WERE R, RIE
BER. WERR ., RIETREEIL . RIS TERCAE Y
ISR 5 4 101.7%. 101.1%- 97.7%-. 98.8%-
98.2%. 96.6%. 99.4%. 97.5%. 95.9%, RSD %34l
K 3.81%. 3.81%. 2.81%- 3.40%. 3.54%. 3.88%.
4.02%- 3.77%- 4.21%.
2.12 HEGNE

I NHALTE “2.47 TG AR S, 1%
“2.17 TS AT RERE ST, AR G PR T R
S5O Pl by I N RS o IR TR B 4,

SETIE S5 RR W, A AR S 9 Pl iy
TN B GY E B E N E S, X
Al 5 IR IR IS e O, XA 5 SCERIRIE 1)
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R4 AP O MIER T HBABEERARESNE (n=3)

Table 4 Contents of nine bufadienolides in toad venom and Liushen Pill (n = 3)

JRE S H/ (mgg )

.
e AR R YUETER ARSI K OB R W ER PN ER R PRI RSN
NAIS003A  0.40 0.32 0.62 0.15 0.84 25.76 0.96 2.30 1.43
NAI8008B 0.8 0.69 1.75 0.32 1.85 62.14 2.06 4.75 2.61
NAISOISA  0.62 0.59 1.87 0.21 1.35 50.60 1.47 3.10 1.95
NAI802IB  0.51 0.45 1.43 0.18 1.12 41.07 1.22 2.72 1.69
OAI18019A  0.73 0.83 2.11 0.23 1.61 55.28 1.75 3.26 2.33
OA10005B  0.61 0.64 1.71 0.21 1.34 48.46 1.48 3.04 1.99
OA18025B  0.72 0.79 2.01 0.22 1.58 54.00 1.67 3.28 2.06
OAI18009C  0.44 0.18 0.61 0.16 0.89 25.97 1.05 2.64 1.64
OA18004B  0.58 0.61 1.63 0.20 1.23 45.89 1.39 2.97 2.04
LA18012C  0.75 0.55 1.38 0.28 1.56 53.78 1.48 3.35 1.20
3 it iERA R L VPSRN . SRR . X SRS

IIE i 9 Flon) i DL RV g, PR 2154
ORI, ZRIDGIEERNE, RIS e
296 nm ALY RGO FE 296 nm A Dl
WK

ARSI PR GRS [FIAERHO . $2
O CHEE . 90% 1 E . 80%HE. 70%F lE. 4
i), A A (300 604 90 120 min). BH 2%
PR IATHEE, TRk DL REAE R /N AL SR s
#), BHEEE A 1150, 50 kHz 4% N #7560 min,
S g

ARSI R HPLC J792%, RN 754 AL H oAl

ER. EHER. BERFER. AR, HRIENITRSE
B, RWERERCAL &, X TR, IR,
P ST IR ARG S . et AR AT,
INFETRICR RS 45 SRAT & € BT ISR, i)
TEDAT, R NIRRT R AR R ST SE R Rt
.

Mgk A A BRSR AL ) BAT B R B R
FAL THE PR A RUR AR AN, IR
JEREE, WIEHROHRNE . OIIRERRGAE. N
EERHANGEM el HRKZ5hE. 5
SHE I IR IR o e 2 S P
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