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[ Abstract] This paper compared the differences between two kinds of Bufonis Venenum produced by Bufo gargarizans gargarizans
and B. gararizans andrewsi, and verified the rationality of the market value orientation of Bufonis Venenum based on the zebrafish mo-
del. Twenty batches of Bufonis Venenum from Jiangsu province, Hebei province, Liaoning province, Jilin province, and Liangshan,

Sichuan province, including B. gargarizans gargarizans and B. gararizans andrewsi, were collected. The UHPLC-LTQ-Orbitrap-MS
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combined with principal component analysis was used to compare the differences between two kinds of Bufonis Venenum. According to
the limiting conditions of VIP>1, FC<0.5 or FC>2.0, and peak total area ratio>1%, 9 differential markers were determined, which
were cinobufagin, cinobufotalin, arenobufagin, resibufogenin, scillaredin A, resibufagin, 3-( N-suberoylargininyl )-arenobufagin,
3-( N-suberoylargininyl ) -marinobufagin, and 3-( N-suberoylargininyl ) -resibufogenin. The content of 20 batches of Bufonis Venenum
was determined according to the Chinese Pharmacopoeia (2020 edition) by high-performance liquid chromatography, and the 2 batches
of Bufonis Venenum, CS7 (8.99% of total content) and CS9 (5. 03% of total content) , with the largest difference in the total content
of the three quality control indexes of the Chinese Pharmacopoeia (bufalin, cinobufagin, and resibufogenin) were selected to evaluate
their anti-liver tumor activity based on the zebrafish model. The tumor inhibition rates of the 2 batches were 38. 06% and 45.29% , re-
spectively , proving that only using the quality control indexes of the Chinese Pharmacopoeia as the value orientation of Bufonis Venenum
market circulation was unreasonable. This research provides data support for the effective utilization of Bufonis Venenum resources and
the establishment of a rational quality evaluation system of Bufonis Venenum.

[ Key words] Bufonis Venenum; Bufo gargarizans gargarizans; Bufo gararizans andrewsi; quality markers; active evaluation
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BERRTE L (HLS 470-37-1) VPWEEENES (L5 464-74-
4) ¥ A Je s T E R A BRA R B A =
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Table 1 The source of 20 batches of Bufonis Venenum
No. Sl YR b g5, No. e 1,
Cs1 WA ok E CSI11 DU 148 LSRR VA M Rk B
CS2 Jem i X CS12 DU )1 A8 B L SR A M e
CS3 B L CS13 Ui AE Bl B S R
CS4 TLHEE =W Cs14 DU T L R IR N 2 R B e 3
CS5 INAREE B CS15 DU A8 L SR TR N S R Bk
Cs6 ARG E T B R X CS16 VYA L A TR A% B
Cs7 b As & E T Cs17 D148 SRR B AN TR R
CS8 LR M CS18 PRV E T
€S9 TR CS19 D148 B LSRR B A M S
CS10 DU A8 LR B A M T B €S20 DU )1 A8 B LR E YA AR HEEE IR B

1.4 ¥ ik 2512 1R 2020 4 2y i,

Bt £ R P T 0 I R AR R R A A BR A
A CHEPA AL AB fh R, R SRIR AR A 30 RS
11, Hi% K 2 dpf(day post-fertilization) , SZ5 FHBE S
a5 T 28 CoKIR & K EAE , 1R 5% F 7K 1 K
J A 1L RBEAKF A 200 mg #EEEL, pH N
6.9~7.2, HL 5K K 480 ~ 510 uS - cm™', i fF Ny
53.7~71.6 mg-L."'CaCO,,

2 Jrik
2.1 X PR SR N A

HUAE T i b T 1 AR B R LT i R
FRE, N B A 1 mL & 1,25 mg MOVE R, [A]
B, o IKE BE RS WERE R AR W T O A &, i i
HIAE 1 mL 7% 1.45 mg F1 1. 00 mg (8 75 2 FPE
WETERCHE IR . WD UETERT RIS R T R SE RN
TR SRS B PR BOE i (=5 mg) , & T 10 mL &,
JIHH P 2%

2.2 A

FE BRI HEWE BRAE i 25 mg, 2 18 2020 4F
R 245 B 5 3% ) 4 W TR A A R
2.3 ek

RESTEK A% 4} (4. 6 mmx250 mm,5.0 pum) ;
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2.4 B

2.4.1 @i 4AF  Thermo-C,y A ilAE (2.1 mmx
150 mm, 2.6 wm) ; i 1A 0. 19% B IR-/K ¥ W
(A)-ZHE(B) BN (0~6 min,3% B;6~8 min,
3%~ 10% B;8 ~9 min, 10% ~20% B;9 ~ 22 min,
20% ~50% B;22~25 min, 50% ~95% B) ; ik 0. 4
mL-min”" ;R 35 C ;B 2. 2 TR A 58 O
B 10 i, BERERFL 10 pl ™,

2.4.2 BB MF Amiss e R (EST) , IEE T
iR, B IRE 350 °C, WM IE 35 arb, % Bl
UL 10 arb B G —BUETE FT BT 25474247
i (43 B 30 000, AL m/z 100~1 200)
P Fe =G R R A P 4594 ( data dependent
scan) ['51)

2.4.3 TERERALE AT RIESINEE S A Pro-
genesis QI B A TIEXT 55 B IO H — 1R Ab 3,
SRS L0 B A rh g T AR R, D Je QC BEA
AR5 RB30% M E THE . WALBSEE S A
SIMCA 14. 1 3#rkF i, IF-400 7 0 738 (PCA)
FIIE 52 Ml fie /1y — e 1 14 591 73 1 ( OPLS-DA ) i it
OPLS-DA #&7If) VIP (variable importance in the pro-
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jection) B (B {E > 1), I 25 & W 1H B FC (fold
change ) {H (FC <0.5 5% FC>2.0) 3 5 & i & 45 s
Vi, TR E 25 R0 T BE S T T AT AR
B, IR I BR T S R0 1 AR JE - 2 R TR 1% 1Y
PS5 IAY , AR 50 HE S FE X | 4 R AORD
BT R G RBE G S5 SR & bR &) .
2.5 PUAFIRETEE TN BT

R TR G Y E A (LE) BT
HepG2 4ilfifdkkiE i+ DMEM 58 455 38 5 ( 10% i 4= 1fiL
) BN EEE 37 C 5%C0, MM TR, H
T8 e PR RRE 1 7% 2 6B R T G 40 B R T Ok I
££J5 R CM-Dil biic, XFFRic B94n T4, W
#5h 8x107 A/ mL, A 5 SOKS 2% I B 10 nL(2Y
800 ™A ) 73 53 2 dpf KEhFa ) B B AR P, 1 A5
SRR KRG IR T 5 CrEiRAE R SR A, 555
3 dpf, 1 Bh 2t B , Pk i 2e e i — A A A R
BE Lo, I BEAL S SRR X B | B2 WETR A
DAIKIR L 25073550 I 45 T I e P 1) 5 2 28 S e K
2 HEUERR, B N 1,25 pg-mL; PHA: 25540 B
HEWREE R 15.0 pg-mL™", BERDGT B4 0 BE D fa R
FHAAFR Y 6.019%DMSO #E4T8: 5%, B4E T 10
RIS, T35 CHFMATEEFR 3 d, &b 342
Vi E 5, BEALES 1 R TT[E E | 9t WA EA T
X M8, {6 JE FE NIS-Elements D 3. 10 B2 &%
b PRAR A G AT 5 40 B 75 HepG2 4 i
FRAERT 2 56 5 B L AT (S, LG B W 19k LA R IAH %of
HepG2 2 i 4 i8R

S -

b oyiist MG A5 R 2H

Py e = - x100%
Sﬁ&ﬂid‘ﬂﬁﬁ[

3 4
3.1 FHailE

HRAE 2020 4Ffu 25 7515, >R FH = SS0RUAR £ 15 0
g5 G — I 21T 20 HEMEBRIEAT S I, 20 it
BERR SRR N 0. 77% ~2. 11% , RIEFREEHE N 0 ~
4.88% JEUETFI R A 0. 55% ~7. 60% , 25 i JFfi ¥ 45
FREE N 5.03%~8.99% , 45 R 2,
3.2 20 HEUERRCIL = 2 oTse it b

T8 A WERRRAE FOWERRAY B PR WA 1, A&
WFFER ] T BRI (QC) FEASAG I 1A g8 7R 5
R EE M RRCE . QC AT A K
MFEAE 50 pL AR A FR R0, BRE 4D
FEALR A 14> QC FEA, Progenesis QI %1 {4 % 2

F2 20 HEUEBR G EIE

Table 2 Determination results of 20 batches of Bufonis Vene-

num %

No. IERER HE b R B 75 e JES =3
CS1 1. 86 4. 68 2.34 8. 88
CS2 1.61 4.36 2.21 8. 17
CS3 1. 00 2.82 1.47 5.29
CS4 1. 87 4.43 1. 15 7.45
CS5 2.00 4. 88 1.17 8.05
CS6 2.01 3.33 1.72 7.06
CS7 2.11 4.59 2.29 8.99
CS8 1.03 0.02 4.18 5.23
CS9 1.90 2.58 0.55 5.03
CS10 0. 80 0.07 7.21 8. 08
CS11 0.85 0.10 7. 60 8.55
CS12 1.02 0.11 6. 88 8.00
CS13 0.90 0 5.65 6.55
CS14 1.25 0. 69 5.94 7.88
CS15 0.77 0.23 4.62 5.62
CS16 1.18 0. 66 4.54 6.38
CS17 0.77 0.17 5.16 6.10
CS18 0.93 0 5.98 6.91
CS19 1. 19 0. 86 6. 49 8.54
€S20 0. 89 0.09 7.48 8.45

UHPLC-LTQ-Orbitrap-MS F & W 4 20 It ¥ Bk 1
1170 & 15 8., B 36 O/ B3 B [B) | J5 far b A i 1
B, BT EEARE ML H R E R4 4] 2 6]
225, FEMZE S AT T, B JE X8 79 WS R A48 44
WETR 2 ZH PR AT E R AT, B 22 R A L
() FIAEL PR it 22 ) A8 S B KN LI 2, 1 2 vh
QC HEAH] b RAEAE —iL , RN IR I R i FoE,
BAEATE , AEPUUERRFNTE 45 WE BRI IX Jr R4,
I AT LA 2 FhE R AT UM, 2 PSR A 22
5o HirhdE 2 WA A WE TR 43 AT B A3, X AT RE S A
AR SR AR 1 bR 53 A Y A G
3.3 WIERTR AR S

OPLS-DA 1ER—Fi A W B A R 1) Z Jo 4¢
VAT, vl LU 850 25 bR S5 0F 55 oS 2, DA
ML BT bR i ). A 5T 457 1) OPLS-DA 158l
o fRRERE IS8 RPY = 0,997, TN GE 11 250k
Q*=0. 893, 15 ALY (1% TR0 6. 71 FN i RE R B 00 R
I ARSI E, #5208 VIP>1 FC<0. 5 B FC>2.0
(W R A 22 A EOR T 2) A2 1ok 4R T A s
Y, R TR 25 500 T T BE S T I HAT I AR
I, IR PR B 1 - 49 6 T RRUAS L - 345 5 0 T AR
19 /22 55 1043, I AR 55 %6 B8 S LU X | = 43 9 R
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Fig. 1 Total ion chromatogram of Bufonis Venenum samples
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Fig. 2 Score plots of principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA)
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Fig. 3 Differential expression cluster analysis of 9 quality markers in 20 batches of Bufonis Venenum

#3 9NFEAREYMER

Table 3 Information of 9 quality markers

Iy Sz B . R .
Noo M pe oy WIEBBE o . JRIEEEH MS/MS (m/2) V3
/min (m/z) (m/z) /%10
I 1314 1.27 2.01 417.2259 417.2272 CpuHi0,  -3.12 399216 6,371.221 8,335.200 7, Yo ifs")
317.190 0

2 15.45 8.26 1.19 729.4033 729.4069 Cy;Hy,0,0N, -4.99  711.3958,683.400 8,399.216 2, Vb W& 3 KE-3-¢ —BEKE & M2
331.197 3,278. 149 6,250. 154 8 pjgl18.2022]

3 16.50 3.48 1.04 713.4089 713.4120 CyH5;00N, -4.29 278.149 6,331.197 5,695. 400 7 R RS -3-F EEE A

@Ziﬁg [18,20-22]
4 16.61 0.13 1.38 459.2357 459.237 7 CyH,50, -4.36  345.185 5,363.196 2,381.206 7, 4kl m
417.227 4
5 19.44 16.87 1.43 697.4143 697.417 1 CyxHs;O4N, —4.09  250.154 9,278.149 7,331.197 5, JRUEH AL 3-3-¢ "ML &
546.377 1 fiR TG [ 18.2022]
6 19.44 536 1.52 385.2358 385.2373 C,H,0, -3.89  321.223 3,339.231 4,349.225 7, JeuEifip LD
367.238 5
7 19.44 551 1.56 367.2253 367.226 8 C,,H; 0, -4.09  349.216 2,321.221 3,331.205 6, Ao AL1S:2022]
307.205 5
19.55 0.16 1.49 443.240 6 443.242 8 CpH;50, -4.90 347.200 6,365.211 0,401.2322  4EiEHEREFILY
20.75 13.62 1.38 399.2149 399.216 6 C,4Hj O -4.26 335.200 3,353.210 9,381.205 7 5l 18.2022]
TE B TR [ M+H ] D o B L X 5
k1 CS7 (R 8.99% ) Al CSO (A 5.03%) . 2 Pl TR XS A AEIE 0 R VE 25 R UL 5, 45

4 CSTHICS9 RO i
Fig. 4 High-performance liquid chromatograms for CS7 and CS9
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SRRIANAAR I RN 51. 40% , CST S HEBR A 15
#h 38. 06% ,CS9 5 WE TR 1 198 Ry 45.29%, H
SRIGUER B4R % 1 T WE TR, L 2 HESE IR G 25 245 1R
T T A, 2 B 0 Bk B g 0% P & 3, R
CS7 SR 25 B BT 8 hn i o BB 5 T CS9 51

SRR A g ™ P<0. 001,
5 WERRXBEL i HepG2 SR RLAEIE (52 (%<5, n=10)

AR AEAE A UCPT R S B A1 55 T €S9 S SR, It
Hb B R 3 AT LR T, CS9 S WE BRIV IE TR  4E
WERRE R G RUIE & T CS7 SUEN A e TP IR
KAt aETE B R UE — MR B 55 | DU T R
o I BE

Fig. 5 Effects of Bufonis Venenum on zebrafish HepG2 xenograft tumors (x+s, n=10)

4 it

WETRAE Ry — R L Gesh W 26 25 8F , 0 F DT s AR
T E | H AR FOAE [ 45 R & T TG R
(Pt 5 WS TR DA A9 EL A9 AS DRI L T, s i 0 R B 58 ek
AR T AR R A S DR ek WETR S i A T
Ko, ST IEBRBETR O (5 ), G 57 PRAE RN (BT
PR ZR A B TRBOETR TR, 92 it Ws BRGE IR e i)
[F]

ARSI TE 22 WE TR A AL PO SR EL 20 L, A4
2020 A g 24 BE TR B 500 2 T3 = O g ik
GG —MZIE, LR R E, &
D S5 RN AN [l b sl |t b R WE TR, W 3 R AR
BREESE MRWETEAC LM BB AAAE LN i sh, SR
PRI 27k Lo A 2 FhiERRZE 57 . AR 2
PR T S 5 S At 308 3 985 K P AR Sk W Tk
et stignes T (EW NG TP 1R S A =g (0]
WETRAL 27 o3 AT 4 T E M2 A, A58 0 LA 5- 48
2 FPETRAY BT EE bR &Y A BIESE H Y 8 2 DA BT IR
FHEA g 3emh i AR 4 25 7 15 0T DU M2 A
D e 25 BR A 1 I L A2 A . R Progenesis QI %K
4 #& 1 UHPLC-LTQ-Orbitrap-MS - 5 W 4E 21 20
HEMETR S 15 B, G046 Of 78 B[R] | J03fe7 b R iy AR
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85, I IR TR ARAR 0 A LR A TR AR
W, 0T LA H 48 4% W8 BRORN 42 P4 WE G B 8 1 o3 41
P, TR 2 BhuE BRI AE AR S, RS
LT AR ) B HLRRE AT FE ) OPLS-DA #5271
(R°Y=0.997,07=0.893) , #ZH8 VIP>1 FC<0.5 5§
FC>2. 0 (W FRAY 22 A EOR T 2) B9 55 1 0 18 0
TEFUR PR S, X B 5 Ee S mr e oE 45
SRFIAH S SCERIN 5 1% B, Wik 1 i W TE 22 9
BT AT A EE XTI S, PHR A SRR B2 9 4>
Fritbr W 2 A VH WS IR PR R AR s T 3
AMERREE R (VISR -3-F RO /MR AR . e 3205
BERG -3-9F TG 2R TR R W R O -39 TG
FRTER ) 1 4 SIS RE ML FE2E (VD UE TR0 | i S 7 TIe 2 |
WA A TR ) o (BTERRWETREE B & 1Y)
R L AR PME TR AR 4 35

(B B R, BT O AT SCHRIE B A o 5 5t
FOBL R 5 o TR BRI ) 9 AR bR R
Yrimhss 1 Hehs B BE WA BE L AL | AR TR RE 3 RN 25 34
WHoR s 0 o Vs R Rs s e R AT
FER S, TR A I A Y Sk R AT 4
SRARI, /IN U S 1 S A2 0 T B i AR i S 2 1T L 1Y)
RS E (LDy, ) 430 4.38 .20 mg-kg™' . WD
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BEFEAG AR SARIERR AL WERE R RIS RN AR
290 FBE IR ) 4 e S 240 B 154 B R 1R B (10, ) T L 1R
UPUERERS RO BEPE AN 20 WE T R 11 1/8 FIAEWEIRT I
174 AU T AR IE B IL 7 H R R IES
K IRIETENC I SUE R R AR ME TR I RIS Ik L
B AR VEERRIG RN E T E K,

ARG TERE T HE b5 B S 25 F oK 2
HEWETR CST 5F1 CS9 =5, 73 AT 1 38 T35 A0 5
N E I i R R 0 R o =7 2 A £
BR BB HE S AT Iz N 2 W i
TG PE PR A0, 45 R 2 HLUERRI B I8 1
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