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Hepatocellular carcinoma (HCC) has a high morbidity and mortality rate, and the
survival rate of HCC patients remains low. Animal medicines have been used as
potential therapeutic tools throughout the long history due to their different
structures of biologically active substances with high affinity to the human body.
Here, we focus on the effects and the mechanism of action of animal-derived
natural products against HCC, which were searched in databases encompassing
Web of Science, PubMed, Embase, Science Direct, Springer Link, and EBSCO. A
total of 24 natural products from 12 animals were summarized. Our study found
that these natural products have potent anti-hepatocellular carcinoma effects.
The mechanism of action involving apoptosis induction, autophagy induction,
anti-proliferation, anti-migration, and anti-drug resistance via phosphoinositide
3-kinase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR),
Ras/extracellular signal regulated kinases (ERK)/mitogen-activated protein kinase
(MAPK), Wnt/β-catenin, and Janus kinase (JAK)/signal transducer and activator of
transcription (STAT) pathways. Huachansu injection and sodium cantharidate
have been used in clinical applicationswith good efficacy.We review the potential
of animal-derived natural products and their derivatives in the treatment of HCC
to date and summarize their application prospect and toxic side effects, hoping to
provide a reference for drug development for HCC.
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1 Introduction

In the world, liver cancer ranks second in terms of mortality and is the sixth most
frequent cancer. GLOBOCAN data indicates that in 2019, there were over 900,000 new
cases of liver cancer worldwide, resulting in 830,000 deaths, posing a significant health
threat (Cao et al., 2021; Sung et al., 2021; Peng et al., 2023). The most common cause of liver
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cancer is infection with the hepatitis virus; other important risk
factors include obesity, diabetes, alcohol usage, and aflatoxin
(Sayiner et al., 2019). Ninety percent of liver cancer cases are
attributed to hepatocellular carcinoma (HCC), which is the
predominant kind of liver cancer (Qin et al., 2023). Currently,
surgical resection, chemotherapy, liver transplantation,
percutaneous ablation, transarterial chemoembolization, and
transarterial radioembolization are the main treatments for HCC
(Chen et al., 2023). The majority of HCC patients, however, do not
have the opportunity for surgical therapy at the time of diagnosis
because of the disease’s hidden start, which leaves them with a
median survival duration of roughly 6–8 months (Asrani et al.,
2019). The most popular treatment for HCC is chemotherapy, yet its
efficacy is restricted by its toxicity and drug resistance. New
therapeutic approaches are desperately needed right now to
enhance the treatment status of HCC, and finding safer
medications with more potent targeting for HCC is seen to have
a great deal of potential.

Over 80% of people worldwide predominantly use natural
products for treating illnesses, according to the WTO (Chen T.
et al., 2024; Deng et al., 2024; Luo et al., 2024). Apart from plants and
their derivatives, animals and their derivatives also have excellent
therapeutic effects when used as natural medicines (González and
Vallejo, 2021). Over 1,500 different kinds of animal medicines are
employed in traditional Chinese medicine; at least 584 different
animal species are used for medical purposes in Latin America; and
29 monographs titled “Russian Pharmacopoeia” describe
medications produced from animals (Prokopov et al., 2019). In
Indian Unani medicine, approximately 200 kinds of medicines are
derived from animals (Mahawar and Jaroli, 2008). C-nucleosides
discovered from Caribbean marine sponges are important materials
for synthesizing cytarabine, which has been one of the most effective
chemotherapy drugs for treating acute myeloid leukemia since the
1960s (Saini et al., 2023).

Animal medicines typically contain a wide range of
biologically active chemicals with a high affinity for the
human body as compared to other medications. Recently, the
particular phrase “animal therapy” has been proposed, meaning
that human diseases can be treated with remedies obtained from
or derived from animals (Valiakos et al., 2021). This method is
becoming a crucial component of alternative therapies. Animal
medicines are predicted to rank among the most promising
medications for the treatment of cancer as a result of
increasing research into them and the elucidation of their
applications and mechanisms. In this review, we recall animal-
derived natural products with the potential for treating HCC and
discuss their potential targets and mechanisms of action provide
guidance and preclinical evidence for further studies of animal-
derived natural products for the treatment of HCC. It is expected
to provide new approaches of drug development for further
translation into the clinical setting.

2 Methods

We conducted a comprehensive search of literature published
from the inception of the databases to 1 September 2023, in Web of
Science, Pubmed, Embase, Springer Link, Science Direct, and

EBSCO, and organized and analyzed the literature. We used a
strategy of subject words + free words to search for literature.
The search strategy mainly included two parts: (1) “liver cancer”,
(2) “animal-derived products”. The inclusion criteria for the
literature were: (1) experimental research; (2) in vivo or in vitro
models of hepatocellular carcinoma; (3) at least one intervention
group used animal extracts. The exclusion criteria for the literature
were: (1) non-experimental research; (2) no in vivo or in vitro
experiments related to HCC; (3) intervention drugs not derived
from animals; (4) experiments that did not meet ethical
requirements or were not peer-reviewed (Figure 1).

3 Result

A total of 356 articles were retrieved from multiple databases.
After excluding non-experimental articles and duplicate articles,
235 studies were initially included. After reading the full text, a
further selection resulted in 43 studies. We organized these results
according to the species category of the drug source. These studies
confirmed the potential of natural animal medicines against liver
cancer. They inhibited the growth, migration, and other malignant
behaviors of liver cancer through multiple different molecular
mechanisms, and promoted the apoptosis of liver cancer
cells (Table 1).

All 43 experimental studies included in the full review were peer-
reviewed for publication. Of the 43 experimental studies, 41 were
in vitro experiments and 2 were clinical trials, of which 10 were both
in vitro and in vivo experiments. The in vitro trials were randomised
and controlled, which prevents factors other than the study
intervention from influencing the results, thus improving the
accuracy of the results. 2 clinical trials were conducted, which
provided us with clinical data.

3.1 Bufo gargarizans cantor or Bufo
melanostictus schneider

The Bufo gargarizans Cantor or Bufo melanostictus Schneider
also called toad, belongs to the Bufonidae family, and is mainly
distributed in East Asia. ChanSu is the dried skin secretion of the
Asiatic toad (B. gargarizans Cantor) or black-spectacled toad (B.
melanostictus Schneider). Modern research shows that it has
various pharmacological activities such as cardiotonic,
antitumor, analgesic, anti-inflammatory, and immune regulation
(Zhan et al., 2020). Bufadienolides are the most important
bioactive substances in Chan Su, including bufalin, bufotalin,
cinobufagin, cinobufotalin, telocinobufagin, etc (Jia et al., 2022).
They can effectively combat various cancers such as liver cancer,
osteosarcoma, colorectal cancer, gastric cancer, lung cancer, and
breast cancer. Huachansu is an injection made from further
processing of Chan Su and is widely used in China for the
treatment of tumors. A clinical trial included 15 patients with
stage III or IV hepatocellular carcinoma, non-small cell lung
cancer, or pancreatic cancer. After two cycles of high-dose
Huachansu intravenous administration, no dose-limiting
toxicity appeared, and the tumors in 6 patients were stable or
slightly reduced (Meng et al., 2009).

Frontiers in Pharmacology frontiersin.org02

Liao et al. 10.3389/fphar.2024.1399882

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


3.1.1 Cinobufotalin
Cinobufotalin is a bufadienolide isolated from toad venom and

has been proven to have strong antitumor effects (Chen and
Kovaríková, 1967). Studies have found that 80 nM of
cinobufotalin is toxic to HepG2, SMMC-7721, and SNU-368
cells, and it inhibits their epithelial-mesenchymal transition
(EMT), weakening the migration and invasion of HCC and
inhibiting tumor growth. Further research shows that
cinobufotalin can inhibit the level of β-catenin, increase the
expression level of E-cadherin, and decrease the level of
N-cadherin, thereby inhibiting the EMT of HCC. In the BALB/c
mouse tumor model, it was verified that the inhibition of EMT by
cinobufotalin depends on the downregulation of β-catenin, and no
obvious toxic reactions were observed (Li et al., 2022). EMT is the
process by which epithelial cells lose their epithelial characteristics
and gain mesenchymal properties, and it plays an important role in
the early stage of liver cancer metastasis (Giannelli et al., 2016).

Another study found that 250 nM of cinobufotalin could
promote apoptosis in KYN-2, HepG2, and Huh-7 cells. This
might be achieved by inhibiting the activity of sphingosine kinase
1 (SPHK1) and increasing the accumulation of ceramide in cells
(Cheng et al., 2015). The excessive accumulation of ceramide can
increase the activity of serine/threonine phosphatases (PP) such as
PP2A and PP1A, leading to the dephosphorylation and inactivation
of protein kinase B (Akt), inhibition of the mammalian target of
rapamycin (mTOR) pathway, and thus inducing apoptosis in liver
cells (Ogretmen and Hannun, 2001).

Cinobufotalin can also selectively block the interaction of sterol
regulatory element-binding protein 1 (SREBP1) with sterol
regulatory elements (SRE) in HepG2, LM3, and SMMC7721 cells,
reducing the transcriptional activity of SREBP1, thereby inhibiting
the expression of fat generation-related genes acetyl-CoA
carboxylase (ACC), ATP citrate lyase (ACLY), fatty acid synthase
(FASN), Stearoyl-CoA desaturase-1 (SCD1), and treating HCC by
inhibiting de novo fat synthesis (Meng et al., 2021). The lipid
metabolism disorder of tumor cells seems to contribute to their
growth, and blocking de novo lipid biosynthesis to treat tumors has
great research prospects (Pope et al., 2019; Guo et al., 2020).

3.1.2 Cinobufagin
Cinobufagin is also a bufadienolide isolated from Chan Su and is

a Na+/K+-ATPase inhibitor with strong anticancer effects. Studies
have found that 0.1 μmol/L of cinobufagin can effectively inhibit the
activity of HepG2 cells and induce apoptosis through endogenous
and exogenous pathways. Cinobufagin can upregulate
Bcl2 associated x (BAX) expression and downregulate
Bcl2 apoptosis regulator (BCL-2) expression, activate cysteine-
dependent aspartate-directed proteases (Caspase) family: Caspase-
9, Caspase-3, and poly ADP-ribose polymerase (PARP)-mediated
apoptosis. At the same time, cinobufagin can also upregulate Fas
expression, activate Caspase-8 and Caspase-10, and induce
apoptosis through the mitochondrial pathway (Qi et al., 2011).

Another study found that after 24 h of treatment with 5 μmol/L
of cinobufagin, the activity of Huh-7 cells could be inhibited by 50%.

FIGURE 1
We show the process of inclusion and exclusion of literature in the systematic review. Screening of literature after retrieval, including a total of
43 eligible articles according to the criteria.
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TABLE 1 Animal-derived natural products for hepatocellular carcinoma therapy.

Compound Source Experimental model Efficacy Mechanism References

In vitro In vivo

Cinobufotalin Bufo gargarizans
Cantor or Bufo
melanostictus
Schneider

HepG2; SMMC-
7721; SUN-368;
KYN-2; Huh-7

Balb/c mice injected
with H22 cells; SMMC-
7721 xenograft mice

Induction of
apoptosis; Anti-
migration and
proliferation

β-catenin↓;
E-cadherin↑
N-cadherin↓; PP2A↑;
PP1A↑ACC↓; ACLY↓;
FASN↓; SCD1↓; EMT
(−); mTORC (−)

(Ogretmen and
Hannun, 2001; Cheng
et al., 2015; Giannelli
et al., 2016; Meng

et al., 2021; Li et al.,
2022)

Cinobufagin Huh-7
HepG2 SK-
HEP-1

Huh-7 and Huh-7/
AURKA xenograft mice

Induction of
apoptosis;

Induction of cell
cycle arrest

BCL-2/BAX↓; CDK1↓;
Fas↑; cyclinB1↓;
PCNA↓; CDK1↓;
Caspase-9↑; Caspase-
3↑; Caspase-8↑;
Caspase-10↑; p53↑;
p73↓; AURKA-
mTOR-eIF4E (−)

(Qi et al., 2011; Zhao
et al., 2019a; Zhang
et al., 2020a; Jin et al.,

2020)

Bufotalin Hep 3B;
R-HepG2

R-HepG2 xenograft
mice

Induction of
apoptosis;

Induction of cell
cycle arrest; Anti-
drug resistance

Caspase-8↑; Caspase-
9↑; Caspase-3↑;
AuroraA↓; CDC25↓;
CDK1↓; cyclinB↓;
p53↑; p21↑ BAX↑;
BCL-2↓; Akt (+)

(Su et al., 2009; Zhang
et al., 2012)

Bufalin HCCLM3;
HepG2; SK-Hep-
1; Huh7; Hep3B;
HA22T; Bel-7402

HCCLM3-R xenograft
mice

Induction of
apoptosis; Anti-
migration and
proliferation;

Induction of cell
cycle arrest;
Induction of

cellular autophagy

β-catenin↓;
E-cadherin↑; MMP-
2↓; MMP-9↓; beclin-
1↑; CHK1↑ p62↓;
AMPK↑; Akt↓; cyclin
A↓; cyclin B↓; AFP↑;
CDK1↓; WEE1↑; Lc3-
Ⅱ↑; CDC↑; CDC25C↑;
TNF-α↑;
ATG8 family↑; ALB↑;
Akt/GSK3β/β-catenin/
E-cadherin (+); mTOR
(−); JNK/MAPK8 (+);
EMT (−); Akt/
mTOR (−)

(Tsai et al., 2012; Hsu
et al., 2013; Miao

et al., 2013; Qiu et al.,
2013; Zhang et al.,

2014; Gai et al., 2016)

Gepsin Gekko swinhonis
Guenther

Bel-7402 Induction of cell
cycle arrest

AFP↓; ALB↑ Wu et al. (2006)

GSPP SMMC-7721 Anti-migration and
proliferation;

Induction of cell
cycle arrest

Ca2+↓ (Chen et al., 2010; Wu
et al., 2011)

GSPP α SMMC-7721 Anti-migration and
proliferation;

Induction of cell
cycle arrest

IL-8↓; Ca2+↓ (Chen et al., 2010; Wu
et al., 2011)

Cantharidin(CTD) Mylabris phalerata
Pallas or Mylabris
cichorii Linnaeus

HepG2; Hep3B;
SMMC-7721

HepG2 xenograft mice Induction of
apoptosis; Anti-
drug resistance

P-gp↓; MDR1↓; JAK2/
STAT3 (−); P13K/
Akt (−)

(Zheng et al., 2008;
Zhu et al., 2020)

Norcantharidin(NCTD) HepG2; SMCC-
7721; MHCC-
97H; Hep3B

mice were injected with
DEN to initiated HCC;
Balb/c mice injected

with H22 cells

Induction of
apoptosis;

Induction of cell
cycle arrest

ROS↑; cyclin B↓;
CDK1↓; BCL-2↓;
BAX↑; miR-214↑;
Caspase-3↑; Caspase-
10↑; β-catenin↑; MEK
(−); BCL-2/Caspase
(+); Ras (−); ERK (−);
STAT3 (−)

(Chang et al., 2010; Li
et al., 2010; Yeh et al.,
2012; Lu et al., 2014;
Zhang et al., 2017)

Methyl-
cantharidimide(MCA)

BEL-7404;
HepG2

Induction of
apoptosis;

Induction of cell
cycle arrest

Caspase-3↑; p53-
UNC5B (+); NF-
κB (−)

(Wei et al., 2012; Li
et al., 2020)

(Continued on following page)

Frontiers in Pharmacology frontiersin.org04

Liao et al. 10.3389/fphar.2024.1399882

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


Cinobufagin can reduce the BCL-2/BAX ratio in an aurora kinase A
(AURKA)-dependent manner, inducing apoptosis in Huh-7 cells.
At the same time, cinobufagin can also inhibit the expression of
cyclin-dependent kinase (CDK)1, cyclinB1, and proliferating cell
nuclear antigen, causing cell cycle arrest in the G2/M phase.
Cinobufagin inhibits the vitality of Huh-7 cells by inhibiting
AURKA and p53 signal transduction and activating p73 signal

transduction, thereby blocking the cell cycle and inducing cell
apoptosis (Zhao L. et al., 2019).

Several studies have validated the effects of cinobufagin on HCC.
Cinobufagin at 125 nM has a strong growth inhibitory effect on
HepG2 and SK-HEP-1 cells. Cinobufagin inhibits the growth of
HCC cells by suppressing the expression of epidermal growth factor
receptor and reducing the activity of CDK2 (Zhang Q. et al., 2020).

TABLE 1 (Continued) Animal-derived natural products for hepatocellular carcinoma therapy.

Compound Source Experimental model Efficacy Mechanism References

In vitro In vivo

Beauvericin Bombyx mori
Linnaeus

H4IIE Induction of
apoptosis

E-cadherin↑;
N-cadherin↓; JNK (+);
ERK (−); NF-κB (−);
EMT (−)

Wätjen et al. (2014)

BBPW-2 HepG2 Induction of
apoptosis;

Induction of cell
cycle arrest

\ Jiang et al. (2014)

Echinoside A (EA) Pearsonothuria
graeffei Semper

HepG2 Anti-migration and
proliferation

MMP-9/TIMP-1↓;
VEGF↓

(Zhao et al., 2011;
Wang et al., 2014)

Holothurin A1 (HA1) HepG2 CAM model Anti-migration and
proliferation

MMP-9↓; TIMP-1↑ Zhao et al. (2010)

24-Dehydroechinoside A
(DHEA)

HepG2 CAM model Anti-migration and
proliferation

MMP-9↓; TIMP-1↑ Zhao et al. (2010)

Sipholenol A Siphonochalina HepG2 Induction of
apoptosis;

Induction of cell
cycle arrest; Anti-
drug resistance

cyclin-B1↓; cyclin-
D1↓; Caspase-3↑

Abdel-Lateff et al.
(2016)

Crambescidin-816 (C816) HepG2 Anti-migration and
proliferation;

Induction of cell
cycle arrest

cyclin-A↓; cyclin-D ↓;
kinases2↓; kinases6↓

Rubiolo et al. (2014)

Aaptamine HCC-LM3;
HepG2

HCC-LM3 tumor
xenografts mice

Induction of cell
cycle arrest

SOX9↓; CDK2↓ Li et al. (2015)

Bromovulone III Alcyoniidae Hep3B; HepG2;
HA22T

Induction of
apoptosis

m-calpain↑; Caspase-
7/12↑; CHOP/
GADD153↑

Chiang et al. (2005)

Methyl spongoate (MESP) BEL-7402;
SMMC-7221;

Zip-177;
HepG3B; HepG2;

BEL-7404

Induction of
apoptosis

MMPs↓; Caspase-9/
3↑; BAX↑; Caspase-3/
9↑ STAT3 (+)

(Jiang et al., 2010;
Jiang et al., 2011)

11-epi-sinulariolide acetate
(11-epi-SA)

HA22T; Hep3B;
Huh7

Induction of
apoptosis; Anti-
migration and
proliferation

MMP-2↓; MMP-9↓;
uPA↓; TIMP-1↑;
TIMP-2↑; BAX↑;
BAD↑; BCL-2↑ ERK
(−); p38MAPK (−);
FAK/P13K/Akt/
mTOR (−)

(Lin et al., 2014; Lin
et al., 2016)

Extractive of Periplaneta
american Linneaus

Other animal-derived
natural products

HepG2 Induction of
apoptosis

P13K/Akt (−) Ma et al. (2022)

Kahalalide F (KF) — Induction of cell
cycle arrest

TGF-α (−) Salazar et al. (2013)

β-chitosan nanoparticles
(β-CNP)

HepG2 Induction of
apoptosis

mitochondrial
pathway (+)

Subhapradha and
Shanmugam (2017)
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Another study found that cinobufagin can inhibit the AURKA-
mTOR-eukaryotic translation initiation factor 4E (EIF4E) signaling
pathway, and block the formation of the spindle body in Huh-7 cells,
thereby exerting an anti-tumor effect (Jin et al., 2020).

3.1.3 Bufotalin
Bufotalin is also a bufadienolide that can be used for heart failure

and pain (El-Seedi et al., 2022). One study found that 1.13 μM of
bufotalin has an 80% growth inhibition rate on Hep 3B cells. After
bufotalin intervention, the expression of Caspase-8 in Hep 3B cells is
upregulated, which subsequently activates the Caspase-9 and
Caspase-3 pathways, leading to PARP cleavage and inducing cell
apoptosis through the mitochondrial pathway (Su et al., 2009).

In addition, 2 nM of bufotalin can inhibit the growth of multi-
drug resistant liver cancer cells R-HepG2 and suppress the cell cycle
in the G2/M phase in vitro and in vivo. Further research found that
bufotalin can downregulate the expression of Aurora A and cell
division cycle (CDC)25, thereby inhibiting CDK1 and cyclinB,
inducing cell stagnation in the G2/M phase. At the same time,
bufotalin can also increase p53 expression, on one hand, it can block
the cell cycle by promoting the expression of cyclin-dependent
kinase inhibitor 1 (p21); on the other hand, it can upregulate
BAX and downregulate BCL-2, inducing mitochondrial pathway
apoptosis signals. The study also found that bufotalin can inhibit the
expression and phosphorylation of Akt, promoting p53-mediated
cell apoptosis (Zhang et al., 2012).

3.1.4 Bufalin
Bufalin is a soluble digitalis-like component in Chan Su.

Research has found that 10 nmol/L of bufalin can significantly
inhibit the proliferation, migration, and invasion of
HCCLM3 and HepG2 cells. Molecular experiments show that
bufalin can inhibit the phosphorylation of Akt and increase the
activity of glycogen synthase kinase-3 (GSK3)β, thereby inducing
the degradation of β-catenin. This leads to the subsequent inhibition
of matrix metalloproteinase (MMPs), such as MMP-2 and MMP-9
expression and an increase in E-cadherin expression (Qiu et al.,
2013). In vivo experiments show similar results, bufalin can inhibit
tumor growth in mice with orthotopic transplantation tumor
models of HCC through the Akt/GSK3β/β-catenin/E-cadherin
pathway, promoting tumor necrosis (Zhang et al., 2014).

Research has also found that bufalin can inhibit the proliferation
of HepG2 liver cancer cells in a dose-dependent manner, with an
IC50 value of 143.2 nM. Further research has found that it increases
the expression of beclin-1, promotes the transformation of Lc3-I to
Lc3-II, and reduces the expression of sequestosome-1 (p62),
initiating and forming autophagosomes (Chen Y. et al., 2024),
and inducing cell autophagy. At the same time, bufalin can also
activate AMP-activated protein kinase activity, thereby inhibiting
mTOR to induce autophagy. Autophagy leads to the degradation of
the main contents of the cytoplasm by autophagic lysosomes,
abnormal protein aggregation, and excess and damaged
organelles, which have a dual role in promoting survival and
apoptosis (Miao et al., 2013).

In addition, bufalin can reduce Akt activity, interfere with the
Akt/mTOR signaling pathway, and simultaneously increase the
protein levels of LC3-II, autophagy-related proteins, and beclin-1
in SK-Hep-1 cells, collectively inducing autophagy in SK-Hep-

1 cells. Bufalin intervention also reduces the expression of cyclin
A, cyclin B, and CDK1 in SK-Hep-1 cells, and increases the
expression of checkpoint kinase 1 (CHK1), and wee1-like protein
kinase (WEE1), causing cell cycle arrest in the G2/M phase (Tsai
et al., 2012). Another study showed similar results, apoptotic
protease activating factor-1 can significantly inhibit the
proliferation of Huh7, Hep3B, and HA22T cells after 0.4 μM of
bufalin acting for 72 h, by up-regulating the expression of cyclin B,
CDC, and CDC25C, causing cell cycle arrest in the G2/M phase, and
by activating tumor necrosis factor (TNF)-α, c-Jun N-terminal
kinase (JNK)/mitogen-activated protein kinase 8 (MAPK8),
beclin-1, and gamma-aminobutyric acid receptor-associated
protein, etc., promoting cell autophagy (Hsu et al., 2013).

Bufalin can inhibit the proliferation, migration, and invasion of
Bel-7402 cells. After treating BEL-7402 cells with 0.085 μg/mL of
bufalin for 72 h, the number of migrations and invasions decreased
by more than 50%. Further experimental results show that bufalin
can increase the expression of β-catenin on the cell membrane,
reduce the expression of β-catenin in the cytoplasm and nucleus,
and inhibit EMT by increasing the expression of E-cadherin. At the
same time, it can also reverse the malignant phenotype of cells by
reducing the expression of alpha-fetoprotein (AFP) in BEL-7402
cells and increasing the expression of albumin (ALB) (Gai
et al., 2016).

3.2 Gekko swinhonis guenther

Gekko swinhonis Guenther, also known as the Gecko, is an
animal of the genus Gekko, family Gekkonidae. In China, the dried
body of the gecko has been used as an anti-cancer traditional
medicine for hundreds of years. Modern research shows that
various compounds extracted from gecko, such as gecko
polypeptides, have various biological effects, such as anti-
inflammatory and anti-tumor, and are very promising anti-
cancer drugs (Duan et al., 2018; Babaei et al., 2023).

3.2.1 Gepsin
Gekko sulfated polysaccha-ride (Gepsin) is a sulfated

polysaccharide isolated from the gecko. At 10 mg/mL, Gepsin can
inhibit Bel-7402 cell proliferation by 50%, but it has no discernible
effect on normal liver L-02 cells. Gepsin can suppress the cell cycle in
the G2/M phase, but it has no discernible effect on cell apoptosis. In
addition, after Gepsin treatment, the secretion of AFP in HCC cells
decreases, and the secretion of ALB increases, indicating that Gepsin
can inhibit the malignant differentiation of HCC cells (Wu
et al., 2006).

3.2.2 GSPP and GSPP α
The gekko sulfated polysaccharide-protein complex (GSPP)

isolated from the gecko also has certain anticancer effects. GSPP
can inhibit the proliferation of SMMC-7721 cells, cause cell cycle
arrest in the S phase, and inhibit the migration of SMMC-7721 cells
by reducing the intracellular calcium concentration and inducing
the aggregation of actin filaments and the redistribution of actin
filaments to the cytoplasm (Chen et al., 2010). Subsequently,
through papain hydrolysis, a substance with a lower molecular
weight and better antitumor activity—gekko sulfated glycopeptide
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α (GSPPα)—was extracted from the GSPP. GSPPα can inhibit the
migration of SMMC-7221 cells in a dose-dependent manner by
reducing the secretion of interleukin-8 (IL-8) and the intracellular
calcium concentration and regulating the reorganization of the cell
skeleton (Wu et al., 2011).

3.3 Mylabris phalerata Pallas or Mylabris
cichorii Linnaeus

Mylabris phalerata Pallas, or Mylabris cichorii Linnaeus, also
called the Chinese blister beetle, is a common insect in China.
Traditional Chinese medicine uses the dried body of this insect to
cure a variety of cancers and skin conditions (Wang, 1989; Knapp
et al., 1998; Li et al., 2023). The blister beetle has significant toxicity
to the liver, kidneys, gastrointestinal tract, and heart, but various
active ingredients extracted from it have significant therapeutic
effects on liver cancer, skin cancer, breast cancer, bladder cancer,
lung cancer, colorectal cancer, and more (Naz et al., 2020). A
medication called sodium cantharidate, which is derived from
blister beetle extract, has a definite therapeutic effect on liver
cancer. A clinical trial that included 104 patients with advanced
HCC found that, compared to conventional treatment regimens,
treatment with sodium cantharidate had a higher rate of alleviation
and stability (Shao et al., 2014).

3.3.1 Cantharidin
Cantharidin (CTD) is an active natural product extracted from the

blister beetle which can induce apoptosis in various types of tumor cells
(Deng et al., 2013). Research has found that 5 μM of CTD can
significantly reduce the proliferation of HepG2 and Hep3B cells.
Experiments have confirmed that EPHB4 is the main target of
CTD. CTD inhibits ephrin type-B receptor 4 (EPHB4), blocking
Janus kinase (JAK)2/signal transducer and activator of transcription
(STAT)3 and phosphoinositide 3-kinase (PI3K)/Akt pathways, and
thereby promoting apoptosis of HCC cells through endogenous
pathways. In vivo experiments also confirmed that CTD inhibits the
progression of SMMC-7721 xenograft tumors in mice by blocking the
EPHB4-related pathway (Zhu et al., 2020).

Another study found that CTD can inhibit the multidrug resistance
(MDR) of HepG2/ADM cells by suppressing the levels of p-glycoprotein
(P-gp) andMDR1. The overexpression of P-glycoprotein andMDR1 is a
major cause of chemotherapy resistance in tumor cells., P-gp-mediated
drug efflux inhibition causesMDR cancer cells to become resensitized to
chemotherapeutic agent treatment, which may enable chemotherapy to
be successfully administered to patients with MDR tumors (Zheng
et al., 2008).

3.3.2 Norcantharidin
Norcantharidin (NCTD) is a demethylated analogue of CTD,

which can effectively combat tumors. NCTD at 5–40 μg/mL can
inhibit the proliferation of HepG2 cells in a dose-dependent manner.
Further research has found that NCTD can induce apoptosis in
HepG2 cells through the BCL-2/Caspase pathway (Chang et al.,
2010). At the same time, NCTD can increase the reactive oxygen
species level in HCC cells, promotingmitochondrial damage and cell
apoptosis (Li et al., 2010).

In addition, 10 μg/mL of NCTD can significantly inhibit the
proliferation of SMCC-7721 and MHCC-97H cells, which is related
to upregulation of terminal nucleotidyltransferase 5C (FAM46C)
expression by NCTD. FAM46C is a non-canonical poly(A)
polymerase that can inhibit the activity of Ras, mitogen-activated
protein kinase (MEK), and extracellular signal regulated kinases
(ERK), thereby inhibiting the expression of cyclin B, CDK1, BCL-2,
promoting the expression of BAX, inducing cell cycle arrest in the
G2/M phase, and cell apoptosis (Zhang et al., 2017). NCTD also
promotes the expression of miR-214, thereby inhibiting the β-
catenin pathway and STAT3 pathway, exerting anti-cancer effects
(Lu et al., 2014).

The anti-cancer mechanism of NCTD may be related to the
dose. Research has found that 25 μg/mL of NCTD can induce cell
cycle arrest in the G2/M phase in Hep G2 cells, and 50 μg/mL of
NCTD can induce G0/G1 phase arrest. In addition, NCTD can also
bind with the TNF-related apoptosis-inducing ligand (TRAIL)-R2/
DR5. TRAIL-R2/DR5 is a type of TRAIL receptor that can activate
Caspase-3 and Caspase-10, thereby inducing cell apoptosis (Yeh
et al., 2012).

3.3.3 Methyl-cantharidimide
Methyl-cantharidimide (MCA) is a CTD analogue, possessing

stronger anti-tumor effects and lower toxicity than CTD. MCA
can promote apoptosis in BEL-7404 and HepG2 cells, and inhibit
cell growth, with IC50 values of 226.82 and 273.18μM,
respectively (Wei et al., 2012). MCA can increase the
expression of the netrin receptor UNC5B (UNC5B) in HCC
cells, activating apoptosis mediated by p53-UNC5B. In
addition, MCA can also inhibit the expression of nuclear
factor-κB (NF-κB), increase the level of Caspase-3, thereby
exerting anti-HCC effects (Li et al., 2020).

3.4 Bombyx mori Linnaeus

The Bombyx mori Linnaeus commonly known as silkworm and
belongs to the family of Bombycidae. In China, the dried body of
silkworm larvae infected with beauveria bassiana is known as
“Jiangcan”, which can be used to treat diseases such as stroke
and inflammation. Modern research has confirmed that this
special silkworm has certain anti-tumor effects, and it has certain
effects on osteosarcoma, liver cancer, and cervical cancer (Wu et al.,
2011; Yue et al., 2009).

3.4.1 Beauvericin
Beauvericin is a common mycotoxin, and studies have found

that it can induce apoptosis in H4IIE cells. Further research shows
that Beauvericin can reduce the phosphorylation of ERK, induce the
phosphorylation of JNK, and inhibit the activity of NF-κB, thereby
inducing cell apoptosis (Wätjen et al., 2014).

3.4.2 BBPW-2
BBPW-2 is a water-soluble oligosaccharide purified from B.

batryticatus. BBPW-2 at a concentration of 0.5 mg/L can effectively
inhibit the growth of HepG2 cells, causing cell cycle arrest in the G0/
G1 andG2/M phases, and promoting cell apoptosis (Jiang et al., 2014).
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3.5 Pearsonothuria graeffei Semper

Pearsonothuria graeffei Semper belongs to Holothuriidae, which
also known as sea cucumber. Holothuriidae has been used as a
source of anti-inflammatory and anti-disease food for centuries
(Hossain et al., 2020). Sea cucumbers consist of vitamins,
minerals, cerebrosides, peptides, and lectins, and also contain
unique molecules, such as sulfated polysaccharides, 12-
methyltetradecanoic acid (12-MTA), philinopside E, triterpene
glycoside compounds, glycosaminoglycan, and chondroitin
sulfates. These compounds are known to have antimicrobial,
antioxidant, anti-inflammatory, and anti-tumor effects and can
be used to treat lung cancer, pancreatic cancer, colorectal cancer,
liver cancer, and more (Janakiram et al., 2015; Mayer et al., 2022).

3.5.1 Echinoside A (EA)
Echinoside A (EA) is a triterpene glycoside, which is a major

secondary metabolite of sea cucumbers (P. graeffei Semper). It has
various pharmacological effects, such as enhancing immunity, being
anti-cancer, anti-bacterial, and anti-angiogenesis (Zhao et al., 2018).
Using 2.49 μmol/L of EA on HepG2 cells for 24 h can inhibit cell
proliferation by more than 50%. Further research has found that EA
can increase the expression level of tissue inhibitors of
metalloproteinases (TIMP-1), downregulate the expression of
MMP-9, reduce the MMP-9/TIMP-1 ratio, and protect the
integrity of the extracellular matrix (ECM), thereby inhibiting
tumor metastasis. At the same time, the downregulation of
MMP-9 will also inhibit the expression of vascular endothelial
growth factor (VEGF), inhibiting tumor angiogenesis (Zhao
et al., 2011; Wang et al., 2014).

3.5.2 Holothurin A1/24-dehydroechinoside A
Holothurin A1 (HA1) and 24-dehydroechinoside A (DHEA) are

two sulfated triterpene glycosides isolated from sea cucumbers (P.
graeffei Semper). Both 2.86 μM of HA1 and DHEA can reduce the
average migration rate of HepG2 cells to 60% and 56.4%,
respectively. Further research has found that both of them can
directly inhibit the migration ability of HepG2 cells by reducing the
expression of MMP-9 and increasing TIMP-1. At the same time,
HA1 and DHEA can also downregulate the expression of VEGF in
HCC cells, thereby inhibiting tumor cell growth (Zhao et al., 2010).

3.6 Siphonochalina

Sponges (Siphonochalina) are a class of primitive, multicellular
aquatic animals. Since the 1960s, a series of compounds, such as
spongothymidine, spongouridine, spongonucleoside, etc., have been
isolated from sponges. They have high medicinal value, possessing
antibacterial, anti-inflammatory, and antitumor effects (Ye et al.,
2015; Elissawy et al., 2021).

3.6.1 Sipholenol A
Sipholenol A is a triterpene derivative isolated from

Siphonochalina sp. It has been proven to reverse P-gp-mediated
MDR. It exhibits anti-proliferative activity in HepG2 cells.
Sipholenol A can inhibit the expression of cyclin B1 and cyclin
D1, upregulate the expression of Caspase-3, block cells in the G0/

G1 and S phases, and induce cell apoptosis (Abdel-Lateff
et al., 2016).

3.6.2 Crambescidin-816
Crambescidin-816 (C816) is a guanidine alkaloid produced by

the sponge Crambe crambe, with antitumor activity. It can reduce
the viability of HepG2 cells by more than 50% and prevent cell
migration. C816 can downregulate the expression of cyclin A and
cyclin D as well as cyclin-dependent kinases 2 and 6, while
increasing the expression of p53 and cyclin-dependent kinase
inhibitors A and D, causing cell cycle arrest in the G0/G1 phase,
and reducing the proportion of cells in the S and G2/M phases
(Rubiolo et al., 2014).

3.6.3 Aaptamine
Aaptamine is an alkaloid extracted from the sponge Aaptos

aaptos Schmidt. It is a potential antimicrobial drug and also has
good antitumor effects (Tsukamoto et al., 2010; Nadar et al., 2022).
Aaptamine can inhibit the growth and colony formation of HCC-
LM3 and HepG2 cells. Further research found that aaptamine
reduces the expression of SRY-box transcription factor 9 and
CDK2 in HCC cells, inhibits CDK2 kinase activity, and promotes
the expression of p21 and the binding of the CDK2-cyclin D/E
complex, thereby inhibiting the cell cycle. In vivo experiments also
confirmed the antitumor effect of aaptamine in tumor-bearing mice
(Li et al., 2015).

3.7 Alcyoniidae

Soft corals (Alcyoniidae) are a class of lower invertebrates.
Extracts from corals have anti-inflammatory, anti-tumor, tissue
repair, neuroprotective, and antihypertensive effects. A variety of
compounds, such as diterpenoids, diterpenes, and prostanoids, have
been isolated from corals, which have certain antitumor effects on
liver cancer, breast cancer, colon cancer, and cervical cancer (Kamel
et al., 2007; Poza et al., 2008). Among them, crassarosterol A,
crassarosterol C, juncenolides C, Australins B, etc., all show anti-
HCC activity (Shen et al., 2003; Ahmed et al., 2005; Chao
et al., 2012).

3.7.1 Bromovulone III
Bromovulone III is a marine prostanoid compound

isolated from the soft coral Clavularia viridis Quoy & Gaimard.
The IC50s for Hep3B, HepG2, and HA22T cells are 0.47 ± 0.02,
0.59, and 0.41 mM, respectively. Mechanistic studies have
shown that bromovulone III induces apoptosis in HepG3B cells
by inducing m-calpain and Caspase-7/12 activation, causing
endoplasmic reticulum (ER) stress and increased expression
of CHOP/GADD153, leading to secondary mitochondrial
swelling and mitochondrial membrane depolarization (Chiang
et al., 2005).

3.7.2 Methyl spongoate
Methyl spongoate (MESP) is a methyl spongoate analog that has

a certain killing effect on BEL-7402, SMMC-7221, Zip-177,
HepG3B, HepG2, and BEL-7404 cells, with an average IC50 of
4.4 µM (Jiang et al., 2010). Mechanistic studies have shown that
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MESP induces typical apoptosis by disrupting MMPs and activating
the Caspase-9/3 cascade. On the other hand, it induces cell apoptosis
by alleviating the inhibition of the STAT3 signaling pathway,
reducing the expression of the anti-apoptotic x-linked inhibitor
of apoptosis protein, and promoting the expression of BAX and
Caspase-3/9 (Jiang et al., 2011).

3.7.3 11-epi-sinulariolide acetate
11-epi-sinulariolide acetate (11-epi-SA) is an active compound

isolated from Sinularia flexibilis Quoy & Gaimard, which also has
anti-HCC effects. 15.9 μM of 11-epi-SA can significantly inhibit the
proliferation andmigration of HA22T cells, inhibit the protein levels
of MMP-2, MMP-9, and urokinase-type plasminogen activator
(uPA) in cells, increase the expression of TIMP-1 and TIMP-2,
and inhibit the phosphorylation of extracellular signal-regulated
kinase 1/2 (ERK1/2) and p38 MAPK and the focal adhesion kinase
(FAK)/PI3K/Akt/mTOR pathway, thereby inhibiting HCC (Lin
et al., 2014). In addition, 11-epi-SA can induce apoptosis through
the mitochondrial pathway by upregulating BAX and Bcl2-
associated agonist of cell death (BAD), downregulating BCL-2,
and inducing apoptosis by causing endoplasmic reticulum stress
and upregulating CHOP expression (Lin et al., 2016).

3.8 Other animal-derived natural products

3.8.1 Extractive of Periplaneta american Linneaus
The American cockroach belongs to the class Insecta, family

Blattidae, and genus Periplaneta. It has been used in traditional
Chinese medicine for thousands of years. Modern research shows
that it has anti-tumor and anti-inflammatory effects. In China, a
variety of drugs have been developed using the American cockroach
as a raw material, which has significant effects on the treatment of
liver diseases (Ganlong capsule and Xiaozheng Yigan tablet).
Research has found that the extract of Periplaneta american L. at
0.15624 mg/mL can exert anti-HCC effects by regulating the P13K/
Akt pathway (Ma et al., 2022).

3.8.2 Kahalalide F
Kahalalide F (KF) is an active ingredient extracted from the

marine mollusk Elysia rufescens, showing a variety of antitumor
effects. After KF treatment, the growth of HepG2, Huh-7, and
Hep2B cells is inhibited, and the cell cycle is arrested in the G0-
G1 phase, which is related to the inhibition of TGF-α expression and
the blockade of the epidermal growth factor receptor. Clinical trials
have also shown the beneficial effects of KF. After receiving KF
treatment, the condition of HCC patients can remain stable for a
long time (Pardo et al., 2008; Salazar et al., 2013).

3.8.3 β-chitosan nanoparticles
β-chitosan nanoparticles (β-CNP) is a chitosan-like component

extracted from the cuttlebone of cephalopods, which has a certain
antibacterial effect. β-CNP synthesized using sodium
tripolyphosphate and β-chitosan as raw materials show good
anticancer activity. 30 μg/mL of β-CNP can promote apoptosis of
HepG2 cells in a concentration-dependent manner through the
mitochondrial pathway (Subhapradha and Shanmugam, 2017).

The structures of animal-derived natural products are shown
in Figure 2.

4 Discussion and perspective

4.1 Mechanism of action

4.1.1 Wnt/β-catenin pathway
Under physiological conditions, the wnt pathway is inhibited

and the GSK complex phosphorylates β-catenin, leading to its
degradation in the cytoplasm. The over-activation of the Wnt
pathway in cancer results in Wnt binding to low-density
lipoprotein receptor-related proteins 5/6 and other molecules.
This causes the GSK complex to lose its inhibition of β-catenin,
allowing β-catenin to enter the nucleus and interact with the
transcription factors to activate downstream transcription. The
primary downstream molecules of β-catenin are N-cadherin,
vimentin, slug, and snail (Zhang X. et al., 2020). Over-
transcription of these molecules prevents E-cadherin from
mediating intercellular tight junctions and encourages EMT, the
primary mechanism through which cancer cells undergo
migratory invasion.

4.1.2 Caspase apoptosis pathway
Apoptosis is typified by DNA fragmentation, nuclear fixation,

cell shrinkage, and blebbing of the cell membrane. There are two
types of pathways: internal (mitochondrial) and external. The
apoptosis receptor Fas, TRAIL-R, binds to its ligand Fas-L,
TRAIL, causing Fas-associated death domain protein (FADD) to
undergo a conformational change that changes procaspase8/10 into
Caspase8/10. Then, the downstream Caspase3/7 is activated by the
external pathway, and apoptosis is induced by the internal pathway
via the mitochondrial pathway. Activation of the mitochondrial
pathway can also be achieved by activating BAX and
Bcl2 antagonist/killer 1 (BAK) to inhibit the BCL-2 apoptosis
suppressor family proteins. Increased mitochondrial permeability
releases cytochrome C into the cytoplasm, where it binds to proteins
like procaspase-9 to form apoptotic vesicles. Procaspase-9 is then
cleaved to form enzymatically active Caspase-9, which starts the
Caspase cascade reaction and eventually activates PARP cleavage
and apoptosis.

4.1.3 p53/BCL-2/BAX pathway
p53 can control cell division and stop the development of HCC

tumor cells by stopping cells with damaged or mutant DNA from
proliferating and by transcriptionally sending these cells death
signals (Ji et al., 2022). p53 can activate p21, growth arrest, and
the DNA damage-inducible protein GADD45 alpha, etc. to stop the
HCC cell cycle; it can also upregulate apoptotic protease-activating
factor 1, BAX, Fas, etc. to encourage apoptosis in HCC cells; it can
also promote angiogenesis by upregulating thrombospondin-1, etc.;
it can also increase the activity of 5′-AMP-activated protein kinase
subunit beta-1, Bcl2 binding component 3 (PUMA), etc. to
encourage autophagy; as well as can activate DNA damage-
binding protein 2, fanconi anemia group C protein, etc. to
promote DNA repair.

Frontiers in Pharmacology frontiersin.org09

Liao et al. 10.3389/fphar.2024.1399882

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


The E3 ubiquitin-protein ligase mdm2 (MDM2) and the protein
mdm4 (MDMX), which is a component of p53, prevent
P53 activation, whereas the tumour suppressor ARF inhibits
MDM2 (Cinelli et al., 1998). The transcription of the oncogene’s
downstream target genes is induced when tumor suppressor ARF
activity is triggered, MDM2 is repressed, and p53 is activated. p53 is
involved in a number of processes, including angiogenesis,
apoptosis, cell cycle disruption, autophagy stimulation, and
DNA repair.

4.1.4 PI3K/Akt pathway
The overactivation of the PI3K/Akt pathway typically results

in malignant invasion and medication resistance in tumor cells
(Khezri et al., 2022). PI3K is activated by adaptor proteins,
growth factors, and other molecules that catalyze the
formation of PIP3 from PIP2, activating Akt.
phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and
dual-specificity protein phosphatase PTEN (PTEN) converts
PIP3 to PIP2 and inhibits PI3K/Akt. Akt activation stimulates
multiple downstream pathways. For instance, PI3K triggers
mTOR, which subsequently prevents ATG1-mediated
autophagy. Moreover, BAD is phosphorylated by Akt,
stimulating BCL2 and preventing apoptosis. By
phosphorylating MDM2, Akt blocks the p53 pathway.
Additionally, p21 and p27 are phosphorylated by Akt, which
inhibits CDK and stops the cell cycle. When GSK is inactivated by
Akt, β-catenin translocates to the nucleus and triggers
downstream transcription. Additionally, Akt blocks the MARK
pathway (Song et al., 2019).

4.1.5 NF-κB pathway
Ageing, chronic inflammatory disorders, tumorigenesis, and

autoimmune diseases are all significantly impacted by the NF-κB
signaling system (Hoesel and Schmid, 2013). New research indicates
that liver fibrosis and HCC may be prevented or treated by targeting it
(Luedde and Schwabe, 2011). NF-κB is made up of nuclear factor
p50 and p65. IκB kinase (IKK) phosphorylates and degrades IκB,
allowing NF-κB to enter the nucleus and activate the downstream
genes. Through the activation of IKK, Akt can initiate the NF-κB
pathway. In tumor-associated macrophages, dendritic cells, myeloid-
derived suppressor cells, and natural killer cell cells, NF-κB activation
may be involved in controlling inflammation, carcinogenesis, and
migration. To improve autophagy, for instance, NF-κB activates
beclin-1 and other autophagy-related proteins.

4.1.6 HIF-1α and VEGF pathway
Hypoxia-inducible factor 1-alpha (HIF-1α) is composed of an

O2-regulated HIF-1α subunit and a constitutively-expressed HIF-1β
subunit. Prolyl hydroxylase is triggered in an aerobic environment,
which leads to the degradation of HIF-1α (Gao et al., 2023). Hypoxia
causes the α and β subunits to translocate to the nucleus, where they
bind to the cofactor P300. This triggers downstream mechanisms
that include boosting the release of cytokines, controlling ECM
remodeling and metabolism to support cell survival, regulating
VEGF, and inducing angiogenesis. In the meantime, transduction
of the mTOR, STAT3, and NF-κB signaling pathways can increase
its expression (Chen et al., 2019).

In cancer, the vascular endothelial growth factor receptor
(VEGFR) family of receptors have three varieties: 1, 2, and 3.

FIGURE 2
Chemical structures of animal-derived natural products. Classification of animal-derived natural products according to species.
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VEGFR2 is the most prevalent variety. After binding to VEGF,
VEGFR2 undergoes autophosphorylation, triggering the signaling
pathways of ERK/MAPK, calcium, and PI3K/Akt to become active.
The PI3K/Akt signaling pathway increases the survival of vascular
endothelial cells by inhibiting BAD and Caspase 9. In the meantime,
nitric oxide synthase 3 is activated, and nitric oxide levels are raised
via the PI3K/Akt and calcium ion signaling pathways, which
increase vascular permeability. Furthermore, the MAPK and
PI3K/Akt pathways facilitate cell invasion and migration. The
ERK/MAPK pathway then triggers cell division.

The specific anti-HCC mechanistic pathways of animal-derived
natural products are summarised in Figure 3.

4.2 Drug toxicity

Animal medicines have shown great potential in cancer
treatment, but their toxicity greatly limits their application. The
main toxicities are blood toxicity, alopecia, neurotoxicity, and

cardiac toxicity. the lethal dose of CTD for human oral
administration is 10–60 mg (Wang and Yang, 2019). Many case
reports have recorded injuries caused by the misuse of animal
medicines. A 51-year-old male showed symptoms such as oral
burning, diarrhea, difficulty urinating, hematuria, and acute
kidney injury after taking an aphrodisiac containing CTD (Diaz
et al., 2020). Four males were poisoned after taking CTD, showing
gastrointestinal reactions and liver and kidney function damage
(Karras et al., 1996). It is reported that from 1996 to 2016, there were
151 cases of animal medicine poisoning in China, with a mortality
rate of 18.68% (Helman and Edwards, 1997). In vivo studies, we
discovered that injections of huachansu resulted in aberrant
alterations in myocardial damage indices (AST, CK-MB, and
cTnI) following administration and ventricular tachycardia in
Beagle dogs. Myocardial damage indices (cTnI) in SD rats
similarly displayed aberrant alterations following dosing (Min,
2020). Mice injected with KF displayed both potentially lethal
neurotoxicity and reversible nephrotoxicity. Through clinical
trials, we discovered that CTD usage had severe harmful side

FIGURE 3
The anti-hepatocellular carcinoma mechanism of animal-derived natural products. The anti-hepatocellular carcinoma activity of each animal-
derived natural product is mainly achieved by inducing apoptosis in HCC, blocking the cell cycle, inhibiting invasion and migration, and inducing
autophagy. ACC, acetyl-CoA carboxylase; ACLY, ATP citrate lyase; Akt, protein kinase B; AURKA, aurora kinase A; BAX, Bcl2 associated X; BCL-2,
Bcl2 apoptosis regulator; CDC, cell division cycle; CDK, cyclin-dependent kinase; CHK1, checkpoint kinase 1; EGFR, epidermal growth factor
receptor; eIF4E, eukaryotic translation initiation factor 4E; EMT, epithelial-mesenchymal transition; EPHB4, ephrin type-B receptor 4; ERK, extracellular
signal regulated kinases; ERK1/2, extracellular signal-regulated kinase 1/2; FAM46C, terminal nucleotidyltransferase 5C; FAK, focal adhesion kinase; FASN,
fatty acid synthase; GRB2, growth factor receptor-bound protein 2; GSK3β, glycogen synthase kinase-3 beta; IL-8, interleukin-8; JAK2, Janus kinase2;
JNK, c-Jun N-terminal kinase; Lc3, light chain-3; MAPK, mitogen-activated protein kinase; MDR, multidrug resistance; MEK, mitogen-activated protein
kinase 1; MEKK4, MAPK kinase kinasekinase4; MKK3, mitogen-activated protein kinase3; MMPs, matrix metalloproteinase; mTOR, mammalian target of
rapamycin; NOXA, phorbol-12-myristate-13-acetate-induced protein 1; NF-κB, nuclear factor-κB; p, phosphorylation; PARP, poly ADP-ribose
polymerase; PI3K, phosphoinositide 3-kinase; PKC, anti-humanprotein kinase C; PP, serine/threonine phosphatases; PUMA, Bcl2 binding component 3;
p21, cyclin-dependent kinase inhibitor 1; SCD1, Stearoyl-CoA desaturase-1; SPHK1, sphingosine kinase 1; SRE, sterol regulatory elements; SREBF1, sterol
regulatory element-binding protein 1; STAT3, signal transducer and activator of transcription 3; TIMP-1/2, tissue inhibitor of metalloproteinase-1/2;
UNC5B, netrin receptor UNC5B; uPA, urokinase-type plasminogen activator; VEGF, vascular endothelial growth factor; WEE1, wee1-like protein kinase;
ΔΦm, mitochondrial membrane potential.
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effects on various systems in addition to its high hepatotoxicity.
Toxic side effects are evident and include bleeding into the stomach,
myocardial ischaemia, respiratory distress, renal failure, and more
(Zhang and Zhang, 2020).

It is necessary to inhibit its toxicity while exerting the anticancer
effect of animal medicine. In China, researchers have developed a
variety of animal extract preparations, purified the medicinal
components, and removed toxic components, such as Huachansu
injection, Jinlong capsule, etc. In addition, it is promising to develop
new drugs with anticancer effects and low toxicity characteristics by
modifying certain structures according to the chemical structure and
structure-effect characteristics of animal active ingredients. A study
prepared 4 derivatives based on the structural characteristics of toad
dienolide, confirming the impact of structural modification on drug
cytotoxicity (Cunha-Filho et al., 2010). Recently, machine learning
seems to greatly accelerate the process of optimizing drug structure
(Janela and Bajorath, 2022), which is worth the attention of
pharmacists. On the other hand, nanoformulations can also
optimize some properties of animal medicines, such as toxicity,
oral utilization, organ targeting, etc. Researchers used long-cycle
nanoparticle liposomes to package and deliver bufalin, which
improved the retention of the drug in the body, and this
nanoformulation was less distributed in the heart and kidney
organs, which was more conducive to drug enrichment and
beneficial to the treatment of liver and lung diseases (Ai-ping,
2020). Mesenchymal stem cell-derived exosomes (MSC-Exos)
have intrinsic therapeutic characteristics to reduce liver tissue
damage. Researchers use this characteristic to use bone
mesenchymal stem cell-derived exosomes (BMSC-Exos) as drug
carriers to encase the anticancer drug NCTD. In vitro experiments
found that BMSC-Exos-NCTD can slow down drug release,
effectively promote cell uptake, reduce tumor cell proliferation,
induce cell cycle arrest, and increase cell apoptosis compared to
simple NCTD treatment. In vivo experiments found that BMSC-
Exos carriers have an in situ homing effect on the tumor site of
mouse HCC and did not show toxicity (Liang et al., 2021).

4.3 Combination therapy

At present, various chemotherapies and small molecule therapies are
still the most important methods for treating HCC. Animal active
ingredients may be combined with these main treatment methods to
achieve unexpected good effects. Crizotinib has been approved by the
FDA for use in malignant tumors with anaplastic lymphoma kinase
(ALK) mutations. The combined use of NCTD and crizotinib can
significantly inhibit the growth of tumors in tumor-bearing mice, and
the effect is better than that of a single drug, which may be related to
NCTD inhibiting the mTOR pathway (Sun et al., 2017). Sorafenib is a
common drug for the treatment of advanced HCC. A clinical study in
China used sorafenib and toad extract (Huamao) to treat HCC and
obtained a higher effective rate than a single drug, and the combined
group had more significant improvements in WBC, TBIL, and ALT
indicators, a higher quality of life for patients, and weaker pain (Feng
et al., 2012). The combined use of sorafenib and sodium cantharidinate
can enhance the inhibition ofHepG2 cell proliferation, significantly block
cell proliferation in the G1 phase, and its mechanism may be related to
the inhibition of the Ras/MEK/ERK pathway (CHEN et al., 2015).

Some natural products derived from plants seem to also enhance
the effects of animal-derived products. Kanglaite injection is an anti-
tumor drug extracted from the Semen Coicis (Coix lacryma-jobi var.
ma-yuen (Rom. Caill.) Stapf), which can effectively inhibit the cell
cycle of tumor cells. The combination of kanglaite injection and
cinobufacin tablets has a definite therapeutic effect on patients with
HCC. Compared with single-drug use, combined medication can
relieve patient pain better, and have no obvious adverse reactions
(ke, 2018). Evodiamine (EVO) is one of the extracts from Evodia
rutaecarpa (Juss.) Benth., which has anti-cancer and anti-
inflammatory effects. In vitro experiments found that EVO
combined with NCTD showed a synergistic effect of anti-
proliferation and apoptosis in liver cancer cells (Liu and You,
2014). Its mechanism may be to inhibit the growth of
HepG2 cells by reducing the BAX/BCL-2 ratio, blocking the cell
cycle in the G2/M phase, and increasing the level of reactive oxygen
species in cells (yumin, 2015). Triptolide is a diterpene epoxide
extracted from Tripterygium wilfordiiHook. F. The combined use of
sodium cantharidinate and triptolide can synergistically inhibit the
growth of 7,721 cells. Its mechanism is related to increasing Caspase-
3 activity and suppressing NF-κB (Zhou and Pan, 2016).

The results of using contemporary medical technologies in
combination with animal medication therapy are likewise
favorable. Ultrasound-guided percutaneous hepatic portal vein
puncture injection of Huachansu was used in 25 patients with
HCC and portal vein thrombosis. The treatment’s overall
effectiveness rate was 68% (Jianfeng et al., 2015). 16 cases of HCC
were treated with transcatheter arterial chemoembolization (TACE)
in conjunction with percutaneous portal vein cannulation for a
continuous infusion of Huachansu injection. Following treatment,
the tumors were completely necrotic in 6 cases (37.5%), significantly
shrunk in 5 cases (31.25%), and stable in 2 cases (12.5%) (Chen and
Wu, 2010). The combination of drugs in the experimental group
increased the rate of tumor remission, improved quality of life, and
increased 1-year survival in a meta-analysis of huachansu injection
plus hepatic artery chemoembolization for primary hepatocellular
carcinoma (Ding et al., 2020). CTD can also be used in the post-
operative phase to enhance patients’ immunity. Eighty patients with
primary liver cancer were randomly assigned to one of two groups in a
clinical trial: the test group (TACE + CTD compound capsule
treatment) or the control group (TACE treatment). The results
indicated that the test group had a higher rate of solid tumor
control than the control group (Zhao S. C. et al., 2019).

4.4 Animal protection

Undoubtedly, the production of animal medicines depends on
live animals, which forces us to consider animal ethics and animal
protection when applying animal medicines on a large scale. In the
past, many animals have been hunted on a large scale due to their
unique medicinal properties, leading to endangered or extinct
animals. Therefore, it is necessary to study the ecological
characteristics of the source animals before researching a certain
animal-derived products to avoid looking for new drugs in animals
that are difficult to artificially breed or have a small population. In
addition, humane treatment of animals during the drug acquisition
process is also necessary.
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With the development of pharmaceutical chemistry, it is feasible
to artificially synthesize animal-derived drugs with known
structures. In China, some rare animal-derived traditional
medicines, such as bezoar and musk, have been mass-produced
through artificial synthesis. These drugs have effects that are not
inferior to real animal extracts, and they avoid the ecological and
human crises caused by slaughtering animals.

5 Conclusion

HCC is amalignant tumor that seriously threatens human life and
health, with its incidence and mortality rates remaining high
worldwide. Due to the difficulty of early detection and late-stage
treatment, the cure rate for HCC is extremely low. Active ingredients
derived from animals have a long history, andmany animal medicines
have been used to treat HCC in traditional medicine. In recent years,
research on active ingredients from animals has gradually increased,
providing more possibilities for the discovery of new anti-HCC drugs.

This review summarizes the animal-derived natural products that
have been found to have potential anti-HCC effects, such as
cinobufotalin, cinobufagin, bufalin, CTD, NCTD, MCA, beauvericin,
etc. These animal-derived products induce cell apoptosis, induce
autophagy, reverse drug resistance, inhibit tumor migration, block
the cell cycle, and inhibit tumor cell metabolism through various
pathways such as PI3K/Akt/mTOR, Ras/ERK/MAPK, Wnt/β-
catenin, JAK/STAT, etc., and have extremely high clinical potential.

However, there are still many obstacles to the clinical application of
animal-derived products. The components and mechanisms of many
animal-derived products are still unclear and need further research. At
the same time, the toxicity and side effects of animal-derived products
need to be given special attention, and drugs with better effects and
lower toxicity need to be developed through methods such as
optimizing drug structure and preparing nanoformulations. Animal
ethics and animal protection are also issues that need to be considered
before applying animal-derived products. Despite these obstacles, there
is no doubt that animals, like plants, are important avenues for the
discovery of new drugs and are worthy of researchers’ attention.

Author contributions

YL: Data curation, Methodology, Validation, Writing–original
draft, Writing–review and editing. FW: Data curation,
Writing–original draft, Writing–review and editing. ZH:
Conceptualization, Writing–original draft, Writing–review and
editing. JH: Formal Analysis, Methodology, Software,
Writing–original draft. YA: Methodology, Writing–original draft.

CG: Investigation, Writing–review and editing. LZ: Resources,
Writing–review and editing. DL: Data curation, Writing–review
and editing. CL: Investigation, Writing–review and editing. YW:
Validation, Writing–review and editing, Supervision. JZ:
Supervision, Validation, Visualization, Writing–review and editing.
XM: Funding acquisition, Visualization, Writing–review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the Program of Science and Technology Department of
Sichuan Province (Grant Nos. 2023NSFSC0687, 2023YFQ0016,
2023YFS0476 and 2023NSFSC0039), and the Xinglin Scholar
Research Promotion Project of Chengdu University of TCM
(Grant Nos. QJJJ2022010 and QJRC2022028), and the “Hundred
Talents Program” of the Hospital of the Chengdu University of
Traditional Chinese Medicine (Grant No. 22-B09), and the Joint
Innovation Fund of Chengdu University of Traditional Chinese
Medicine (Grant No. LH202402044), and Young Elite Scientists
Sponsorship Program by CACM [CACM-(2023-QNRC2-A01)].

Acknowledgments

We thank the Chengdu University of Chinese Medicine for
providing us with a research platform. And thank to Jinhao Zeng
from the Clinical Medical School of Chengdu University of
Traditional Chinese Medicine, Yueqiang Wen from the Basic
Medicine School of Chengdu University of Traditional Chinese
Medicine for their guidance and XM for his contribution to the article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

References

Abdel-Lateff, A., Al-Abd, A. M., Alahdal, A. M., Alarif, W. M., Ayyad, S. E., Al-
Lihaibi, S. S., et al. (2016). Antiproliferative effects of triterpenoidal derivatives, obtained
from the marine sponge Siphonochalina sp., on human hepatic and colorectal cancer
cells. Z Naturforsch C J. Biosci. 71, 29–35. doi:10.1515/znc-2015-0160

Ahmed, A. F., Wu, M. H., Wang, G. H., Wu, Y. C., and Sheu, J. H. (2005). Eunicellin-
based diterpenoids, australins A-D, isolated from the soft coral Cladiella australis. J. Nat.
Prod. 68, 1051–1055. doi:10.1021/np0500732

Ai-Ping, S. (2020). Study on the construction and pharmacokinetics of toad pastry
extract long cycle nanoparticle liposomes system. Shandong, China: Shandong University
of Traditional Chinese Medicine 5.

Asrani, S. K., Devarbhavi, H., Eaton, J., and Kamath, P. S. (2019). Burden of liver
diseases in the world. J. Hepatol. 70, 151–171. doi:10.1016/j.jhep.2018.09.014

Babaei, Z., Namavari, G., Khademi, F., Koohpeyma, F., Rashidi, M., Shafiee, S. M.,
et al. (2023). Potential anti-inflammatory and growth inhibitory effect of cyrtopodion

Frontiers in Pharmacology frontiersin.org13

Liao et al. 10.3389/fphar.2024.1399882

https://doi.org/10.1515/znc-2015-0160
https://doi.org/10.1021/np0500732
https://doi.org/10.1016/j.jhep.2018.09.014
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


scabrum extract on colon cancer; an in vivo study. Asian Pac J. Cancer Prev. 24,
1209–1216. doi:10.31557/APJCP.2023.24.4.1209

Brubacher, J. R., Ravikumar, P. R., Bania, T., Heller, M. B., and Hoffman, R. S. (1996).
Treatment of toad venom poisoning with digoxin-specific Fab fragments. Chest 110,
1282–1288. doi:10.1378/chest.110.5.1282

Cao, W., Chen, H. D., Yu, Y. W., Li, N., and Chen, W. Q. (2021). Changing profiles
of cancer burden worldwide and in China: a secondary analysis of the global cancer
statistics 2020. Chin. Med. J. Engl. 134, 783–791. doi:10.1097/CM9.
0000000000001474

Chang, C., Zhu, Y. Q., Mei, J. J., Liu, S. Q., and Luo, J. (2010). Involvement of
mitochondrial pathway in NCTD-induced cytotoxicity in human hepG2 cells.
J. Exp. Clin. Cancer Res. 29, 145. doi:10.1186/1756-9966-29-145

Chao, C. H., Chou, K. J., Huang, C. Y., Wen, Z. H., Hsu, C. H., Wu, Y. C., et al. (2012).
Steroids from the soft coral Sinularia crassa. Mar. Drugs 10, 439–450. doi:10.3390/
md10020439

Chen, D., Yao,W. J., Zhang, X. L., Han, X. Q., Qu, X. Y., Ka,W. B., et al. (2010). Effects
of Gekko sulfated polysaccharide-protein complex on human hepatoma SMMC-7721
cells: inhibition of proliferation and migration. J. Ethnopharmacol. 127, 702–708. doi:10.
1016/j.jep.2009.12.003

Chen, J., Niu, C., Yang, N., Liu, C., Zou, S. S., and Zhu, S. (2023). Biomarker discovery
and application-An opportunity to resolve the challenge of liver cancer diagnosis and
treatment. Pharmacol. Res. 189, 106674. doi:10.1016/j.phrs.2023.106674

Chen, K. K., and Kovaríková, A. (1967). Pharmacology and toxicology of toad venom.
J. Pharm. Sci. 56, 1535–1541. doi:10.1002/jps.2600561202

Chen, R., Lee, C., Lin, X., Zhao, C., and Li, X. (2019). Novel function of VEGF-B as an
antioxidant and therapeutic implications. Pharmacol. Res. 143, 33–39. doi:10.1016/j.
phrs.2019.03.002

Chen, T., Xiao, Z., Liu, X., Wang, T., Wang, Y., Ye, F., et al. (2024a). Natural products
for combating multidrug resistance in cancer. Pharmacol. Res. 202, 107099. doi:10.1016/
j.phrs.2024.107099

Chen, T. S., and Wu, X. X. (2010). Clinical observation of 16 patients with primary
liver cancer treated by TACE with continuous infusing Huachansu Injection in portal
vein. China J. Traditional Chin. Med. Pharm. 25, 792–794.

Chen, Y., Tan, X., Zhang, W., Li, Y., Deng, X., Zeng, J., et al. (2024b). Natural products
targeting macroautophagy signaling in hepatocellular carcinoma therapy: recent
evidence and perspectives. Phytother. Res. 38, 1623–1650. doi:10.1002/ptr.8103

Cheng, L., Chen, Y. Z., Peng, Y., Yi, N., Gu, X. S., Jin, Y., et al. (2015). Ceramide
productionmediates cinobufotalin-induced growth inhibition and apoptosis in cultured
hepatocellular carcinoma cells. Tumour Biol. 36, 5763–5771. doi:10.1007/s13277-015-
3245-1

Chen Zg, L. H., Zhu, Jy, Huang, S., Wu, Gb, Lq, Li, and Zhao, Yn (2015). Anti-
proliferative effects of combining Sorafenib and sodium cantharidinate in HepG2 liver
cancer cells. Chin. J. Oncol. Prev. Treat. 7. doi:10.3969/j.issn.1674-5671.2015.02.04

Chiang, P. C., Chien, C. L., Pan, S. L., Chen, W. P., Teng, C. M., Shen, Y. C., et al.
(2005). Induction of endoplasmic reticulum stress and apoptosis by a marine prostanoid
in human hepatocellular carcinoma. J. Hepatol. 43, 679–686. doi:10.1016/j.jhep.2005.
02.049

Cinelli, M., Magnelli, L., and Chiarugi, V. (1998). Redundant down-regulation
pathways for p53. Pharmacol. Res. 37, 83–85. doi:10.1006/phrs.1997.0269

Cunha-Filho, G. A., Resck, I. S., Cavalcanti, B. C., Pessoa, C. O., Moraes, M. O.,
Ferreira, J. R., et al. (2010). Cytotoxic profile of natural and some modified
bufadienolides from toad Rhinella schneideri parotoid gland secretion. Toxicon 56,
339–348. doi:10.1016/j.toxicon.2010.03.021

Deng, L., Tian, W., and Luo, L. (2024). Application of natural products in regulating
ferroptosis in human diseases. Phytomedicine 128, 155384. doi:10.1016/j.phymed.2024.
155384

Deng, L. P., Dong, J., Cai, H., and Wang, W. (2013). Cantharidin as an antitumor
agent: a retrospective review. Curr. Med. Chem. 20, 159–166. doi:10.2174/
092986713804806711

Diaz, P., Carneiro, A., Montes, V., and Alves, S. (2020). A potentially fatal aphrodisiac:
cantharidin poisoning. Acta Med. Port. 33, 284–287. doi:10.20344/amp.11567

Ding, Y. Y., Zhang, R. S., Zhang, L. Y., and Wang, X. (2020). Mate analysis of
cinobufacini injection combined withTACE for primary hepatocellular carcinoma.
Chin. J. Cancer Prev. Treat. 27, 1573–1584. doi:10.16073/j.cnki.cjcpt.2020.19.08

Duan, Y. M., Jin, Y., Guo, M. L., Duan, L. X., and Wang, J. G. (2018). Differentially
expressed genes of HepG2 cells treated with gecko polypeptide mixture. J. Cancer 9,
2723–2733. doi:10.7150/jca.26339

Elissawy, A. M., Soleiman Dehkordi, E., Mehdinezhad, N., Ashour, M. L., and
Mohammadi Pour, P. (2021). Cytotoxic alkaloids derived from marine sponges: a
comprehensive review. Biomolecules 11, 258. doi:10.3390/biom11020258

El-Seedi, H. R., Yosri, N., El-Aarag, B., Mahmoud, S. H., Zayed, A., Du, M., et al.
(2022). Chemistry and the potential antiviral, anticancer, and anti-inflammatory
activities of cardiotonic steroids derived from toads.Molecules 27, 6586. doi:10.3390/
molecules27196586

Feng, L. H., C.Y.D., Zheng, Z. G., and Gao, Y. Q. (2012). Clinical observation of
patients with primary liver cancer treated by sorafenib combined cinobufagin tablets.
Zhongguo Aizheng Zazhi 22, 856–859. doi:10.3969/j.issn.1007-3969.2012.11.010

Gai, J. Q., Sheng, X., Qin, J. M., Sun, K., Zhao, W., and Ni, L. (2016). The effect and
mechanism of bufalin on regulating hepatocellular carcinoma cell invasion and
metastasis via Wnt/β-catenin signaling pathway. Int. J. Oncol. 48, 338–348. doi:10.
3892/ijo.2015.3250

Gao, H., Nepovimova, E., Heger, Z., Valko, M., Wu, Q., Kuca, K., et al. (2023). Role of
hypoxia in cellular senescence. Pharmacol. Res. 194, 106841. doi:10.1016/j.phrs.2023.
106841

Giannelli, G., Koudelkova, P., Dituri, F., and Mikulits, W. (2016). Role of epithelial to
mesenchymal transition in hepatocellular carcinoma. J. Hepatol. 65, 798–808. doi:10.
1016/j.jhep.2016.05.007

González, J. A., and Vallejo, J. R. (2021). The use of domestic animals and their
derivative products in contemporary Spanish ethnoveterinary medicine.
J. Ethnopharmacol. 271, 113900. doi:10.1016/j.jep.2021.113900

Guo, W., Tan, H. Y., Chen, F., Wang, N., and Feng, Y. (2020). Targeting cancer
metabolism to resensitize chemotherapy: potential development of cancer
chemosensitizers from traditional Chinese medicines. Cancers (Basel) 12, 404.
doi:10.3390/cancers12020404

Helman, R. G., and Edwards, W. C. (1997). Clinical features of blister beetle poisoning
in equids: 70 cases (1983-1996). J. Am. Vet. Med. Assoc. 211, 1018–1021. doi:10.2460/
javma.1997.211.08.1018

Hoesel, B., and Schmid, J. A. (2013). The complexity of NF-κB signaling in
inflammation and cancer. Mol. Cancer 12, 86. doi:10.1186/1476-4598-12-86

Hossain, A., Dave, D., and Shahidi, F. (2020). Northern Sea cucumber (Cucumaria
frondosa): a potential candidate for functional food, nutraceutical, and pharmaceutical
sector. Mar. Drugs 18, 274. doi:10.3390/md18050274

Hsu, C. M., Tsai, Y., Wan, L., and Tsai, F. J. (2013). Bufalin induces G2/M phase arrest
and triggers autophagy via the TNF, JNK, BECN-1 and ATG8 pathway in human
hepatoma cells. Int. J. Oncol. 43, 338–348. doi:10.3892/ijo.2013.1942

Janakiram, N. B., Mohammed, A., and Rao, C. V. (2015). Sea cucumbers metabolites
as potent anti-cancer agents. Mar. Drugs 13, 2909–2923. doi:10.3390/md13052909

Janela, T., and Bajorath, J. (2022). Simple nearest-neighbour analysis meets the
accuracy of compound potency predictions using complex machine learning models.
Nat. Mach. Intell. 4, 1246–1255. doi:10.1038/s42256-022-00581-6

Ji, H., Wang,W., Li, X., Han, X., Zhang, X.,Wang, J., et al. (2022). p53: a double-edged
sword in tumor ferroptosis. Pharmacol. Res. 177, 106013. doi:10.1016/j.phrs.2021.
106013

Jia, J., Li, J., Zheng, Q., and Li, D. (2022). A research update on the antitumor effects of
active components of Chinese medicine ChanSu. Front. Oncol. 12, 1014637. doi:10.
3389/fonc.2022.1014637

Jianfeng, J., X. D., Qiujin, X., and Xue, Y. (2015). Ultrasound-guided percutaneous
cinobufagin injection for treatment of portal vein tumor thrombus in primary liver
cancer patients. J. Clin. Hepatology 31, 899–902. doi:10.3969/j.issn.1001-5256.2015.
06.017

Jiang, C. S., Huang, C. G., Feng, B., Li, J., Gong, J. X., Kurtán, T., et al. (2010). Synthesis
and antitumor evaluation of methyl spongoate analogs. Steroids 75, 1153–1163. doi:10.
1016/j.steroids.2010.08.002

Jiang, X., Zhang, Z., Chen, Y., Cui, Z., and Shi, L. (2014). Structural elucidation and
in vitro antitumor activity of a novel oligosaccharide from Bombyx batryticatus.
Carbohydr. Polym. 103, 434–441. doi:10.1016/j.carbpol.2013.12.039

Jiang, Y., Miao, Z. H., Xu, L., Yu, B., Gong, J. X., Tong, L. J., et al. (2011). Drug
transporter-independent liver cancer cell killing by a marine steroid methyl
spongoate via apoptosis induction. J. Biol. Chem. 286, 26461–26469. doi:10.1074/
jbc.M111.232728

Jin, X., Wang, J., Zou, S., Xu, R., Cao, J., Zhang, Y., et al. (2020). Cinobufagin triggers
defects in spindle formation and cap-dependent translation in liver cancer cells by
inhibiting the AURKA-mTOR-eIF4E axis. Am. J. Chin. Med. 48, 651–678. doi:10.1142/
S0192415X20500330

Kamel, H. N., Ferreira, D., Garcia-Fernandez, L. F., and Slattery, M. (2007). Cytotoxic
diterpenoids from the hybrid soft coral Sinularia maxima x Sinularia polydactyla. J. Nat.
Prod. 70, 1223–1227. doi:10.1021/np070074p

Karras, D. J., Farrell, S. E., Harrigan, R. A., Henretig, F. M., and Gealt, L. (1996).
Poisoning from "Spanish fly" (cantharidin). Am. J. Emerg. Med. 14, 478–483. doi:10.
1016/S0735-6757(96)90158-8

Ke, Y. (2018). Palliative effect of kanglaite injection combined with cinobufotalin
tablets on patients with primary liver cancer. Chin. General Pract. 20.

Khezri, M. R., Jafari, R., Yousefi, K., and Zolbanin, N. M. (2022). The PI3K/AKT
signaling pathway in cancer: molecular mechanisms and possible therapeutic
interventions. Exp. Mol. Pathol. 127, 104787. doi:10.1016/j.yexmp.2022.104787

Knapp, J., Bokník, P., Huke, S., Gombosová, I., Linck, B., Lüss, H., et al. (1998).
Contractility and inhibition of protein phosphatases by cantharidin. Gen. Pharmacol.
31, 729–733. doi:10.1016/s0306-3623(98)00053-6

Frontiers in Pharmacology frontiersin.org14

Liao et al. 10.3389/fphar.2024.1399882

https://doi.org/10.31557/APJCP.2023.24.4.1209
https://doi.org/10.1378/chest.110.5.1282
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1186/1756-9966-29-145
https://doi.org/10.3390/md10020439
https://doi.org/10.3390/md10020439
https://doi.org/10.1016/j.jep.2009.12.003
https://doi.org/10.1016/j.jep.2009.12.003
https://doi.org/10.1016/j.phrs.2023.106674
https://doi.org/10.1002/jps.2600561202
https://doi.org/10.1016/j.phrs.2019.03.002
https://doi.org/10.1016/j.phrs.2019.03.002
https://doi.org/10.1016/j.phrs.2024.107099
https://doi.org/10.1016/j.phrs.2024.107099
https://doi.org/10.1002/ptr.8103
https://doi.org/10.1007/s13277-015-3245-1
https://doi.org/10.1007/s13277-015-3245-1
https://doi.org/10.3969/j.issn.1674-5671.2015.02.04
https://doi.org/10.1016/j.jhep.2005.02.049
https://doi.org/10.1016/j.jhep.2005.02.049
https://doi.org/10.1006/phrs.1997.0269
https://doi.org/10.1016/j.toxicon.2010.03.021
https://doi.org/10.1016/j.phymed.2024.155384
https://doi.org/10.1016/j.phymed.2024.155384
https://doi.org/10.2174/092986713804806711
https://doi.org/10.2174/092986713804806711
https://doi.org/10.20344/amp.11567
https://doi.org/10.16073/j.cnki.cjcpt.2020.19.08
https://doi.org/10.7150/jca.26339
https://doi.org/10.3390/biom11020258
https://doi.org/10.3390/molecules27196586
https://doi.org/10.3390/molecules27196586
https://doi.org/10.3969/j.issn.1007-3969.2012.11.010
https://doi.org/10.3892/ijo.2015.3250
https://doi.org/10.3892/ijo.2015.3250
https://doi.org/10.1016/j.phrs.2023.106841
https://doi.org/10.1016/j.phrs.2023.106841
https://doi.org/10.1016/j.jhep.2016.05.007
https://doi.org/10.1016/j.jhep.2016.05.007
https://doi.org/10.1016/j.jep.2021.113900
https://doi.org/10.3390/cancers12020404
https://doi.org/10.2460/javma.1997.211.08.1018
https://doi.org/10.2460/javma.1997.211.08.1018
https://doi.org/10.1186/1476-4598-12-86
https://doi.org/10.3390/md18050274
https://doi.org/10.3892/ijo.2013.1942
https://doi.org/10.3390/md13052909
https://doi.org/10.1038/s42256-022-00581-6
https://doi.org/10.1016/j.phrs.2021.106013
https://doi.org/10.1016/j.phrs.2021.106013
https://doi.org/10.3389/fonc.2022.1014637
https://doi.org/10.3389/fonc.2022.1014637
https://doi.org/10.3969/j.issn.1001-5256.2015.06.017
https://doi.org/10.3969/j.issn.1001-5256.2015.06.017
https://doi.org/10.1016/j.steroids.2010.08.002
https://doi.org/10.1016/j.steroids.2010.08.002
https://doi.org/10.1016/j.carbpol.2013.12.039
https://doi.org/10.1074/jbc.M111.232728
https://doi.org/10.1074/jbc.M111.232728
https://doi.org/10.1142/S0192415X20500330
https://doi.org/10.1142/S0192415X20500330
https://doi.org/10.1021/np070074p
https://doi.org/10.1016/S0735-6757(96)90158-8
https://doi.org/10.1016/S0735-6757(96)90158-8
https://doi.org/10.1016/j.yexmp.2022.104787
https://doi.org/10.1016/s0306-3623(98)00053-6
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


Li, G. Q., Zhang, S. J., Lü, J. F., Wu, Y., Li, J., Zhang, G., et al. (2010).
Molecular mechanism of norcantharidin inducing apoptosis in liver cancer cells.
Zhonghua Yi Xue Za Zhi 90, 2145–2148. doi:10.3760/cma.j.issn.0376-2491.2010.
30.015

Li, Q. L., Zhang, P. P., Wang, P. Q., Yu, H. B., Sun, F., Hu, W. Z., et al. (2015). The
cytotoxic and mechanistic effects of aaptamine on hepatocellular carcinoma. Anticancer
Agents Med. Chem. 15, 291–297. doi:10.2174/1871520614666141114201027

Li, S., Wu, X., Fan, G., Du, K., and Deng, L. (2023). Exploring cantharidin and its
analogues as anticancer agents: a review. Curr. Med. Chem. 30, 2006–2019. doi:10.2174/
0929867330666221103151537

Li, W., Pei, S., Zhang, X., Qi, D., Zhang, W., Dou, Y., et al. (2022). Cinobufotalin
inhibits the epithelial-mesenchymal transition of hepatocellular carcinoma cells
through down-regulate β-catenin in vitro and in vivo. Eur. J. Pharmacol. 922,
174886. doi:10.1016/j.ejphar.2022.174886

Li, Y. D., Mao, Y., Dong, X. D., Lei, Z. N., Yang, Y., Lin, L., et al. (2020). Methyl-
cantharidimide (MCA) has anticancer efficacy in ABCB1- and ABCG2-
overexpressing and cisplatin resistant cancer cells. Front. Oncol. 10, 932. doi:10.
3389/fonc.2020.00932

Liang, L., Zhao, L., Wang, Y., and Wang, Y. (2021). Treatment for hepatocellular
carcinoma is enhanced when norcantharidin is encapsulated in exosomes derived from
bone marrow mesenchymal stem cells. Mol. Pharm. 18, 1003–1013. doi:10.1021/acs.
molpharmaceut.0c00976

Lin, J. J., Su, J. H., Tsai, C. C., Chen, Y. J., Liao, M. H., and Wu, Y. J. (2014). 11-
epi-Sinulariolide acetate reduces cell migration and invasion of human
hepatocellular carcinoma by reducing the activation of ERK1/2, p38MAPK
and FAK/PI3K/AKT/mTOR signaling pathways. Mar. Drugs 12, 4783–4798.
doi:10.3390/md12094783

Lin, J. J., Wang, R. Y., Chen, J. C., Chiu, C. C., Liao, M. H., and Wu, Y. J. (2016).
Cytotoxicity of 11-epi-Sinulariolide acetate isolated from cultured soft corals on
HA22T cells through the endoplasmic reticulum stress pathway and mitochondrial
dysfunction. Int. J. Mol. Sci. 17, 1787. doi:10.3390/ijms17111787

Liu, Z. J., You, Z., and Liao, H. (2014). Inhibitory effect of norcantharidin combined
with evodiamine on the growth of human hepatic carcinoma cell line HepG2 in vitro. **
bao yu fen zi Mian yi xue za zhi= Chinese Journal of Cellular andMolecular Immunology
30, 824–828. doi:10.13423/j.cnki.cjcmi.006975

Lu, S., Gao, Y., Huang, X., and Wang, X. (2014). Cantharidin exerts anti-
hepatocellular carcinoma by miR-214 modulating macrophage polarization. Int
J Biol Sci 10, 415–425. doi:10.7150/ijbs.8002

Luedde, T., and Schwabe, R. F. (2011). NF-κB in the liver--linking injury, fibrosis and
hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol 8, 108–118. doi:10.1038/
nrgastro.2010.213

Luo, S., Huang, M., Lu, X., Zhang, M., Xiong, H., Tan, X., et al. (2024). Optimized
therapeutic potential of Yinchenhao decoction for cholestatic hepatitis by combined
network meta-analysis and network pharmacology. Phytomedicine 129, 155573. doi:10.
1016/j.phymed.2024.155573

Ma, H., Li, X., Che, J., Fan, H., Liu, Q., and Xia, H. (2022). The inhibitory effect of
Periplaneta americana L. on hepatocellular carcinoma: explore the anti-hepatocellular
carcinoma active site and its mechanism of action. J Ethnopharmacol 291, 114884.
doi:10.1016/j.jep.2021.114884

Mahawar, M. M., and Jaroli, D. P. (2008). Traditional zootherapeutic studies in India:
a review. J Ethnobiol Ethnomed 4, 17. doi:10.1186/1746-4269-4-17

Mayer, A. M. S., Pierce, M. L., Howe, K., Rodríguez, A. D., Taglialatela-Scafati, O.,
Nakamura, F., et al. (2022). Marine pharmacology in 2018: marine compounds with
antibacterial, antidiabetic, antifungal, anti-inflammatory, antiprotozoal, antituberculosis
and antiviral activities; affecting the immune and nervous systems, and other
miscellaneous mechanisms of action. Pharmacol Res 183, 106391. doi:10.1016/j.phrs.
2022.106391

Meng, H., Shen, M., Li, J., Zhang, R., Li, X., Zhao, L., et al. (2021). Novel
SREBP1 inhibitor cinobufotalin suppresses proliferation of hepatocellular
carcinoma by targeting lipogenesis. Eur J Pharmacol 906, 174280. doi:10.1016/j.
ejphar.2021.174280

Meng, Z., Yang, P., Shen, Y., Bei, W., Zhang, Y., Ge, Y., et al. (2009). Pilot study of
huachansu in patients with hepatocellular carcinoma, nonsmall-cell lung cancer, or
pancreatic cancer. Cancer 115, 5309–5318. doi:10.1002/cncr.24602

Miao, Q., Bi, L. L., Li, X., Miao, S., Zhang, J., Zhang, S., et al. (2013). Anticancer effects
of bufalin on human hepatocellular carcinoma HepG2 cells: roles of apoptosis and
autophagy. Int J Mol Sci 14, 1370–1382. doi:10.3390/ijms14011370

Min, L. (2020). Study on cardiotoxicity and mechanism of cinobufotalin injection and
its monomer bufalin. Shanghai, China: China State Institute of Pharmaceutical Industry.
doctor.

Nadar, V. M., Manivannan, S., Chinnaiyan, R., Govarthanan, M., and Ponnuchamy,
K. (2022). Review on marine sponge alkaloid, aaptamine: a potential antibacterial and
anticancer drug. Chem Biol Drug Des 99, 103–110. doi:10.1111/cbdd.13932

Naz, F., Wu, Y., Zhang, N., Yang, Z., and Yu, C. (2020). Anticancer attributes of
cantharidin: involved molecular mechanisms and pathways. Molecules 25, 3279.
doi:10.3390/molecules25143279

Ogretmen, B., and Hannun, Y. A. (2001). Updates on functions of ceramide in
chemotherapy-induced cell death and in multidrug resistance. Drug Resist Updat 4,
368–377. doi:10.1054/drup.2001.0225

Pardo, B., Paz-Ares, L., Tabernero, J., Ciruelos, E., García, M., Salazar, R., et al. (2008).
Phase I clinical and pharmacokinetic study of kahalalide F administered weekly as a 1-
hour infusion to patients with advanced solid tumors. Clin Cancer Res 14, 1116–1123.
doi:10.1158/1078-0432.CCR-07-4366

Peng, J., Lü, M., Peng, Y., and Tang, X. (2023). Global incidence of primary liver
cancer by etiology among children, adolescents, and young adults. J Hepatol 79,
e92–e94. doi:10.1016/j.jhep.2023.02.019

Pope, E. D., Kimbrough, E. O., Vemireddy, L. P., Surapaneni, P. K., Copland, J. A., and
Mody, K. (2019). Aberrant lipid metabolism as a therapeutic target in liver cancer.
Expert Opin Ther Targets 23, 473–483. doi:10.1080/14728222.2019.1615883

Poza, J. J., Fernández, R., Reyes, F., Rodríguez, J., and Jiménez, C. (2008). Isolation,
biological significance, synthesis, and cytotoxic evaluation of new natural
parathiosteroids A-C and analogues from the soft coral Paragorgia sp. J Org Chem
73, 7978–7984. doi:10.1021/jo801198u

Prokopov, I. A., Kovaleva, E. L., Minaeva, E. D., Pryakhina, E. A., Savin, E. V.,
Gamayunova, A. V., et al. (2019). Animal-derived medicinal products in Russia: current
nomenclature and specific aspects of quality control. J Ethnopharmacol 240, 111933.
doi:10.1016/j.jep.2019.111933

Qi, F., Inagaki, Y., Gao, B., Cui, X., Xu, H., Kokudo, N., et al. (2011). Bufalin and
cinobufagin induce apoptosis of human hepatocellular carcinoma cells via Fas- and
mitochondria-mediated pathways. Cancer Sci 102, 951–958. doi:10.1111/j.1349-7006.
2011.01900.x

Qin, X., Wang, X., Tian, M., Dong, Z., Wang, J., Wang, C., et al. (2023). The role of
Andrographolide in the prevention and treatment of liver diseases. Phytomedicine 109,
154537. doi:10.1016/j.phymed.2022.154537

Qiu, D. Z., Zhang, Z. J., Wu, W. Z., and Yang, Y. K. (2013). Bufalin, a component in
Chansu, inhibits proliferation and invasion of hepatocellular carcinoma cells. BMC
Complement Altern Med 13, 185. doi:10.1186/1472-6882-13-185

Rubiolo, J. A., López-Alonso, H., Roel, M., Vieytes, M. R., Thomas, O., Ternon, E.,
et al. (2014). Mechanism of cytotoxic action of crambescidin-816 on human liver-
derived tumour cells. Br J Pharmacol 171, 1655–1667. doi:10.1111/bph.12552

Saini, N., Sirohi, R., A, A., Saini, N., Wadhwa, P., Kaur, P., et al. (2023). Marine-
derived natural products as anticancer agents. Med Chem 19, 538–555. doi:10.2174/
1573406419666221202144044

Salazar, R., Cortés-Funes, H., Casado, E., Pardo, B., López-Martín, A., Cuadra, C.,
et al. (2013). Phase I study of weekly kahalalide F as prolonged infusion in patients with
advanced solid tumors. Cancer Chemother Pharmacol 72, 75–83. doi:10.1007/s00280-
013-2170-5

Sayiner, M., Golabi, P., and Younossi, Z. M. (2019). Disease burden of hepatocellular
carcinoma: a global perspective. Dig Dis Sci 64, 910–917. doi:10.1007/s10620-019-
05537-2

Shao, H., Hong, G., and Luo, X. (2014). Evaluation of sodium cantharidinate/vitamin
B6 in the treatment of primary liver cancer. J Cancer Res Ther 10 (Suppl. 1), 75–78.
doi:10.4103/0973-1482.139770

Shen, Y. C., Lin, Y. C., Ko, C. L., and Wang, L. T. (2003). New briaranes from the
Taiwanese gorgonian Junceella juncea. J Nat Prod 66, 302–305. doi:10.1021/np0203584

Song, M., Bode, A. M., Dong, Z., and Lee, M. H. (2019). AKT as a therapeutic target
for cancer. Cancer Res 79, 1019–1031. doi:10.1158/0008-5472.CAN-18-2738

Su, C. L., Lin, T. Y., Lin, C. N., and Won, S. J. (2009). Involvement of caspases and
apoptosis-inducing factor in bufotalin-induced apoptosis of Hep 3B cells. J Agric Food
Chem 57, 55–61. doi:10.1021/jf802769g

Subhapradha, N., and Shanmugam, A. (2017). Fabrication of β-chitosan
nanoparticles and its anticancer potential against human hepatoma cells. Int J Biol
Macromol 94, 194–201. doi:10.1016/j.ijbiomac.2016.10.016

Sun, C. Y., Zhu, Y., Li, X. F., Tang, L. P., Su, Z. Q., Wang, X. Q., et al. (2017).
Norcantharidin alone or in combination with crizotinib induces autophagic cell death in
hepatocellular carcinoma by repressing c-Met-mTOR signaling. Oncotarget 8,
114945–114955. doi:10.18632/oncotarget.22935

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al.
(2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 71, 209–249. doi:10.3322/
caac.21660

Tsai, S. C., Yang, J. S., Peng, S. F., Lu, C. C., Chiang, J. H., Chung, J. G., et al. (2012). Bufalin
increases sensitivity to AKT/mTOR-induced autophagic cell death in SK-HEP-1 human
hepatocellular carcinoma cells. Int J Oncol 41, 1431–1442. doi:10.3892/ijo.2012.1579

Tsukamoto, S., Yamanokuchi, R., Yoshitomi, M., Sato, K., Ikeda, T., Rotinsulu, H.,
et al. (2010). Aaptamine, an alkaloid from the sponge Aaptos suberitoides, functions as a
proteasome inhibitor. Bioorg Med Chem Lett 20, 3341–3343. doi:10.1016/j.bmcl.2010.
04.029

Valiakos, E., Marselos, M., Grafakou, M. E., Skaltsa, H., and Sakellaridis, N. (2021).
Remedies of animal origin and their indications in Nikolaos Myrepsos׳ Dynameron.
J Ethnopharmacol 276, 114191. doi:10.1016/j.jep.2021.114191

Frontiers in Pharmacology frontiersin.org15

Liao et al. 10.3389/fphar.2024.1399882

https://doi.org/10.3760/cma.j.issn.0376-2491.2010.30.015
https://doi.org/10.3760/cma.j.issn.0376-2491.2010.30.015
https://doi.org/10.2174/1871520614666141114201027
https://doi.org/10.2174/0929867330666221103151537
https://doi.org/10.2174/0929867330666221103151537
https://doi.org/10.1016/j.ejphar.2022.174886
https://doi.org/10.3389/fonc.2020.00932
https://doi.org/10.3389/fonc.2020.00932
https://doi.org/10.1021/acs.molpharmaceut.0c00976
https://doi.org/10.1021/acs.molpharmaceut.0c00976
https://doi.org/10.3390/md12094783
https://doi.org/10.3390/ijms17111787
https://doi.org/10.13423/j.cnki.cjcmi.006975
https://doi.org/10.7150/ijbs.8002
https://doi.org/10.1038/nrgastro.2010.213
https://doi.org/10.1038/nrgastro.2010.213
https://doi.org/10.1016/j.phymed.2024.155573
https://doi.org/10.1016/j.phymed.2024.155573
https://doi.org/10.1016/j.jep.2021.114884
https://doi.org/10.1186/1746-4269-4-17
https://doi.org/10.1016/j.phrs.2022.106391
https://doi.org/10.1016/j.phrs.2022.106391
https://doi.org/10.1016/j.ejphar.2021.174280
https://doi.org/10.1016/j.ejphar.2021.174280
https://doi.org/10.1002/cncr.24602
https://doi.org/10.3390/ijms14011370
https://doi.org/10.1111/cbdd.13932
https://doi.org/10.3390/molecules25143279
https://doi.org/10.1054/drup.2001.0225
https://doi.org/10.1158/1078-0432.CCR-07-4366
https://doi.org/10.1016/j.jhep.2023.02.019
https://doi.org/10.1080/14728222.2019.1615883
https://doi.org/10.1021/jo801198u
https://doi.org/10.1016/j.jep.2019.111933
https://doi.org/10.1111/j.1349-7006.2011.01900.x
https://doi.org/10.1111/j.1349-7006.2011.01900.x
https://doi.org/10.1016/j.phymed.2022.154537
https://doi.org/10.1186/1472-6882-13-185
https://doi.org/10.1111/bph.12552
https://doi.org/10.2174/1573406419666221202144044
https://doi.org/10.2174/1573406419666221202144044
https://doi.org/10.1007/s00280-013-2170-5
https://doi.org/10.1007/s00280-013-2170-5
https://doi.org/10.1007/s10620-019-05537-2
https://doi.org/10.1007/s10620-019-05537-2
https://doi.org/10.4103/0973-1482.139770
https://doi.org/10.1021/np0203584
https://doi.org/10.1158/0008-5472.CAN-18-2738
https://doi.org/10.1021/jf802769g
https://doi.org/10.1016/j.ijbiomac.2016.10.016
https://doi.org/10.18632/oncotarget.22935
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3892/ijo.2012.1579
https://doi.org/10.1016/j.bmcl.2010.04.029
https://doi.org/10.1016/j.bmcl.2010.04.029
https://doi.org/10.1016/j.jep.2021.114191
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


Wang, G. S. (1989). Medical uses of mylabris in ancient China and recent studies.
J Ethnopharmacol 26, 147–162. doi:10.1016/0378-8741(89)90062-7

Wang, J., Han, H., Chen, X., Yi, Y., and Sun, H. (2014). Cytotoxic and apoptosis-
inducing activity of triterpene glycosides from Holothuria scabra and Cucumaria
frondosa against HepG2 cells. Mar Drugs 12, 4274–4290. doi:10.3390/md12084274

Wang N, Z. L., Yang, X., et al. (2019). Toxic traditional Chinese medicine of animal
origin: historical perspective and modern studies. Herald of Medicine 38, 1425–1430.

Wätjen, W., Debbab, A., Hohlfeld, A., Chovolou, Y., and Proksch, P. (2014). The
mycotoxin beauvericin induces apoptotic cell death in H4IIE hepatoma cells
accompanied by an inhibition of NF-κB-activity and modulation of MAP-kinases.
Toxicol Lett 231, 9–16. doi:10.1016/j.toxlet.2014.08.021

Wei, F., Du, J., Wei, N., Wang, Y., and Li, S. (2012). Progress and application of
cantharidin and its derivatives. Prog Modern Biomed 12, 1586–1589. doi:10.13241/j.
cnki.pmb.2012.08.012

Wu, X., Chen, D., and Xie, G. R. (2006). Effects of Gekko sulfated polysaccharide on
the proliferation and differentiation of hepatic cancer cell line. Cell. Biol Int 30, 659–664.
doi:10.1016/j.cellbi.2006.04.005

Wu, X. Z., Chen, D., and Han, X. Q. (2011). Anti-migration effects of Gekko sulfated
glycopeptide on human hepatoma SMMC-7721 cells. Molecules 16, 4958–4970. doi:10.
3390/molecules16064958

Ye, J., Zhou, F., Al-Kareef, A. M., and Wang, H. (2015). Anticancer agents from
marine sponges. J Asian Nat Prod Res 17, 64–88. doi:10.1080/10286020.2014.970535

Yeh, C. H., Yang, Y. Y., Huang, Y. F., Chow, K. C., and Chen, M. F. (2012). Induction
of apoptosis in human Hep3B hepatoma cells by norcantharidin through a
p53 independent pathway via TRAIL/DR5 signal transduction. Chin J Integr Med
18, 676–682. doi:10.1007/s11655-012-1206-8

Yumin, L. (2015). Effect of norcantraridin combined with evodiamine on HepG2 cell
lines in vitro (Chongqing, China: Chongqing medical university).

Zhan, X.,Wu,H.,Wu,H.,Wang, R., Luo, C., Gao, B., et al. (2020).Metabolites fromBufo
gargarizans (Cantor, 1842): a review of traditional uses, pharmacological activity, toxicity
and quality control. J Ethnopharmacol 246, 112178. doi:10.1016/j.jep.2019.112178

Zhang, D. M., Liu, J. S., Tang, M. K., Yiu, A., Cao, H. H., Jiang, L., et al. (2012).
Bufotalin from Venenum Bufonis inhibits growth of multidrug resistant HepG2 cells
through G2/M cell cycle arrest and apoptosis. Eur J Pharmacol 692, 19–28. doi:10.1016/
j.ejphar.2012.06.045

Zhang, Q., Liu, J., Li, R., Zhao, R., Zhang, M., Wei, S., et al. (2020a). A network
pharmacology approach to investigate the anticancer mechanism and potential active
ingredients of Rheum palmatum L. against lung cancer via induction of apoptosis.
Frontiers in Pharmacology 11, 528308. doi:10.3389/fphar.2020.528308

Zhang, Q. Y., Yue, X. Q., Jiang, Y. P., Han, T., and Xin, H. L. (2017). FAM46C
is critical for the anti-proliferation and pro-apoptotic effects of norcantharidin

in hepatocellular carcinoma cells. Sci Rep 7, 396. doi:10.1038/s41598-017-
00313-6

Zhang, X., Wang, L., and Qu, Y. (2020b). Targeting the β-catenin signaling for cancer
therapy. Pharmacol Res 160, 104794. doi:10.1016/j.phrs.2020.104794

Zhang, Y. Y., Zhang, J., Guan, C. H., Ren, L., and Liu, L. (2020). Research progress on
multiple organ damage and mechanism of cantharidin poisoning. Fa yi xue za zhi 36,
545–548. doi:10.12116/j.issn.1004-5619.2020.04.021

Zhang, Z. J., Yang, Y. K., and Wu, W. Z. (2014). Bufalin attenuates the stage and
metastatic potential of hepatocellular carcinoma in nude mice. J Transl Med 12, 57.
doi:10.1186/1479-5876-12-57

Zhao, L., Fu, L., Xu, Z., Fan, R., Xu, R., Fu, R., et al. (2019a). The anticancer effects of
cinobufagin on hepatocellular carcinoma Huh-7 cells are associated with activation of
the p73 signaling pathway. Molecular Medicine Reports 19, 4119–4128. doi:10.3892/
mmr.2019.10108

Zhao, Q., Liu, Z. D., Xue, Y., Wang, J. F., Li, H., Tang, Q. J., et al. (2011). Ds-echinoside
A, a new triterpene glycoside derived from sea cucumber, exhibits antimetastatic activity
via the inhibition of NF-κB-dependent MMP-9 and VEGF expressions. J Zhejiang Univ
Sci B 12, 534–544. doi:10.1631/jzus.B1000217

Zhao, Q., Xue, Y., Liu, Z. D., Li, H., Wang, J. F., Li, Z. J., et al. (2010). Differential
effects of sulfated triterpene glycosides, holothurin A1, and 24-dehydroechinoside A, on
antimetastasic activity via regulation of the MMP-9 signal pathway. J Food Sci 75,
H280–H288. doi:10.1111/j.1750-3841.2010.01837.x

Zhao, S. C., Xie, C. Y., and Yao, P. G. (2019b). Effect and mechanism of compound
cantharidin capsule on cellular immune function in patients with primary liver cancer
after interventional therapy. Chinese Archives of Traditional Chinese Medicine 37,
2785–2787. doi:10.13193/j.issn.1673-7717.2019.11.056

Zhao, Y. C., Xue, C. H., Zhang, T. T., and Wang, Y. M. (2018). Saponins from sea
cucumber and their biological activities. J Agric Food Chem 66, 7222–7237. doi:10.1021/
acs.jafc.8b01770

Zheng, L. H., Bao, Y. L., Wu, Y., Yu, C. L., Meng, X., and Li, Y. X. (2008). Cantharidin
reverses multidrug resistance of human hepatoma HepG2/ADM cells via down-
regulation of P-glycoprotein expression. Cancer Lett 272, 102–109. doi:10.1016/j.
canlet.2008.06.029

Zhou Y, W. M., Pan, X., Dong, Z., Han, L., Ju, Y., et al. (2016). Combination of
triptolide with sodium cantharidinate synergistically enhances apoptosis on
hepatoma cell line 7721. Zhong nan da xue xue bao. Yi xue ban= Journal of
Central South University. Medical Sciences 41, 911–917. doi:10.11817/j.issn.1672-
7347.2016.09.005

Zhu, M., Shi, X., Gong, Z., Su, Q., Yu, R., Wang, B., et al. (2020). Cantharidin
treatment inhibits hepatocellular carcinoma development by regulating the JAK2/
STAT3 and PI3K/Akt pathways in an EphB4-dependent manner. Pharmacol Res
158, 104868. doi:10.1016/j.phrs.2020.104868

Frontiers in Pharmacology frontiersin.org16

Liao et al. 10.3389/fphar.2024.1399882

https://doi.org/10.1016/0378-8741(89)90062-7
https://doi.org/10.3390/md12084274
https://doi.org/10.1016/j.toxlet.2014.08.021
https://doi.org/10.13241/j.cnki.pmb.2012.08.012
https://doi.org/10.13241/j.cnki.pmb.2012.08.012
https://doi.org/10.1016/j.cellbi.2006.04.005
https://doi.org/10.3390/molecules16064958
https://doi.org/10.3390/molecules16064958
https://doi.org/10.1080/10286020.2014.970535
https://doi.org/10.1007/s11655-012-1206-8
https://doi.org/10.1016/j.jep.2019.112178
https://doi.org/10.1016/j.ejphar.2012.06.045
https://doi.org/10.1016/j.ejphar.2012.06.045
https://doi.org/10.3389/fphar.2020.528308
https://doi.org/10.1038/s41598-017-00313-6
https://doi.org/10.1038/s41598-017-00313-6
https://doi.org/10.1016/j.phrs.2020.104794
https://doi.org/10.12116/j.issn.1004-5619.2020.04.021
https://doi.org/10.1186/1479-5876-12-57
https://doi.org/10.3892/mmr.2019.10108
https://doi.org/10.3892/mmr.2019.10108
https://doi.org/10.1631/jzus.B1000217
https://doi.org/10.1111/j.1750-3841.2010.01837.x
https://doi.org/10.13193/j.issn.1673-7717.2019.11.056
https://doi.org/10.1021/acs.jafc.8b01770
https://doi.org/10.1021/acs.jafc.8b01770
https://doi.org/10.1016/j.canlet.2008.06.029
https://doi.org/10.1016/j.canlet.2008.06.029
https://doi.org/10.11817/j.issn.1672-7347.2016.09.005
https://doi.org/10.11817/j.issn.1672-7347.2016.09.005
https://doi.org/10.1016/j.phrs.2020.104868
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1399882


Glossary

ACC acetyl-CoA carboxylase

ACLY ATP citrate lyase

AFP alpha-fetoprotein

ALB Albumin

ALK anaplastic lymphoma kinase

Akt protein kinase B

AURKA aurora kinase A

BAD Bcl2-associated agonist of cell death

BAK Bcl2 antagonist/killer 1

BAX Bcl2 associated X

BCL-2 Bcl2 apoptosis regulator

BMSC-Exos bone mesenchymal stem cell-derived exosomes

Caspase cysteine-dependent aspartate-directed proteases

CDC cell division cycle

CDK cyclin-dependent kinase

CHK1 checkpoint kinase 1

CTD cantharidin

c-Met the mesenchymal-epithelial transition factor

C816 crambescidin-816

DHEA 24-Dehydroechinoside A

EA Echinoside A

EGFR epidermal growth factor receptor

ECM extracellular matrix

EIF4E eukaryotic translation initiation factor 4E

EMT epithelial-mesenchymal transition

EPHB4 ephrin type-B receptor 4

ER endoplasmic reticulum

ERK extracellular signal regulated kinases

ERK1/2 extracellular signal-regulated kinase 1/2

EVO Evodiamine

FADD Fas-associated death domain protein

FAM46C terminal nucleotidyltransferase 5C

FAK focal adhesion kinase

FASN fatty acid synthase

Gepsin Gekko sulfated polysaccha-ride

GRB2 growth factor receptor-bound protein 2

GSPP Gekko swinhonissulfated polysaccharide-protein complex

GSPPα Gekko sulfated glycopeptide α

GSK3 glycogen synthase kinase-3

HA1 Holothurin A1

HCC Hepatocellular carcinoma

HIF-1α hypoxia-inducible factor 1-alpha

IKK IκB kinase

IL-8 interleukin-8

JAK Janus kinase

JAK2 Janus kinase2

JNK c-Jun N-terminal kinase

KF Kahalalide F

Lc3 light chain-3

MAPK mitogen-activated protein kinase

MCA methyl-cantharidimide

MDR multidrug resistance

MDM2 E3 ubiquitin-protein ligase Mdm2

MDMX protein Mdm4

MEK mitogen-activated protein kinase

MEKK4 MAPK kinase kinasekinase4

MESP Methyl spongoate

MKK3 mitogen-activated protein kinase3

MMPs matrix metalloproteinase

MSC-Exos Mesenchymal stem cell-derived exosomes

mTOR mammalian target of rapamycin

NCTD norcantharidin

NOXA phorbol-12-myristate-13-acetate-induced protein 1

NF-κB nuclear factor-κB

PARP poly ADP-ribose polymerase

p-gy p-glycoprotein

PI3K phosphoinositide 3-kinase

PKC anti-humanprotein kinase C

PP serine/threonine phosphatases

PUMA Bcl2 binding component 3

p21 cyclin-dependent kinase inhibitor 1

p62 sequestosome-1

SCD1 Stearoyl-CoA desaturase-1

SPHK1 sphingosine kinase 1

SRE sterol regulatory elements

SREBF1 sterol regulatory element-binding protein 1

STAT signal transducer and activator of transcription

STAT3 signal transducer and activator of transcription 3

TACE transcatheter arterial chemoembolization

TIMP-1/2 tissue inhibitor of metalloproteinase-1/2

TNF tumor necrosis factor

TRAIL TNF-related apoptosis-inducing ligand

UNC5B netrin receptor UNC5B
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UPA urokinase-type plasminogen activator

VEGF vascular endothelial growth factor

VEGFR vascular endothelial growth factor receptor

WEE1 wee1-like protein kinase

11-epi-SA 11-epi-sinulariolide acetate

12-MTA 12-methyltetradecanoic acid

β-CNP β-chitosan nanoparticles

ΔΦm mitochondrial membrane potential
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