THEISE. "r(a%v& 20254F 12 H 5 H 5 34 %5 23 1)

Pharmacy Articles China Pharmaceuticals Vol. 34,No. 23, December 5,2025
B 4255 :R932;R285.5 XEFRERD: A X E4S:1006 — 4931(2025)23 - 0046 — 12

d0i:10.3969 / j.issn.1006 — 4931.2025.23.011

REERNEREERANIRMNZZEFZMEIMIIET R
Z@E, TR, MES, A0, KW, K85, ER, kR

(LERBAFEFRWER SARER, EiF  200233)

WE:BM R Ee AFF AR B E AR FTE KRR et 20X & (CCK - 8) ik 5 it 15 A 438 F AT RS 4t
B 8 E R, R iR X 4 iR A S SR PP 8 (Western blot) 4 2 5% 143B A» SAOS2 &n i 8 =89 vy, JF A i K B B AL AL B iE
HFp ) AF A 18 3T GeneCards, DisGeNET, Comparative Toxicogenomics Database , Pharmmapper, SEA S HYE B TR B R G AR R de b il
it SwissTargetPrediction % 3 4% & | %% & € 6945 A de &, 5K A Venny 2. 1. 0 343 IR 3L A7 Y2 5, KA String 2 4% & F= CytoScape
3.10. 1 sk M & & - &9 ZAF(PPD) M %, 5t 4T A B AR % (CO) ik oM fe AR L B 5 A B 2 8 Ao 4 (KEGG) @ %5 & &
MoK A AutoDock Tools 1. 5.7 2k AF 2t 32 € R Ae G o X 4k 3o 547 0 F 3T H 0048 2 ) 3 - methyladenine (3 — MA)4E 4 A w& 37 4] 7,
i@ it Western blot 3% (CCK - 8 A X 4 Jo R IIE %8 A€ A Qe s i dg A M od R A e R AT iR
BRI 4 R AR )RR G VR, T F 143B A SAOS2 408 =, L3 Bax A&, TR B @Mk &% 2(Bel - 2) Rik, AAL 2
FWHEBEAER GFIRFSAT MELHEFHITERD T, R BB EE T ARG ARS8 A, HET LT NBHE
AMHE TH L B B WA AERET(VECH)E 5 @8 E R AKKEF 2R (ECFR)BEAMMIEF A X 5 THHERLT AT
RL5 Bode s LC3B Ao P62 4564 MR LR TR HHFCRT LALCI T /LC3 1 ZH AL, TRl P2 RO R, HFFA
B A AN 3 - MA JG ¥ &8 2 LC3 11 /LC3 | A= P62 & & o9 iR 3= AF A 438 4%, an B3 gi Ak ) 39 3% , 8 = KB 4K
it WEE R TRAEEF AEAERT NBER, A AT AR T BRI T R T BRI

RS He R M M B R A LC3B & 85 P62 & B

Mechanism of Bufotalin Against Osteosarcoma Based on Network Pharmacology and in Vitro Experiment

MENG Jingjing ,DING Qixuan ,HU Yujie , XU Lingyan,ZHANG Jingxian,ZHANG Xiangqi,CHEN Junjun,HAN Yonglong
(Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine .Shanghai.China 200233)

Abstract: Objective To investigate the mechanism of bufotalin — induced autophagy in osteosarcoma. Methods Fifteen active
ingredients of Huachansu Injection against osteosarcoma in wvitro were screened by the cell counting kit (CCK - 8) method. Flow
cytometry and Western blot were used to detect their effects on apoptosis of 143B and SAOS2 cells, and organoid models were
constructed to verify their inhibitory effects. Osteosarcoma — related targets were predicted through databases such as GeneCards,
DisGeNET, Comparative Toxicogenomics Database, Pharmmapper, and SEA. The action targets of bufotalin were predicted through the
SwissTarget Prediction database. Common targets were obtained by the Venny 2.1.0 software, and the protein — protein interaction
(PPI) network was constructed by the String database and CytoScape 3.10. 1 software. Gene Ontology (GO) functional analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were performed. AutoDock Tools 1.5.7 software
was used to perform molecular docking validation of bufotalin and key autophagy targets. 3 — Methyladenine (3 — MA) was
selected as an autophagy inhibitor,and Western blot, CCK - 8, and flow cytometry were used to verify the effect of bufotalin on
regulating autophagy and cell proliferation and apoptosis. Results Bufotalin was the most potent active ingredient in Huachansu
Injection against the proliferation of osteosarcoma cells,it induced apoptosis in 143B and SAOS2 cells, upregulated Bax expression,
downregulated B — cell lymphoma 2 (Bel — 2) expression,and significantly inhibited organoid growth,and induced partial apoptosis.
The results of network pharmacology analysis showed that 88 potential targets of bufotalin against osteosarcoma were screened, the
mechanism of bufotalin against osteosarcoma maight be related to autophagy, vascular endothelial growth factor (VEGF) signaling
pathway, epidermal growth factor receptor (EGFR) tyrosine kinase, etc. The molecular docking results showed that the binding of
bufotalin to autophagy targets LC3B and P62 was stable. The results of the in wvitro experiment showed that bufotalin could
upregulate the expression of LC3 Il / LC3 1 proteins, downregulate the expression of P62 protein, and induce autophagy in
osteosarcoma cells. After adding 3 — MA,the regulatory effect of bufotalin on LC3 II / LC3 [ and P62 proteins was reversed,and

the proliferation ability of cells increased while the apoptosis level reduced. Conclusion Bufotalin may exert anti — osteosarcoma
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effect by inducing autophagy,it provides a theoretical basis for autophagy — regulated osteosarcoma targeted therapy.
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PAGE B B Pk il #1200 &5 (925 PG212) , 1 x o ik
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Tab.1 Information of active ingredients in Huachansu Injection

CAS% [iE%4 £L4 RASTRE  AE(%)
465-39-4 BEERA resibufogenin 384.510 >98
436-48-0  FARERA argentinogenin 414.491 >98
465-21-4  BER bufalin 386.520 >%8
465-90-17 wRERA hellebrigenin 416.507 208
a1-95-4  $EEF bufotalin 444,560 >98
d4-T4-4 iR arenobufagin 416.507 >0
108-68-5  #sE cinobufotalin 458, 544 >98
20087-24-0 BeSEES resibufagin 398.492 >98
409-30-3  FLBEEZTR  desacetyleinobufotalin 416,507 298
470-31-1 BEGEL cinobufagin 442. 545 >98
465-11-2 Aot th X gamabufotalin 402.524 >98
508-79-2 AR hellebrigenol 418.523 >98
0-42-8  AEREH marinobufagin 400.508 >0
4026-95-3  FLEEEAE  desacetyleinobufagin 400. 508 >08
an-26-4  ELREEE telocinobufagin 402. 524 >08

1.3 #hpagk

B RJEE A U20S I MG — 63 11 11 E B2
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PN 20 i SAOS2 1 143B LA 5 x 1054 / FLEERD T 6 fLAR
R R I, BE S, X6 BRI 29% vk B B 7R 3, in 2l
M AMETE B R 20,40,80 nmol / L, & H 1 46 th 1%
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Fig.1 Cytotoxicity of 15 active ingredients in Huachansu Injection acting on four types of human osteosarcoma cells

&2 15THHCSIEMER S ER T 47 A B REAERE

$ 4030 %)R Z (nmol / L)

Tab.2 IC,, of 15 active ingredients in Huachansu Injection

acting on four types of human osteosarcoma cells (nmol / L)

RS A e
143B SAOS2 MG -63 U208

Yok R 987.6  455.8 119.8  204.0
Yedw R 88.0 75.0  261.7  113.0
LR E S 191.4  156.5 638.4 1120.0
st F 972.3  347.4 NA  1825.0
WA 55.0 260.0 720.0  579.8
F LB EE R 1265.0  NA NA NA

555 A AL A 1843.0 NA NA  2657.0
e AR Bk 218.3  362.8 NA  2054.0
B 5 AT 3114.0 534.1 3987.0  649.2
i AR S B 642.4  465.8  NA 908. 7
For e et X 104.4  204.7 3792.0  NA
RS 20 1775.0 1258.0 2758.0  759.7
i A A AR NA NA  4217.0 NA
P AR A2 Bt Ak 43.8  247.5 311.0 2998.0
& TBRAR Y AR 68.1  NA NA NA

E:NA R R T A

Note:NA refers to no available data.

JG B IC 53914 88.0,75. 0 nmol / Lo Ji5 S2 5256 e 3% 20 g
FE 15 2R 8 T 50% 114 24591 ¥k i (20,40, 80 nmol / L) + 15
B PRI E AL

FEHENE R A T-4E H - 328 APC Annexin V /
7 — AAD WYL A5 R R, W BE R 20,40, 80 nmol / L 1)
R e R 0] W E AT 1438 A SAOS2 4 A 1-, H 2 ik
BE A A, H 7 v B N 80 nmol / LAE TR R IAE
T, 143B 20 i f5 KPR T #6538 39. 90%, SAOS2 4 Jifl i K
JHT K55 22, 15% . TF WLIEI 2 Ao Ah , 0532 R ) ik 3
PIHIPTIE T8 1 Bel - 2 B9 23K AR UE(R I T8 11 Bax 1Y
Feik, I AN 5T ] CASP3 (cle — CASP3) / CASP3 (1) 5%
ik E— 2B UESE T ARSI HE N PR R A0 T A
HTEULE 2 B,

XPE RIS E AR IR e R R
A 40 UK S T BB 22 40 i = e S5 A, BLA T AR B
PE TR B R T OROE AL AT KL AR R 7R SRR
12 R AR SR A RIS RIIR YT AE A P R A
AR =130 AKIFGY v 3 A i PR A B A A T
FIZIIE S SR B MAME T E R )G, B RIS B
FEAE JI AP EI, FE LI 3 A A T IEEEE R (0 nmol / L)
B R A B A IR ITWE B B RA 25 1 254
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B A AR AP ], M B R 80 nmol / LIS 41 ]
VERI SR, TR UL 3 By BEJS , W2 a8 B T IR SE gL
50 nmol / L H0EE, N 25 4 B 5 () 2848 B R B A fn 4T o
FOCHIRIEZ (3 C) , RUIZEEE I T 4i i L]
WEERIN L WEREE R ] SR AR A E I T A W W

0 nmol / L

20 nmol / LL

40 nmol / L

B R A R R B AR RS R T, B

A RAFRPTE R T
B ABERNGNNELEZHR

2.2 MEFER
2.2.1 F¥

M.

B PRS0 - E GeneCards ZX 48 J& (https: //

80 nmol / L 143B 4IP3 / %
1074, 0, 1074 0, 107, o | 1074 50 —
1.84 4.43 3.55 0.99 7.33
106 4 10° 4 10° 4 106 4 409
] ] ] ] 30 —
10° 10° 10° 109
20
104+ 1044 1044 10% 4
- 3Q Q Q iQ Q; 3 10
TS L N “"1;‘42 10° . "—'8-.']5 10° 7:1(')‘_'_'“ "_'20_.'60 10°
2 100 107 105 107 10° 100 10° 10° 107 10° 100 10° 10° 107 10° 0- €/ nmol L~
APC 0 20 40 80
0 nmol /L. 20 nmol / LL 40 nmol / L. SAOS2 I T3 / %
0, 107-! 0 0, 1()7-! 0, 0, 107 4 40 1 sk
2.23 1.50 6.78 1.58 5.93 T 1
10(’1 l()(’:l 100 1 30 -
10°4 10°4 10° 4 20 -
10 1044 10*
Q 3 Q Q 30, Q, 3 104
MTIN EE U NI TV £ TN G L QTN G5 N A LN TV
2 100 107 105 107 10° 100 10° 10° 107 10° 100 10° 10° 107 10° 0- € /nmol-L~!
APC 0 20 40 80
A
AT 87K o
2.5 =
B [ ﬁzweo 0 ool /1.
2.0= [ 20 nmol /L
Cases | M. - s 000 . 0l 1.
143B I 80 nmol / L.
4 Y""T"‘ | 1.0 -
cle h CASP3 17 000
- - 0.5
cappit | A A S - ;G 000 0- 1
Bel -2 Bax cle — casp3 / casp3
W W W W
O O O O
& & & &
Q - ® S
AR K-
5 5m
Bax ---- 21000 . M mmoumol/L
- | — | £l sk
2.0 # r 1 I 1 [0 20 nmol / L
CAsP3 (WD D S A | 35 000 - . I 40 nmol / L
SAOS2 i B 80 nmol / L.
w» L ¥ 1 1.0
cle - CASP3 F 17.000
] 0.5+ I
GAPDH ---- 36 000 0= (&
Bel - 2 Bax  cle — CASP3/CASP3
\\\) \\\) \\\) \\\)
\0 \0 \0 \0
© » ® E3
B
E:50 nmol / L¥eAE ZE&,"P < 0.05,”"P < 0.01,"P < 0.001 . H3#HBIF,

Note : Compared with
A. Effect of bufotalin on
Fig. 2

50

. 3T 143B #2 SAOS2 4m e A = F 69 % v B. 2+ 143B A2 SAOS2 g Jo i ==& & 49 % a1

B2 EHERREY143B 1 SAOS2 AMHR AT 1ER
those treated with O nmol / L bufotalin,”P < 0.05,P < 0.01,”P < 0.001 (for Fig.2 - 3
apoptosis rate of 143B and SAOS2 cells
Effects of bufotalin concentration on promoting the apoptosis of 143B and SAOS2 cells

B. Effect of bufotalin on apoptotic proteins of 143B

and Fig. 9).
and SAOS2 cells
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www. genecards. org) \DisGeNET %4 J% (https: // disgen-
et. com/ ) . Comparative Toxicogenomics Database B
(https: // ctdbase. org / ) TR 2R G 4R “ Osteosarcoma”
ISR 2B R RO TR A

WA R R T < 38 5 PubChem 250405 /% (https: //
pubchem. ncbi. nlm. nih. gov / ) JR1FWERE R 1 sdf Z544
SO S S A SwissTargetPrediction 5045 /2 (https : //
. Pharmmapper % #i J&
(https: // www. lilab — ecust. en/ pharmmapper / ) . SEA
B J%E (https: // sea. bkslab. org / ), {1 2 £ 4 22 43 531l
FR 45 “probability > 0”“Norm Fit > 0. 67 i BE 7 7E#E A5 .
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C. Live and dead staining of osteosarcoma organoids after bufotalin treatment (X 100)

Fig. 3 Effects of bufotalin concentration on the osteosarcoma organoids
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Fig. 4 Venny diagram of bufotalin — osteosarcoma common targets
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Tab.3 The binding energy of bufotalin for molecular docking

with nine autophagic targets (kcal / mol)

2T CID B v Yo b A Bk
Ye e R 12302120 LC3B - 8.709
Yede R 12302120 P62 -7.315
Yedke R 12302120 CTSD -7.021
WEER 12302120 MTOR -6.932
YeFeR 12302120 IGFIR -5.985
¥ehkeR 12302120 MAPK1 -5.484
Yege R 12302120 SRC -4.912
Yede R 12302120 MAPK3 - 4.867
Yede R 12302120 MAPK8 -4.638
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A. Bufotalin and LC3B B. Bufotalin and P62

Fig. 8 Visualization heatmap of molecular docking
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Fig. 9 Effects of bufotalin concentrations on autophagy — related protein expression levels in 143B and SAOS2 cells
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Fig. 10 Verification results of the anti — osteosarcoma effect of bufotalin by inducing autophagy
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