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HE BH: 2 RENE ST 6 NSk M A B £ RSS20 — 0 %37 % (QAMS), FF I iE 20 #
WA T AT, Fik: RA & 2R A8 €38 %, 1% A Waters Xbridge C5 (250 mm x 4.6 mm, 5 pm ) & 342, A T
B —0.2% BRBR KR A IRBNAR, 6 B, ik | mL - min™', 4233 30 °C, 40 5% K 296 nm, VAESEBRFZ L A
WA, 5 L 5k A st by S de A LY R Ha R IeSEERA S MRS AR E R F (RCF),
FAFETHE, FI—N Z3F; BERIAIMRE (ESM ) M 2 5404 P 3EBR GG 6 ANt 48, b —ml %
R AL MR RS NMEN 27, R A— R AWRTER N, LR AL SR LTI EHe R ¥ F
TR HEF YA RCF A5 A4 0.897.0.965. 1.023, 0.844, 0.964, AfE R F L3 A+ T €I R AF
(RSD < 5.0% ), —M % %5 MAF 15 et ob P HBERR K R AEYEZH WoHFE R KEFECR HBFR JR¥E
FHERAGEZHEE LA A 226927 mg+ g ' 0.95~2.06 mg-g ' 1.12~2.50 mg- g ', 1.83~3.48 mg- g, 1.10~2.81
mg-g'.090~3.65mg g, HIMRELMMAL B EMEF, Gt T LR A 2 SAb P g 6 ANk —
M MBS A oG — M B3Rk BT S, TR TP AR 9 2 B0 R EIFR N,

KB — 537 (QAMS ); AR ER T (RCF ); sodbdu; e sbBk ik ; L st b Yo e X ¥ HE
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Abstract Objective: To determine six bufadienolides in Liushen pills simultaneously with a quantitative analysis
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of multi—components by single—marker ( QAMS ) and accuracy and validate feasibility of the method. Methods:

A Waters Xbridge C5( 250 mm x 4.6 mm, 5 ptm ) column was used in the high performance liquid chromatography
( HPLC ) assay. Acetonitrile—0.2% phosphoric acid aqueous solution with gradient elution was employed as the
mobile phase. The flow rate was 1 mL - min~', the column temperature was maintained at 30 °C and the detection
wavelength was 296 nm. Cinobufagin was used as the internal reference substance to calculate the relative
correction factors ( RCFs ) of elocinobufagin, bufotalin, cinobufotalin, bufalin and resibufogenin and evaluate their
contents accordingly. Moreover, the external standard method ( ESM ) was used to quantify the six components
in Liushen pills. The results of the two methods were compared. Results: In certain linear range, RCFs of
telocinobufagin, bufotalin, cinobufotalin, bufalin and resibufogenin with reference to cinobufagin were 0.897,
0.965, 1.023, 0.844 and 0.964 respectively. The results were repeatable under different conditions with RSDs less
than 5%. The content ranges of cinobufagin, telocinobufagin, bufotalin, cinobufotalin, bufalin and resibufogenin by
the QAMS method were 2.26-9.27 mg* g™, 0.95~2.06 mg* g, 1.12~2.50 mg* g™, 1.83~3.48 mg - g ', 1.10~2.81
mg - g ', 0.90~3.65 mg - g, Significant difference was not found between the the multi—evaluation method and
the external standard method. Conclusion: The established QAMS can quantify six bufadienolides in Liushen
pills accurately and reliably. This developed method can be used to determine multiple components in Liushen
pills.

Keywords: quantitative analysis of multi—components by single-marker ( QAMS ) ; relative correction factor

( RCF ); Liushen pills ; cinobufagin; telocinobufagin ; bufotalin; cinobufotalin ; bufalin ; resibufogenin

T2 T S IR AR, KR T 22 48 Bm 1 I 5
A Bra 2 ), (H BT A X B B AR 2, S T
BR ) TR — £ ( quantitative analysis
of multi—components by single marker, QAMS ) J& DL #f
a1 A BRI R A3 (AR B IR0 ) S A2,
SEAZ IS5 HAB R B AR A E A - (RCF ), 38 3t
RCF FH57 Ao B i 7 A2 22 A3
(IR B e 1 %f R ity Bt ARSI P AS g ) PRI

7N AL H W TR B A A 2 W 4, B T AR
B I MR Z A%, AT TR T R BRI TR BE
NE W e L 8 D 6 B L3 3 2, L s R Y
FLG B0 A 0 R s R S A AR S
HRWETREE S N NS W), il 7 S I R T W T
BEREIERE R T RO NG S 7 C A A X AL
IR T, S — I 2201, g 75 AL i Jo o 4 ] i 1

é%%o
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1.1 s

Waters 2695 8 = 240 H (5 35 4%, PDA 2998 3
W 25 (Waters 2y #] ) ; Agilent 1200 % &5 4% W A7 4
TS, G1315D DAD £ ] #5 ( Agilent /A F] ) ; Waters
Xbridge C,s (4154 (250 mm x 4.6 mm, 5 pm ) ; Agilent

AL Ha i

ZORBAX SB-C,s f0,3% £ ( 250 mm x 4.6 mm, 5 pm ) ;
PR Kromasil Cg 2354 (250 mm x 4.6 mm, 5 pm ) ;
FA1204B B 53 B R - (1 i 2% Bl 22 AU A FRA
A ), XP6 £ fik & 43 #1 K - ( Mettler Toledo 23 &) ) ;
KQ-500DE 7 %545 i 7 I i e % ( B 1L i 8 A 2
HBRH ) 5 CL21 R AV 25001 ( Thermo Fisher 23
Al ); Milli-Q B4k R4t ( Millpore A Al ).
1.2 itz

XA A e (L 5 111981-201501, 4f &
99.2% ). i W& 7 I J (it 5 110718201809, 4l &
98.0% ) FI4E W Ik 57 & (It 5 110803-201408, 4fi Ji&
99.6% ) ¥4 F v E & b 2 5k A B,
D5 FH 5 % Bt JzC A2 WS 35 6 (iS5 JBZ-1547, 4ii JiF
= 98% ). W& # & R (L 5 JBZ-0195, 41 £ = 98% )
eI & R (415 JBZ-0525, 21 ) = 98% ) ¥
H e 4 g A A D RHCA IR |l O S ik 4l
HAbRFN I A b el <AL O e B2 FRA
A, HLA%. £ 1000 KL 5 3.125 g, it 5 QA18017C.,
QA18002B.QA18005B, QA18006A ., QA18008B .
QA18010A . QA18016B, QA18017A . QA18019A .
QA18022A . QA18022B,QA18023B.PA18015B,
PA18022B ., PA18029B ),
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2 AEE5ER AR WL 1; W 1 mL - min_l; FEIR 30 °C 5 ke
2.1 IRAETWHS WA 2 296 nm; PEFER . 10 pl.
211 XHGAR ol BUR R R EREE R ®1 BERBER
el T R WERE R e R FC I AR e R L 1 X Tab.1 Gradient elution procedures
JHEL o, o Y PR A s o £ R B 43 31 A 0.947 9. He 91 ratio ) 1%
0.880 7.1.460 4,0.978 9, 1.531 0,1.505 0 mg-mL? (0" YTy
P4 B — o R it V5 AR 5 O 72 R BB AR T R T TR A 1 (acetonitrile ) (0.2% phosphoric acid solution )
mL, & 10 mL S, Jin H B R 28 20 B, I ) al o 0-15 0=25 8075
TR I ARG R 94.79 pe - mLT MEEE R 88.97 15-25 2530 570

25~40 30— 40 70 — 60

ng e mL™ EIERE P R 146.04 ug - mL ' HEHE R 97.89

ne - mL JGHETEADIE 153.10 pg - mL~ LSRRGS 10 0 o

150.50 g * mL™ HIE & X L o m v

212 BEREIEW BRSO R G S B ) 4002 e o0 a0 e

g, KB PRE ARG B I EE 10 mL, % €, FR it s (T 64-70 20 %0

VEAT 2 40 kHz, THF 250 W) AL FH 1 h, FH F 4R JE 2k

32 1, $E 49, 14 000 1+ min” BS.0> 10 min, B 35 7 $iz LR AR S, 43 BT 4 % B B R 13
IS VAR 9T M S BRI T4 10 L, AR (2 REAX

213 BAVEXS BRI R MOSHOLEC )T LUl &7 BRI AR ILIE 1 A Fril B G itide S A T
5 WA GRS TRAG PR AL AR IR “2.1.27 TUR D7 iAE: W 0B R4, BIPEXS IRV (il v, 7 S AR s

PE i A B TR A 0T IR TR T BT E R RIETEE R WETER RS TE A
22 OIS A TR SR X A £ B I )b TG 400

Waters 2695 I S350RH (3542, Waters Empower 2.3 DAl
T AESE, {4 3% H:: Waters Xbridge Ci5 (250 mm x 4.6 231 ZRPEERHE HHEWR “2.1.1" T NRA
mm, 5 pm ); FBNAH : LN -0.2% BERRKR BEREVE X BRI WE &, 2 M RE 24,816, 32,64 £,

A/AU . A/AU
0. 51 0.5 B
0. 41 0.4
0. 31 0.3
0. 21 0.2
0. 11 3 56 i 6
12§48 0! 234 o
0l i J | . 0 N . N A : : EO—
0 10 20 30 40 50 60 70 t/min 0 10 20 30 40 50 60 70 t/min
A/AU C
0.5
0.4
0.3
0.2
0.1
0 I I e “,.___.L‘ S —
0 10 20 30 40 50 60 70 t/min

1. 7 A 20K ( telocinobufagin ) 2.WEF T R (bufotalin ) 3. B HE 35 & R (cinobufotalin ) 4. W& 7 R (bufalin ) 5. g W& 75 Fid % ( resibufogenin )
6. HEMEER T cinobufagin )
E1 BExHEm(A)FmR(B ) GEERRERER( C) BikE

Fig. 1 HPLC chromatograms of mixed reference substances ( A ), sample ( B ) and negative sample without Bufonis Venenum ( C )
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HERE 10 plL FEATI5E , UK IR A0 E A B (X)) D
Aebr, G TE AR (Y ) AL AR, 2 il bRt £k, 1
SEEIAT7 R . HUR G AT BRI BOE PR B, LR

Loy 10 B EEA o g & PR Z5 2RI 2, 1
—E LI, 25 1 R 5 0 1 AT R I Ak
?é/%o

®2 6 MTHSLMERE.EFFEMBEXRE

Tab. 2 Linearity ranges, regression equations and correlation coefficients of 6 components

2 SienEe|

y [ 5 75 FE TR
1543 ( component ) . - . (linear range )/ r "
( regression equation ) o (LOQ)/ng
(pg-ml™)

TEAEIEFEHRS (telocinobufagin ) Y=8 459.54X-3 455.56 2.97~94.79 0.999 9 29.7
IEF T R (bufotalin) Y=7 894.50X-3 226.38 2.79~88.97 0.9999 27.9
1EMEREE 2 (cinobufotalin ) V=7 441.63X-4 933.09 4.57~146.04 0.999 9 45.7
IEH R (bufalin) Y= 8 996.08X-3 684.95 3.06~97.89 0.999 9 30.6
JRUEFERCHE (resibufogenin ) Y=7 822.55X-3 957.00 4.79~153.1 0.999 9 479
AEMEBER AL ( cinobufagin ) V=7 543.95X-4 007.73 4.71~150.5 0.999 9 47.1

232 KEEEERE  BURA RS, R 2,27
TS, IR 6 R AE , 0 S0 T A, 11O
BE 0 5 1A 0 IR 7 L 0 TR RSD 43 31k 0.45%
0.63%.0.38%.0.41% . 0.34% . 0.34% , 3 Wi {X 2% 1) K
R

233 FOEMIRE  BOSHOIL (LS PA1801SB ) K
R H “2.1.27 TR Ik fil s sl s v, #% <2.27 I
FORESRA AT 0.2.4.8. 12,24, 48 h PEFENE,
IR AEIE RN IEH TR R e R EHR R
W T AR ME TR BRI TRTAR Y RSD 235112 2.6%
2.7% . 2.6%.2.7% . 2.6%.2.9%, 7% W iz 7% W 7E
48 h NEEAE o

234 HEMRE BOSHOL (LS PA180ISB ) #)
K60y, 4 “2.1.27 T T J5 il £ Al A i, 43 5
HEAE I R, i S e T AR, TT RS AR AL 6 S oy 1Y
JI W B B0 L | AR 0 R R L Y ST X =4 i ok 115
1.14,1.82,1.1,0.94,2.26 mg - ¢, RSD 4374 2.7% .
1.8%.1.6% .2.1% .1.8% .2.6% , = W)iZ 1 52 1 BT
235 FEEDECREE B R 6 4% IR IS A
K2R, I BERC S 1 mL B ARIE TR 224.34
e WERE T R 225.54 pg AR UE T B R 397.55 pg U
7 R 206.56 pg . A5 WE R AL IE 199.34 pg | AR UE R B I
443.35 pg MR R R 3 IE TE & 1Y 7S
AL (fit 5 PA18015B) #3 oK 6 17, B4 29 0.1 g, #d
B, 23 BN L RV A X A W S00 L, #

AL Ha i

“2.1.27 WU J5 vk A A L e 2.27 T g
S HERE DN 2 , T 3% 06 T RRUBICHE 1T S AR WA R
IERH TR BB T R WERE R RS R AR
Pk 25 KL 1 -2 [0 e 6 (n=6 ) 3 91 102.3% . 97.9% .
108.2% . 99.8% . 104.0% . 96.2%, RSD 43 %I H 2.4% .
2.3%.2.9% .2.3% .1.6% .2.0%, 5 £ I R E sk, %
B 2 7 VAR P 5
3 RCF FntEXf{R & B 8] g9 E
3.1 RCF Wits

FEAEWIR “2.1.17 TN RA X BSIAR 1 mL, 43
BIFERE2.4.8.16.32.64 15, #i “2.2” Wi F {43 %
PEHERE ST, LAARSE IR T E R NS, T RE I B 53
ARIETENE BT E R RIETH T R RIS NN
RCF, 7 | i& 4 4~ 143 B9 RCF 4351 7 0.897 . 0.965
1.023.0.844.0.964, RSD 7 %] 4 0.46%.1.1% .
0.83%.0.66%.0.39% , £F f % 2K . RCF 115 8 5
ﬂ{l[ 14 ]
f;/i:£= G x4,
fi C.x A,
X A AN SIETE L, ¢ N INSYIRHRIE , A, ITE
LAY 1 TR, C MR oy 1 M . AR
B SE B RCF, THERFIZE 43 i vk BE TR AR

Ci=fi % C. x4,
BN R O S I & €I S < S 7 v S P = 5 o L

RCF, C, N NZ WL, A, s NS i 1, A,
RAFIZE S i AU TR,
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3.2 RCF Bk

TR A 0T R U R, 6 2.27 T VRAE 3 A%
4, 43 531 % 8% Waters 2695 . Agilent 1200 75 R4 HH (1,
T FT Waters Xbridge C g (250 mm x 4.6 mm, 5 pm ),

Agilent ZORBAX SB-C 4 (250 mm x 4.6 mm, 5 pm ) .
U Kromasil C g ( 250 mm x 4.6 mm, 5 pum ) O35 FE X}
RCF (520, 25 R DL 3, th R AT 0, A [w) i R0 AH
FESORUA [F] i Y G % AT RCF JC R & 500

®3 TESMUEEBIENEBIEENERN RCF
Tab.3 RCFs determined by different HPLC instruments and columns

e itk ey
(instrument ) ( column ) ARG IERT R feifd T R WERE R i Eainene
( telocinobufagin ) ( bufotalin ) (cinobufotalin ) (bufalin)  ( resibufogenin )
Waters Waters Xbridge C,g 0.897 0.965 1.023 0.844 0.964
2695 I ( Hanbang ) Kromasil Cg 0.894 0.932 1.035 0.817 0.952
Agilent ZORBAX SB—C,g 0.930 0.991 1.072 0.868 0.990
Agilent Waters Xbridge Cg 0.933 0.993 1.086 0.872 0.944
1200 I ( Hanbang ) Kromasil Cg 0.853 0.903 0.988 0.788 0.913
Agilent ZORBAX SB-C, 0.883 0.939 1.028 0.823 0.964
FH4{E (mean ) 0.898 0.954 1.039 0.835 0.954
RSD/% 33 37 3.4 39 2.7
3.3 TR S I i e A P B8 I ) ) 5 BV, A5 R R 4 ok, A e A

HH O R B B TA) 2 Q AMS 25 b A €21 435 i Y
ENTTIEZ —o RRTE 55 T 6 A & R80R
3% SO AN [ €0 335 A 1 00 2 114 4 X

=4

5 v Y R O AR 1 SO 8 3 A X BT 6 A
B A 1R X PR B OB R E Y 52 i 8/ (RSD <
5.0% ).

RS R BT &I E #1853 R B i EE

Tab. 4 Relative retention time determined by different HPLC instruments and columns

FHXHAR EF (] ( relative retention time )

,ﬁ(%g @‘LEHL v o~ e o, e o, = B =
. TEARE TR IERER LT TR WERER REMETERC AL
(instrument ) ( column )
(telocinobufagin ) ( bufotalin ) ( cinobufotalin ) ( bufalin ) (resibufogenin )

Waters 2695 Waters Xbridge Cg 0.660 0.687 0.751 0.833 0.987

DU ( Hanbang ) Kromasil Cg 0.674 0.713 0.768 0.887 1.003

Agilent ZORBAX SB-C 4 0.628 0.662 0.724 0.815 1.006

Agilent 1200 Waters Xbridge Cg 0.642 0.673 0.747 0.834 0.968

I ( Hanbang ) Kromasil Cg 0.629 0.669 0.726 0.824 1.003

Agilent ZORBAX SB-C ¢ 0.618 0.653 0.723 0.811 1.049

P (mean ) 0.641 0.676 0.740 0.834 1.003
RSD/% 3.3 3.1 2.5 33 2.7

3.4 QAMS 3£ ESM g 25 5110 He A

W15 AN Rl L5 09 7S B ALRY R, 42 IR “2.1.27
TP 34 5% i A AR VA 5 A3 ) R BB K
W 10 pL, #% “2.27 BT 3% 55 1 3E FF, 10 sk 0%
H, R ESM Al QAMS 35 T8 /S #UALR R iz 4
R ISR E R RIS T R MIRE R &
L AR IR S, BERRV 2SI e kR
o F 25 MR iR 22 (relative error, RE ) [ 48 X B

[ RE=( QAMS 158 —ESM 2l {8 ) /ESM SZ{E x
100% ] #41/NF 3% , FE T 3230 A

4 itig
4.1  NSYRIBERE S A TSI ) 5 or

(e N R A 25 3L ) 2015 47 Jit L RE 95 B
J 2 o v 4 4 B A R D I O i I A A S R
AL P AEWE TR b A R TR R, ALXE
W& A T i E PR, B TARAR NI ety
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£5 QAMS k5 ESM UG #AHIER 6 MHRSHEE(mg g, n=2)
Tab.5 Determination of 6 active components in Liushen pills by QAMS method and ESM
TRIETR
—+ 5 BN . . N N . . )
s TS REHY IEf TR eI R R I il
(Lot No.) (cinobufagin ) (telocinobufagin ) ( bufotalin ) ( cinobufotalin ) ('bufalin ) ( resibufogenin )
(o] 0.

ESM ESM QAMS RE/% ESM QAMS RE/% ESM QAMS RE/% ESM QAMS RE/% ESM  QAMS RE/%
QA18017C 7.17 1.26  1.27 1.02 1.62 1.66 1.99 247 2.50 1.09 2.37 2.43 2.47 2.98 2.99 0.45
QA18002B 2.73 1.90 1.94 212 145 148 233 244 248 1.56 1.44 1.47 2.48 1.27 1.27 -0.15
QA18005B 2.71 1.72  1.76 2.00 143 1.46 233 241 2.45 1.55 1.38 1.42 2.44 1.08 1.07 -0.48
QA18006A 2.48 1.49 1.52 1.87 1.30 1.33 227 218 2.21 1.52 1.25 1.28 2.38 0.95 0.94 -0.71
QA18008B 2.55 1.35 137 1.68 1.33 1.36 227 215 2.19 1.47 1.25 1.28 2.36 0.90 0.90 -0.86
QA18010A 291 1.50 1.53 1.76 148 1.52 233 257 261 1.57 144 1.48 2.44 1.04 1.03 -0.62
QA18016B 9.27 097 095 -222 1.13 1.12 -127 2.00 197 -1.88 245 244 -0.26 2.15 2.10 -2.55
QA18017A 6.76 1.29  1.30 1.07 1.65 1.69 2.03 246 2.49 1.10 2.35 2.41 2.48 3.09 3.11 0.49
QA18019A 6.33 1.67 1.69 1.50 227 2.32 2.38 343 3.48 142 273 2.80 2.61 3.63 3.65 0.63
QA18022A 5.95 1.67 1.70 1.53 244 2.50 246 3.06 3.10 1.35 274 281 2.63 2.85 2.86 0.47
QA18022B 5.04 1.52 1.55 146 2.15 220 242 275 279 132 244 250 2.62 2.51 2.52 0.42
QA18023B 5.27 1.64 1.66 1.55 230 236 246 298 3.02 1.37 2.55 2.62 2.63 2.74 2.75 0.48
PA18015B 2.26 1.15 1.15 -0.08 1.14 1.15 039 1.82 1.83 0.25 1.10 1.10 -0.09 0.94 0.93 -1.59
PA18022B 2.43 1.48 1.51 1.88 1.30 1.32 228 2.16 2.19 1.52  1.18 1.20 2.32 0.99 0.99 -0.57
PA18029B 2.71 202 2.06 219 150 1.54 239 255 259 1.61 143 1.47 2.49 1.25 1.24 -0.18

FIEE NS ERE, BLAh, 76XF RCF 1Y Bl
SRR R B, W DRSS R ARR, R] L B st T
BN AT, {H 2 2 RS ) i B 3 A 170 SEUAL A2
ZE 50 S B T AR [F . BT R Waters i
JERLI € AT R 5 T R 51 R 0 5 T At L) L 3
R, 4 Agilent F1 Kromasil SR (0154 | fRIEERFESL
Seivdg, SR ORI, DIARME R SR R B B ] S
% A R T A S A0 0 HER R 7, PRI e A
HMERREI N NS,
4.2 (OGS HER X 5

AR AR XA B BT [ DA v o o7 P 75 € 1 0
{HA7E 2 SIEE & RA 3 SR s R A A
BA S AI AR A % 06 . Xof L SR AN IOE 1S & B, 2 5
WA FR) B RS 4 2971 nm, 3 -5 W4 114 e Rz AT i
K h 295.9 nm, 75 E5 W W 0 PN TR SIS 0 1) I WA
ST 2 A ZR A IR 50 AT I I B A oA L P (.
(AL , AT DA IX 4o

AL Ha i

4.3 BT AT S A AR IR 5 5E
AR S50 R I T 30 CR ot VA R o T R
G0 N T RN A, S 20, A BFIEAE
SR AT IR 22 R T S R s g
filt b % B AT TR, B TR RIS AR Y o S
BOR BRI NG -0.2% BEFR A BTN 73 B R A
IFHEAE T AN TR SR AT 23 B RCR s, 45 R IR
MFERN 30 CH, 73 B RICR T
4.4 Nk

K QAMS I ZE /S HALHT 6 S UE R — 4 N R
WYY A SR R R ESM A5 1 & B A B
S, R B AT QAMS SEEET S AL o R RO A
() DU E HER T AT
S &0k
(1] ER B3, TRV, 4 I 0Pk A b 2 i il v i) g ik
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