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Research on Isolation of Bufadienolides from Cinobufacin Injection and Its Activity

Screening of Anti-cancer in Vivo and in Vitro
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[ Abstract | Objective; According to observation of the anti-cancer effect of bufadienolides from
cinobufacin injection in vivo and in vitro and the anti-pancreatic cancer cells of bufadienolide monomers in vitro, to
indentify the foundation of bufadienolides on anti-pancreatic cancer. Method: Modern chromatographic separation
technology was adopted to obtain bufadienolides from cinobufacin injection, HPLC-DAD-FT-ICR-MS was employed
to analysis and identify the main monomers of bufadienolides. Anti-cancer activity of bufadienolides was screened
by in vitro cells, then setting up the pancreatic cancer animal model in nude mice in vivo for evaluating the efficacy
of bufadienolides, the anti-pancreatic cancer activity of the main bufadienolide monomers in vitro was screened.
Result: IC,, of bufadienolides from cinobufacin injection on hepatocellular carcinoma cells ( BEL7402), gastric

carcinoma cells (BGC823) and pancreatic cancer cells (SW1990 and MIA PaCa-2) in vitro were (0.47 £0.03) ,
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(0.06 £0.01), (0.06 £0.02), (0.11 £0.03) g-L"", respectively. LD, of bufadienolides was 20 mg-kg '
and the treatment effect on SW1990 nude mice in vivo was close to gemcitabine. Gamabufotalin, arenobufagin and
hellebrigenin had obvious inhibitory effect on SW1990 and BxPC-3 cells, which were isolated and identified from
bufadienolides. Conclusion; Bufadienolides from cinobufacin injection shows almost the same inhibition rate on
pancreatic cancer cells as gastric cancer in vitro, and it has apparently treatment effect on human pancreatic cancer
bearing xenograft nude mice in vivo. Gamabufotalin, arenobufagin and hellebrigenin from bufadienolides show

significantly inhibition on pancreatic cancer cells in vitro.
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Fig. 1 Total ion current of bufadienolides in cinobufacin injection
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Fig. 2 HPLC chromatogram of bufadienolides in cinobufacin injection
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Table 1 Identification of bufadienolides monomers in cinobufacin
injection
L o+

1 & ZTh A o5 7 15.02 416  C,Hy, 04
2 3-R-RIETHE 21.94 416  C,H;, 04
3 RIEEEHR 22.23 416  C,Hy, 04
4 16-FZFESE-19-ARELIEFTFER 2412 430 CyHy 0,
5 HisFER 26.05 402 CyH,, 0y
6 3-F-HiEHER 35.88 402  C,Hy, Oy
7 WEAR 38.51 418  CyH,, 0l
8 3-FK-mALIETFHR 42.33 402 C,,H,;, 04
9 VhUERERE 43.86 416  C,Hy, 04
10 3-%-DIEHK 44.99 416  C,H;, 04
11 WER R T 50.01 416 CyHy, 04
Ul AR REH TR 4 540 1k 54.22 416  C,H;, 04
U2 19-325LiEsE R 55.30 402  C,,H,;, 05
12 AU RERS 60.75 458  C,H;, 0,
13 WEdpE B 63.97 414 CyHy 0
14 3-SR I HE 64.05 414 CyHy 0
15 EoBEEER 65.52 402  C,Hy, Oy
16 19-4 R EIEFER 67.93 472 CyH;,04
17 PUARAE 45 20K 69.22 414 CyHy 04
18 7B-J5 e i T W5 75 T Ak 71.04 400  Cy H;, 04
U3 IR e 7 [ 4 S A 1k 72.86 414 CyHyo 04
19 A SR 76.05 402 CyH,, Oy
U4 A & 2 BRI R 77.82 396  CpH, 0
20 KOS SR 79.06 400  C, H,, 04
21 WEHmER 79.25 444 CypeHy O
22 ARERER 84.72 458  C,H,,0,
Us 3w RF 5 54 ik 87.92 444  C,Hy 0
23 ARMETEAE R O S H 1 91.46 442 C,H,, 0
24 3-FRNE-25 C AR S BE K 94.12 398  CyH;,0;

Ji i Ji 4 L % A S 400 98 28R s T R, 5 R R SOR:
L

3.3 MREEFEECHEXS DR SRR R 2
Mt Mg 2 ), 12k 7 d /N BCIR DL, & B 45 24
Jr RIS ) P 70N B T bR, I W R O i A e
A5 ok, B B8, R 2L, B R SR Ok
10 ~ 15 min J53ET, I ELME BN 25 W) 0 T 32 1 i 5
THER, S 25 4 <10 mg- g™ B, /N BUA TEAT: AT
I AN IE N . AR SPSS 16. 0 /RT3 LD,y
20 mg-kg ',
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F2 HEFTTIHAPHEESHREN KM IARN2ESERR
(n=10)
Table 2 Acute toxicity test of bufadienolides on KM mice(n =10)

3 it frin

mg-kg e I3

i s 2 T ik 10 5 5
14 4 5

16 4 4

20 2 3

24 1 2

28 0 0

= H - 5 5

3.4 THRERE T AL N B IR SW1990 i IR Bk B A%
BRI EG YT RO IR 3 ~ 6. 3 VG At I A 4
TECHE X SW1990 iy 4 ARAT W] S 41 1 £ D, 4 24
12 d J5 B W3 % i AR R A SEZR AT, = 24 d

o5 24 248 SRR R IR TG O R R G At Y X e g 1 41
il BAT Ve 2 5 (P <0.05) o WL 3 P WE 7 i Ak
1 mg-kg ™" 41 JLF-%F #5155 R, I 76 b i 2
(0 AR B AR A 2 1) A0 i s 7 T 2. 0 mg-kg ™ 4
Xof AR X ik 96 AR R RIUAE X e 98 4 4 3 9 A FHA T35 79
e 4, 8t B ke B — 5 A 40 A A a0 25 TR A
S Ioh 96 0 JUE R BT, LR T 45 R 4 2 A
B AR T2 (AL ERME i 261 mg-kg T A RICR
22305 BH P 24 35 VG At 3, T RN I R B R S AL
177 G 0 25 P 2 mg- kg ™ 4L O PR B v T R O
e 1 mg- kg ™" 411 7 fb e 41, A KA SRR T
X2 ANH A E AR RS S P R A R, U
I i 0 25 50 3L 5 SW1990 frf Ji # BLEL A 240 5 1k )7
24503 VB T B R T ASOR B 2 2 W Ak B I
Xof Bl W R EE ) S M DN AT RCHRE v SRR B Y AR
e e

R3 RIERTHRPEESHEREIT SWI1990 FhyEE R AN SN (2 +s,n=6)

Table 3 Influence of bufadienolides on tumor volume of SW1990 tumor model(x +s,n=6)

a3l H Ji 83 A B/ mm®
/mgekg ™! 0d 3d 6d 9d 12.d 15 d 18 d 21d 24 d
%=1 - 163.2+50.0  248.4+79.3  311.4£105.4 501.1+98.7 373.2£196.0 562.2+246.1 644.8 £65.9 670.5+137.2 731.0£283.7
Pl 37.1 537.5+117.4  635.5+105.0 667.2+226.3 690.7 +226.8 583.4+199.6 676.9 +274.0  735.4+336.5 675.8 +116.4  699.1 +138.2
TG 4 74 2.0 237.9+98.5  310.8£65.9 431.2+139.3 442.9+206.2 448.3+89.5 506.8+193.2 574.8 +188.6 602.5+206.3 723.7 £306.4
1.0 143.9£59.1  202.7 +113.0 362.6 £216.5 382.7+174.2 416.1+98.6  474.9£115.7 581.6 +267.1 478.1£213.5 486.9 £290.5" %

LD P <0.05; 5 b4 P <0.05(F 4 ~T ).,

x4 FEIEHEEIE SWI1990 MERERAENZIM (2 +5,n=6)

Table 4 Influence of bufadienolides on nude mice weight of SW1990 tumor model(x £s,n=6)

£ 5 i i
/mgekg™! gy 3d 6d 9 124 154 18 d 21 d 24 d
= H - 19.8 +1.2 18.7+1.4 19.0£0.8 18.9+1.9 18.5+1.6 19.0+1.5 18.4 2.1 18.1+1.7 18.0+2.0
LR R 37.1 17.9 £1.5 14.7£0.8 16.1+1.3 14.6 £1.8 15.4£2.1 17.5 1.9 15.6 £2.0 15.2+1.6 15.4£1.8
TR O 74 i B 2.0 18.9+1.3 17.4+1.6 16.9+1.5 17.4£2.0 17.3+1.7 17.9+2.1 17.3 1.6 17.1+2.2 16.9+1.9
1.0 20.4 1.5 19.6+1.1 19.3+1.8 20.0 1.5 20.1+2.2 20.3+1.9 19.8+1.8 20.3+0.9 20.2+1.7"%
RS BEEFEEIE SWI1990 BER BB MEERNFM(x£5,n=6)
Table 5 Influence of bufadienolides on relative tumor volume of SW1990 tumor model(x 5,7 =6)
, 4 R Ji R AR
B ks g 3d 6d 9 124 154 18 d 21 d 24 d
= H - 1.0 £0 1.58 £0.9 1.87 £0.5 3.00 0.8 4.85+0.8 2.83+1.3 5.78+1.2 6.83+2.8 6.74 £3.5
A I 37.1 1.0 £0 1.27 £0.3 1.21 0.4 1.55 0.2 1.17 £0.5 1.48 £0.8 1.79 £0.6 1.62+1.7 1.69+1.2
Tl s 75 i 2.0 1.0+0 1.48 0.8 2,12 1.1 2.16 £0.9 2.19+1.9 3.08 £3.1 3.68 0.9 3.54+4.2 4,53 5.5
1.0 1.0 £0 1.48 +1.2 2.66+1.7 2.76 £1.7 4.69+1.8 4.04+2.8 5.44 +1.2 3.34+2.4 3.83£4.3"%

.82 .
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R6 BRIEFEEITTT SWI1990 phiEZ iR RAE X MBI E RN F I (x +5,n=6)
Table 6 Influence of bufadienolides on relative tumor growth rate of SW1990 tumor model(x +s,n =6)
B AF T 88 344 7 R/ %
£ 51 ,]
/mg-kg 3d 6d 9d 12 d 15 d 18 d 21 d 24 d
g - 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
7 b 37.1 80.26 65.00 51.80 43.39 30.57 30.92 28.89 21.18
ik s 2 T 5% 2.0 93.91 113.00 72.10 81.63 63.58 63.68 51.89 67.18
1.0 94.15 143.00 92.10 174. 60 83.41 94.21 48.87 56.74"
*7 EEUEHEEIT SWI1990 By iE R E R MBS N (k £5,n =6)
Table 7 Effect of bufadienolides on SW1990 tumors and spleen(x +s,n =6)
21 5 Hl it /mg-kg ™! i 958 J i/ g A KA R % W/ g LR
= - 1.673 £0. 341 - 0.112 £0. 032 6.1+1.6
PG 37.1 0.889 +0.215 46. 86 0.065 +0.018 4.1+0.9
ik W5 B I Ak 2.0 1.115 +0. 336 33.36 0.077 +0. 026" 4.4 £1.2"
1.0 0.989 +0.280" 40. 88 0.141 0. 022 6.7 +1.5%

3.5 MRYE REAC AL I TR AL W MR Ah BT B R R 2 F)
e R or BRI T AR 12 TR U T AR 2R
VR o T S 2 T S A R B R A7 T IR % s 4 i
i 1 , 2500 4 B BRI B9 A A R AR Lk 8, 4

RA B H WEREE R Vb UE TR A0 AR R 0 X PR
58 240 i 257 LA ARSI Y 40 ) £ T, G R X SW1990 A
BxPC-3 {400l V5 FH O Y ek o X 26 4 7% 2 ) il i
8 A AR B

®8 FIESHEERHBEEUSWEIMANRBRERREN IC; (v +5,n=3)

Table 8 IC;, of bufadienolides and its monomers for anti-pancreatic cancer in vivo(x +s,n=3) g L'

B 4 SW1990 BxPC-3 PANC-1 AsPC-1

T W 1 T A 0.104 0. 021 0.079 £0.016 0. 026 0. 003" 0. 124 +0.029
o 3 4t R 0.043 £0. 008" 0. 025 £0. 006% 0.087 +0. 024 0.121 £0.037
U 75 R 0.035 +0. 005 0.015 +0. 006> 0.070 +0.019 0.115 +0.032
IR 0. 134 +0. 037 0.057 +0.019" 0. 124 +0. 045 0.179 0. 048
EHER 0.177 £0. 054 0.050 £0.018" 0. 050 £0.016 0. 147 £0. 041
RIEFER 0.565 +0. 112 0.386 +0. 083 0. 063 +0. 021 0. 856 +0. 073
T AR U 7 RS 1.121 0. 433 0. 320 0. 096 0. 108 +0. 033 0.765 0. 065
& Z kAR WS BR 7 3 2.298 +0. 598 1.199 +0. 284 0. 139 0. 052 3.314 0. 711
K OBARETRER 23. 920 +4. 860 781.290 +50. 45 3 265. 650 + 158. 140 1 512.000 +79. 650
e W 7 T A 2.114 £0.714 2.263 0. 642 0. 690 =0. 082 2.217 0. 688
AR WS R 1. 142 £0. 331 0. 833 £0. 094 0.439 0. 067 0.961 £0.016
I R 0.342 £0. 088 0.256 +0. 082 0.054 +0.011 0.128 +0. 034
MR RE 1 T 0.076 £0. 009" 0.022 0. 007% 0.085 £0.016 0.103 £0. 022
5-Fu 0.209 0. 092 0.211 +0. 084 0.211 0. 082 0.219 0. 079

5 5-Fud " P<0.05,2 P <0.01,

4 g

FH T I it e LA e B 73 D Rl TR 3R
Bl 5y (AR KR [ 2 2Tt 25 SR 45 i, A TR IR T
HIF S5 AN SR 0L B A7 8 i IR 36 7 . 22 0 30
EETESE 37 A M e R b gl R TR . Y/ NP S T BU

hERBHEISIGIE R T — B s ih R, IR
X i R 988 1 BEIE 22 DAL BT, 9 B IF IR g B 3R
FERPE R GG B SRS R SR
2RI X T 2T IR R BF Y R AR R TE IR 2
L FCAT 20 U 1 o3 | 52 75 4 500 B9 BE 5 2 A4 D5 T
.83
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v BRI 245 ) K AT RO A3 W 5, B HE X IR T
Ji 5 A KB T B AR AR A I A B R AT 0 e g8 it
5%, B H A9 IR 25 56 N B I L S 50 AR A X
fAT i SE L 5, J2 H AT IFIE B9 B T7 1), A0 45 4 42 3 L
wRsimEE"

A0 22 O R T A R M I T R 2 R IR RS TR
1A, 2 B A3 I R R 32 0 — B 25 B i
Je 1l 35, o8 A A e g R M IR G LR D R M T
S R AN B AT A B AR R A RGA
7 W IR A G B AR TR AR Y AR A AR E L 2
B0 T 8 R AR Y, TR RSO B0 A 46 /N
Kt W I R E B R RRCE AR T T R A TR PR A
R LS, RIER TR EE A BTN, IE
R B (a2 IR SR TS gy . B R
RIEZR IR 1710 DL L s iR e (A ) 25, &
B 5S-G W B I W W R € I S i
MRS RGO R R E R R b
SR 1 2 AU T, (L5 R e 03X 28 7K i M gl e 2k
AR N Ay (BLFE 5-FE 0 W R €0 L 0 R g
G ) JRETE G R 5 | S A W 28 T SRR ORI AN R
JIE ) EEEY) T AR AR R P S R
W B T R 2 4 DU R e Ik 08 4 B A R o, A R
N A s O I R B R A AR R R
e,

A SIS A ST e IR I 0 i C L X SW1990 A1 MIA
PaCa-2 s 6 A0 ML () IR ROCR ¥ T, 5 B &
BUORAH 2 R 0B B X SW1990 fuf J8 #f FUEL A 2%
U5 A7 25 4 35 PO At V5 422 5 BIR 97 R i B2
R 3 B % 8 4 R 1 52 ma B /N, AT DA R i AR
Je Sh ) ) A T A A DR A T D) B W R i R A
WRET IS AsPC-1 5 BiR 9 far J88 #R BRLASE 780 v 22 Fofr 4 28
FE OG0 B R 7 B9 43 6, 164 S AL AA i g Th g e, T
VL3843 150 B A 2R 10 5 VAR TR W i T R K J 8 o g
21 i A BH S 0 2% 05 A TR) EE AT 34 5 BRI ML AR Y A
JEDNRE . KIHWET B R VD IE SR MR 7 oo
XT 4 AR NP B 965 20 i 34 5L A AR o i B0 a0 AR L G ekt
SW199 F1 BxPC-3 JuHAT &, #& /8 HIE®H © R Wik
B I AR R T 2 MR W R C 2 S 2 S it e M e A
VT RE AW BT FE il . 7E 5 20 9T H , AS TR R 4
AR 3 P AR B Ay R AT A N TR LA R T A AT
P HLHIATEFE , LA RE - 4k Hh 245 2% B . A vE AL 1 BH
i 1) e F 9 2 B R 4
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