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1EERJR IR HPLC 58 BIEEL N 8 M T 2 ENE

AL, &R, NEMD, G iz £ 4, Tt
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W E. BM @ IETRER HPLC 8 ERE R R b 8 i &= /ivE, SR HbER FE TR S = R i, W
BHEATREHY. 35 CLAHG-ACRTEIAE, BREEBENL, Al 296 nm, AT 1.2 mL/min, 4§30 °C, #HE 10 pL;

BESTIETRIG ARSI, WE 8 M &rE, MR TR Mo 1. 455R 18 A IRSUEIE 1A 12 AN LA,

BRI AR, 8 MRAMER BIEENEIELRRIF (P=20.9995), ##R, EEME RSD<0.5%, 1 30 h AaE MR
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Abstract: Objective To establish the HPLC fingerprint of Bufonis Venenum pulp and the determination methods of eight components in
Bufonis Venenum pulp, and compare the differences of components of Bufonis Venenum pulp in different origins for quality evaluation.
Methods The mobile phase was acetonitrile and water with a gradient elution program. The detection wavelength was set at 296 nm. The
flow rate was 1.2 mL/min. The column temperature was set at 30 ‘C, and 10 pL of the test solution was injected. HPLC fingerprint of
Bufonis Venenum pulp was established and eight components were determined. The results were analyzed by cluster analysis and principal
component analysis. Results There were 12 common peaks in the HPLC fingerprints of 18 batches of samples, and the similarity of each
sample was different. The linear relationship of eight components was good (+* > 0.999 5), RSD of precision and repeatability was less than
0.5%, and the stability was also good within 30 h (RSD < 0.7%). The average recoveries of gamabufotalin, arenobufagin, telocinobufagin,
bufotaline, cinobufotalin, bufalin, cinobufagin and resibufogenin were 103.7%, 103.0%, 102.9%, 103.0%, 103.9%, 100.3%, 103.4%, and
103.2% respectively, and RSD was all less than 1.2%. The results of the content determination, cluster analysis and principal component
analysis of eight components showed that Bufonis Venenum pulp in different habitats were different from each other. Conclusion The

method is simple and reliable, which can provide some basis and reference for quality control of Bufonis Venenum pulp.
Key words: Bufonis Venenum pulp; HPLC; gamabufotalin; arenobufagin; telocinobufagin; bufotaline; cinobufotalin; bufalin;
cinobufagin; resibufogenin; fingerprint; cluster analysis; principal component analysis
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ifEs Tk g ifs ek B Zh W) b B KM R Bufo  bufo
gargarizans Cantor B RHEWERR Bufo melanostictus
Schneider ()WY, BADUMRE. B0, Jub
FILGRINL . PO BURAIRRIRSE 25 BRI U PR /) A
SEETZ, FET . IR, WSk a oA, 3
LR RISEERE R, 28 “RiR” Pl pig
AR R, TR 7 &P AESIEOR, K2
BREH, SRR RIS IR, RN R i
RN, gk H i ET S BB S AR SR
KA, A SCHARIED S, SRR B S A R
DA & SRR S ARG, SCBa s R R A4 1
SREESE . Poth ., EALEE, AT AIMERRT EER KRR
JE _E SRR RARM DG o AT 23 SCHRU D S (7 7= s
R S5 % HR RSy 22 b AT TR, RIS b IR
SR H R A . A S E T R IR
SRy A R s B S o i) TR B IO AR SR A o
BHAEENE S, M HEKTERIE AT DL & 2= ik
OB, DRI AT R R R, MO I R
252 R v, TR SR I i S i 7
SIAREA. (HFEZH) 2015 FERH L E MR A
BREREANRIE R B B A DT 6.0%, HAth
B ARBIRARNE & B, (LA CA STHRIE Tk
A o s 2 RSS2SR -4 izl
YR A2 G 20, LRI RIRIEIT AL, 24
IR 5 NAAH ELAE RIS B R 2%, DL —El L
P ot s EAT VRN A A AU, AR S
HEST [ HETRJER HPLC 84EREINE 772, IFHE (h
[EIZG4L) 2015 SRR E FRs IR LA IRt RERC AL 2
TRy Jtith BRI 6 SRy, XMERRIRIR AT 1 4
T BTETET, TR AR 1S3 AT L i,

IR SATSE TR 5t — 2 S5 K.
1 7R
1.1 {28

AR B354 (Agilent 1260, 3£ [F Agilent A 5] );
KQ-250DB B ##% i /A piE v ds (R Tl A A 2
HRRAT]D; Sartorius BS 2108 + /3702 —HL TR
(HEE FEZRHD.

1.2 K5

SR SRR R (LS 111981-201501). HEIERRE:
B (HitS 110803-201406 ) . figifs fEHC . (LS
110718-201809) 350 [ HH [l £ i 24 stk se i e e, o
BEOHIRT 98%; MM HESER (S
PS010796). iLiEdfEsiRRs (L5 PS010798). 1R

ER G5 PS010795) Il E R B AR
WAMRAT, BEIEIIRT 98%: WMy HEREkS
(it5 5283), WEFFER (5 3425) ¥WE Ly
FPHEVRHERCAR RS AR AT, BTE I HIIRT 98%.
Il (i, KR QLI ARARD.
IR CRT AR, DU IR b, HoRAL
T HIN SRR DA R A R 2050 A A it
1.3 #dm

ERRJFICR T LR DY, R, e HOR
LT, N S8 R LZGME A BR A W) 220853
S, LR RE R UL 24 e 3 A R 2 ) ] JE v e 2%
TR 4 B AR RIER Bufo bufo gargarizans
Cantor B EAEME LR Bufo melanostictus Schneider [
), BAREREIEE 1.

*k1 HEXER

Table 1 Information of samples

FEimdns i fits
S1 ya)i 20190121A-1
S2 gl 20190121A-2
S3 v 20190121A-3
S4 ya)i 20190121A-4
S5 7R 20190121B-1
S6 7R 20190121B-2
S7 1 2R 20190121B-3
S8 1 2R 20190121B-4
S9 i 20190121C-1
S10 il 20190121C-2
S11 il 20190121C-3
S12 i 20190121C-4
S13 WA 20190121D-1
S14 biIEa) 20190121D-2
S15 biIEa) 20190121D-3
S16 WA 20190121D-4
S17 R 20190603E
S18 T 20190603F

2 HEEHR
2.1 Y

34 A4 Athena Cis-WP (250 mm X 4.6 mm, 5
um), PLZIE (A) /K (B) NRshHH, HRE e
(0~5min, 25% A; 5~20 min, 25%~40% A; 20~
30 min, 40%~95% A), KKK 296 nm, AFA
# 1.2 mL/min, ## 30 C, #AEE 10 L.
22 A&
221 XEEERPIHS AR HERER, ¥
BER . TRIETREREL, IRISERRCH IR G E, M
PR, FH MBI A ZRZIE, B8R =K
FEEamlhHIERE R 0159 5 mg/mL. YIERER
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0.522 3 mg/mL. ZHEaEERFS 0.183 8 mg/mL. HEF;
‘BR 0.3955 mg/mL. FIEFEE R 0.238 7 mg/mL.
i 75 R 0.641 8 mg/mL. EWERREEHE 0.303 6 mg/mL.
&AL 0.330 3 mg/mL FIXT B A -

2.2.2 AR I TS BUETRE K 10 g, K%
FRAE, 7K 20 mL, #iERE35] (3% (R E 25 ) 2015
FERRK M TR e K S 8D, BL0.S g, #
WhRE, BHREHVIT, FEIA 75% F EER
20 mL, FREFE, AL 30 min, AR =R,
HRRERE, H 75%PEEANERCR T E, A,
o, HSpE, HS.

223 BIPEERSE B 75% B R RIS .
2.3 wRYEEEL

231 LEMER Rl AR R
TR ARG RE, e it (- D, EK
oy E I I OR BT R — 8, & A G

A
B 1 2 345 6 ?8
i e AL e
¢ |
56 18
4
1 2 3
W SR A 1 1 8 |
0 5 10 15 20 25 30

t/min

I-HIs e R 27 3-m sl 4fde R 5k
WEETR  6HEHER  7-RIEERER  -RifEACAE
1-gamabufotalin 2-arenobufagin 3-telocinobufagin 4-bufotaline

S-cinobufotalin  6-bufalin 7-cinobufagin 8-resibufogenin
1 PARER A BRENBREER B) FfilmER
(C) HPLC
Fig.1 HPLC chromatogram of blank (A), mixed reference
(B) and test solution (C)

232 REEEWL  BUE— R (S, 1542227
TR T7 i R, AR “2.17 Tt & T
R 6 X, LIHIERE R NSHIE, WA 12
AU AR PR B I (8] RSD 7E 0.020%~0.043%, AHXt
W TRIAR RSD £ 0.11%~0.42%, ¥5% % R1f.

233 #EEMWRE WE--#EbE (SO, %
“2.2.27 TR kS &AW 6 1, 1E “2.17
T B2 T IR, WAF 12 AMNIEAEXT O B R
[B] RSD 7E 0.033%~0.050%, #HXTIEMEF RSD £
0.18%~0.53%, BEE R,

234 FEtilE BCERFE—E (SO EWR
HIAE, 7E “2.17 EEFX T 5ITE 0. 4. 8.

12, 16+ 21, 28, 30 h #tFf 10 pL, MEKILH
g A X6} £ B4 B 3] RSD 7E 0.021%~0.038%, AHX
I T A% RSD 7E 0.29%~0.63%, F WV 30 h )
235 fRGUEEE B S1~S18 i A &
10 uL, HFEEFE] 18 HLFE S HPLC B, KA
SN 2 A 4R g0 B AE AL B VR Y R St
(2012.130723 WA "#EAT /3 B3 2 12 LA 1A
2) FxHRFRgrEiE R (B 3), KXt ERfg At
SRR EE B AT A e e 8 N, R HIER B R
(1 5§, VPIEEER (2 508), mEEIRK (6 5
), IERER (7 T, FIEFHER (9 T,

IR (10 S, RIERREIL (11 S0 FRIE
LK (12 518),

S18

= ; ' 8 )
0 5 10 15 20 25 30
t/min

2 18 #t#E S HPLC $e4EiE
Fig.2 HPLC fingerprints of 18 batches of samples
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t/min

-HIER TR 2-WIERR  o-mtifir  7agdE R 94k
BEREFE R 10-METER 1-RMEIRREEE  12- R TR
1-gamabufotalin  2-arenobufagin 6-telocinobufagin  7-bufotaline

9-cinobufotalin ~ 10-bufalin 11-cinobufagin 12-resibufogenin

3 RRIELUEE
Fig. 3 HPLC spectrum of reference fingerprint

2.3.6 MUESHT K 18 HHERRE N Gk K 5 xHiE
TREEIE LR, SRR 0.562~0.942, %
AN TR = At B R S5 R R A e 22 R, SR 2
AEACL BB AT AR i S17 ARAUL BB AR TR,



)

Chinese Traditional and Herbal Drugs 35 514 252 #1 202041 A +493 »

F2 18 HHEREUE

Table 2 Similarities of 18 batches of samples

% 5 FHACLE % 5 FHACLEE
S1 0.852 S10 0.932
S2 0.873 S11 0.942
S3 0.837 S12 0.936
S4 0.863 S13 0.940
S5 0.785 S14 0.938
S6 0.782 S15 0.932
S7 0.790 S16 0.923
S8 0.773 S17 0.562
S9 0.934 S18 0.739

AR S AHALEE 5 = Hb AR G, R — = Hb AN [R kR
BE SR AR AURE BB O ARALL, 7 b B R B AR AL A
T 25 5% 6

24 EBRRREENE

241 ZMERRFBHR KHEBEL “2.2.17 TR &%
M RTROE R, FRE R — R VIS TR =R (1) B
TRIET (n=35), MR “2.17 TN il 23k
JE, LG IE it o SR RO AR bR (XD, DA R 0
HRONAALRR (V) ZilbrdEih gk, BATLMERIA,
23] 8 P IEA R, SR 3.

2.42 FEEERLG % “2227 WO EHIES
BOR S, ESHERE 6 YR, 0T R I,

®3 SMMOLMXRLER

Table 3 Result of linear-regression analysis of eight constituents

By EVEpp LM/ (ugmL ™) HHR R EL
HigsRER Y=8.528 1 X—3.951 1 1.910~41.390 0.999 7
WIEE R Y=7.5458 X+5.159 4 11.760~326.800 0.999 7
0 A g Y=8.135 6 X—8.027 4 2.941~69.840 0.999 5
TR Y=7.4258 X—7.094 0 1.574~55.090 0.998 8
BT R Y=6.779 4 X—1.100 0 4.774~109.800 0.999 8
IR Y=8.199 8 X—10.887 4 5.134~102.700 0.999 8
MR Y=6.478 3 X+15.759 1 16.030~400.800 0.999 5
Jg e 3 5 Y=17.343 0 X—4.006 6 11.540~288.400 0.999 8

SR HIER TR, PIEEH. EREiReg. By
R, piEdu R EHR PIERREE. RIEENR
FE RSD RIS AN 0.22%- 0.12%-+ 0.22%- 0.11%-
0.43%. 0.18%. 0.08%-. 0.20% (n=6), FKHILI
K% R AT

243 FoEtEilE BCERFE G (S A%
WA, 2 H{E 0. 4. 8. 120 16+ 21. 28.

30 h #EFE 10 pL, S5 RERHIHEFE R . WIEFER.
IR IE . AEMEERACIE RSD 20 HN 0.44%. 0.71%-
0.70%-+ 0.75%-+ 0.93%. 0.66%. 0.65%. 0.62%,

FIHEW 30 h HAESE -

244 EEWRAE  BUEHEER (SD, %
“2227 BUFTE AT RIS HHA MR 6 1y, 1%
“2.17 TN IS FAFHATIE, (THESHRA SR, 4
PRSP HES TR VWIETH. @RI, i
BHER. FIEHTER. IEHR, PIERREE, fHE
FACFIE AN RSD 23994 0.38%- 0.35%. 0.34%-
0.29%- 0.67%. 0.42%. 0.29%-. 0.39% (n=6), %
B EE MR

2.4.5 JNFEESCRIREE  FREL 0.25 g tH4 6 1

AN S G 1% “2.2.27 TR J5 ik &V
W, HEREDE . 6 A FE i A3l E ST 38 [l Y R R
RSD. HUEBRRER . VIEEFE. mRIEkRRg . I5H
R HIERER . EERA PIEIREE. RiESE
e L P I EE [ RN 103.7% 103.0%- 102.9%.
103.0%- 103.9%. 100.3%. 103.4%. 103.20%, RSD
SN 1.1%- 0.69%- 0.72%- 0.94%- 0.60%- 0.44%-
0.56%- 0.66%.
2.4.6 FESIE % “2.227 TR 7EEH &N
TS, W E BT A REOORE S, TR R R 8
MRS, ERILEK 4,
25 BEDH

KA SPSS19.0 H A, LA 18 FLAS[F] /™ Hh () s Pk
R 8 N RN R, TR . HE
4 gERATH, MBSO 2 RN P A A
HK, HARN—2K, WA= R RE A B AR,
HARE P A B AL 25 R 3 2P0 )|
FEHIREAR T —3, IR HAH R TR
NE 23, WA AR A TRONES 3 28, Al RNl
AL = HFE A TE AR AL, LR 3 T ATH R = Hy
FEATE g AHABL o
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%4 TRFIRBRERSD 8 MRS SBNELR (1=2)

Table 4 Content determination results of eight components in batches from different producing areas (n = 2)

e JFREDE%
HiEdre R IR mfRRipr  ERER RESER BEERR PIETREE REERE R e
S1 0.616 9.090 2213 1.381 3.315 1.155 1.645 0.177 19.59
S2 0.477 7.485 3.914 1.023 4.496 0.714 0.626 0.067 18.80
S3 0.700 9.637 1.447 1.476 2.724 1.387 2.396 0.325 20.09
S4 0.597 8.688 2.490 1.404 3.584 1.081 1.572 0.219 19.64
S5 1.022 1.658 1.012 1.888 2.416 1.936 5.164 2.134 17.23
S6 1.090 2.027 1.053 2.256 2.657 2.291 5.916 2.795 20.08
S7 1.057 1.638 1.049 1.870 2440 1.894 4.979 2.270 17.20
S8 0.748 1.255 0.706 1.394 1.752 1.460 3.978 1.812 13.10
S9 0.380 2210 1.557 2466 5.150 1.081 0.987 0.513 14.34
S10 0.362 2.225 1.498 2426 5.017 0.980 0.812 0.447 13.77
S11 0.246 2.086 1.266 1.684 4.116 0.769 0.632 0.397 11.20
S12 0.366 2.387 1.520 2314 5.198 1.033 0.945 0.530 14.29
S13 0.376 2.526 1.594 2.420 5.278 0.987 0.739 0.434 14.35
S14 0.491 2.586 1.589 2.773 5.478 1.194 1.115 0.574 15.80
S15 0.449 2.551 1.613 2.678 5.814 1.126 1.010 0.593 15.83
S16 0.369 2219 1.461 2.258 5.182 0.963 0.821 0.461 13.73
S17 0.997 1.504 0.622 0.473 1.348 2.053 9.891 1.623 18.51
S18 1.091 1.684 0.619 1.756 1.596 1.573 4.835 2.568 1572
FYIE 0.635 3.525 1.513 1.886 3.753 1.316 2.670 0.997 16.29
—— %5 8 MBS HMBBHEEMERE
0 5 10 15 20 25 Table 5 Initial eigenvalues and contribution rates of eight
S10 ! " ; : T
Sl6 components
89 VIRHAER
S12 T 5 —
s13 WL GRS % B BT TS %
S15
e 4 1 5.034 62.929 62.929
- S; 2 1.927 24.090 87.019
gég 3 0.522 6.526 93.544
2337 4 0.295 3.683 97.227
2411 E 5 0.189 2.358 99.586
|
S3
> 6 0.023 0.291 99.877
7 0.006 0.081 99.957
4 18 HEEMBARRE 8 0.003 0.043 100.000
Fig. 4 Dendrogram of 18 batches of samples P
2.6 EpSS >
K] SPSS 19.0 B, K 18 AN A b s i 44
, S NN <]
BRI 8 M & B AT B . K 5 £3
RKHIET 2 D ERRFAERT 1, X5 Z R sTik 3 21
S 62.929%F1 24.090%, M 5 HdERE, #i 1
2 A FE RO RLBE, Ja T RO, d ey 04 T . .
0 2 D ER R ARERERZ R . WK 6 KFE, I P23 ‘;%\%[ 6 7 8
NP AT 3K, IR AT AL P 1w SR — 3K,
R HEARRISL AT BN — 2, A A 45 Hs HBERDTHEAE

Fig. 5 Scree plot of various samples
o g p p
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t[1]
R[11=0.629 R*[2]=0.241 Ellipse: Hotelling's T2(95%)

El6 AE~thtmaaE
Fig. 6 PCA scatter plot map of samples from different

producing areas
3 e

AT 0T e TR S A W P €8 1 2% AR 1R AT TR
e, CLK. 4B ZBEVE N ANAE, R 6] 24 30 min.
7y S5 e TR D 2R A K o o) % O v A R AT I ) 2R Y
K 25%HEE. 50%H . 75%H . HED, 42
B O, B, wAHE (10, 20,
30mL), FEHURA] (15, 30. 45. 60 min) 5K
AT S, I LRI L 06 AR R IR B I TR 45
AT H L 75%H B 20 mL, #8375 HEE 30 min AL
FE . ZITERNRSIAE CRESINARER 1L 2
B NTD 75 B A ) s, R R
T A IR, RESE TR P, ER AT
I LR TR i R R 8 B B &

BT B 5 &5 SRR AT R0 6 N7 M R 25 2 4 B
ZE SRR, [l — P H AN [ IR TR) 5 2 7 5 AP A
Ze 5 HAiB Ak 5 2 AN Hsc o 2 B R EUR AL,
A 8 N B R A A P A, (HARE
R EEE . WU H R b uE ek & E R L
flir= e, 2R, HR AL 3 A= ) A dfs ik s
5 HRwE RN S E A B

IR M S B o e G SR mT A, ANTR] P 3
MERAFTER, B2 AR5 Bk R 32K,
ghit 8 M S I T 45 F AT A DY 1 P o — 2K
5P BRSO R A R, TR AL 4 — 2R
55 2 AP HUE TR JF K o 2 KB ¢, R
IEIRJF K B SN B — A, (A4
XA 25 REEG U AN RE R Oy R AR IR B JL AN IR
IEREILIE 2 Bl SR A e ME R IR K T B, LA AR
I3 ZEEAR b 25 .

KRR B0 48 SCE R R R a] SEEL 2

B F RS BT, 3K B SR AT R B .
I A s TR o R SR R 2 O A M T,
PRI s TR S5 R 7 1% N 1 6 e s T 2 5 Tl s
BACHEE 2 Fiscsr, HARMEHRERMEDBA
A5 HI S 25 HAE U, A STk IR aE ! g s IR o A
WERRER L . RiEEARAE. SR, EHER. H
e REZA R # A @ IH Na’, K'-ATP
Bl PRk B O, S b A R AN i R A
A BIREM S L-Ca® B JBGEIE, 1N sh{E B bk
R BB OEF o AHIEFU R T OB TR IR 2K R SR
et I 35 B st O AE R 1) 8 R oy AT T
T, TR R T B T SR W T g S A B
WS EWKIE.
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