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Abstract 

The skin of the toads is known to be rich in bufadienolide compounds (a group 

of cardiac glycosides) that exhibit antitumor activity. For example, Huachansu 

(Cinobufacini), the aqueous extracts from the dried toad skin of Bufo bufo 

gargarizans Cantor or Bufo melanostictus Schneider, has been widely used in 

clinical therapy for various cancers in China. Clinical data have indicated that 

Cinobufacini may have significant anticancer activity with low toxicity and few 

side effects. Data to date suggest that treatment with Cinobufacini may also 

enhance the quality of life for patients with cancer. Huachansu contains 

several groups of compounds including peptides, bufadienolides/cardiac 

glycosides, cholesterols, indole alkaloids, bufogargarizanines, organic acid, 

and others. Bufadienolides, such as bufalin, cinobufagin, resibufogenin, and 

telocinobufagin, are responsible for the anti-cancer properties of Huachansu 

through disruption of the cell cycle and consequent inhibition of cell 

proliferation, induction of apoptosis, suppression of the NF-NB pathway, 

immunomodulation and reversal of multi-drug resistance. The Australian cane 

toad (Bufo marinus) is also known as a source of bufadienolides, therefore is 

also considered as a new source of candidate lead compounds for drug 

development. Previous studies have shown that cane toad skin aqueous 

extracts (CTSAE) exhibited a stronger cardiac glycosides-like activity than the 

extracts of other organic solvents and have a suppression effect on Na+, 

K+‐ATPase in experimental models. However, no assay was performed to 

clarify the chemical constituents and pharmaceutical effects of CTSAE on 

cancer cells in previous studies. 
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Our study aims to elucidate the chemical constituents and potential 

pharmaceutical value of CTSAE in cancer treatment. For these purposes, 

cane toad skins were collected from Brisbane in summer seasons and the 

extracts were prepared by a homogenisation and lyophilisation procedure 

using distilled water as solvent. In Chapter 3, the bufadienolides present in 

CTSAE were identified using ultra-performance liquid chromatography and 

quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS). Seven major 

bufadienolides including arenobufagin, bufotalinin, telocinobufagin, 

marinobufatoxin, marinobufagin, bufalin, resibufogenin were identified in our 

sample after the calculation of mass errors and the screening with MSMS ions. 

Additionally, the inhibitory effect of CTSAE on the proliferation of several 

cancer and non-cancer cell lines was assessed using the MTT test. The 

results suggest that CTSAE have a greater inhibitory effect on all cancer cell 

lines tested, including A549, PC-3, HT29, and MCF-7 than non-cancerous cell 

line HEK293T. The most significant inhibitory effect was observed in the case 

of A549 cells. These results suggest that A549 cells have a higher sensitivity 

to the treatment of CTSAE. Therefore, A549 cells were chosen for the studies 

of following chapters. In Chapter 4, the effect of CTSAE on the cell cycle of 

A549 cells was tested. The cells were found arrest in G0/G1 phase after 

treatment that is in a good consistent with the growth inhibition found in MTT 

result. Moreover, the ability of CTSAE-induced apoptosis in A549 cells was 

verified using Annexin V/propidium iodide (PI) staining. An increased 

activation of caspase 3/7 in A549 cells was confirmed by a luminescence 

assay, which indicate that CTSAE-induced apoptosis in A549 cells has a 

caspase dependent manner. Further elucidation of the mechanisms of 
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CTSAE-induced apoptosis in A549 cells was achieved by monitoring the 

expression of Bax, Bcl-2, caspase-3 and survivin, through real-time PCR and 

Western blot, as well as measuring the mitochondrial membrane potential 

(MMP) using staining with the dye JC-1. The upregulation of Bax and 

caspase-3, and the downregulation of Bcl-2 and surviving, as well as the 

disruption of MMP indicated that CTSAE induced apoptosis in A549 cells 

mitochondrial pathway. Additionally, the effect of CTSAE on several 

parameters of mitochondrial and glycolytic functions was tested. Results 

showed that mitochondrial respiration and glycolysis were inhibited by the 

treatment of CTSAE. In Chapter 5, to clarify the potential of CTSAE for 

targeting cancer-associated inflammation, the effect of CTSAE on TNF-α-

induced activation of the NF-NB pathway in A549 cells was also studied. NF-

NB is known as a central mediator between the link of inflammation and 

cancer by controlling many pro-inflammatory products. Therefore, NF-NB 

inhibitor has a promising role in cancer treatment. In our study, the level of 

several important factors in the NF-NB pathway was examined using Western 

blot, real-time PCR and ELISA assays, including Inhibitor NB (I-NB), 

phosphorylated Inhibitor NB (p-INB), COX-2/PGE2, IL-1β, IL-6, and IL-8. The 

results demonstrated that CTSAE suppress the activation of the NF-NB 

pathway induced by TNF-α in A549 cells, which may have potential 

therapeutic effect on lung cancer. 

 

Our study reveals the bioactive compounds and anti-cancer property of the 

extracts from the skin of Australian cane toad for the first time. We 

demonstrated CTSAE contain several key bufadienolide compounds, which 
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exert anti-cancer property through multiple-mechanisms including anti-

proliferation, cell cycle disruption, apoptosis induction and inflammatory 

suppression. Our results provide a new anti-cancer candidate for drug 

development or as a complementary and alternative medicine. 

 

Key words 

Cane toad, Toad skin, Cancer biology, Natural products, TCM, Cell cycle, 

Apoptosis, Inflammation, NF-kB, Cancer therapy  
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OXPHOS: Oxidative phosphorylation 

PI: Propidium iodide 

PG: Prostaglandins 

TRAIL: TNF-related apoptosis-inducing ligand 

PARP: Poly (ADP-ribose)-polymerase  

PAK: P21-activated kinase  
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PBS: Phosphate-buffered saline 

TNF: Tumour necrosis factor 
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UPLC-Q-TOF/MS: Ultra-performance liquid chromatography quadrupole time-
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Chapter 1. Introduction 

1.1 General Introduction 

For centuries, Traditional Chinese Medicine (TCM)has used toad (Bufo 

bufo gargarizans Cantor or Bufo melanostictus Schneider) glandular 

secretions (Chansu) and skin extracts (Huachansu) to treat infection and 

inflammation [1]. The efficacy of these toad-based medicines for the 

treatment of various diseases, including cancer, was demonstrated in 

numerous previous studies and the mechanisms that underlie their clinical 

activities are starting to be elucidated [2, 3]. The clinical trials of 

Huachansu were conducted in 1970s, which showed a significant 

reduction of lung cancer masses (between 10% and 16%) (Ref). 

Additionally, clinical trials in 2005 applied doses that were eight times 

higher than those from the Chinese trials, which showed 40% of lung and 

liver cancer patients having tumors stabilized without obvious toxic 

reaction [4]. One of the active constituents of Chansu and Huachansu that 

was found to induce apoptosis of, and suppress the induction of 

inflammatory pathways by, tumour cells, was a class of chemical 

compound known as bufadienolides [5-7]. Thus, bufadienolides, a group 

of cardiac glycosides, may have potential in the development of new anti-

cancer drugs [8]. 

 

Cane toad (Bufo marinus), a species introduced into Australia, is a rich 

source of bufadienolides [9]. Previous studies have shown that cane toad 

glands contain key bufadienolide compounds, such as marinobufagin, 

bufalin, telocinobufagin, arenobufagin and marinobufotoxin [10, 11].  
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Another previous study has shown that the aqueous extracts of cane toad 

skin (CTSAE) possess higher cardiac glycoside-like activity than extracts 

prepared using organic solvents. Further previous studies using 

experimental models have shown that CSAE inhibits Na+, K+‐ATPase. 

However, the bioactive constituents of CSAE remain to be elucidated. 

Additionally, these preliminary results made cane toad a potential new 

source of candidate molecules for future use in the development of 

improved cancer therapies [12].  

 

Present conventional cancer therapies mostly involve surgery, 

chemotherapy and radiotherapy. However, problems such as tumours 

developing resistance to chemotherapy and radiotherapy and the side 

effects of conventional therapies on normal cells have seriously limited the 

effectiveness of existing therapeutic options [13, 14].  Therefore, not only 

are cane toad skin extracts valuable reagents for cancer research, but 

also their potential ability to sensitise cancer cells to conventional 

therapies and/or to protect healthy cells from the side-effects of 

conventional cancer therapies suggest they have potential clinical uses in 

complementary approaches to conventional cancer therapies [15, 16]. 

This project aims to clarify the chemical constituents of CTSAE and to 

evaluate their anti-cancer effects. 

 

 1.2 Aims 

(1) To prepare cane toad skin aqueous extracts 
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(2) To identify the bufadienolide compounds in CTSAE 

(3) To determine whether CTSAE inhibits the proliferation of several of 

cancerous and non-cancerous cells 

(4) To determine whether CTSAE induces cell cycle arrest and apoptosis, and 

affects mitochondrial and glycolytic functions of tumour cells 

(5) To determine whether CTSAE is able to target inflammatory pathways of 

tumour cells  

 

1.3 Significance 

This is the first study to investigate the pharmaceutical value of Australian 

Cane toad for cancer therapy. The results are expected to provide a new 

potential candidate for cancer therapy, as well as elucidate their mode of 

action from both an anticancer and anti-inflammatory perspectives. 

 

 

Figure 1.1 Work flow for this project 

CTSAE was prepared in the lab followed by separate chemical and biological 

studies. Cell toxicity assay of CTSAE was performed, and its effect on 

apoptotic and inflammatory pathways of tumour cells were studied in this 

project. 
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Chapter 2. Literature review 

2.1 Introduction of Cancer  

Cancer also known as malignant tumour, is the leading  cause of  death 

worldwide [17]. Cancer, characterised by its uncontrolled cell division, can 

invade adjacent tissues and can metastasise to other locations in the body via 

lymph or blood [18, 19]. There are two types of tumour cells, benign and 

malignant. A benign tumour does not spread to other locations while a 

malignant tumour does [20].  

 

Deaths from cancer worldwide amounts to 7.6 million (around 13% of all 

deaths) in 2008, and it were projected to increase with an estimated 13.1 

million deaths in 2030 [21]. In Australia, approximately 43,000 people died 

from cancer in 2012, which occupied one third of deaths [22]. According to the 

statistics, although there are 19,000 more people die each year from cancer 

compared to 30 years ago, mainly due to population growth and aging, the 

death rate has decreased by more than 16% [23]. It was estimated that there 

will be 126,800 new cases of cancer diagnosed in 2015 and the number 

would rise to 150,000 by 2020 [24]. Sixty-six percent of people diagnosed with 

cancer in Australia are still alive five years after a cancer diagnosis [25]. 

 

2.2 Types of cancer 
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The types of cancer are commonly defined by the organ or cell type of the 

primary cancer. More than 200 types of cancer have been identified in 

humans. Lung, stomach, liver, colon, breast, and prostate cancer are the most 

common cause of cancer deaths each year (Figure 2.1)[26].   

 

Cancer types can also be named by several board categories [27]:  

Carcinoma: cancer that begins in the skin or in tissues that line or cover 

internal organs, such as melanoma;  

Sarcoma: cancer that begins in bone, fat, muscle, blood vessel, or other 

supportive or connective tissue, such as osteosarcoma;  

Leukaemia: cancer that begins in the tissues that make blood cells, such as 

the bone marrow - for example, acute myeloid leukaemia;  

Lymphoma and myeloma: cancers that start in the cells of immune system - 

for example, Hodgkin lymphoma and multiple myeloma;  

Central nervous system cancer: cancer that begins in the brain or spinal 

cord - for example, glioma.  
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Figure 2.1 Cancer statistics worldwide in 2012 from the GLOBOCAN 

website. According to the diagram, most common types of cancer include 

lung, breast, colorectal, prostate, stomach, and liver, each of which is 

associated with a high death rate worldwide (this figure is reproduced from 

[28]). 
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2.3 Development of cancer 

The development of cancer is a multi-step process involving mutation and 

selection for an enhanced rate of cell proliferation, survival, invasion, and 

metastasis [29]. The accumulation of genetic changes leads to abnormal and 

uncontrolled proliferation of a single cell, which causes the initiation of the 

cancer. Proliferation of tumour cells gives rise to a population of cancer cells. 

Additional mutations that arise within the population of tumour cells as they 

divide further enhance the propagation of the tumour cells and progression of 

the tumour (Figure 2.2)[30]. Some of these new mutations confer a selective 

advantage on the cell, such as more rapid growth or improved survival, 

invasion, or metastasis. These selective advantages are passed on to 

descendant cells and consequently the percentage of cells with these 

selective advantages increases in the tumour cell population by a process 

called clonal selection. Clonal selection continues throughout the period of 

tumour development, during which time tumour cells continuously grow at a 

rapid pace and gradually become malignant. The cancer cells continue to 

proliferate and spread throughout the connective tissues of the primary organ. 

Eventually, the cancer cells penetrate the wall of the primary organ and 

invade other organs. In addition, the cancer cells can invade blood and 

lymphatic vessels, thus allowing them to metastasise to other sites throughout 

the body [20]. 
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Figure 2.2 The development of cancer caused by a serious of genetic 

changes The genetic changes such as the mutation which inactive tumour 

suppressor gene may causes the initiation of malignant cells. Followed by that, 

the accumulation of more mutations lead to the development and progress of 

cancer (Figure is cited from [27]).   

 

2.4 Causes of cancer 

The causes of cancer are multi-factorial and complicated. Many remained yet 

to be fully understood. It is not certain that the presence of one or several risk 

factors will result in cancer. Many people do not develop cancer with more 

than one risk factor, while others get cancer without known risk factors. Also, 

even when a person has a known risk factor, it is not known how much of the 
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risk factor contributed to cancer development. However, some factors were 

recognised to result in higher risk of getting cancer in individuals [31]. Some 

environmental factors known to trigger cancer are listed as follow:  

 

Tobacco smoking is attributed to about 22% of cancer deaths. Obesity, a poor 

diet (intake such as processed meat and foods that are high in fat), lack of 

physical activity and consumption of ethanol (alcohol) accounts for about 10% 

of cancer deaths.  Other causes include radiations, pollutions (environmental 

or occupational exposure to agents, including chemicals, dusts and industrial 

processes) and certain infections (for example, some types of human 

papillomavirus (HPV) infection can be associated with cervical cancer, while 

chronic hepatitis B or C infection can be associated with liver cancer) are also 

related to cancer. These factors can lead to alterations of genes, which in turn 

causes cell abnormalities [32, 33]. On the other hand, inherited genetic 

defects from ancestor account for approximately 5–10% of cancers [34]. 

These causal factors may have complex interactions acting together to initiate 

the carcinogenesis in human body [35].   

 

2.5 Apoptosis and cancer 

Apoptosis is a specific process that leads to programmed cell death essential 

in the homeostasis of the body [36]. It is a highly controlled process of the 

cells lifecycle comparing to necrosis where cell death is a result of acute 

cellular injury such as trauma or infection (Figure 2.3). The dysregulation of 

apoptotic process may cause many diseases [37]. Studies have indicated that 

apoptosis is a key process in cancer development and progression [38]. The 
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apoptosis-related genes and proteins play an important regulatory role in the 

tumour development [39]. Therefore, targeting these apoptosis-related factors 

provide new strategies in cancer treatment [40].  

 

 

Figure 2.3 A comparison of the morphology of cells undergoing 

necrosis and apoptosis. While apoptosis is programmed cell death that is 

essential to a normal and healthy body, necrosis is cell death that is caused 

by external factors such as injuries or infection and which is abnormal and 

harmful to the body (this figure is reproduced from [41]) 

 

Apoptosis occurs via two main signalling pathways: the intrinsic and extrinsic 

pathways (Figure 2.4)[40]. The intrinsic pathway is activated by stimuli such 

as cellular DNA damage caused by viral infections, oxygen free radicals, or 

radiation. These stimuli induce changes in the mitochondrial membrane 
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resulting in a loss of transmembrane electrical potential and the release of 

pro-apoptotic proteins from the mitochondria into the cytoplasm. The intrinsic 

pathway is primarily controlled by the B-cell lymphoma-2 (Bcl-2) family of 

proteins [42]. Members of the Bcl-2 family include two groups of proteins: anti-

apoptotic proteins and pro-apoptotic proteins. Anti-apoptotic Bcl-2-family 

proteins include Bcl-x, Bcl-xL, Bcl-XS, Bcl-w, and Bag. The pro-apoptotic 

proteins include two subgroups: multi-BH domain proteins and BH3-domain 

only proteins. The multi-BH domain protein subgroup includes Bax, Bak, Bad, 

and Bik, while the BH3 domain-only protein subgroup includes Bid and Bim. 

BH3-only proteins activate the multi-BH domain pro-apoptotic proteins, which 

then causes permeabilisation of the outer mitochondrial membrane [43]. 

Subsequently, the mitochondria release cytochrome c and SMAC into the 

cytoplasm, which then leads to the activation of the initiator caspase, 

caspase-9 [44]. Consequently, caspase-9 promotes the proteolytic cleavage 

and activation of the executor caspase, caspase-3, and this eventually 

activates the death signal resulting in apoptosis [45, 46].  

 

In contrast, the extrinsic pathway of apoptosis is initiated when death ligands 

bind to their corresponding transmembrane cell surface death receptor 

resulting in the formation of the death inducing signalling complex. To date, 

the most well characterised death ligands are FasL, Tumour Necrosis Factor 

(TNF)-α, Apo3L, and Apo2L. The corresponding death receptors for these 

ligands are FasR, TNFR1, DR (Death Receptor)3, and DR4/DR5, respectively 

[47]. The binding of death ligand to death receptor leads to the activation of 
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the caspase cascade through the initiator caspase, caspase-8, and this is 

then followed by stimulation of the executor caspase, caspase-3 [36, 48].  

 

Therefore, the final execution of the death signal is achieved through the 

regulated and sequential activation of a series of proteases, namely the 

caspases [22]. Caspases mediate cell death through many different pathways 

such as inducing the proteolytic cleavage of other proteins including protein 

kinases, cytoskeletal proteins, DNA repair proteins and inhibitory subunits of 

endonucleases [49]. Activation of caspases can also affect the structure of the 

cytoskeleton, progression through the cell cycle, and signalling pathways, and 

finally lead to the morphological changes characteristic of apoptosis, such as 

DNA fragmentation and membrane blebbing [40]. The intrinsic and extrinsic 

apoptotic pathways converge at caspase-3, a crucial regulator of tumour cell 

apoptosis. Activated caspase-3 proteolytically cleaves the inhibitor of 

caspase-activated deoxyribonuclease and this leads to the nuclear changes 

that accompany apoptosis [50].   

 

Inhibitors of apoptosis proteins (IAPs) are a group of functionally and 

structurally related proteins that mainly act on the intrinsic pathway of 

apoptosis and block the activation of caspases [51]. The best-characterised 

human IAP protein family members include XIAP, cIAP1, cIAP2, livin and 

survivin [52]. Some of these IAPs have been shown to bind to caspases and 

to thereby inhibit apoptosis [53]. For example, survivin is known to be a direct 

inhibitor of caspase-3 and also other executor caspase proteins (such as 

caspase-7) in apoptotic pathways [54].  

http://onlinelibrary.wiley.com/doi/10.3322/canjclin.55.3.178/full#bib22
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Figure 2.4 The intrinsic and extrinsic pathways of apoptosis. In 

programmed cell death, the Bcl-2 family of proteins controls the intrinsic 

pathway while the binding of death ligands to their cognate death receptor 

controls the extrinsic pathway. The caspase pathway is common to both 

intrinsic and extrinsic pathways of apoptosis (figures are reproduced from 

[55]). 

 

Tumour cells are characterised by their resistance to apoptosis [56]. 

Therefore, the induction of apoptosis in tumour cells is thought to be a 

promising strategy for cancer treatment [57]. Many of the proteins that induce 

apoptosis are currently being investigated to determine how their function can 

be re-established in tumour cells as a new approach in cancer therapy [58]. 

Further details of these studies will be discussed later in this chapter. 
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2.6 Inflammation and cancer 

Inflammation is a process  that forms part of the innate immune system and it 

provides protection from infection, injury and irritation [59]. The common 

inflammatory symptoms include redness, heat, swelling, pain and sometimes 

loss of function of the inflamed tissue [60]. Inflammation heals wounds by 

clearing the injurious agents from the tissue and removing damaged tissue 

components [61]. However, if inflammation is not under stringent control, the 

factors that trigger inflammation continue to stimulate the tissue and this can 

result in chronic inflammation. Chronic inflammation can lead to a wide variety 

of diseases, such as rheumatoid arthritis, myocardial infarction Alzheimer’s 

disease and cancer [62].  

 

Cancer-associated inflammation can be classified into two categories: on the 

one hand chronic inflammation may pre-date the cancer and cause tissue 

damage which can augment the risk of cancer development [63] while on the 

other hand inflammation of cancerous tissues can also post-date the 

development of cancer, i.e. arise despite the lack of any pre-cancerous 

inflammation [64]. Genetic alterations, which include missense, nonsense, 

and frameshift mutations; activation of oncogenes; chromosomal 

rearrangements, including gene copy-number amplification; and the 

inactivation of tumour suppressor genes in tumour cells, can promote an 

inflammatory microenvironment [65]. Irrespective of the origin of the 

inflammation, an inflammatory microenvironment is essential for the 

maintenance of cancer and it also promotes cancer disease progression [66].  
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The link between inflammation and cancer was first recognised by Rudolf 

Virchow in 1863 [67], but this link was largely ignored until recent decades 

[68]. Statistical analysis has shown that up to 25% of cancer mortality 

worldwide is caused by chronic inflammation [69]. Details of some of the 

epidemiological evidence are as follows:  

 

a) Infection with Helicobacter pylori is associated with gastric cancer and 

gastric mucosal lymphoma [70].  

 

b) Chronic infection with Hepatitis B virus (HBV) and Hepatitis C virus 

(HCV) increases the risk of hepatocellular carcinoma (HCC) [71].  

 

c) Autoimmune diseases such as inflammatory bowel disease may trigger 

colon cancer [72]. Prostatitis is associated with increased risk of 

prostate cancer [73]. Tobacco smoking causes inflammation of the 

mucosa of the lung and it also promotes lung carcinogenesis [74].  

 

d) Long-term use of non-steroidal anti-inflammatory drugs (NSAIDs) 

reduces the risk of several cancers [75]. 

 

2.6.1 Immune cells in inflammation and cancer  

The infiltration of immune cells is evident in the microenvironment of nearly all 

solid tumours. Infiltrating immune cells include tumour-associated 

macrophages (TAM), mast cells, neutrophils and lymphocytes [76]. Previous 

studies have shown that among these immune cells, TAM are the major 
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player in cancer-associated inflammation [77]. TAM are derived from 

circulating monocytes and are directed by chemokines to the site of the 

tumour [78]. TAM can stimulate tumour cell proliferation, angiogenesis, tissue 

invasion and metastasis and furthermore, a high count of infiltrating TAM is 

associated with poor prognosis [79]. TAM can be classified into two categories: 

type M1 and M2. M1 macrophages are able to be activated by interferon-γ 

and lipopolysaccharide (LPS). M1 TAM express many pro-inflammatory 

cytokines and their role is to eliminate pathogens and promote an anti-tumour 

immune response. Human tumours, however, are generally infiltrated with 

TAM of the M2 type and these are able to be activated by macrophage-

colony-stimulating factor (M-CSF), IL-10 and Transforming Growth Factor β 

(TGF-β). M2 macrophages possess activities that promote tumour 

angiogenesis and other types of tissue re-modelling [80]. 

 

2.6.2 NF-NB and the pro-inflammatory gene products whose expression 

it regulates 

Recent studies have revealed crosstalk between chronic inflammation and 

cancer [67, 81]. The microenvironment of tumours is typically rich in pro-

inflammatory mediators, such as TNF-α, interleukin (IL)-1, IL-6, IL-8, 

cyclooxygenases-2 (COX-2), inducible nitrogen oxide synthase (iNOS), which 

are essential for tumour initiation and progression [82, 83]. It has been 

recognised that the transcription factor NF-NB plays the role of central 

coordinator between inflammation and cancer by regulating the expression of 

genes that encode the above mentioned pro-inflammatory cytokines and 
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enzymes [84]. Constitutive activation of NF-NB signalling has been found in 

several types of tumours, including tumours of the breast, colon, prostate, skin 

and lymphoid tissue, in which it confers resistance to chemo- and radio-

therapy [85]. Hence, prophylactic and therapeutic blockade of NF-NB 

signalling has become a promising target for the prevention and treatment of 

cancer, respectively [86]. In other words, agents that suppress NF-NB 

activation may hold potential for future development into novel anti-cancer 

drugs [87].  

 

In tumour-associated inflammation, NF-NB regulates the expression of major 

pro-inflammatory gene products. NF-NB is an important transcription factor 

that is involved in many physiological processes, including cell proliferation, 

apoptosis, tumourigenesis, and inflammation. NF-NB dysfunction underlies 

various diseases, including cancer [88]. There are five proteins divided into 

two classes in the mammalian NF-NB family. Class 1 includes NF-NB1/p50 

and NF-NB2/p52 while class 2 includes RelA/p60, RelB, and c-REL. In resting 

cells, NF-NB is present as a heterodimer (for example a dimer of p50 and p65) 

bound to INB and remains in an inactive form in the cytoplasm. In humans, the 

INB protein family has several members, including INBa, INBb, INBg, and INBe.  

In response to a variety of stimuli, INB is phosphorylated by INB kinase, 

resulting in the dissociation of INB from NF-NB and translocation of NF-NB into 

the nucleus where it exerts its function. The activation of NF-NB is thought to 

be part of a stress response pathway as NF-NB is activated by a variety of 

stimuli that include growth factors, cytokines, lymphokines, UV light, 
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pharmacological agents, and stress [81, 89]. The activation of NF-NB also 

occurs in many malignant cells, but this is a result of genetic mutation rather 

than a response to signals from surrounding cells [90]. Most carcinogens can 

activate NF-NB such that it is kept constitutively active [91].  

 

NF-NB is regarded the “master” transcription factor for inflammation because 

of its central role in regulating the expression of other genes that encode pro-

inflammatory mediators. On the other hand, these same inflammatory 

cytokines also activate expression of the gene that encodes NF-NB (Fig. 2.5) 

[92, 93].  Previous studies using mouse models show that the enhancing 

levels of NF-NB and TNF-α expression strongly correlate with cancer 

progression [94, 95]. TNF-α produced by neighbouring inflammatory cells can 

control the activation and subcellular localisation of NF-NB [ref?] and this was 

also demonstrated in a study performed by Greten et al. that used as an 

experimental model a mouse colitis-associated cancer [95]. These studies do 

not specifically implicate TNF-α in cancer, because they found an enhanced 

production of several pro-inflammatory cytokines in the tumour 

microenvironment during the development of cancer, including TNF-α. Both 

studies demonstrated that a reduction in NF-NB activation leads to a lower risk 

of cancer development [94, 95].  
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Figure 2.5 The process of NF-NB activation. NF-NB dimer (e.g. p50 and 

p65) binds to INB and remains inactive in resting cells. In response to a 

stimulus, INB is first phosphorylated by a protein kinase and then ubiquitinated 

and proteolytically degraded and this allows the free NF-NB dimer to be 

translocated from the cytoplasm into the nucleus. The activation of NF-NB 

controls many physiological processes, such as apoptosis, immunity and cell 

proliferation.  

 

Previous studies have also shown that other pro-inflammatory mediators are 

indispensable for the initiation, promotion, and progression of tumours [96-99]. 

Among these pro-inflammatory mediators with crucial roles, the roles of TNF-

α, IL-1, IL-6, IL-8, COX-2 and iNOS have been highlighted the most by 

researchers [100, 101]. There is good evidence that the transcription factor 

NF-NB regulates the expression of the genes encoding all these pro-

inflammatory mediators   [95, 96, 102].  
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COX-2 is the inducible isoform of COX enzyme. It has emerged as the key 

enzyme in the regulation of inflammation and may play a significant role in 

cancer. COX enzymes catalyse the synthesis of prostaglandins (PG) from 

arachidonic acid in cells [103] (Fig. 2.6). Early studies indicated that the level 

of both COX-2 protein and prostaglandins are elevated in patients with 

colorectal cancer [104, 105]. Elevated levels of COX-2 have also been found 

in the majority of invasive lung cancers [106]  and COX-2 is over-expressed in 

other tumours [107, 108]. Epidemiological data suggest that the long-term use 

of non-steroidal anti-inflammatory agents (NSAIDs) which are COX enzyme 

inhibitors (such as aspirin) can significantly decrease the incidence and 

mortality of breast, colorectal and lung cancer [109]. Furthermore, animal 

studies have revealed that multiple intestinal neoplasia mice and 

azoxymethane-treated rats have elevated COX-2 protein expression [103].  
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Figure 2.6 Cyclooxygenase catalyses a key step in the formation of 

prostaglandins. The catalytic activity of the COX enzyme(s) converts 

arachidonic acid into prostaglandin H2. Prostaglandin H2 is the precursor of 

several structurally-related prostaglandins, including prostaglandin E2, 

prostaglandin D2, prostaglandin F2a and prostaglandin I2 as well as the 

structurally-related but functionally divergent hormone thromboxane A2, all of 

which are formed by the action of specialised prostaglandin synthases.   

 

Inducible nitric oxide synthase (iNOS) is one of the three knownmembers of 

the nitric oxide synthase family, which comprises a group of enzymes that 

have in common the ability to catalyse the production of nitric oxide (NO) from 

L-arginine [110]. iNOS-derived NO is a vital cellular signalling molecule which 

is associated with many physiological and pathological processes, including 

inflammation and carcinogenesis [111]. It has been observed that tumours as 

well as non-tumour tissues that are affected by chronic inflammatory diseases 

have an increased level of iNOS expression [112]. Chronic inflammatory 
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conditions induce the over-expression of iNOS, which results in sustained NO 

production. While NO is an important signalling molecule it is also highly 

reactive chemically and some of its reaction products cause DNA damage or 

interfere with DNA repair and are mutagenic. Recent studies indicate that NO 

is a key signalling molecule that regulates the processes of tumourigenesis. 

The development of selective inhibitors of iNOS and other NO-producing 

enzymes is underway and this may lead to improved prophylactic strategies 

for the prevention of cancer [113]. 

 

IL-1, IL-6, and TNF-α are known as multifunctional cytokines as they are 

involved in the regulation of the immune response, haematopoiesis, and 

inflammation [114]. TNF-α has now also been recognised as an endogenous 

tumour promoter [115]. While many pathogenic stimuli induce TNF-α 

expression, once its levels increase TNF-α can itself also induce the 

expression of other pro-inflammatory mediators and proteases in the 

inflammatory response. TNF-α produced by tumour cells has been found to 

play crucial roles in nearly all stages of tumour development, including 

initiation, promotion, cell proliferation, invasion and angiogenesis. Several 

studies using mouse models have shown a direct relationship between TNF-α 

expression and cancer development [116-119].   

 

The secretion of IL-1α in particular promotes the growth of cervical 

carcinomas [120], while secretion of IL-1β promotes the growth and confers 

chemoresistance to pancreatic carcinoma cell lines [121]. IL-1β also induces 

the expression of angiogenic factors in both tumour and stromal cells during 
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lung carcinoma growth in vivo, resulting in hyper-neovascularisation [122]. 

Studies using in vivo models show that IL-1 antagonists decrease tumour 

development, while deficiencies in IL-1β prevent tumours from developing 

metastases [123].  

 

IL-6 shows elevated expression and acts as a growth factor in many types of 

cancer, including bladder cancer, colorectal cancer, multiple myeloma, non-

Hodgkin’s lymphoma and renal cell carcinoma [124-128]. Some ovarian-

cancer-derived cell lines constitutively secrete IL-6 and co-culture with other 

cells from the ovarian cancer microenvironment enhances IL-6 production. In 

addition, raised serum levels of IL-6 in cancer patients has been reported[129]. 

A further study showed that overexpression of both IL-1 and IL-6 cause the 

resistance of cancer cells to chemotherapy and stimulate myeloma cell growth 

[130].  

 

IL-8 is a chemokine produced by macrophages and other cell types such as 

epithelial cells. IL-8 plays an important role in mediating the innate immune 

response to pathogens. Previous studies have shown that IL-8 promotes the 

growth and metastasis of a wide variety of tumours [131, 132]. Furthermore, 

an in vivo study showed that the inhibition of IL-8 expression reduces tumour 

formation by xenografted human non-small cell lung cancer cells in SCID 

mice [133]. 

 

The identification of these chemokine factors helped provide a molecular 

basis for the role of inflammation in cancer (Fig. 2.7). These chemokines are 

http://en.wikipedia.org/wiki/Chemokine
http://en.wikipedia.org/wiki/Macrophages
http://en.wikipedia.org/wiki/Epithelial_cells
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also potential molecular targets for drug design in cancer pharmacology and 

drugs designed using these approaches may be tested in future clinical trials 

[62]. 

 

 

Figure 2.7 The microenvironment of cancer-associated inflammation.  

In the microenvironment of cancer-associated inflammation, the tissues 

neighbouring the tumour recruit various leukocytes. This recruitment is then 

followed by activation of the transcription factor NF-NB in those leukocytes 

and the expression of inflammation-associated enzymes as well as the 

expression and secretion of pro-inflammatory cytokines.  
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2.7 Conventional therapeutic options for treatment of cancer 

Currently, there are several therapeutic options available for treatment of 

cancer. Common methods include surgery, chemotherapy, radiation therapy, 

hormonal therapy, and immunotherapy [134]. The choice of method(s) used 

depends on the type and stage of the cancer in individual cases. However, 

the difficulty in removing or destroying the cancer cells without affecting the 

healthy cells remains a challenge [135, 136]. Therefore, the current therapies 

often cause unwanted side effects [137]. Another problem is the huge 

financial cost per year involved in cancer treatment. In Australia, cancer 

treatment costs more than 4.5 billion of Australia dollars per year, which 

represents 6.9% of total direct health system costs. In the period 2000-11, 

$378 million was invested in cancer research, accounting for 22% of all 

expenditure on health research. I will briefly review most of the commonly 

used conventional therapies in the following sub-sections. 

 

2.7.1 Surgery 

Surgery is the primary option for treatment of early stage and isolated solid 

cancers and aims to both palliate the disease and prolong the life of patients 

[138]. Typically, the removal of the lesion is followed by diagnosis and staging 

of the biopsies. Therefore, in the case of blood cancers such as leukaemia 

and lymphoma or already metastasised solid cancers surgery is often 

unsuitable. The difficulty and risk of surgery lies in the complete removal of 

the cancerous lesion tissue. Common side effects of surgery include pain and 

infection, depending on the individual case. This therapy is usually combined 
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with another conventional treatment therapy such as radiotherapy or 

chemotherapy [129][139]. 

 

2.7.2 Radiotherapy 

Radiotherapy uses ionising radiation, such as x-rays, gamma rays, electron 

beams or protons, to injure or kill malignant cells through damaging their DNA 

[140]. Radiotherapy can be administered two ways: externally and internally. 

The former utilises a beam from a machine and the latter requires the 

placement of radioactive material in the body near the tumour. The difficulty of 

this treatment is to target lesion tissues without affecting normal tissues. 

Radiotherapy may also weaken the immune system due to causing a 

reduction in leukocyte numbers. DNA damage or activation of DNA damage 

repair mechanisms in tumour cells may also result in the acquisition of 

resistance to radiotherapy. The use of adjuvant radiation therapy may shrink 

the malignant cell mass before surgery or stop the regrowth of any remaining 

cancer cells after surgery. Radiotherapy is one of the most frequently chosen 

therapeutic options with more than 60% of cancer patients being treated with 

radiotherapy as part of their overall therapeutic strategy [27]. 

 

2.7.3 Chemotherapy 

Chemotherapy is the use of chemicals (i.e. drugs) to treat cancer cells in 

specific locations. Most of these drugs enter the bloodstream and travel 

throughout the body and act to prohibit rapidly dividing cells (rapid cell division 

is a characteristic of many cancer cells, but not the majority of primary cells). 

https://en.wikipedia.org/wiki/Cancer#cite_note-HollandTx40-129
http://en.wikipedia.org/wiki/Ionizing_radiation
http://en.wikipedia.org/wiki/Malignant
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/DNA
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However, these drugs are not cancer-specific and may target some healthy 

cells that divide rapidly, similar to cancer cells. Therefore, side effects caused 

by chemotherapy include hair loss (due to affected hair follicles) and 

immunosuppression (due to a decreased production of white blood cells). 

Similar to radiotherapy, chemotherapy may be used to reduce the size of the 

malignant cell mass before surgery, or to prevent the regrowth of any 

remaining cancer cells after surgery. Chemotherapy may also be used in 

combination with radiation therapy [27]. 

 

2.7.4 Immunotherapy  

Immunotherapy, also known as biologic therapy, treats cancer by boosting the 

immune system of the body. The difficulty with this method is that the immune 

system does not always recognise cancer cells as foreign so cancer cells still 

develop despite a healthy immune system. Sometimes the immune system 

recognises the cancer cells as foreign, but the immune response is not strong 

enough to kill the cancer cells. The main types of immunotherapy used to 

treat cancer include, monoclonal antibodies, immune checkpoint inhibitors 

and cancer vaccines. Monoclonal antibodies target a cancer specific antigen. 

On the other hand, immune checkpoint inhibitors stimulate the immune 

system as a whole such that it has an improved capacity to recognise and 

eliminate cancer cells. Cancer vaccines are given to healthy people to prevent 

specific cancers and in some cases can be used to treat existing cancers [27]. 

Passive immunisation, such as adoptive T cell therapy, requires the 

transfusion of either autologous or allogeneic tumour-specific T cells into a 

patient to stimulate their antitumour immunity [141].  
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2.7.5 Hormone therapy  

Certain types of cancer require hormones for their growth and development. 

Hormone therapy for cancer uses drugs to inhibit the action of these 

hormones. This therapy is useful for the treatment of hormone-sensitive or 

hormone-dependent cancers, such as female breast cancers that require 

oestrogen and progesterone and some types of prostate cancer that are 

dependent on the male hormone testosterone [27]. 

 

2.7.6 Combination therapy 

In most cases, combination therapy is required in order to provide the most 

effective treatment. For example, in the treatment of non-small cell lung 

cancer (NSCLC), which is the most common type of lung cancer, the 

preferred conventional therapeutic option is surgery. However, often by the 

time of diagnosis the patients already have advanced or metastatic cancer 

[142]. Therefore, in such cases chemotherapy would be chosen as the 

preferred conventional therapeutic option for the treatment of patients with 

metastatic disease. Additionally, the administration of concurrent chemo- and 

radio-therapy is the preferred conventional therapeutic option for treatment of 

stage III lung cancer [143].  

 

 

 

 

 

http://www.nlm.nih.gov/medlineplus/ency/article/007270.htm
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2.8 Therapeutic agents that induce apoptotic pathways 

To date, a number of chemical agents are known that either directly or 

indirectly induce apoptosis through their action on different cellular signalling 

pathways. Some of these studies, including both pre-clinical and clinical, will 

be reviewed in this thesis in the following sections. 

 

2.8.1 Chemical agents that induce the extrinsic apoptosis pathway 

Many candidate chemicals that induce the extrinsic pathway of apoptosis and 

have potential for use as anti-cancer agents have been studied. In vitro 

studies using death receptors showed that TNF-α has promising antitumour 

activity. However, TNF-α failed to demonstrate specific antitumour activity in 

subsequent in vivo studies and this was due to nonspecific tissue cytotoxicity 

caused by activation of nonspecific TNF-α receptors [50]. One barrier to the 

use of TNF-α as a biological agent for cancer treatment is the pro-

inflammatory effect of TNF-α. TNF-α can simultaneously activate both 

caspases and NF-NB. In contrast, TNF-α-related apoptosis-inducing ligand 

(TRAIL) has been considered as an inducer of the extrinsic apoptosis 

pathway that does not show similar toxicity to TNF-α.  Colon, lung, breast, 

skin, kidney, and brain tumour cells have all been demonstrated to be highly 

sensitive to TRAIL-induced apoptosis while healthy control cells were 

relatively resistant [24, 25]. Previous studies using an in vivo model also 

showed that TRAIL and conventional chemotherapeutic agents such as 

doxorubicin have synergistic antitumour effects when used in combination to 

treat prostate cancer [48]. Recently, a phase I clinical trial of an agonistic 

antibody directed against DR4 was completed [40]. Monoclonal antibodies 

http://onlinelibrary.wiley.com/doi/10.3322/canjclin.55.3.178/full#bib50
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that recognise HGS-ETR1, HGS-ETR2 and HGS-TR2J and that exhibit 

agonist activity on DR4 and DR5 are currently in phase I and phase II clinical 

trials for the treatment of patients with advanced solid tumours, including 

NSCLC, colon cancer and non-Hodgkin’s lymphoma. These antibodies have 

the advantage over TRAIL of a longer in vivo half-life [144].   

 

2.8.2 Agents that target the intrinsic apoptosis pathway 

Researchers have also used induction of the intrinsic pathway of apoptosis as 

a strategy for the development of new anti-cancer agents. Agents that induce 

the intrinsic pathway of apoptosis include agents that act on members of the 

Bcl-2 protein family and agents that target the mitochondrial inner membrane 

[refs?]. 

Oblimersen (also known as Genasense and G3139) is a phosphorothioate 

antisense oligodeoxyribonucleotide that targets bcl-2  [145]. Oblimersen 

inhibits the production of the anti-apoptotic protein Bcl-2 by cancer cells by 

binding to the mRNA that encodes Bcl-2 and preventing the translation of Bcl-

2 protein [146]. Pre-clinical studies have demonstrated the antitumour activity 

of Oblimersen and its synergism with various other chemotherapeutic agents, 

including antimetabolites, alkylating agents, corticosteroids, ionising radiation 

and monoclonal antibodies. Phase I and phase II clinical trials demonstrated 

that Oblimersen (G3139) has an anti-tumour effect on melanoma and this was 

accompanied by a down-regulation of Bcl-2 expression. In phase III clinical 

trials combination therapy with Oblimersen (G3139) and chemotherapy was 

shown that significantly prolong the life of melanoma patients. Other phase III 
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trials involving chronic lymphocytic leukaemia and multiple myeloma patients 

showed that combination therapy with Oblimersen and chemotherapy resulted 

in a 16% positive response in patients. However, in patients with advanced 

multiple myeloma treatment with a combination of dexamethasone and 

Oblimersen (G3139) did not show a good effect. Other studies to examine 

agents that target other Bcl-2 family member proteins such as Bcl-xL and Bax 

are also currently underway [147].  

 

Other studies have investigated the induction of apoptosis in tumour cells by 

agents that target the mitochondrial inner membrane. It has been shown that 

arsenic trioxide, an FDA-approved drug used in the treatment of acute 

promyelocytic leukaemia, induces apoptosis in leukaemic cells by altering the 

electrical potential of their mitochondrial inner membranes. The phase II 

clinical trial results also showed the potential of arsenic trioxide for the 

treatment of other types of cancer, such as multiple myeloma, lymphoma, 

renal cell carcinoma, NSCLC, glioma, breast cancer and oesophageal cancer. 

Lonidamine, a derivative of indazole-3-carboxylic acid, also acts on the 

mitochondrial inner membrane to disrupt its transmembrane electrical 

potential and thereby induces apoptosis. This drug has been shown in phase 

II clinical trials to potentiate the effects of chemotherapeutic agents, such as 

epirubicin and cisplatin, in the treatment of human breast cancer [148].  
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2.8.3 Agents that target common pathways 

Many previous studies have also examined agents that induce common 

pathways of apoptosis, such as activate caspases. Treatment with the agent 

known as synthetic activator of caspases causes aggregation of proteins in 

the cell and this in turn induces the activation of caspases and results in 

apoptosis. Another caspase-inducing agent is apoptin and this agent 

selectively induces apoptosis in malignant cells, but not in normal cells. These 

agents are currently still in preclinical development [149]. 

 

2.9 Anti-inflammatory agents in cancer therapy  

Currently, many anti-cancer agents are in use for the treatment of 

inflammatory diseases, such as rheumatoid arthritis. Conversely, the 

reduction of inflammation may be an efficient approach for cancer prevention 

and therapy [150]. As mentioned earlier, existing epidemiological data 

suggest that long-term prior treatment with NSAIDs (the most common of 

which are aspirin, ibuprofen, naproxen, and indomethacin) considerably 

lowers the incidence rate and mortality of many types of cancer [151].  First 

generation NSAIDs are potent anti-inflammatory agents that act to inhibit the 

COX-1 and COX-2 enzymes and thereby reduce prostaglandin synthesis 

[152]. Long-term treatment with this type of drug usually results in some 

undesired side effects. However, further research has shown that second 

generation NSAIDs that selectively inhibit COX-2 (i.e. that do not inhibit COX-

1) aresuperior anti-inflammatory drugs with substantial safety advantages 

over first generation NSAIDs. Thus, selective COX-2 inhibitors, such as 
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celecoxib, have a prospective role in tumour prevention and therapies to treat 

existing tumours [153]. 

 

Many cytokine inhibitors are also currently undergoing pre-clinical and clinical 

trials for cancer prophylaxis and treatment. One example is the anti-IL-6 

antibody siltuximab (CNTO328) which is currently in phase II clinical trials for 

treatment of castration-resistant prostate cancer [154, 155]. Anti-TNF-α 

antibodies have been shown to have a significant therapeutic effect in the 

treatment of other inflammatory and autoimmune diseases and this suggests 

that they may also have a potential role in cancer therapy [156-158]. 

 

2.10 Complementary and alternative medicines 

Although recent advances in research on the conventional therapies have 

resulted in an improvement in patient outcomes, problems such as high cost 

and side effects still exist. Therefore, complementary and alternative therapies 

are needed for use in combination with conventional medical treatments to 

enhance the therapeutic efficiency, reduce the side effects and also reduce 

the cost of cancer therapy [159]. 

 

2.11 Natural products and Traditional Chinese Medicine (TCM)  

2.11.1 Natural products 

Natural products have been used extensively in the treatment of many 

diseases [160]. New anti-cancer drugs that have been developed from natural 

products have drawn significant attention throughout the world [161]. The 
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diversity of chemical compounds represented by natural products makes 

natural products a source of unique chemicals from which new therapeutic 

agents may be developed [162]. Therefore, natural products may have 

potential uses as both conventional or complementary and alternative 

therapies for cancer treatment. In recent decades, many anticancer drugs 

have been developed by screening natural products derived from plants, 

animals, marine organisms and microorganisms [163, 164]. Some examples 

are plant-derived compounds, such as vincristine, irinotecan, etoposide and 

paclitaxel; microbe-derived products, like dactinomycin, bleomycin and 

doxorubicin; and marine–source-derived products, like citarabine [165]. 

Screening of chemical compounds derived from natural sources remains a 

prominent approach for the development of novel anti-cancer agents. The 

discovery of novel anti-cancer compounds by screening natural product 

libraries is followed by research to define the structure-activity relationships 

and to elucidate the mechanism of action of the compound as this information 

is also important [166].  

 

2.11.2 Traditional Chinese Medicine (TCM)  

Traditional Chinese Medicine (TCM) originated in ancient China and has 

evolved over thousands of years [167]. The Chinese Materia Medica (a 

pharmacological reference book used by TCM practitioners) describes 

thousands of medicinal substances—primarily derived from plants, but also 

some minerals and some animal products. Different parts of plants, such as 

the leaves, roots, stems, flowers, and seeds, are used for medical purposes 

[168]. These products often owe their activity not to a single ingredient, but 
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rather to the synergy created by multiple components acting in concert 

[169]. In TCM, recipes often contain a combination of herbs and these can be 

used to prepare teas, capsules, liquid extracts, granules, or powders. 

However, a underlying problem for the use of TCMs is the lack of availability 

of credible and rigorous scientific evidence to support the efficacy of these 

medicines for the treatment of the diseases for which they are believed to be 

remedies [170].  

 

A particularly successful example of TCM research is the work of Tu Youyou 

who won the Nobel Prize for Medicine for her contributions to the finding that 

Artemisinin (Qinghaosu) and its semi-synthetic derivatives as a group of 

compounds are superior to other drugs for the treatment of malaria caused by 

Plasmodium falciparum [171]. Artemisinin is isolated from the plant Artemisia 

annua, also known as sweet wormwood, which is a herb that has been used 

in TCM since the 4th century for the treatment of malaria-type symptoms, 

such as fever, rigours and headache [172]. Tu and her colleagues reviewed 

the literature on herbs and recipes from ancient Chinese medical books and 

systematically screened thousands of preparations derived from traditional 

Chinese herbs. Following these screens, they short-listed 380 preparations 

and tested them for efficacy using a mouse model of malaria. Among these 

tests, one showed that a preparation made from Artemesia annua reduces the 

number of malarial parasites in the blood. Fractionation of the different 

classes of chemicals present in the extract and isolating a single (pure) 

compound with therapeutic activity is an important element of the 

development of new drugs from natural products. This process requires the 
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optimisation of fractionation strategies (e.g. through the use of different 

solvents) to achieve successful separation of the different constituents. To 

achieve this goal, Tu’s team went back to the Chinese medicine books to find 

an extraction procedure that does not affect the chemical properties of the 

constituents. They found that it is crucial to isolate the artemisinin at low 

temperature and this was the secret to their success in isolating artemisinin. 

The discovery of artemisinin provided huge benefits in terms of improved 

management and treatment of malaria around the world. To reduce the risk of 

the emergence of drug resistance, it was decided that artemisinin-based 

compounds be used only at low doses and in combination with other drugs 

[173]. 

Currently, artemisinin is undergoing clinical trials for cancer treatment. In a 

pre-clinical study Artemisinin has shown anticancer activity on hepatocellular 

carcinoma. Another study has yielded promising results for the artemisinin 

derivative known as artesunate in the treatment of colorectal cancer [174]. 
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Figure 2.8 The plant Artemisia annua and the chemical structure of the 

compound Artemisinin The discovery of artemisinin (C15H22O5) is one of the 

best examples of the use of TCM for the development of new therapeutic 

agents (Figures are reproduced from [27]).  

 

There are many other drug candidates in TCM and these have been screened 

intensively for potential anti-cancer activity using various different screening 

strategies. For example, the root of the plant known as Scutellaria baicalensis, 

also known as Huang qin in TCM, has been investigated for therapeutic 

activity because of its richness in flavonoid compounds, such as baicalin, 

baicalein, neobaicalein, wogonin and wogonoside. These flavonoid 

compounds have been shown to possess anti-inflammatory, anti-viral, anti-

bacterial and anti-neoplastic activity [175]. Extracts of Ganoderma lucidum, a 

type of fungus that is considered a very precious TCM herb have been found 

to possess  both anti-inflammatory and anti-cancer activities and these may 

be due to its richness in triterpenoid compounds [176]. 
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2.12 The medicinal use of Chansu and Huachansu  

Animal venoms and toxins are unique resources for the discovery of new anti-

cancer agents [177]. Toad glandular secretions and skin extracts contain an 

abundance of natural compounds and some of these possess activities that 

have potential pharmaceutical uses [178]. Chansu is a TCM that is prepared 

from the dried secretions obtained from the auricular and skin glands of Bufo 

gargarizans Cantor or B. melanotictus Schneider [179]. Chansu can be used 

individually or more often in combination with other TCMs in a traditional 

recipe, such as Liu-shen-wan (LSW) [150]. Chansu has been widely used in 

China as an anodyne, cardiotonic, anti-microbial and local anaesthetic for 

hundreds of years [180]. Many clinical observation studies in Chinese 

publications describe the anti-infection and anti-inflammation activities of 

Chansu and its uses for the treatment of otitis media, periodontitis, hepatitis 

and arthritis [181].  

 

Toad-derived medicines can be in the form of oral solutions, ointments, 

solutions for injection, topical coating agents and more (Fig. 2.9). One of the 

most widely used preparations is Huachansu (Cinobufacini), which is a 

sterilised hot water extract of dried toad skin [182]. In 1991, the Chinese Food 

and Drug Administration officially approved Cinobufacini injection as a 

regimen for the treatment of patients with liver, lung, colon and pancreatic 

cancer in China [183]. 
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Figure 2.9: Some of the commercial toad-derived medicines and other 

products in China 

(a) Chansu preparation  

(b) Dried skin of Chinese toad  

(c) Various commercial preparations of Cinobufacini  

 

An in vivo study has shown that injection of Cinobufaciniinhibits the growth of 

murine Lewis lung cancer cells with a response rate of 45%~50% and 

significantly prolongs life span [184]. Clinical trials of injected Cinobufacini 

A 

C 

B 
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have been conducted in China since the 1970s. The results of these clinical 

trials have demonstrated a significant anti-cancer effect of injected 

Cinobufacini  for patients with advanced hepatocellular carcinoma and lung 

cancer with total response rates of 10% and 16%, respectively [185]. A phase 

I clinical trial conducted by Meng et al. examined the toxicity of injected 

Cinobufacini for patients with the aim of establishing an effective dose with 

tolerable levels of toxicity. The results showed that injected Cinobufacini can 

be tolerated at up to 8 times of the administered dose and at this higher dose 

tumour growth was stabilised in 40% of lung and liver cancer patients [186]. In 

addition, when injected Cinobufacini was used in combination with 

chemotherapy or radiotherapy, it promoted the efficacy of the conventional 

therapies while at the same time lowering their toxicity [187, 188]. To have a 

better understanding of the anti-cancer activities of injected Cinobufacini as 

well as the underlying mechanisms responsible for its anti-cancer activity, 

further pre-clinical studies and clinical trials are required. 

 

2.13 Chemical compounds in Chansu and Huachansu 

Several classes of compounds, including bufadienolides, steroids, indole 

alkaloids, peptides, organic acids and other compounds have been identified 

in and isolated from the auricular and skin gland secretions of different 

species of toad using a variety of methods [189, 190]. Previous studies have 

identified bufadienolides, a group of cardiac glycosides, as  the bio-active 

compounds in Chansu and Huachansu which possess anti-cancer activity [5, 

191].  
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2.13.1 The pharmaceutical potential of cardiac glycosides   

Initially, the therapeutic use of cardiac glycosides was essentially limited to the 

treatment of cardiac failure. However, subsequent studies have shown that 

this class of natural product is also effective in cancer therapy [183, 192]. Ye 

et al. have shown that bufalin and other cardiac glycosides, which act by 

inhibiting the Na+/K+-ATPase pump, suppress the activation of the 

transcription factors IRF3 and NF-NB. The cardiac glycosides achieve this by 

inhibiting the induction of expression of the interferon-beta gene. Bufalin has 

also been shown to inhibit TNF-α signalling and, at least in part, this is due to 

the ability of bufalin to interfere with the nuclear translocation of NF-NB [193]. 

Yang et al. have shown that cardiac glycosides block the activation of the 

TNF-α/NF-NB signalling pathway in HeLa cells [194]. Other studies have 

shown that cardiac glycosides prevent LPS-dependent induction of the 

expression of pro-inflammatory cytokines in whole blood, including TNF-α, IL-

1 and IL-6, at least in part through inhibition of NF-NB activation. In various 

cell types cardiac glycosides also inhibit the induction of IL-8 expression [195]. 

Moreover, another study showed that this group of cardiac glycosides and 

structurally related compounds can suppress the expression of NF-NB, INB, as 

well as COX-2 in a mouse model of skin cancer [196]. These findings indicate 

that cardiac glycosides, including bufalin, have a potential role in the 

treatment of inflammatory and autoimmune diseases. 
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Figure 2.10: Chemical structures of bufalin and cinobufagin. 

Bufalin and cinobufagin are two of the most well studied 

bufadienolides/cardiac glycosides present in Chansu and Huachansu. 

 

2.13.2 The identification of bufadienolides in Chansu and Huachansu 

In the study by Gao et al., ten batches of toad venom each from a different 

Bufo species, were obtained from a commercial supplier and analysed by 

HPLC and LC-DAD-MS/MS. The results indicated that the Chansu (a 

methanol extract of toad glandular secretions) from Bufo bufo gargarizans 

contained bufadienolide compounds, including gamabufotalin, arenobufagin, 

telocinobufagin, bufotalin, cinobufotalin, bufalin, cinobufagin and 

resibufogenin [197]. 

 

In another study, preparative high-speed counter-current chromatography 

(HSCCC) was used to identify and quantify gamabufotalin, arenobufagin, 

telocinobufagin, bufotalin, cinobufotalin and bufalin in Chansu. Moreover, the 
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chemical structures of these compounds were determined using 1H-NMR and 

13C-NMR technology [198]. 

In another study Ye et al. used high-performance liquid chromatography 

coupled with atmospheric pressure chemical ionisation tandem mass 

spectrometry (HPLC/APCI-MS/MS) to identify the bufadienolides bufalin, 

arenobufagin, bufotalin, telocinobufagin, ψ-bufarenogin, bufotalinin, 

cinobufotalin and gamabufotalin in Chansu (methanol extract)  [199].  

Li et al. have used HSCCC combined with preparative HPLC to identify and 

purify arenobufagin, bufotalin, 19-oxo-cinobufagin, cinobufotalin, bufalin, 

cinobufagin, resibufogenin and hellebrigenin-3-hemisuberate from Chansu. 

The chemical structure of these eight bufadienolides was confirmed by ESI-

MS and 1H-NMR  in this study [200]. 

In the study of Hu et al., liquid chromatography/electrospray ionisation tandem 

mass spectrometry (LC/ESI-MS/MS) was applied for the chemical analysis of 

Chansu. Thirty bufadienolides were identified, of which seven of the more 

abundant bufadienolides were quantified, v.i.z. resibufogenin, gamabufotalin, 

arenobufagin, bufalin, gamabufotalin-3-suberate-arginine, cinobufagin and 

bufotalin [201]. 

Several studies have provided evidence that bufadienolides are also the 

bioactive constituents of Huachansu. In one study HPLC was used to analyse 

and quantify bufalin, resibufogenin and cinobufagin in an injected preparation 
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of Huachansu. In another study, high performance liquid chromatography 

coupled with triple quadrupole mass spectrometry (HPLC-QqQ MS) was used 

to identify eight bufadienolide compounds in an injected preparation of 

cinobufacini, v.i.z. bufalin, cinobufagin, recinobufagin, cinobufotalin, 

telocinobufagin, gamabufotalin, arenobufagin and bufotalin [202].   

Some chemistry studies have indicated that the fact that the toads are 

obtained from different geographical regions and the use of different methods 

to prepare the extracts are both factors that contribute to the observed 

variability of the chemical composition of different preparations of Chansu and 

Huachansu. Therefore, chemical analysis to quantify the various 

bufodienolides present and quality control to ensure the consistency of 

preparations of Chansu and Huachansu are important factors that need to be 

considered, especially if Chansu and Huachansu are to be used as starting 

materials for the development of new anti-cancer drugs [203]. Bufadienolide 

compounds exert their anti-cancer effects by multiple mechanisms, including 

the induction of apoptosis in tumour cells, inhibition of cell cycle progression, 

blocking the activation of NF-NB and NF-NB-dependent pathways and 

immunomodulation [8, 204]. Research into the mode of action of 

bufadienolides will be described later in this thesis. 
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Table 2.1: The bufadienolides identified from Chansu and Cinobufacini 

Objective Method Compounds Reference 

Chansu HPLC and LC-DAD-

MS/MS 

Gamabufotalin 

Arenobufagin  

Telocinobufagin 

Bufotalin 

Cinobufotalin,  

Bufalin, 

Cinobufagin  

Resibufogenin 

[197] 

Chansu HSCCC Arenobufagin  

Telocinobufagin 

Bufotalin  

Cinobufotalin 

Bufalin 

Resibufogenin 

Cinobufagin 

[198] 

Chansu HPLC/APCI-MS/MS Bufalin 

Arenobufagin 

Bufotalin 

Telocinobufagin 

ψ-Bufarenogin 

Bufotalinin 

Cinobufotalin 

[199] 
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Gamabufotalin 

Chansu HSCCC-prep-HPLC Arenobufagin,  

Bufotalin  

19-oxo-cinobufagin 

cinobufotalin 

Bufalin 

Cinobufagin 

Resibufogenin 

Hellebrigenin-3-

hemisuberate 

[200] 

Chansu LC/ESI-MS/MS Resibufogenin 

Gamabufotalin  

Arenobufagin 

Bufalin 

Gamabufotalin-3-

suberate-arginine 

Cinobufagin 

Bufotalin 

[201]. 

Cinobufacini  HPLC Bufalin, 

Cinobufagin   

Resibufogenin 

[205] 

Cinobufacini  HPLC-QqQ MS Bufalin 

Cinobufagin,  

Recinobufagin, 

[202] 
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Cinobufotalin,  

Telocinobufagin, 

Gamabufotalin,  

Arenobufagin,  

Bufotalin 
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2.14 Cane toads in Australia 

The cane toad, which has the scientific name Bufo marinus, was first 

introduced into northeast Australia in the 1930s for the purpose of biological 

control of sugar cane beetles, which were an agricultural pest. However, due 

to the lack of any natural predator in this continent, this toad has now become 

a major environmental pest and represents a threat to both native and 

domestic animals [144]. Cane toad skin and cane toad glandular secretions 

possess a wide range of biologically active substances with therapeutic 

potential [206, 207].  

2.14.1 The chemical constituents of cane toad extracts 

The parotid and skin glands of cane toads are important for defence against 

predators and they produce a toxic secretion with a milky appearance that is 

poisonous to many other animal species. Previous studies have shown that 

the gland secretions of the cane toad are also rich in bufadienolides, which 

suggests that they may contain potential new pharmaceutical agents [208].  

In one previous study, LC-DAD-MS/MS was used to investigate the venom of 

the toad Bufo marinus. The results of this study were the identification of only 

four bufadienolides, including telocinobufagin, marinobufagin, bufalin and 

resibufogenin and this finding is in good agreement with the findings of 

previous studies. In this study no obvious chemical differences were observed 

between the venoms of the male and female toads [209, 210].  
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Hayes et al. have investigated the chemical constituents of the parotid glands 

of cane toads collected from sites in Australia. They found that cane toad 

parotid gland secretion contains bufadienolides, including high levels of 

marinobufagin; medium levels of bufalin, telocinobufagin, arenobufagin and 

marinobufotoxin; low levels of resibufogenin, hellebrigenin, marinobufagin-3-

pimeloyl-L-arginine ester, bufalin-3-pimeloyl-L-arginine ester and bufalitoxin; 

and detectable levels of many other bio-transformed bufadienolides [10].  

The secretions of the cane toad parotid gland (i.e. toad venom) have been 

extracted with methanol. High-performance liquid chromatography coupled 

with a hybrid quadrupole–time of flight mass spectrometer (HPLC/MS-Q-TOF) 

and with multiple ionisation sources (ESI and APCI) in both positive and 

negative mixed modes was used for chemical analysis of the extracts. The 

presence in the secretion of twelve key chemicals, including several major 

bufadienolides, was confirmed by calculating the exact differences between 

the theoretical and measured mass of each assumed compound. These 

previous studies have not only provided us with preliminary data on the 

chemical composition of cane toad glandular secretions for further study, but 

have also demonstrated that the use of HPLC/MS-Q-TOF with multiple 

ionisation sources enables exemplary selectivity and sensitivity and thus the 

rapid and accurate identification of the constituents of cane toad venom. 
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Table 2.2: The bufadienolides identified in cane toad glandular 

secretions 

Sample Name Method Compounds Reference 

Cane toad 

glandular 

secretion 

(Methanol 

extracts) 

HPLC Marinobufagin 

Telocinobufagin 

Bufalin 

Resibufogenin 

Arenobufagin 

Marinobufotoxin 

Hellebrigenin 

Marinobufagin-3-

pimeloyl-Larginine ester 

Bufalin-3-pimeloyl-L-

arginine ester 

Bufalitoxin 

[10] 

LC-DAD-MS/MS Telocinobufagin, 

Marinobufagin 

Bufalin 

Resibufogenin  

[208]. 

HPLC/MS-Q-TOF Arenobufaginb, 

Telocinobufaginb, 

Telocinobufotoxin 

Marinobufotoxin 

Marinobufagin 
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Bufalin,  

Bufalin-3-pimeloyl-L-

arginine ester 

Bufalitoxin 

[11] 



68 

2.14.2 Cane toad venom and skin extracts and its potential medicinal 

uses 

In a previous study, the authors used umbilical arteries isolated from human 

foetal placentas as a model to compare the cardiac glycoside-like activity of 

cane toad skin extracts prepared using different extraction procedures and 

solvents. This study demonstrated that aqueous extracts show the highest 

biological activity (Table 2.3). Furthermore, they chemically analysed cane 

toad skin extract and found that the constituents are small molecules that 

exhibit pharmacological properties similar to ouabain, but are not ouabain. 

Additionally, this study demonstrated that, like oubain, cane toad skin extracts 

block Na+, K+‐ATPase activity [211]. However, functional studies have not yet 

been performed on cane toad skin extracts. The cane toad parotid and skin 

glands are important for defence against predators. They produce a milky 

secretion that is poisonous to many animal species. Previous studies have 

shown that the glandular secretions of cane toads are rich in bufadienolides, 

which suggests that they may contain bioactive molecules with potential 

pharmaceutical uses in cancer treatment [211]. Previous studies have 

provided a basis for further study of the bioactive compounds in cane toad 

skin extracts, which was the aim of this study.  

Due to the environmental pollution in China, there is currently a shortage of 

toads. Therefore, cane toads from Australia may be an important natural 

resource for the development of toad-derived drugs. 
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Table 2.3 The bioactivity of cane toad skin extracts prepared using 

different solvents. 

Cane toad skin extracted with EC50 %maximum response to KCL 

Water 0.36 121.25 

Water (boiled:15min) 0.63 105.4 

0.05M acetic acid 0.74 140.5 

1:1 water/methanol v/v 1.24 131.4 

Chloroform 8.26 81 

Water phase of a 1:1 mixture of 

water/chloroform 

2.13 143.8 

Chloroform phase of a 1:1 

mixture of water/chloroform 

2.41 149 

Acid phase of a 1:1 mixture of 

acetic acid/chloroform 

1.29 140.5 

Chloroform phase of a 1:1 

mixture of acetic acid/chloroform 

2.81 83.5 

Ouabain 53.96 85.56 

Assays were performed to compare the cardiac glycoside activity of different 

extracts of cane toad skin prepared using different solvents. Extraction with 

water (aqueous extraction) without boiling was found to yield extracts with the 

highest activity. The EC50 values for the various cane toad extracts are shown 

in mg/mL and for ouabain the value shown is in µM (this Table is reproduced 

from [211]).  
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2.15 Chansu, Huachansu and bufadinolides as therapeutic agents 

The molecular mechanisms of toad skin and glandular secretion as 

therapeutic agents have been studied using various models. Some of the 

mechanism was reviewed in this thesis through a different approach. 

2.15.1 Inducing tumour cell lines into apoptosis 

A number of in vitro and in vivo studies have been performed to demonstrate 

that Chansu, Huachansu as well as bufadienolide compounds are capable to 

induce lung, colon, breast, prostate and a wide range of other tumour cell 

lines into apoptosis [8, 212, 213]. 

The mechanism of Chansu-induced apoptosis in a human bladder carcinoma 

cell line T24 was investigated by Woo et al. The result has shown that Chansu 

inhibit the growth of T24 cells while induce them into apoptosis in a dose-

dependent manner. Apoptosis of T24 cells treated by Chansu was associated 

with a reduction in Bcl-2 and Bcl-XS/L expression and an increased in Bax 

expression. Chansu treatment induced the activation of caspase-3 and 

caspase-9, and a degradation of poly (ADP-ribose)-polymerase (PARP) and 

β-catenin protein. The study also revealed the activity of COX from T24 after 

Chansu treatment. It has been found that Chansu has a selective inhibitory 

effect on the level of COX-2 mRNA and protein expression but not COX-1, 

which resulted in a subsequent decrease in prostaglandin E2 synthesis [214]. 

Cinobufacini-induced apoptosis in two hepatocellular carcinoma cell lines 

HepG2 and Bel-7402 was studied by Qi et al. The proliferations of both cell 
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lines were inhibited by Cinobufacini in a dose- and time-dependent manner. 

An increase in the protein Bax/Bcl-2 ratio due to the increase of Bax and 

decrease of Bcl-2 was found. The release of cytochrome c, activation of both 

caspase-3 and -9, and cleavage of PARP caused by the changing 

mitochondrial membrane potential (MMP) was also revealed [215]. 

A study from Wang et cal. concluded that the apoptosis of A 549 cells can be 

induced by Cinobufacini through the decreasing expression of survivin and the 

increasing activity of caspase-3 [216].  

The toad skin extracts induced A549 human lung cancer cells were 

investigated by Park’s study. Treatment with toad skin extracts resulted in 

increased growth inhibition and apoptotic rate of tumour cells through Dr4, 

caspase-8 and cleavage of Bid. The activation of caspase-9 and -3, 

downregulation of XIAP, cIAP-1 and cIAP-2, and the degradation of PRAP 

and β-catenin proteins were also found in this study [217]. 

Yun et al. has indicated that toad skin extracts induces the apoptosis of A549 

cells through a signalling cascade of death receptor-mediated extrinsic and 

mitochondria-mediated intrinsic caspase pathways. The treatment with toad 

skin extracts downregulated the anti-apoptotic Bcl-2 expression and 

upregulated pro-apoptotic Fas ligand and death receptor 4 while reduced the 

mitochondrial membrane potential. Additionally, the proteolytic activation of 

caspases and a concomitant degradation of poly (ADP-ribose)-polymerase 

and β-catenin protein was found after treatment with Chansu. Cleavage of Bid 
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and downregulation of the inhibitor of apoptosis family proteins were also 

observed in this study [218]. Zheng et al. have shown that cinobufacini 

induced apoptosis in U937 cells by regulating the protein expression of bcl-2 

and the Fas-1 mRNA level [219]. Cinobufacini induced apoptosis in gastric 

carcinoma cell line BGC-823 have been studied by Han et al. Cinobufacini 

significantly inhibits the growth of BGC-823 in a time-and dose-dependent 

manner [220]. The anti-tumor activity of cinobufacini on the breast cancer cell 

line T-47D has been studied by Wang et al. Their study has shown that 

Cinobufacini has a selective inhibition effect to T-47D proliferation but not 

breast cell line HBL-100. This inhibitory effect is due to the induction of cell 

apoptosis and changes of the cell cycle distribution. The protein expression of 

active caspase-3 is also found to increase along with additional dose of 

cinobufacini treatment [178]. An in vivo NCI-H460 human lung cancer cell 

xenografted nude mice model has been adopted to study the antitumor effect 

of toad skin extracts. A decrease in tumour size and longer survival time was 

observed in the treatment group in this study [221]. A number of other studies 

focused on the effect of bufadienolide compounds in anti-cancer. The anti-

proliferative and apoptotic mechanisms of prostate cancer cells LNCaP, 

DU145, and PC3 treated with bufalin and cinobufagin were investigated. After 

treatment with bufalin and cinobufagin, the activity of caspase-3, protein 

expression of caspase-3, -8, and -9 and other apoptotic modulators including 

mitochondrial Bax and cytosolic cytochrome c were elevated. The increased 

expression of p53 was only observed in LNCaP cells. Additionally, the 

reduction of p53 by antisense TP53 restored the cell viability initially 

suppressed by bufalin and cinobufagin. Their study also indicated that the 
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increased expression of Fas was more significant in DU145 and PC3 cells 

with mutant p53 than in LNCaP cells. The transfection of Fas small interfering 

RNA restored cell viability in the bufadienolide-treated cells [222, 223]. In 

another study, the molecular mechanisms of bufalin and cinobufagin induced 

apoptosis in hepatocellular carcinoma (HCC) cell line HepG2 was revealed to 

relate to an increased in Fas, Bax and Bid expression, and a decreased Bcl-2 

expression. A change in the mitochondrial membrane potential, release of 

cytochrome c, activation of caspase-3, -8, -9 and -10, and the cleavage of 

PARP was also indicated. Further study has shown that caspase-3 inhibitor Z-

DEVD-FMK, caspase-8 inhibitor Z-IETD-FMK, caspase-9 inhibitor Z-LEHD-

FMK and caspase-10 inhibitor Z-AEVD-FMK were able to block the apoptosis 

induced by bufalin and cinobufagin, which confirmed the key role of activation 

of caspase pathway [224]. In Zhang et al’s study, bufotalin exhibits a higher 

growth inhibitory effect on doxorubicin-induced multidrug resistant liver cancer 

cells (R-HepG2) than bufalin, telocinobufagin and cinobufagin. Their result 

indicated that bufotalin induced cell cycle arrest at G2/M phase via the 

downregulation of Aurora A, CDC25, CDK1, cyclin A and cyclin B1, as well as 

upregulation of p53 and p21. The changing mitochondrial membrane potential, 

increased in intracellular calcium level and reactive oxygen species production, 

activations of caspase-9 and -3, cleavage of PARP, changing expressions of 

bcl-2 and bax were found in their study. Moreover, the inhibition of Akt 

expression and phosphorylation was also tested. In vivo study showed that 

bufotalin significantly inhibited the growth of xenografted R-HepG2 cells, 

without body weight loss or marked toxicity towards the spleen [225]. In 

another study, bufalin, bufotalin and gamabufotalin showed induce human 
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breast cancer cells apoptosis via induction of TRAIL, as evidenced by 

caspases activation and PARP cleavage. Also, they showed bufalin reduces 

Mcl-1 and Bcl-XL expression and consequently inhibited STAT3 activation 

[16]. Arenobufagin and bufalin inhibits the proliferation of HER2 positive 

breast cancer cells with down-regulation of SRC-1, SRC-3, nuclear 

transcription factor E2F1, phosphorylated AKT, and ERK. Additionally, when 

these two compounds were used in a low dose in combination with tamoxifen,  

an enhanced inhibitory effect of the tamoxifen on HER2 positive breast cancer 

cells was observed [226]. Bufalin also showed to induce A549 apoptosis by 

upregulating Bax expression and downregulating Bcl-2 expression in A549 

cells. The inhibition of PI3K/Akt pathway on A549 has also been found in this 

study [227]. In another study, bufalin has also been found to induce A549 

apoptosis through VEGFR1/VEGFR2/EGFR/c-Met–Akt/p44/42/p38-NF-κB 

signalling pathways [228]. Kawazoe et al’s study has shown bufalin to induce 

apoptosis of leukemia HL60 and U937 cells through the activation of Tiam1, 

and the stimulation of Rac1 and p21-activated kinase (PAK)[229]. Study has 

also demonstrated that bufalin at low concentration, arrest the cell cycle M-

phase of MGC803 cells while at high concentration, induced cells apoptosis 

through the raising ratio of Bax/Bcl-2, the stimulation of caspase-3 and the 

activation of phosphatidylinositol 3-kinase (PI3K)/Akt signalling pathway [230]. 

A previous study carried out by our lab has demonstrated cinobufagin, a major 

compound from Chansu and Huachansu, inhibited the growth of colon, 

prostate, skin, and lung cancers in vitro. Specifically, cinobufagin induced 

apoptosis of HCT116 and HT29 via caspase-3-dependent and independent 

pathway respectively. The inhibition of hypoxia-inducing factor-1 alpha subunit 

http://europepmc.org/abstract/med/10229192/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A517248
http://europepmc.org/abstract/med/10229192/?whatizit_url=http://europepmc.org/search/?page=1&query=%22leukemia%22
http://europepmc.org/abstract/med/10229192/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0005623
http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=Tiam1&sort=score
http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=Rac1&sort=score
http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=p21&sort=score
http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=PAK&sort=score
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have been found both in vitro and in vivo [213]. Further study has shown that 

cinobufagin inhibit the expression of cortactin in HCT116 cells and HCT116 

xenograft tumours in nude mouse in vivo [231]. Bufotalin induced apoptosis of 

HeLa cells has been revealed by researchers. Bufotalin sensitized TRAIL-

induced apoptosis through activation of caspase-3 and PARP-1. On the other 

hand, bufotalin sensitized TNF-α-induced apoptosis through mitochondrial 

Bid-dependent pathway. Their study also indicated that bufotalin promote the 

efficiency of TRAIL by reducing the expression of Bcl-XL, Mcl-1, survivin and 

XIAP, while increasing the expression of MAPKs and TRAIL receptor DR5, as 

well as the phosphorylation of STAT1 inhibition [232]. Study also showed that 

bufotalin induced BGC-823 cells into apoptosis through the activation of 

caspase-3 pathway [233]. Arenobufagin has been studied to induce HCC 

HepG2 cells into apoptosis with decreasing mitochondrial potential, as well as 

increasing Bax/Bcl-2 expression ratio [234].  
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Table 2.4 Chansu, Huachansu and bufadienolides induced apoptosis in 

tumour cells 

Objectives Models Mechanisms References 

Chansu T24 Bcl-2, Bcl-XL, Bax, PARP, 

Caspase-3, Caspase-9, COX-

2, PGE2 

[214] 

Huachansu 

(Cinobufacini)/ 

Skin extracts 

HepG2 

Bel-7402 

Bax, Bcl-2, PARP, Caspase-3, 

Caspase-9, cytochrome c, 

MMP 

[215] 

A549 Dr4, caspase-8, Bid, caspase-

9, caspase-3, XIAP, cIAP-1,

cIAP-2, PRAP, β-catenin 

[217] 

A549 Bcl-2, Fas ligand, Dr4, PRAP, 

β-catenin, Bid 

[218] 

A549 Caspase-3, Survivin [216] 

U937 Bcl-2, Fas-1 [219] 

T-47D Active caspase-3 [178] 

BGC-823 N/A [220] 

NCI-H460 

xenografted 

nude mice  

N/A [221] 

Bufalin 

Cinobufagin 

LNCaP 

DU145 

PC3 

caspase-3, caspase-8, 

caspase-9, Bax, cytochrome c 

[222, 223] 
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HepG2 Fas, Bax, Bid, Bcl-2, MMP, 

cytochrome c, caspase-3, -8, -

9 and -10, PARP 

[224] 

Bufalin 

Arenobufagin 

HER2 

positive 

breast cancer 

cells 

SRC-1, SRC-3, E2F1, AKT, 

ERK 

[226] 

 

Bufalin 

Bufotalin 

Gamabufotalin 

MCF-7 TRAIL, Mcl-1, Bcl-XL, STAT3, 

Mcl-1 approach 

[16] 

 

Bufalin 

 

A549 Bax, Bcl-2, PI3K/Akt [227] 

VEGFR1/VEGFR2/EGFR/c-

Met–Akt/p44/42/p38-NF-κB 

[228] 

HL60 

U937 

Tiam1, Rac1, PAK [230] 

MGC803 Bax/Bcl-2, caspase-3, 

PI3K/Akt  

[230] 

 

Cinobufagin HCT116 

HT29 

HIF-1α [213] 

HCT116, 

HCT116 

xenograft 

nude mouse 

cortactin [231] 

http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=Tiam1&sort=score
http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=Rac1&sort=score
http://europepmc.org/abstract/med/10229192/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=PAK&sort=score
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Bufotalin R-HepG2 Aurora A, CDC25, CDK1, 

cyclin A and cyclin B1, p53, 

p21, caspase-9, caspase-3, 

PARP, MMP, bcl-2, bax, Akt 

[225]. 

R-HepG2 

xenografted 

nude mice 

N/A 

HeLa TRAIL, caspase-3, PARP-1 

TNF-α, Bid, MMP 

[232]. 

BGC-823 activate caspase-3 [233]. 

Arenobufagin HepG2 Bax/Bcl-2 [234] 
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2.15.2 Targeting cancer-related inflammation 

The molecular mechanisms of Toad skin and Glandular secretion have 

recently been the focus of several studies and the anti-inflammation property 

has been looked at in several inflammatory and cancer models. However, 

current studies are limited and further studies are required to fill the gaps. 

Here, we review some current research. 

Dong et al investigated the effect of the single compound cinobufagin on liver 

cancer cell line HepG2 and found cinobufagin significantly suppressed NF-NB 

p65 protein expression [235]. Jiang et al found bufalin at the concentration of 

2.5-10 mM reduced expression level of COX-2 protein in A549 cells. In 

addition, they also found that bufalin suppressed the phosphrylation and 

expression of NF-NB [236]. Chen et al demonstrated that bufalin inhibits 

migration and invasion in human hepatocellular carcinoma SK-Hep1 cells at 

least partly by the inhibition of NF-NB signaling pathway[237]. In another study, 

the nitric oxide (NO) regulated effect of Chansu and bufalin was studied by 

Bhuiyan et al. on BeWo cells. Their study indicated Chansu at the 

concentration of 5-10 ug/ml significantly up regulated NO production to 110% 

of basal control value, while at a higher concentration of 40-80 ug/ml, Chansu 

decreased NO production. A similar result was observed with bufalin in this 

study [238]. Inducible nitric oxide synthase (iNOS) is one of three identified 

enzymes of nitric oxide synthase family, which catalyse the production of nitric 

oxide (NO) from L-arginine [110]. iNOS-derived NO is a vital cellular signalling 

molecule which is associated with many physiological and pathological 

processes, including inflammation and carcinogenesis [111]. Increased 
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expression of iNOS has been observed in tumours as well in chronic 

inflammatory diseases [112]. Chronic inflammatory conditions induce over-

expression of iNOS, which generate sustainable NO, and its reactive 

intermediates are mutagenic, and result in DNA damage or absence of DNA 

repair. Recent studies indicate NO as a key signalling molecule that regulates 

processes of tumourigenesis. Development of selective inhibitors of iNOS and 

NO-releasing agents are underway and this may lead to important strategies 

for chemoprevention of cancer [113]. Bufalin has shown that supresss NF-NB 

translocation in human hepatocellular carcinoma SK-Hep1 cells[239]. 

Another study has investigated gamabufotalin inhibits the expression of COX-

2 expression through the phosphorylation of IKKβ, which in turn prevent NF-

NB binding and p300 recruitment to COX-2 promoter in a range of human 

NSCLC H1299, A549, H322 and H460 cell lines. In in vivo study, 

gamabufatalin inhibits the tumour weight and size with the decreasing the 

protein levels of COX-2 and phosphorylated p65 NF-NB in tumour tissues of in 

xenograft mice model [240]. 

In another study, Kim et al. found that Chansu significantly inhibits iNOS and 

COX-2 mRNA and protein expression, as well as the production of NO and 

PGE2 in LPS-stimulated BV2 microglial cells. Their study also showed Chansu 

inhibited  the production of TNF-α, IL-1β, IL-12 and the degradation of INB-α, 

which was considered to be inhibitor of NF-κB [241]. Ko et al. indicated 

Chansu inhibited the levels of COX-2 mRNA and protein expression and also 

the PGE2 synthesis without significant influence on the levels of COX-1 in 
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human bladder carcinoma T24 cells [214]. 

 

 In a tumour cell in vitro study, Wang et al investigated the effects of 

Huachansu (Cinobufocini) on NF-κB, COX-2 and the pro-inflammatory 

cytokines IL-6 and IL-8 induced by TNF-α in the A549 cell line. They found 

Huachansu inhibited NF-NB and COX-2 activation induced by TNF-α, 

decreased the expression levels of pro-inflammatory cytokines IL-6 and IL-8 

[242].  

 

Chansu can be also combined with other TCMs to treat many other health 

conditions, such as: Liu-shen-wan. The ingredients of Liu-Shen-Wan are: 

Zhenzhufeng, Niuhuang, Shexiang, Xionghuang, Bingpian, Chansu [243]. Liu-

Shen-Wan (LSW) has been used for various purulent infections clinically 

because of immunoenhancing, anti-microbial, anti-inflammatory and 

cardiotonic activities. Ma et al. showed LSW significantly reduced levels of 

circulating TNF-α while there was a light decrease in levels of IL-1 in mice 

macrophage, which suggests that LSW enhances beneficial host defence 

function at primary site of infection and weakens harmful inflammatory 

response at other sites [244]. 
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Table 2.5 Targeting cancer related inflammation by toad medicines 

Drugs Targets References 

Cinobufagin NF-NB [235] 

Bufalin NF-NB, COX-2 [236] 

NF-NB [237] 

NO [238] 

NF-NB [239]. 

Gamabufatalin NF-NB, COX-2, IKKβ [240]. 

Chansu NO [238] 

iNOS, COX-2, NO, PGE2, TNF-α, IL-1β, IL-12, 

INB-α 

[241] 

COX-2, PGE2 [214] 

Huachansu NF-NB, COX-2, IL-6, IL-8 [242] 

Liu-shen-wan TNF-α, IL-1 [244] 

2.15.3 Antimicrobial effect 

The antimicrobial activity of telocinobufagin and marinobufagin was 

investigated by liquid growth inhibition against Staphylococcus aureus and 

Escherichia coli. The minimum inhibitory concentrations of telocinobufagin 

and marinobufagin were 64.0 and 16.0 mg/ml, respectively, for E. coli, and 

both 128 mg/ml for S. aureus [245].  Cui et al examined the HBV activities of 

cinobufacini and its active component bufalin and cinobufagin in the human 

HBV-transfected cell line HepG2.2.15. These results suggested that 

cinobufacini had more potent activity against HBV antigen secretion than its 
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components bufalin and cinobufagin and this inhibitory role was attributed to 

the specific inhibition of HBV mRNA expression [246]. 

 

2.15.3 Immunomodulatory effect  

Numerous diseases including cancer are often associated with depression of 

the immune system [247]. Some research has also shown that toad glandular 

secretion and skin, as well as its active components are immunomodulators 

that enhance the immune system function. 

 

In an in vitro assay, cinobufagin showed significantly activated cell 

proliferation of splenocytes and peritoneal macrophages (PMF) and markedly 

enhanced the phagocytic activation of PMF. Cinobufagin also significantly 

increased CD4+ CD8+ double-positive T-cell populations and the percentage 

of S-phase cells of splenic lymphocytes. The levels of several Th1 cytokines, 

including interferon-y and tumour necrosis factor-a, are significantly increased 

after CBG treatment, whereas the levels of the Th2 cytokine interleukin-4 and 

interleukin-10 are significantly decreased. As a result, the ratio of Th1/Th2 

also increased [248]. In a study by Cao et al., telocinobufagin was found that 

significantly stimulate splenocyte proliferation and enhanced natural killer cell 

and peritoneal macrophage activation in BALB/c mice. Telocinobufagin 

significantly increased the percentage of CD4+ and CD8+ T cell populations. 

Moreover, Cao et al. found that the levels of several Th1 cytokines, including 

IL-2, IL-12, IFN-γ, and TNF-α, were significantly elevated after telocinobufagin 

treatment, while the level of the Th2 cytokine IL-4 was significantly lowered, 

leading to an increase in the ratio of Th1/Th2 [249].  
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Liu et al. found that cinobufacini injection at the concentration of 0.0625–0.5 

μg/mL increased the expression of IL-2 in splenic lymphocytes of mice with 

enhanced T lymphocyte dependent immune responses [250]. 

These results suggest that the active compounds in toad skin and glandular 

secretion have potential immunomodulatory properties. More work is needed 

for development of novel immunotherapeutic agents from toad medicines for 

treating cancer. 

2.15.4 Efficacy and safety 

The toxicity side effect caused by toad skin and glandular secretion  is thought 

to be mainly contributed by its cardiac glycoside property [206]. However, a 

study showed that using long circulating liposomes can enhance the 

therapeutic effect of bufadienolides, and reduce their toxicity. Hu et al. found 

that the bufadienolide liposomes had an LD50 that was 3.5 time higher than 

the LD 50 of bufadienolide solution without severe toxicity [251]. Another study 

also showed bufadienolide-loaded nanostructured lipid carriers were safe 

when given by intravenous injection with reduced toxicity [252]. Ma et al. 

showed Bezoar Bovis, which is a TCM usually combined with Chansu, can 

protect against Chansu-induced acute toxicity in mice. Additionally, their anti-

inflammatory study also showed that Bezoar Bovis did not reduce the anti-

inflammatory activity of toad glandular secretion  on concanavalin-A (ConA)-

stimulated proliferation of human peripheral blood mononuclear cells [253]. 
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Chapter 3. Analysis of the chemical constituents of cane toad skin 

aqueous extracts and their cellular toxicities 

3.1 Introduction 

Records show that toad venom has been used for Traditional Chinese 

Medicine (TCM) for hundreds of years. Chansu and Huachansu are two types 

of toad-derived medicines from the Chinese toads Bufo bufo gargarizans

Cantor and Bufo melanostictus Schneider, respectively, which have been 

found to be anti-inflammatory and anti-cancer agents in molecular and clinical 

studies [4, 254]. The bioactive constituents in Chansu and Huachansu have 

been identified as bufadienolides, such as bufalin and cinobufagin [2].  

Cane toads (bufo marinus) are introduced animals to Australia since 1930s for 

fighting against cane beetles. However, due to no predators in this continent, 

the uncontrollable spreading of them has become a severe problem for the 

local eco-system [255]. The venom gland of cane toad secrets toxins to 

protect them from threatens of predators [206]. Previous study has shown that 

the glandular secretions of cane toad contain many bufadienolides such as 

arenobufagin, bufalin, marinobufagin and telocinobufagin. This result is further 

confirmed by the study from our group [11]. Their study provided chemical 

basis for the potential medical use in many diseases, including cancer. A 

previous report showed that cane toad skin aqueous extracts (CTSAE) have a 

stronger cardiac glycoside-like activity than the extracts of other organic 

solvents.  CTSAE inhibited Na+, K+‐ATPase in several experimental models 
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[211]. Although identification of chemical constitutes in CTSAE have not been 

elucidated to date, it is known that CTSAE have a potential in treating cancer.  

Therefore, our study aims to identify the bufadienolide compounds in cane 

toad skin aqueous extracts. Moreover, the toxicity of CTSAE on different cell 

lines including both cancerous and uncancerous is also examined in this study. 

3.2 Specific Aims 

1. To prepare aqueous extracts from cane toad skins

2. To identify bufadienolide-related compounds in cane toad skin aqueous

extracts by UPLC-Q-TOF-MS/MS

3. To examine the toxicity of cane toad skin aqueous extracts on different

mammalian cell lines (both cancerous and noncancerous)

3.3 Material and Method 

3.3.1 Preparation of Cane toad skin aqueous extracts 

(1) Cane toad skin collection 

Cane Toad skin samples were collected at different times during the summer 

months in Brisbane, Australia. Toad skins were dried at low temperature 

before the extraction procedure (Figure 3.1).  



87 

Figure 3.1 Pictures of cane toads.  

(A) An adult cane toad (B) A dried skin of cane toad.  

Cane toads were collected from Brisbane. Cane toad skins were dried in room 

temperature and stored in low temperature (4°C) in the laboratory. 

(2) Extraction 

In brief, the extraction was performed as follows: dried toad skins were cut 

into segments smaller than 5x5 mm2. Next, these segments were made wet 

by immersion in distilled water. Once wet, the weight of the segments was 

determined. The segments were added to solvent to give a final concentration 

of 1 g of wet skin/10 ml of solvent. The immersed toad skins were next 

subjected to blending for homogenisation at 8000-24000rpm for 1 min and 

then centrifugation at 4000g for 10 min. Supernatants were collected by 

decanting and subjected to lyophilisation (Buchi Rotavapor R-200, Buchi, 

Australia) until completely dry. The weight of the dried extracts was 

determined and the extracts were re-dissolved in distilled water to yield the 

indicated concentrations. Before subsequent assays were performed the 

dissolved extracts were sterilised by passage through a 0.22-micron pore 

diameter filter (Merck Millipore, USA). 

A B
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3.3.2 Generating of bufadienolide compounds library in PCDL 

To facilitate the screening of compounds in our CTSAE, the MS data obtained 

from previously identified bufadienolides isolated from toad glandular 

secretions or skins and reported in the literature were used to generate a 

bufadienolide library using MassHunter Personal Compounds Database and 

Library (PCDL) manager software (Agilent, USA).  

Table 3.1 The bufadienolides library generated by PCDL 

Formula Name Monoisotopic mass 

C24H32O6 buforanogin 416.219879 

C24H32O6 arenobufagin 416.219879 

C24H32O5 marinobufagin 400.224976 

C24H34O5 telocinobufagin 402.240631 

C24H30O5 resibufagin 398.20932 

C24H34O4 bufalin 386.245697 

C24H32O4 resibufogenin 384.230072 

C24H32O5 resibufaginol 400.224976 

C26H36O6 bufotalin 444.25119 

C38H56N4O9 marinobufatoxin 712.404724 

C38H58N4O9 telecinobufatoxin 714.420349 

C38H56N4O10 arenobufatoxin 728.399658 

C24H30O6 bufotalinin 414.204254 
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3.3.3 UPLC- Q-TOF-MS analysis 

An Agilent 1290 ultra-high performance liquid chromatography (UPLC) system 

combined with an Agilent 6530 quadrupole-time-of-flight-mass spectrometer 

(Q-TOF-MS) were used for the identification of bufadienolides in CTSAE. 

Chromatographic separations were performed using 5 µL injections onto an 

Agilent Eclipse plus C18 column (2.1 x 100 mm, 1.8 µm particle size). Mobile 

phases consisted of 0.1% formic acid (A) and 95% acetonitrile / 5% water 

modified with 0.1% v/v formic acid (B) and the flow rate used was 0.8 mL/min. 

The gradient elution programme was as follows: 0–20 min, linear gradient 

from 5–100% B, followed by column flushing and re-equilibration for an overall 

run time of 30 min. Mass spectrometry was performed using an Agilent Jet 

Stream electrospray ionisation source run with a nebuliser pressure of 40 psi. 

Separate mass spectra were acquired using positive- and negative-ion modes. 

MS conditions were as follows: drying gas temperature of 300 ˚C; drying gas 

flow rate of 10.0 L/min; capillary voltage of (+) 2500 V and (-) 1500 V; 

skimmer voltage of 65 V; fragmenting voltage of 130 V. A range of m/z of 

100–1700 and 2 cycles was used for operation of the mass spectrometer. To 

ensure a low ppm mass accuracy scan-to-scan variations were corrected for 

using an internal reference mass. The reference mass solution contained two 

reference compounds of known mass: m/z 121.0509 (C5H4N4) and 922.0098 

(C18H18O6N3P3F24). Collision-Induced-Disassociation (CID) fragmentation was 

carried out in Auto MSMS mode and only targeted a list of preferred ions. 

MS/MS spectra were acquired at a rate of 3 spectra/s with a maximum of 4 

precursor ions per spectra. CID fragmentation was all performed at 10, 20 and 

40 V. The cane toad skin aqueous extracts were diluted to a final 

http://link.springer.com/search?dc.title=TOF-MS&facet-content-type=ReferenceWorkEntry&sortOrder=relevance
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concentration of 1µg/ml with nuclear free water before injection into the mass 

spectrometer for analysis. 

 

3.3.4 Cell culture 

(1) Thawing cells from frozen stocks stored under liquid nitrogen  

The human lung cancer cell line A549, prostate cancer cell line PC-3, colon 

cancer cell line HT29, breast cancer cell line MCF-7 and a non-carcinoma cell 

line Human Embryonic Kidney (HEK) 293T were originally obtained from the 

American Type Culture Collection (ATCC, USA). 

 

A cryotube (Corning, USA) was taken out of liquid nitrogen and quickly thawed 

using a 37 °C water bath for 1~2 minutes. The thawed cell suspension was 

transferred into 10 ml of pre-warmed growth medium held in a 15 ml falcon 

tube drop-wise and gently. The Falcon tube was subjected to centrifugation at 

400xg for 5 minutes. The supernatant was removed (to remove the DMSO 

contained in the frozen cell suspension) and the cell pellet was resuspended 

in 10 ml of growth medium by pipetting up and down. The cells were 

transferred into a cell culture flask and the flask was incubated at 37 °C. 

 

(2) Cell passage 

Cells were maintained in DMEM medium (Gibco, Australia) containing 10% 

foetal bovine serum (FBS, Gibco), 2 mM glutamine (Gibco), 100 U/ml 

penicillin/streptomycin (Gibco) and 25 mM HEPES (Gibco) in an incubator 

(BD, MD, USA) with 5% CO2 at 37°C. The cells were monitored by 

microscopy until they grew enough to reach 70-80% confluency. 
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For the purpose of sub-culturing cells, used medium was removed from the 

cell culture flask. The cells were washed with PBS (Phosphate-buffered saline, 

using half the volume of the removed culture medium). A 1 ml volume of typsin 

was added to each T75 flask for covering the bottom of flask and placed back 

in the incubator for less than 5 minutes (longer incubation may cause damage 

of cells). The cells were monitored regularly by microscopy until the trypsin-

treatment caused them to detach from the bottom of the culture flask. Next, 10 

ml of fresh medium was added to the flask to inactivate the trypsin. A volume 

of cell suspension was transferred to a new culture flask containing a volume 

of fresh media such that the dilution ratio of the cells was appropriate for that 

particular cell line. The culture flask was thoroughly rotated and placed back in 

the incubator. 

 

3.3.5 Cell toxicity assay 

Used medium was decanted from the culture flask. The cells were then 

washed in PBS. Typsin was added to the culture flask and the flask was 

placed back in the incubator. Then cells were monitored by microscopy until 

all cells had detached from the bottom of the culture flask at which point new 

medium was added to the culture flask to inactivate the trypsin. The cell 

suspension was transferred to a 15 ml falcon tube. A 20 µl volume of cell 

suspension was taken and mixed with 70 µl of PBS and 10 µl of trypan blue 

dye. A 10 µl volume of stained cell suspension was applied to a 

haemacytometer and the cell number was counted under a microscope. 
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The number of cells in the four corners (ABCD) was counted 

Cell number/ml = average cell count per square x dilution factor (5) x 100000 

 

(2) Cell viability (MTT) assay 

The toxicity of cane toad skin aqueous extracts for cells was evaluated using 

a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT, 

Invitrogen, USA) colorimetric assay. Cells were seeded into wells of 96-well 

plates containing 100 µl of culture medium at a cell density of 1x104 cells/well 

and then incubated overnight. Next, the cells were treated with various 

concentrations of cane toad skin aqueous extracts (CTSAE) for various times. 

Then the used medium was replaced with a 100 µl volume of fresh culture 

medium containing MTT reagent solution (Invitrogen). The cells were 

incubated for 4 h followed by the addition of 100 µl of 0.1 mM SDS-HCL 

solution and further incubation for 12 hours. Cell viability was assessed based 

on absorbance readings taken using a POLAR star Omega 

spectrophotometer at a wavelength of 570nm. Cell viability was calculated 

from the percentage of MTT reduced to formazan (purple colour) by the 
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CTSAE-treated cells normalised to the amount of MTT reduced to formazan 

by the untreated control cells.  

 

(3) EC50 calculation 

The EC50 was calculated using GraphPad Prism software (version 6.01, 

Graphpad, USA). This EC50 concentration was used as the working 

concentration for the treatment of cells in the following assays unless 

otherwise indicated. 

 

3.3.6 Statistics 

The results were represented as standard errors of means obtained from at 

least three independent experiments each performed in triplicate. The 

statistical significance of any observed difference between groups was 

analysed using ANOVA and Dunnette’s multiple comparisons test using 

GraphPad Prism software (version 6.01, Graphpad). A p value of <0.05 was 

considered significant. 

 

3.4 Results 

3.4.1 Primary identification of bufadienolides in cane toad skin aqueous 

extract (CTSAE) through use of UPLC-Q-TOF-MS 

To identify at least some of the bufadienolide compounds present in CTSAE, 

we employed UPLC-Q-TOF-MS. For this purpose, a 1 µg/mL solution of 

CTSAE was analysed. Constituents of CTSAE were identified by using 

MassHunter Personal Compounds Databases and Library (PCDL) manager 
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software to screen MS data in the literature for MS data on those 

bufadienolides previously identified in toad glandular secretions or skins.  

 

3.4.2 Further identification of bufadienolides based on characterisation 

of their ions by MS/MS  

For the further identification of the compounds in CTSAE, MS/MS 

identification was performed by acquiring fragment ions in the positive ion 

mode. No significant ms/ms data was acquired using the negative-ion mode in 

our study (Table 3.2). In total, seven major bufadienolides: arenobufagin, 

bufatalnin, telocinobufagin, marinobufatoxin, marinobufagin, bufalin, 

resibufagenin were identified based on MS/MS ion data.  The accurate mass 

errors were calculated and found to be within an acceptable range, thus 

allowing positive identification without the need to employ MSn (Figure 3.2). 

Numerous literature reports exist to support the acceptability of a mass error 

of 5 ppm or less on the [M+H]+ or [M-H]- ions when identifying constituents 

[256].  
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Table 3.1 Preliminary identification of bufadienoldies in CTSAE by UPLC/MS-Q-TOF 

Retention time (min) Name Molecular ions Measured Mass (m/z) Mass error (ppm) 

 

References 

4.41 Arenobufatoxin 

(M+H)+ 729.4039 -4.8846 

[257] (M+H)- 727.3965 6.3728* 

4.77 Telocinobufatoxin 

(M+H)+ 715.4268 -1.888 

[11] (M+H)- 713.4192 9.3096* 

5.12 Marinobufatoxin 

(M+H)+ 713.4159 4.7388 

[11] (M+H)- 711.4030 8.5288* 

6.30 Arenobufagin (M+H)+ 417.2239 -9.0793* [3, 4] 

7.84 Telocinobufagin 

(M+H)+ 403.2475 -2.3145 [191, 258] 

(M+H)- 401.2330 0.4201 

9.62 Marinobufagin (M+H)+ 401.2301 -6.6862* [191, 258] 

12.22 Bufalin (M+H)+ 387.2543 2.0789 [191, 258] 

19.44 Resibufagenin (M+H)+ 385.2386 -6.1733* [191, 258] 
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22.40 Bufatalinin (M+H)+ 415.2082 -9.3045* [191, 258] 

The mass errors were calculated using the following formula: mass error (ppm) = (measured m/z -theoretical m/z) 106/theoretical 

m/z. 

* In this preliminary study, the mass errors were given an acceptable range of <10ppm instead of <5ppm. Totally nine bufadienoldie 

compounds were identified in this running, including arenobufagtoxin, telecinobufatoxin, marinobufatoxin, arenobufagin, 

telocinobufagin, marinobufagin, bufalin, resibufagenin, resibufagenin. 
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Figure 3.2. Structures of the seven bufodienolides identified in CTSAE. 

Seven identified bufadienolides: arenobufagin, resibugagin, bufatalnin, telocinobufagin, marinabufatoxin, marinobufagin, bufalin, 

resibufagenin.  
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Figure 3.3 UPLC-QTOF-MS total ion chromatograph（TIC） of CTSAE in positive-ion mode.  

Seven identified major bufadienolides: (1) arenobufagin (2) bufatalnin (3) telocinobufagin (4) marinabufatoxin (5) marinobufagin, (6) 

bufalin, (7) resibufagin have been labelled on TIC. 
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Table 3.2 UPLC-Q TOF-MS/MS data for the bufadienolides identified in CTSAE. 

Retention 

time 

(min) Name 

Molecular 

ions 

Measured 

Mass 

(m/z) 

Mass 

error 

(ppm) 

MS/MS (positive-ion mode)  

(m/z) 

References 

 

6.33 Arenobufagin 

(M+H)+ 417.2281  0.9610 
 

399.2148, 381.2067, 363.1946,353.2088, 

335.2000, 317.1882 

 

[191, 258] 

 (M+H)- 415.2138  4.0844 

6.82 Bufatalinin 

(M+H)+ 415.2119 -0.3719 
397.1827, 379.1828, 361.1894, 351.1951, 

333.1865 

 

 

[191, 258] 

(M+H)- 413.1974  2.2839 

6.93 Telocinobufagin 

(M+H)+ 403.2480 -1.5687 385.2336, 367.2251, 339.1945 

 

[191, 258] 

(M+H)- 401.2329  0.1715 

7.44 Marinobufatoxin 

(M+H)+ 713.4110 -2.1392   

417.2445, 331.1967, 313.1841, 278.1503 

 

[11] (M+H)- 711.3988  2.6333 
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8.05 Marinobufagin (M+H)+ 401.2324 -0.9395 

383.2219, 365.2116, 347.2008, 337.2185, 

319.2041 

[191, 258] 

8.90 Bufalin (M+H)+ 387.2530 -1.5456 369.2390, 351.2310, 255.2084 [191, 258] 

10.24 Resibufagenin (M+H)+ 385.2376 -0.7079 

367.2262, 349.2157, 339.2287, 321.2206, 

253.1940 

[191, 258] 

The accurate mass errors were calculated within an acceptable range of 5 ppm or less on the [M+H]+ or [M-H]- ions. Additionally, 

MSMS ions have been used for the further verification of compounds. 
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3.4.3 Growth inhibitory effect of CTSAE on different cell lines 

The viability of A549, PC-3, HT29, MCF-7 and HEK293T cells following 24hour 

treatment with different concentrations (1 - 1x104 µg/mL) of CTSAE (Figure 3.4) was 

assessed using the MTT assay. After treatment with different concentrations of 

CTSAE, the growth was inhibited in a dose-dependent manner. Cells treated with the 

highest concentration (1x104 µg/mL) of CTSAE showed the most significant growth 

inhibition. Differential sensitivity to treatment with CTSAE was found for the cell lines 

(Figure 3.5).  It can be seen that the cancer cell lines all have a greater sensitivity to 

treatment with CTSAE than the non-carcinoma human cell line (HEK293T). Among 

the cancer cell lines, A549 (human lung cancer) showed the greatest loss of cell 

viability following treatment.  

3.4.4 Calculation of the EC50 values for CTSAE-dependent inhibition of growth 

of the different cell lines 

The EC50 values of CTSAE for different cell lines were calculated using Graphpad 

software (version 6.0). A549 cells showed the greatest sensitivity to treatment with 

CTSAE with an EC50 value of 9.35µg/mL. This dose was used for treatment in the 

following experiments unless specifically indicated.  
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Figure 3.4 Images showing the morphological changes in various cell lines 

after treatment with CTSAE. After treatment with CTSAE for 24hour inhibition of 

cell proliferation and changes in cell morphology could be observed by microscopy 

(Magnification: 200x). 
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Figure 3.5 The viability of A549 cells is particularly sensitive to treatment with 

CTSAE as assessed by MTT assay. The cytotoxic effect after 24 hours of 

treatment of A549, PC-3, HT29, MCF-7 and HEK293T cells with cane toad skin 

aqueous extract was determined using an MTT assay. The number of surviving cells 

after treatment was expressed as a percentage of the number of surviving cells in 

the untreated group. Shown are the means and standard error of the mean of 3 

replicates.  
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Table 3.3 The EC50 value of different cells treated with CTSAE 

Cell Line Tissue EC50 (ug/mL) 

A549 Lung 9.35 

MCF-7 Breast 12.8 

PC-3 Prostate 38.9 

HT29 Colon 21.5 

HEK293T Kidney(Non-cancerous) N/A 

The EC50 (half-maximal effective concentration of the drug which induces a response 

halfway between the baseline and maximum after the exposure time) value of 

different cell lines have been calculated and listed in Table. The lower EC50 value 

represents a higher sensitivity of cells to the drug exposure. Therefore, order of the 

sensitivity for tumour cell lines to CTSAE exposure is: A549>MCF-7>HT29>PC-3. 
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3.5 Discussion 

The abundant bufadienolides in cane toad skins have provided excellent candidates 

for the development of new cancer therapeutic agents [11]. A previous report tested 

the cardiac glycoside-like activity of cane toad skins were extracted with several 

solvents through several pharmaceutical tests [211]. However, the identification of 

chemical compounds in cane toad skin extracts were not performed. 

 

Our study identified the major bufadienolide compounds and examined the toxicity of 

CTSAE for various cell lines. We extracted cane toad skins using a homogenisation 

method and distilled water as solvent. After lyophilisation, the CTSAE dried powder 

was diluted to various concentrations for use in experiments. In the chemical 

analysis part of this study seven major bufadienolide compounds (arenobufagin, 

bufotalinin, telocinobufagin, marinobufatoxin, marinobufagin, bufalin, resibufogenin) 

were identified in our sample. These bufadienolide compounds are C-24 steroids, 

which have similar cardiac effect as digoxin and ouadain. According to the published 

literature, all these confirmed compounds, with the exception of marinobufatoxin, 

have been found in Huachansu, which is an aqueous extract of Chinese toads [202]. 

However, marinobufatoxin has been identified in the ethanol extracts of cane toad 

glandular secretions in a previous study from our group [11]. Additionally, 

telecinobufatoxin and bufalitoxin were found in our study of cane toad glandular 

selections but not CTSAE, which indicate they may represent distinct activity in 

therapies.  

 

Our results are in good agreement with the analytical study of Hayes et al., which 

concluded that the bufadienolides in the parotoid gland of cane toads are mainly 
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marinobufagin, bufalin, telocinobufagin, arenobufagin and marinobufotoxin. It needs 

to be noted that cinobufagin, one of the most active anti-cancer compounds in 

Chansu and Huachansu, does not appear in cane toad extracts, which is in good 

agreement with the findings of other studies that addressed the chemical 

constituents of cane toad skin aqueous extracts. In addition, bufotalin, another 

bioactive compound found in Chansu and Huchansu, was not found in the cane toad 

aqueous extracts analysed in our study. This result provided a good chemical basis 

for the further studies in either bioactive compounds screening or the qualification of 

extraction. 

Many of these identified compounds have exhibited anti-cancer properties. For 

example, it is well known that bufalin induces apoptosis in a wide range of tumour 

cells. The mechanism of bufalin-induced apoptosis in A549 cells has been shown to 

involve the upregulation of Bax expression and downregulation of Bcl-2 expression 

as well as the inhibition of the PI3K/Akt signalling pathway [227]. Bufalin also 

showed activity in inhibiting NF-NB and COX-2 in A549 cells [228]. Arenobufagin has 

been studied and found to induce apoptosis in hepatocellular carcinoma (HCC)-

derived HepG2 cells  by disrupting the mitochondrial membrane potential as well as 

increasing the ratio of Bax/Bcl-2 expression [234]. Telocinobufagin is known to 

modulate the immune system and this may potentially have an anti-cancer effect 

[249]. Further studies are required to elucidate the specific mechanisms by which the 

rest of the compounds in CTSAE affect the proliferation and viability of cancer cells. 

Moreover, the anti-cancer effect of CTSAE, as a combination of these compounds, 

remains to be studied from different perspectives. 
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The anti-proliferative effect of CTSAE on A549, MCF-7, PC-3 and HT29 cell lines 

(derived from human lung cancer, breast cancer, prostate cancer and colon cancer, 

respectively) and the non-carcinoma cell line HEK293T cell line (derived from human 

embryonic kidney) has been assessed using an MTT assay. The results have 

demonstrated that the inhibitory effect of CTSAE on growth of different cell lines is 

variable. Specifically, all cancer-derived cell lines show a more significant sensitivity 

to CTSAE-dependent inhibition of growth than the non-cancer cell line HEK293T, 

while A549 cells showed the greatest sensitivity to CTSAE-dependent growth 

inhibition. These results indicate that CTSAE may selectively target cancer-derived 

cells relative to non-cancer-derived human cells. A previous study by our group has 

shown an anti-proliferative effect of cinobufagin on different cell lines, including 

HCT166, HT29, SPC-C1, A549, MCF-7, PC-3 and A431. The results of MTT assays 

showed that cinobufagin is most toxic for the colon cancer-derived cell lines HCT166 

and HT29, but is only weakly toxic for the lung cancer-derived A549 cell line. These 

results further support our conclusion from UPLC-Q-TOF-MS analysis of CTSAE 

constituents that CTSAE does not contain cinobufagin and therefore may exhibit a 

distinct therapeutic effect to Huachansu.  

Bufalin showed anti-proliferative effects on A549 cells in many studies through 

different mechanisms such as cell cycle arrest and apoptosis induction [259]. 

Although we did not do the quantification for this single compound in our CTSAE, it 

can be found that the anti-proliferative activity of CTSAE on A549 cells may at least 

partially be attributable to bufalin. 
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Additionally, previous studies have shown that Huachansu also exhibits a higher 

toxicity towards lung cancer cells than normal cells [216]. One clinical study showed 

that Huachansu used at an 8-fold higher dose than the recommended administration 

dose in lung cancer patients without significant toxic reaction. Our results here 

further support these earlier findings as we observed that CTSAE exhibits a selective 

effect on cancer cells relative to healthy cells similar to that found in the previous 

study. Additionally, the published literature indicates that at the clinic. Huachansu is 

most frequently used for the treatment of lung cancer, either singly or in combination 

with conventional therapies [4, 260]. Therefore, CTSAE may exhibit a similar effect 

to Huachansu and potentially provide a new drug for lung cancer treatment. The anti-

cancer effects and mechanisms of CTSAE need to be further revealed in the 

following studies. 
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Chapter 4. Cane toad skin aqueous extracts induce apoptosis in the A549 cell 

line 

4.1 Introduction 

The cell toxicity results described in Chapter 2 indicate that A549 cells have the 

highest sensitivity of all cell lines tested to CTSAE treatment. Therefore, this chapter 

addresses the mechanism by which CTSAE inhibits the growth of A549 cells. A549 

cells are human cells derived from an adenocarcinoma affecting the basal epithelial 

cells of lung alveoli and are widely used in in vitro studies as a type II pulmonary 

epithelial cell model. The type II pulmonary epithelial cell is known as defender of the 

alveolar compartment [261].  The A549 cell has many important biological properties 

of the alveolar epithelial type II cell, such as their synthesis and storage in lamellar 

bodies, and secretion of phosphatidylcholine [262]. 

 

Apoptosis is programmed cell death and plays an essential role in tissue 

homeostasis [263]. It is known that tumour cells are resistant to apoptosis. Thus, a 

promising strategy for cancer treatment is inducing tumour cells into apoptosis and 

this has been utilised in many conventional cancer therapies [264]. However, these 

therapies have several side effects which may harm normal cells [265]. Therefore, 

the development of new cancer therapeutic agents with both enhanced therapeutic 

efficiency and reduced side effects that can be used in cancer therapy, either singly 

or in combination with conventional treatments, are urgently needed [260]. 

 

In recent decades, natural products have drawn the interest of researchers involved 

in the development of new anti-cancer agents [266]. Chansu and Huachansu are 

dried secretions from the auricular and skin glands of the Chinese toad (Bufo bufo 
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gargarizans) and used in Traditional Chinese Medicine (TCM). Previous studies 

have shown that Chansu and Huachansu contain bufadienolides, compounds which 

induce apoptosis in a wide range of tumour-derived cell lines [3]. Moreover, previous 

clinical studies have shown that treatment with Huachansu is able to increase the 

sensitivity of cancer cells to the effects of conventional anti-cancer therapeutics in 

combination therapy [3, 5].  Cane toad is an introduced species of toad in Australia 

and  like the Chinese toad is known to be a source of bufadienolides [11]. However, 

the anti-cancer study of cane toad extracts has not been found in literatures to date. 

Based on the previous findings and the result of our study in Chapter 3, it is 

considered that CTSAE may have potential in cancer therapy through inducing 

tumour cells apoptosis. Our cell toxicity screening in Chapter 3 has shown that A549 

cells have the highest sensitivity to CTSAE exposure among all tumour cell lines 

tested. Therefore, A549 cells are chosen for the study in this chapter. Accordingly, 

the EC50 dose of CTSAE on A549 cells is chosen as the treatment dose in this 

chapter.  

The study of this chapter aims to reveal the apoptosis induction effect of cane 

toad skin aqueous extracts on A549 cells as well as the underling mechanism.  

4.2 Specific Aims 

1. To determine whether treatment with CTSAE arrests cell division in a specific

phase of the cell cycle

2. To determine whether treatment with CTSAE induces apoptosis in A549 cells

3. To determine whether treatment with CTSAE impacts mitochondrial and

glycolytic functions
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4.3 Materials and Methods 

4.3.1 Cell culture 

Cells were maintained in DMEM medium (Gibco, Australia) containing 10% foetal 

bovine serum (FBS) (Gibco), 2 mM glutamine (Gibco), 100 U/ml 

penicillin/streptomycin (Gibco) and 25 mM HEPES (Gibco) in an incubator (BD, MD, 

USA) with 5% CO2 and at a temperature of 37°C.  

4.3.2 Assessment of cell cycle disruption 

(1) Chemical fixation of cells  

After treatment for the indicated time with CTSAE cells were collected in 15 mL 

falcon tubes. Tubes were centrifuged at 300 x g for 5 mins and the supernatants 

were removed and discarded.  The cell pellets were resuspended in an appropriate 

volume of PBS (1 mL of PBS per 1 x 106 cells) and mixed by pipetting up and down 

several times or by gently vortexing and then the cells were centrifuged at 300 x g for 

5 minutes. The supernatant was removed and discarded such that the cell pellet was 

not disturbed. All except approximately 50 μL of PBS per 1 x 106 cells was removed 

and discarded. The pelleted cells were resuspended in the remaining PBS by 

pipetting up and down several times or by gently vortexing. Resuspended cells were 

dropped drop-wise into a tube containing 1 mL of ice-cold 70% ethanol and mixed by 

vortexing at medium speed.  The tubes were capped and the cells were frozen at –

20°C for more than 3 hours prior to staining.  

(2) Staining of cells 

200 μL of ethanol-fixed cells were added to a 12 x 75 mm polystyrene test tube and 

subjected to centrifugation at 300 x g for 5 minutes at room temperature. The 
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supernatants were removed and discarded. The pelleted cells were resuspended in 

0.25 mL of PBS per 5 x 105 cells and washed by mixing. This was followed by 

centrifugation at 300 x g for 5 minutes at room temperature and removal of the 

supernatant. The pelleted cells were resuspended in 200 μL of Muse™ Cell Cycle 

Reagent (Merck Millipore, USA) and incubated for 30 minutes at room temperature 

in the dark.  

(3) Assessment of cell cycle distribution of cells 

Samples of ethanol-fixed cells were transferred into a 1.5 mL microcentrifuge tube 

and then inserted into a Muse™ Cell Analyzer (Merck Millipore, USA) for analysis of 

the cell cycle distribution. 

4.3.3 Annexin V/ Propidium iodide (PI) Staining of cells 

A549 cells were treated with or without CTSAE (EC50 dose) for the indicated times. 

After the incubation period, the cells were harvested by centrifugation and the cell 

pellets washed with ice-cold PBS. The cells were centrifuged at 500 g for 5 minutes 

and the supernatant was removed. The pelleted cells were resuspended in 1 X 

Annexin-Binding Buffer containing 1 µL for each 100 µL of cell suspension of a 100 

µg/mL working concentration solution of PI according to the manufacturer’s 

instructions (AlexaFluor 488 annexin V/Dead cell apoptosis kit, Molecular Probes, 

Invitrogen). The cells were incubated at room temperature for 15 minutes. After the 

incubation 400 µL of 1 X Annexin Binding Buffer was added and the sample was 

mixed gently. The stained cell samples were kept on ice until analysed by a FACS 

Calibur flow cytometer (Becton Dickinson, USA). The population of cells was divided 

into three groups: live cells showing only a low level of fluorescence, apoptotic cells 
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showing green fluorescence and necrotic cells showing both red and green 

fluorescence. 

4.3.4 TUNEL Assay 

For TUNEL assays the Deadend Fluorometric TUNEL (TdT-mediated dUTP-biotin 

nick end labelling) system was used (Promega, USA). In brief, 1 x 105 cells were 

used to seed each well of an 8-well chamber overnight. After culturing for 24 h at 

37oC the medium was replaced with fresh medium containing CTSAE (EC50 dose) in 

a final volume of 500 μL. The cells were incubated at 37oC in the presence of 

CTSAE for the indicated times and washed in PBS. The cells were fixed for 25 

minutes at 4oC in a 4% formaldehyde solution in PBS (methanol-free). The fixed 

cells were washed in PBS. Permeabilisation was performed for 5 minutes at room 

temperature using 0.2% Triton X-100 in PBS. Staining was carried out according to 

the manufacturer’s instructions and fluorescence was visualised and imaged using a 

fluorescence microscope (Olympus, USA). 

4.3.5 Caspase-3/7 Activity Assay 

A549 cells (1 x 105 cells per well in a White Clear 96-well microtitre plate (Sigma, 

USA)) were treated with CTSAE (EC50 dose) for the indicated times. The activity of 

caspases 3 and 7 were assayed using a Caspase-Glo 3/7 assay system kit 

(Promega, USA) according to the manufacturer’s instructions. A POLARstar Omega 

plate reader (BMG Labtech, Australia) set to luminescence mode was used to 

measure the intensity of the luminescence emitted by luciferase. 



114 

 

4.3.6 Western Blot 

(1) Extraction of protein from cells 

After treatment with CTSAE for the indicated times, the cells were diluted in ice-cold 

PBS and harvested by centrifugation at 500g for 5 minutes. Each cell pellet was 

resuspended in RIPA lysis buffer (Thermo-Fisher, Australia) containing 1% 

proteinase inhibitor cocktail (Thermo-Fisher). Cell debris was removed by 

centrifugation of the cell lysates at 13,000 g for 15 minutes. The pellets were 

discarded and the supernatants (cleared lysates) were retained for further analysis.  

 

(2) Measurement of protein concentrations 

The protein concentration of cell lysates was determined using a DC Protein Assay 

Kit (Bio-Rad, USA). Protein Reagent S and Protein Reagent A were re-mixed (25 

µl/mL). For each assay, 5 µl of cell lysate protein sample to be assayed was added 

to a mixture comprising 20 µl of Protein Reagent A and 200 µl of Protein Reagent B 

in the well of a 96-well microtitre plate. A protein standard curve was set up in other 

wells of the same microtitre plate using a range of known BSA concentrations. 

Protein concentrations were calculated from the absorbance readings obtained using 

a POLAR star Omega plate reader set to absorbance mode (BMG Labtech). 

 

(3) Quantitation of protein expression levels by Western blot 

12% polyacrylamide Mini-PROTEAN TGX stain-free precast PAGE gels (Bio-Rad, 

USA) was used to separate the individual proteins in an aliquot (20 mg of protein 

total) of each cell lysate. The separated proteins were then transferred by Western 

blot to a polyvinylidene difluoride (PVDF) membrane (Bio-Rad). The membranes 

were blocked with 5% non-fat milk in TBS-Tween 20 buffer (20 mM Tris-HCl, pH 7.4, 
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135 mM NaCl, 0.1% Tween-20) for 1 h at room temperature, incubated with the 

primary antibody overnight at 4oC, and then incubated with secondary antibody for 1 

h at room temperature. After extensive washing of the membranes in TBS-Tween 20 

buffer, the membranes were transferred to Immun-Star WesternC 

Chemiluminescence substrate solution (Bio-Rad) for 5 min and the reactive protein 

bands were visualised using a Chemidoc system (Bio-Rad). The following antibodies 

were used: active caspase-3 at 1:1000 (Abcam, USA), survivin at 1:1000 (Abcam), 

Bax at 1:1000 (Cell Signalling Technologies, USA), Bcl-2 at 1:1000 (Cell Signalling 

Technologies) and α-tubulin at 1:1000 (Abcam), horseradish peroxidise-conjugated 

goat anti-mouse IgG at 1:5000 (Abcam), and horseradish peroxidise-conjugated goat 

anti-rabbit IgG at 1:5000 (Cell Signalling Technologies). 

 

4.3.7 Real-time PCR  

(1) RNA extraction from cells 

Total RNA was extracted from CTSAE-treated cells using an Aurum RNA extraction 

kit (Bio-Rad) and by following the protocols provided by the manufacturer.  

 

(2) Measurement of RNA concentration in extracts 

The concentration of RNA in extracts was determined using a NanoDrop 

spectrophotometer ND-1000 (Thermo-Fisher). The RNA concentration was assayed 

in each extract before first-strand cDNA synthesis. An A260/A230 ratio greater than 1.8 

indicates acceptable purity of RNA for use in the following experiments.  

(3) cDNA synthesis by reverse transcription of mRNA  

To synthesise cDNA an iScript reverse transcription kit (Bio-Rad) was used in 

accordance with the manufacturer’s instructions.  
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The following components were combined in the specified volumes (per cDNA 

synthesis sample tube) to yield a final volume of 20 µl: 

x 5 X iScript reaction buffer: 4 µl 

x iScript enzyme: 1 µl 

x nuclease-free water: x µl 

x RNA template: 1 µg of total RNA 

 

The PCR reaction cycle protocol used was as follows: 

x 5 minutes at 25°C 

x 30 minutes at 42°C 

x 5 minutes at 85°C 

x Hold at 4°C 

 

(4) Real-time PCR assay 

Real-time PCR was carried out in a 10 μL reaction volume with iQ SYBR Green (Bio-

rad) in an iQ5 PCR thermocycler (Bio-Rad). No genomic DNA contamination or 

pseudogenes were detected according to the negative control. The primers used for 

detection of gene-specific mRNA transcripts in real-time PCR were as follows: Bax 

(Forward: 5′- -3′, Reverse: 5′- 3′). Bcl-2 (Forward: 5′- -3′, Reverse: 5′- 3′). Caspase-3 

(Forward: 5′-GTT TGT GTG CTT CTG AGC CAT G-3′, Reverse: 5′-CCA CTG TCT 

GTC TCA ATG CCA C-3′). Survivin (Forward: 5′- -3′, Reverse: 5′- 3′). GAPDH 

(Forward: 5′-GTC TCC TCT GAC TTC AAC AGC G-3′, Reverse: 5′-ACC ACC CTG 

TTG CTG TAG CCA A-3′).  
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Protocol of Master Mix: 

 

 

Samples are run by iQ5 PCR machine as following protocol: 

 

 

4.3.8 JC-1 mitochondrial potential assay 

A549 cells (1 x 104 cells per well in a black μClear 96-well microtitre plate (Greiner 

Bio-One, Frickenhausen, Germany) were treated with CTSAE for the indicated times. 

Following treatment, 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolocar-

bocyanine iodide (JC-1) dye (Abcam) was added to each well containing cells. The 

staining was performed in accordance with the protocol provided by the 

manufacturer.  A POLARstar Omega plate reader (BMG Labtech) was used to 
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measure the fluorescence of JC-1-stained cells and fluorescence signals in the red 

and green channels were recorded separately. 

 

4.3.9 Mitochondrial and glycolysis stress assays 

Assays were performed according manufacturer protocol (Seahorse, USA). 

A549 cells were seeded at a density of 1.3 x 104 per well in the Seahorse XFp Cell 

Culture Miniplate (Seahorse, USA), allowed to attach for 6 hours before CTSAE 

treatment. Cells were treated with 10μg/mL of CTSAE for 3, 6 and 12hours. 

The following compounds were loaded into the appropriate ports of a hydrated 

sensor cartridge:  

(a) For mitochondrial stress test: 

Port A: Oligomycin 1μM 

Port B: FCCP 1μM 

Port C: Rotenone/antimycin A 1 μM 

(b) For glycolysis stress test: 

Port A: Glucose 10μM 

Port B: Oligomycin 1μM 

Port C: 2-DG 50μM 

Cell confluency was checked under microscope before assay. Cell culture growth 

medium (DMEM) in the cell culture miniplate was replaced to pre-warmed Seahorse 

XF Base Medium (Seahorse) PH 7.4, and put into a 37°C non-CO2 incubator for 45 

minutes prior to the assay. Plate was run in Seahorse XFp Extracellular Flux 

Analyzer (Seahorse). Results were analysed by Seahorse stress test report 

generators (Seahorse, USA). 
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4.3.10 Statistics 

The results shown represent the means ± standard error of the values obtained from 

at least three independent experiments, each performed in at least triplicate. The 

statistical significance of any observed differences between groups was analysed 

using the ANOVA and Dunnette’s multiple comparisons tests provided with 

GraphPad Prism software (version 6.01). A p value of <0.05 was considered 

significant.  

 

4.4 Result 

4.4.1 CTSAE induces cell cycle arrest in G0/G1 phase in A549 cells 

After treatment with CTSAE for the indicated times the distribution of A549 cells in 

different cell cycle stages was assessed. CTSAE caused an increase in the 

percentage of A549 cells in G0/G1 phase and a decrease in the percentage of cells 

in S phase after 12 and 24 h of treatment, but there was no significant change in the 

proportion of cells in G2/M phase. Moreover, the percentage of A549 cells in G0/G1 

phase gradually increased in a time-dependent manner (Figure 4.1).  
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Figure 4.1 CTSAE-treatment of A549 cells results in arrest of the cell cycle in 

G0/G1 phase. After CTSAE treatment (EC50 dose) of A549 cells, the distribution of 

cells in the different phases of the cell cycle was assessed by flow cytometry. We 

observed a time-dependent arrest in G0/G1 phase but no significant change in the 

percentage of cells in G2/M phase. Results are means with standard errors from 3 

replicates.  
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4.4.2 Cane toad skin aqueous extracts induce apoptosis in A549 cells 

To determine whether the growth inhibition observed in CTSAE-treated A549 cells is 

attributable to apoptosis cells were stained with annexin V and PI and flow cytometry 

was performed. Annexin V binds to the surface of apoptotic cells, while propidium 

iodide (PI) stains dead cells by go through the membranes. Additionally, the CTSAE-

treated cells were subjected to a TUNEL assay and the cells were viewed by 

fluorescence microscopy. DNA fragmentation, which is an important marker of 

apoptotic cells, results in TUNEL staining as visualised under fluorescence 

microscopy as a green signal, while living (i.e. non-apoptotic) cells are negative for 

green TUNEL staining and instead stained red by PI. Fluorescence microscope 

images of cells after various times of CTSAE-treatment and stained with annexin V 

and PI were captured (Figure 3). The results from both assays (annexin V and 

TUNEL/DNA fragmentation) indicate that the percentage of apoptotic cells increases 

in a time-dependent manner during drug treatment.  

 

 

 

 

http://www.abcam.com/ab14083
http://www.abcam.com/ab14083
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Figure 4.2 CTSAE-dependent induction of apoptosis in A549 cells as assessed by annexin V/PI staining.  

CTSAE induces apoptosis in A549 cells as indicated by flow cytometry of treated cells following annexin V/PI staining. The lower 

right quadrant represents the population of apoptotic cells. There were an increasing percentage of apoptotic cells with increasing 

time of CTSAE treatment.  
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Figure 4.3 CTSAE-dependent induction of apoptosis in A549 cells as assessed by TUNEL assay 

At various time points of CTSAE-treatment A549 cells were assessed for apoptosis by staining of fragmented genomic DNA by 

TUNEL. Apoptotic cells are stained green by TUNEL while living (non-apoptotic) cells are not stained green by TUNEL but instead 

counter-stained with PI (red). Genomic DNA fragmentation was observed in the CTSAE-treated but not in the control (untreated) 

cells and the percentage of TUNEL-stained cells in the CTSAE-treated cell population increased in a time-dependent manner 

(indicating a time-dependent increase in the percentage of CTSAE-treated cells with fragmented genomic DNA and therefore 

undergoing apoptosis). 
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4.4.3 The activation of caspase-3/7 in A549 cells after treatment with CTSAE 

To ascertain if CTSAE-induced apoptosis in A549 cells is dependent on the 

activation of executive caspases, A549 cells at various time points of CTSAE-

treatment were subjected to a luminescence-based assay for caspase 3/7 activity. 

The results show that treatment with CTSAE efficiently stimulates the activity of 

caspases 3/7 in A549 cells compared to untreated A549 cells (Figure 4.4).  

 

4.4.4 The mechanism by which CTSAE induces apoptosis in A549 cells  

To further explore the mechanisms by which CTSAE induces apoptosis in A549 cells 

the expression levels of several important apoptotic markers, including Bax, Bcl-2, 

active caspase-3 and survivin, in A549 cells following treatment with CTSAE were 

investigated by Western blot while the mRNA expression level of the corresponding 

genes was analysed by real-time PCR. The results showed that caspase-3 and Bax 

expression increased at both mRNA and protein levels while survivin and Bcl-2 

expression was downregulated at both mRNA and protein levels (Figure 4.5 and 4.6).   
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Figure 4.4 CTSAE-dependent activation of caspase 3/7 as assessed by luciferase 

assay. A time-dependent increase in the activity of caspase 3/7 was found after 

treatment of A549 cells with CTSAE (N=9, ***P<0.005 compared with the control 

group). Data is expressed as relative luminescence unit (RLU). 
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Figure 4.5 The protein expression of active caspase-3, Bax, Bcl-2 and survivin 

in A549 cells after exposure to CTSAE. Activation of apoptosis marker caspase-3 

and increased expression of apoptosis marker Bax in A549 cells after treatment with 

CTSAE as assessed by Western blot analysis. Caspase-3 was activated and pro-

apoptotic Bcl-2 family member Bax was upregulated in A549 cells following 

treatment with CTSAE while expression levels of the IAP survivin and the anti-

apoptotic Bcl-2 family member Bcl-2 were significantly reduced. Alpha-tubulin was 

included as a loading control. 
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Figure 4.6 The mRNA levels of Bax, Bcl-2, casp3, and survivin after exposure 

to CTSAE.  

Time-dependent changes in mRNA expression levels of Bax, Bcl-2, casp3, and 

survivin in A549 cells have been found after treatment with CTSAE. Casp3 and Bax 

mRNA levels are upregulated following treatment with CTSAE, while survivin and 

Bcl-2 mRNA levels are downregulated. The results are analysed via double delta Ct 

analysis comparing with housekeeping gene GAPDH. 
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4.4.5 Treatment of A549 cells with CTSAE disrupts the mitochondrial 

membrane potential (MMP)  

To confirm that CTSAE-induced apoptosis in A549 cells occurs via activation of the 

mitochondrial pathway, the mitochondrial membrane potential was quantitated by 

staining with the dye JC-1. MMP is an important parameter for healthy cells and the 

induction of apoptosis results in the loss of MMP. The dye JC-1 selectively enters 

mitochondria in healthy cells and forms J-aggregates with an intense red 

fluorescence, whereas in apoptotic cells with a low MMP JC-1 remains in the 

monomeric form and emits a green fluorescence. Treatment of A549 cells with 

CTSAE compromised the MMP as seen by the increased green fluorescence and an 

increased ratio of green to red fluorescence signal intensity indicating a shift towards 

mitochondrial membrane potential collapse (Figure 4.7).  

 

In the fluorescence microscopy images, it is apparent that there is a greater 

percentage amount of red-stained cells in the untreated group, while at 12 and 24 

hours there is an increased percentage amount of green-stained cells in the CTSAE-

treated group. Quantification using a fluorimeter of the fluorescence signals in the 

untreated and 12- and 24-hour treated group images clearly shows a time-

dependent decrease in mitochondrial membrane potential following treatment with 

CTSAE. 
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4.4.6 Treatment of A549 cells with CTSAE impacts mitochondrial respiration, 

glycolysis  

To understand the effect of CTASE on mitochondrial and glycolytic functions, 

mitochondrial and glycolytic stress tests were performed. Several parameters of 

mitochondrial respiration including oxygen consumption rate (OCR), basal 

respiration, ATP turnover, proton leak, maximal respiration and spare respiratory 

capacity were tested. The bioenergetic health index was also calculated using report 

generator (Seahorse, USA), refer to the formula (Fig 4.8B). Additionally, extracellular 

acidification rate (ECAR) glycolysis, glycolytic capacity, and glycolytic reserve, which 

are parameters of glycolytic function, were studied.  

 

Results indicated CTSAE inhibits the spare respiratory capacity, maximal respiration 

and ATP production in a time dependent manner while supressed the extracellular 

acidification rate (ECAR) by affect glycolytic capacity and reserve in a time 

dependent manner. Moreover, the bioenergetic heath index was decreased upon the 

treatment of CTSAE (Figure 4.8). 
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Figure 4.7 CTSAE-dependent loss of mitochondrial membrane potential in A549 cells as assessed by staining with the dye 

JC-1. Untreated A549 cells and A549 cells at the indicated time points (12 and 24 h) following treatment with CTSAE were stained 

with the dye JC-1.  

(A) The increasing green stain and decreasing red stain indicated that there is a loss in the mitochondrial membrane potential of 

cells after CTSAE exposure.  

(B)The decreasing red/green ration of fluorescence reading indicates the loss of mitochondrial membrane potential. 
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Figure 4.8 The effect of CTSAE on mitochondrial and glycolytic function  

After CTSAE (EC50 dose) treatment for 3, 6, 12 hours, several parameters of mitochondrial and glycolytic functions were tested. 

(A) In the mitochondrial stress test, Oligomycin, FCCP and Rotenone/antimycin A were injected. CTSAE inhibits spare 

respiratory capacity, maximal respiration and ATP production in a time dependent manner 

(B) The bioenergetic health index (BHI) was calculated according to the formula. Result showed BHI decreases by the treatment 

of CTSAE in a time dependent manner 

(C) In the glycolysis stress test, Glucose, Oligomycin and 2-DG were injected. CTSAE inhibited the extracellular acidification rate 

(ECAR) and affected glycolytic capacity and reserve in a time dependent manner 
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4.5 Discussion 

Numerous signalling pathways control progression through the cell cycle in normal 

cells [267]. Progression through the cell cycle is essential for cell proliferation and 

arrest of the cell cycle can trigger programmed cell death [268]. It is now recognised 

that targeting cell cycle progression in cancer can not only arrest the proliferation of 

cancer cells, but also sensitise the cancer cells to the effects of conventional 

chemotherapeutic agents [269]. Apoptosis is an essential process important for 

tissue homeostasis and it also plays an important role in eliminating malignant cells 

and thus preventing tumour development [270]. Many anti-cancer agents exert their 

therapeutic effect primarily by inducing apoptosis via the upregulation of apoptosis-

promoting genes and proteins in cancer cells [271]. 

 

In our study, treatment of A549 cells with CTSAE resulted in cell cycle arrest in 

G0/G1 phase and a decrease in the proportion of cells in S-phase. The ability of 

CTSAE to arrest A549 cells in G0/G1 phase of the cell cycle suggests that CTSAE 

may slow down the proliferation of cancer cells by activating a cell cycle checkpoint. 

No significant change in the proportion of cells in G2/M phase was found. Previous 

studies have shown that Huachansu suppresses the proliferation of MGC-803 

stomach cancer and SMMC7721 liver cancer cells by causing S-phase cell cycle 

arrest and suppresses the proliferation of human melanoma BRO cells by causing 

G2/M cell cycle arrest [4]. Another study has demonstrated that bufalin induces cell 

cycle arrest in G1 phase by targeting the EGFR, VEGFR1, VEGFR2, and c-Met 

receptors that are upstream receptors that activate the signalling pathways of Akt, 

p44/42 and p38 MAPKs, and NF-NB in A549 cells [228]. Our result further confirmed 

the effect of bufadienolides on cell cycle arrest.  



138 

 

Cell cycle is controlled by cyclin-dependent kinases (CDKS) and their subsequent 

regulatory proteins: cyclins [272]. Targeting the CDKS is crucial for cancer therapy 

because the inhibition of them can induce cell death through the blockage of 

transcription. Currently, many anti-cancer drugs targeting the cell cycle are under 

clinical trials. For example, flavopiridol is an inhibitor of CDSK which can cause cell 

cycle arrest in G1/S and G2/M phases [273]. The mechanisms of CTSAE caused cell 

cycle arrest need to be evaluated by further studies. 

 

Annexin V/PI staining and TUNEL assay were employed to examine whether CTSAE 

treatment induces apoptosis in A549 cells. Our results have shown that after 

treatment with CTSAE the proportion of apoptotic cells (e.g. cells exhibiting DNA 

fragmentation) in the population increased significantly in a time-dependent manner.  

 

These results are consistent with the observed loss of viability of A549 cells following 

treatment with CTSAE as measured by MTT assay described in the Chapter 3 and 

suggests that the anti-proliferative effect of CTSAE may be due to the ability of 

CTSAE to induce arrest of the cell cycle in G1 phase and trigger apoptosis in A549 

cells.  

 

Early studies indicated both intrinsic and extrinsic pathways of apoptosis undergo the 

execution caspase-3. However, the accumulating evidence in resent study showed 

that the apoptosis is possibly occur via a complete absence and independent of 

caspase-3 [274]. Therefore, in order to achieve a better understanding of the 

mechanisms by which CTSAE induces apoptosis in A549 cells, an assay of caspase 

3/7 activity was performed on A549 cells following treatment with CTSAE. Caspase-
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3 and -7 are executioner caspases in the apoptotic process; their activation is 

essential for programmed cell death [275].  We observed a significant time-

dependent increase in caspase-3/7 activity after treatment of A549 cells with CTSAE. 

This result suggests that the apoptosis induced by CTSAE in A549 cells is 

caspase3/7-dependent. Additionally, the expression levels of caspase-3, survivin, 

and Bcl-2 family members Bax and Bcl-2 were assessed at both the mRNA and 

protein levels by real-time PCR and Western blot, respectively, in A549 cells 

following treatment with CTSAE. Survivin is a member of the Inhibitor of Apoptosis 

Protein (IAP) family which acts directly to inhibit the activation of caspases 3 and 7 

and thereby also inhibit apoptosis [276]. The mitochondrial apoptotic pathway is 

under the control of the Bcl-2 family of proteins, which includes pro-apoptotic 

members such as Bax and anti-apoptotic members such as Bcl-2. These assays 

revealed the time-dependent activation of caspase 3 protein and the upregulation of 

caspase 3 mRNA expression levels following treatment of A549 cells with CTSAE as 

well as a time-dependent reduction in survivin at both mRNA and protein levels. A 

time-dependent increase in expression of Bax and a concomitant decrease in 

expression of Bcl-2 at both protein and mRNA levels were observed in A549 cells 

following treatment with CTSAE.  

 

Treatment of A549 cells with Huachansu has been shown to induce cell cycle arrest 

in G1 phase, inhibit the expression of survivin, and activate caspase 3 [216]. 

Therefore, our results suggest that Huachansu and CTSAE may induce apoptosis in 

A549 cells via a similar mechanism. Bufalin, a major component of both Huachansu 

and CTSAE, in purified form, has also been shown to induce apoptosis in A549 cells 

via the activation of caspase 3 and altered expression of Bax and Bcl-2. Therefore, 
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the findings of our study confirm the findings of previous studies that show that 

treatment of A549 cells with bufalin induces apoptosis [227]. 

 

Loss of the mitochondrial membrane potential (MMP) is an important indicator of 

apoptosis. The loss of MMP represents an unhealthy condition of cells and indicates 

these cells are undergoing apoptosis. Additionally, studies showed that the 

decreasing of MMP is closely related to the releasing of cytochrome c from 

mitochondrial to cytosol [277]. Cytochrome c is known as the initiator of caspase-9, 

which subsequently cleaves and actives caspase-3 during apoptosis [278]. In our 

study, the disruption of MMP of A549 cells following treatment of CTSAE were 

measured by staining cells with the dye JC-1 followed by both observations of 

individual cells by fluorescence microscopy and quantitation of red/green 

fluorescence intensity signals by the measurement of luminescence. This result 

confirms that treatment of A549 cells with CTSAE induces apoptosis via activation of 

the mitochondrial apoptotic pathway. 

 

In the study of mitochondrial and glycolytic stress tests, the reduction OCR and 

ECAR indicated that the mitochondrial respiration and glycolysis were inhibited by 

CTSAE treatment. It is known that mitochondrial and glycolytic functions are closely 

related to cellular growth, survival, apoptosis and cancer. Specifically, in 

mitochondrial stress test, the CTSAE treatment has impacts on basal oxidative 

phosphorylation (OXPHOS), respiratory capacity and ATP production in A549 

cells.  Previous study indicated that interfering mitochondrial respiration enhances 

the activity of anticancer agents induced apoptosis by promoting generation of free 

radicals [279]. The BHI has also shown a decreasing trend by the treatment of 
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CTSAE. BHI is becoming a crucial parameter for the understanding of pathological 

mechanisms, designing of therapeutic strategy and evaluating the progression of 

diseases, such as cancer [280]. Our result indicated the BHI is dropped by the 

treatment of CTSAE. However, the potential of BHI as a biomarker in CTSAE treated 

NSCLC needs to be revealed by future studies. Our result also showed CTSAE 

inhibited ECAR by affect glycolytic capacity and reserve. Studies indicted most 

cancer cells alter metabolise by increasing glycolysis for generation of ATP as a 

source of energy to maintain their development which is called Warburg effect. 

Therefore, the development of novel glycolytic inhibitors may have a potential 

therapeutic applications as anti-cancer drugs [281]. Further studies are needed to 

reveal the mechanism for the inhibition of OCR and causal relationship between 

OCR and ECAR in response to CTSAE. 

 

In summary, this is the first study to reveal that CTSAE induces cell cycle arrest and 

apoptosis and affects mitochondrial and glycolytic functions in human non-small cell 

lung cancer-derived cells. It was found that treatment with CTSAE resulted in the 

down-regulation of Bcl-2 and survivin, the simultaneous up-regulation of Bax and 

activation of caspase 3, as well as the dissipation of the mitochondrial membrane 

potential MMP. Our results suggest that CTSAE exhibits a similar activity as 

Huachansu in that both arrest cell cycle progression and induce apoptosis in A549 

cells, which in turn suggests that CTSAE may have potential for the treatment of 

non-small cell lung cancer. We also explored new potential mechanisms of CTSAE 

in treating A549 cells by influencing mitochondrial and glycolytic functions. 
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Further exploration of signalling pathways will be needed to identify the specific 

mechanisms by which CTSAE arrests cell cycle progression, induces apoptosis and 

affects mitochondrial respiration 
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Chapter 5. Cane toad skin aqueous extracts inhibit TNF-α- dependent 

activation of the NF-NB pathway in A549 cells  

5.1 Introduction 

In recent decades, inflammation has been recognised as a crucial hallmark in the 

initiation and progression of cancer [282]. In the microenvironment of tumour, NF-NB 

plays the role of central coordinator of the inflammatory response by mediating the 

activation of enzymes involved in inflammation and the release of pro-inflammatory 

cytokines [283]. Studies have shown that many stimuli such as cigarette smoking 

cause the chronic inflammation in lung by stimulating the TNF-α, which in turn, cause 

the activation of NF-NB and the expression of COX-2 [284, 285]. Other study has 

revealed that chronic inflammation is one of the biggest promoter for the initiation 

and development of lung cancer [286]. Clinical studies have shown that in patients 

with lung cancer NF-NB signalling is constitutively activated [287]. Therefore, 

targeting of inflammatory pathways, such as the NF-NB pathway, is being considered 

as a potential new strategy for prevention and treatment of cancer [84]. NF-NB is a 

protein complex that consists of a p65 subunit and a dimer of p50 subunits that binds 

to the regulatory subunit INB and acts as a transcriptional activator of genes involved 

in inflammation. The activation of NF-NB requires the phosphorylation of INB, which 

in turn enables the translocation of p65 and the p50 dimer from the cytoplasm, where 

they are inactive, to the nucleus, where they are active as a transcriptional activator. 

The translocation of p65 and the p50 dimer into the nucleus directly initiates the 

transcription of many downstream genes, including those that encode enzymes such 

as COX-2 and iNOS that synthesise inflammatory factors and others that encode 

several inflammatory cytokines [288, 289].  
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Chansu and Huachansu are the dried glandular secretions and skin extracts of 

Chinese toad (Bufo bufo gargarizans), respectively. Both have been used in TCM for 

the treatment of several inflammatory diseases such as rheumatoid arthritisin (RA), 

lymphadenitis and mumps in the type of ointment, soup or injection [3]. Molecular 

studies have revealed that Chansu and Huachansu contains bufadienolide 

compounds which inhibiting NF-kB in several of cancerous and uncancerous models 

[2, 11, 204, 254]. For example, a study indicated that bufalin, a major component of 

Chansu and Huachansu, inhibits TNF-α-induced NF-κB activation, cytokine 

production (IL-1β, IL-6, and IL-8) and MMP-9 expression in RA fibroblast-like 

synoviocytes [290]. Another study showed that bufalin supresses carrageenan-

induced paw edema through the down regulation of iNOS, COX-2, IL-1β, IL-6, and 

TNF-α. The inhibition of NF-κB caused by bufalin treatment was also found in this 

study [254].  Huachansu showed that inhibited the actication of NF-κB and COX-2 in 

A549 cells induced by TNF-α [291].  

 

The studies described in Chapter 3 showed that skin extracts from cane toad 

extracted using an aqueous solvent contain a number of bufadienolides, such as 

bufalin, marinobufagin, arenobufagin and telocinobufagin. This finding suggests that 

CTSAE may have clinical properties similar to Chansu and Huachansu and may 

target cancer-associated inflammation. The overriding aim of this study was to 

determine whether cane toad skin aqueous extracts (CTSAE) have the ability to 

inhibit TNF-α-induced NF-NB activation and activation of NF-NB-dependent 

downstream signalling pathways in A549 cells. 
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5.2 Specific Aims 

1. To optimise TNF-α-induced NF-NB activation in A549 cells as assessed by the 

level of expression of the COX-2 protein 

2. To determine whether pre-treatment of A549 cells with CTSAE inhibits the TNF-α-

induced up-regulation of the protein expression levels of NF-NB p65, INB, and COX-2 

or phosphorylation of INB (p-INB)  

3. To determine whether pre-treatment of A549 cells with CTSAE inhibits the TNF-α-

induced up-regulation of the mRNA expression levels of COX-2 and the cytokines IL-

1β, IL-6 and IL-8  

4. To determine whether pre-treatment of A549 cells with CTSAE inhibits the TNF-α-

induced and COX-2-dependent production of prostaglandin E2 

 

5.3 Material and method 

5.3.1 Cell Culture 

The human lung cancer cell line A549 was cultured as the protocol described in last 

chapter (refer to Chapter 4). TNF-α human recombinant (Life technology, USA) were 

dissolved into 10 ug/L.  

 

5.3.2 Western Blot 

Protein extraction and Western blot were performed as the protocol described in last 

chapter (refer to Chapter 4). RIPA lysis buffer (Thermo fisher) containing 1% 

phosphorylated proteinase inhibitor (Thermo fisher) was used for the study of 

phosphorylated proteins. The following antibodies were used: Cox-2 (1:1000, Cell 

Signalling, Australia), I-kB (1:1000 Santa Cruz, USA), p-I-kB (1:1000, Santa Cruz, 
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USA), alpha-tubulin (1:1000, Cell signalling, Australia), goat anti-rabbit (1:5000, Cell 

signalling, Australia). 

 

5.3.3 Real-time PCR  

RNA extraction, first-strand cDNA synthesis and real-time PCR was carried out as 

the protocol described in last chapter (refer to Chapter 4). Primers used in real-time 

PCR were: COX-2 (Forward: 5′-CGG TGA AAC TCT GGC TAG ACA G-3′, Reverse: 

5′-GCA AAC CGT AGA TGC TCA GGG A-3′). IL-1β (Forward: 5′- CCA CAG ACC 

TTC CAG GAG AAT G-3′, Reverse: 5′-GTG CAG TTC AGT GAT CGT ACA GG-3′). 

IL-6 (Forward: 5′-AGA CAG CCA CTC ACC TCT TCA G-3′, Reverse: 5′-TTC TGC 

CAG TGC CTC TTT GCT G-3′). IL-8 (Forward: 5′-GAG AGT GAT TGA GAG TGG 

ACC AC-3′, Reverse: 5′-CAC AAC CCT CTG CAC CCA GTT T-3′). GAPDH 

(Forward: 5′-GTC TCC TCT GAC TTC AAC AGC G-3′, Reverse: 5′-ACC ACC CTG 

TTG CTG TAG CCA A-3′).  

 

5.3.4 PGE2 Assay 

The level of prostaglandin E2 (PGE2) was determined using a Prostaglandin E2 

Express EIA Kit (Cayman Chemical, USA). After culture of cells and treatment with 

CTSAE, used culture medium was collected and PGE2 assayed in accordance with 

the manufacturer’s instructions.  

 

5.3.5 Statistics 

The results represent the means ± standard deviations of the values obtained from 

at least three independent experiments each performed in at least triplicate. The 
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statistical significance of any difference observed between groups was analysed 

using the ANOVA and Dunnette’s multiple comparisons tests provided with 

GraphPad Prism software (version 6.01). A p value of <0.05 was considered 

significant. 

 

5.4 Results 

5.4.1 TNF-α induces expression of COX-2 in A549 cells 

In a preliminary study, the expression level of COX-2 in A549 cells at different time 

points following induction by treatment with 10 µg/L of TNF-α was tested by Western 

blot. It can be seen that the most significant increase in expression was observed 

within the first 30 min of treatment with TNF-α, since there are no obvious changes in 

COX-2 expression after 30 mins of treatment. Therefore, this induction time was 

applied in each of the following experiments.  
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Figure 5.1 TNF-α (10 µg/L) induced the expression of COX-2 in A549 cells. The 

expression levels of COX-2 protein following treatment with TNF-α for 15, 30, 45, 

and 60 min was tested using Western blot. A stabilised increasing of expression of 

COX-2 protein has been observed after 30 min induction. 

 

5.4.2 The effect of CTSAE on the expression of NF-NB   

The effect of CTSAE on TNF-α-induced expression of p65 (both nuclear and 

cytoplasm), INB, p-INB and COX-2 were examined by Western blot.  Cells were pre-

treated with CTSAE for 2 hours prior to treatment with TNF-α for 30 mins. It was 

observed that TNF-α-induced nuclear translocation of p65, phosphorylation of INB 

and upregulation of COX-2 expression were all inhibited by pre-treatment with 

CTSAE. 

 

The expression levels of COX-2 and several cytokines that are regulated by NF-NB, 

including IL-1β, IL-6, and IL-8 were determined at the mRNA level by real-time PCR 

following pre-treatment of A549 cells with CTSAE. The ability of CTSAE to inhibit 

TNF-α-induced upregulation of Cox-2 and these cytokines was tested. 
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5.4.3 NF-NB and its regulated inflammatory products of TNF-α induced A549 

cells 

 

Figure 5.2 CTSAE pre-treatment of A549 cells inhibits the TNF-α-induced 

upregulation of expression of NF-NB components at the protein level. TNF-α 

induced the expression of COX-2 and the phosphorylation of the INB protein as well 

as the nuclear translocation of p65 and these processes were inhibited by pre-

treatment with CTSAE. 
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Figure 5.3 CTSAE pre-treatment of A549 cells inhibits the TNF-α-induced 

upregulation of expression of COX-2 and various cytokines.  

The mRNA levels of COX-2, IL-1β, IL-6, and IL-8 were upregulated following 

treatment of A549 cells with TNF-α. However, pre-treatment with CTSAE significantly 

inhibited TNF-α-dependent upregulation of the expression of these inflammatory 

mediators at the mRNA level. The results are analysed via double delta Ct analysis 

comparing with housekeeping gene GAPDH. Shown are the means and standard 

error of the mean from 3 replicates. 

 

5.4.4 CTSAE pre-treatment of A549 cells inhibits TNF-α-induced upregulation 

of prostaglandin E2 (PGE2) levels 

Prostaglandin E2 (PGE2) is the product of the COX-2 enzyme. The concentration of 

PGE2 in A549 cells was tested using a Prostaglandin E2 Express EIA Kit. Following 

treatment of A549 cells with TNF-α, an increase in the level of PGE2 was observed. 

Pre-treatment with CTSAE reduced the TNF-α-induced increase in PGE2 levels 

relative to untreated control groups. 

 

 

 

 

 

 

 



152 

 

 

Figure 5.4 Pre-treatment of A549 cells with CTSAE inhibit TNF-α-dependent 

increases in the level of PGE2.  

The level of PGE2 increased in A549 cells following treatment with TNF-α, while 

CTSAE pre-treatment suppressed the TNF-α-dependent increase in PGE2 levels. 

Shown are the mean with standard error of the mean from 3 replicates. 
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5.5 Discussion 

The link between chronic inflammation and lung cancer has been highlighted in 

many previous studies [292, 293]. The  In this study, we used as a model treatment 

of the respiratory epithelial cell line A549 with TNF-α because in many types of 

airway inflammation TNF-α is the primary stimulator of inflammation and mediates 

the activation of the NF-NB signalling pathway [294, 295]. The constitutive activation 

of NF-NB is known to be a feature of lung cancer cells [287]. NF-NB regulates the 

transcription of the genes that encode COX-2 and many cytokines, including IL-1, IL-

6, and IL-8 [289].  

 

In the preliminary study, A549 cells were treated with 10µg/L TNF-α. This  is a dose 

that, according to the published literature, is frequently used to induce an 

inflammatory response without causing toxicity to cells [296, 297]. An induction time 

of 30 min was revealed according to our result, which is in a good agreement with 

previously published data [298, 299] 

 

For treatment with CTSAE in this study, a dose that is lower than the EC50 value 

(5µg/mL) and is not significant toxic to A549 cells was chosen. Experiments involved 

the use of four groups with or without treatment with TNF-α and pre-treatment with 

CTSAE, as follows: (a) Untreated; (b) + TNF-α only; (c) + CTSAE, + TNF-α; (d) 

+CTSAE only. We employed Western blot to determine the level of expression of 

NF-NB components. The activation of NF-NB requires the phosphorylation of INB, 

which in turn enables the translocation of p65 from the cytoplasm to the nucleus.  
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TNF-α-induced INB phosphorylation is a signal for the degradation of INB. However, 

phosphorylation of INB is not sufficient to activate NF-NB [300]. Therefore, both the 

total level of INB and the level of phosphorylated INB were assessed. Additionally, to 

have a better understand of the mechanisms involved in NF-NB nuclear translocation, 

the levels of both nuclear and cytoplasmic forms of p65 protein were assessed. The 

results indicate that TNF-α-induces the phosphorylation (to p-INB) and degradation of 

INB, as well as the nuclear translocation of p65. These results revealing the TNF-α-

dependent activation of NF-NB are consistent with the observed TNF-α-dependent 

upregulation of COX-2 expression. Furthermore, we found that pre-treatment of 

A549 cells with CTSAE inhibited the TNF-α-dependent activation of NF-NB. The 

constitutive activation of NF-NB signalling was found in the patients with lung cancer 

according to the data from clinical studies [287]. Other studies indicated that the 

blockage of NF-NB limits lung cancer angiogenesis and metastasis, as well as 

sensitize cancer cells to chemo and radiotherapies [301]. Therefore, the promising 

role of NF-NB inhibitors provided the potential use of CTSAE in lung cancer 

treatment. A previous study provided data that indicate that cardiac glycosides such 

as bufalin inhibit the TNF-α/NF-NB signalling pathway [302, 303]. The results of our 

chemical analysis (Chapter 3) indicate that CTSAE contain many bufadienolides 

including bufalin. Therefore, the NF-NB inhibitory effect of CTSAE may be 

attributable to these bufadienolides, at least bufalin.  

 

Studies indicated many pro-inflammatory products are regulated by NF-NB in the 

microenvironment of tumour cells [84]. Therefore, the expression levels of IL-1β, IL-6, 

and IL-8 following treatment of A594 cells with TNF-α were tested in the presence 
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and absence of pre-treatment with CTSAE. The expression level of COX-2 at the 

protein level was examined by Western blot and the mRNA levels of COX-2, IL-1β, 

IL-6, and IL-8 were determined using real-time PCR. The results indicate that 

CTSAE inhibits the TNF-α-dependent upregulation of expression of COX-2 at the 

protein level and upregulation of expression of COX-2, IL-1β, IL-6 and IL-8 at the 

mRNA level. Study indicated a higher production of IL1β is associated with increased 

risk of non-small cell lung cancer [304] Additionally, a higher production of IL-6 was 

detected in the serum of patients with lung cancer [305]. The overexpression of IL-8 

was also found that promote the development of lung cancer cells by mediating 

angiogenesis [306]. Mice model study showed that the inhibition of IL-8 significantly 

decreases the tumorigenesis in NSCLC [307]. It is recognised that suppressing the 

production of a group of cytokines rather than one specific cytokine may have a 

significant effect on the prevention and treatment of cancer-associated inflammation 

[308]. Therefore, our result further demonstrated that CTSAE, a multi-cytokines have 

a good therapeutic potential in the treatment of lung cancer.  

 

We also found that pre-treatment of A549 cells with CTSAE inhibited the TNF-α-

dependent activation of COX-2 in both RNA level and protein expression. 

Sequentially, our study examined the production of PGE2, the product of the enzyme 

COX-2, using ELISA assay. The results of ELISA assays have shown that PGE2 

production is suppressed by treatment of A549 cells with CTSAE relative to the 

untreated A549 cells control group. In a variety of common human tumours, an 

elevated level of COX-2/PGE2 has been detected. The results of previous studies 

have indicated that the elevated level of COX-2/PGE2 in NSCLC results in immune 

suppression, which in turn promotes tumour development. The inhibition of this 
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pathway is known to prevent tumour development. For example, long-term use of 

NSAIDs such as Aspirin reduces the incidence and mortality of many types of cancer 

[309, 310]. Therefore, the inhibition of the COX-2/PGE2 pathway is an important 

strategy for cancer treatment. It should also be noted that selective COX inhibitors 

which inhibit COX-2 but not COX-1 showed a better effect and safety in cancer 

treatment [309]. Therefore, the selective inhibitory effects of CTSAE on COX 

enzymes need to be studied in the future work. 

 

Previous study showed bufalin suppresses COX-2 expression in A549 cells [228]. 

Furthermore, the ability of telocinobufagin to modulate the expression of cytokines 

has been shown in previous studies [249, 311]. These two compounds have been 

identified in CTSAE in our study (Chapter 3). Huachansu has shown to supress the 

activation of NF-NB and expression of COX-2 in TNF-α induced A549 cells. However, 

their study indicated that the translocation p65 is independent from the 

phosphorylation of INB. Therefore, treatment of A549 cells with CTSAE may 

suppress TNF-α-induced activation of NF-NB and expression of COX-2 by a different 

mechanism from Huachansu. Further experiments are required to discover the 

mechanisms of Huachansu and CTSAE in treating lung cancer.  

 

In summary, we have shown that TNF-α-induced phosphorylation of INB and 

activation of NF-NB is inhibited by pre-treatment of A549 cells with CTSAE. This anti-

inflammatory effect of CTSAE on A549 cells is associated with the inhibition of COX-

2 activity and the reduced expression of inflammatory cytokines, including IL-1β, IL-6 

and IL-8.  
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The inhibition of NF-NB activation leads to enhanced apoptosis of A549 cells in 

response to a variety of stimuli [312]. Therefore, this may be the mechanism that the 

treatment of A549 cells with CTSAE induces apoptosis and overcomes drug 

resistance. The results of study described in Chapter 4 demonstrate the ability of 

CTSAE to induce apoptosis in A549 cells. This ability, together with the ability of 

CTSAE to suppress inflammation as shown in this chapter, suggest that CTSAE is a 

potential new therapeutic agent for both the treatment of lung cancer-associated 

inflammation and for adjuvant therapy in lung cancer treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



158 

 

Chapter 6. Conclusion 

Natural products have been used extensively in the treatment of many diseases 

[313]. Anti-inflammation and anti-cancer drugs developed from natural resources 

have drawn large attention throughout the world [176]. The biodiversity of toad skin 

and glandular secretion makes it a unique source from which new therapeutic agents 

may be developed [314]. Cane toad, as a new source of bufadienolides, may 

represent a new candidate in inflammatory diseases and cancer therapy.  For this 

purpose, the anti-cancer effect of cane toad skin extracts has been studied from 

different perspective in our study.  

 

Firstly, cane toad skins were collected Cane toad skin and the aqueous extracts 

were prepared.  The analytical study was carried out to clarify the constituents 

contain in CTSAE. Secondly, the toxicity of CTSAE on several of tumour cell lines 

was screened. Thirdly, we have followed the screening result to study the effect of 

CTSAE induced apoptosis in A549 cells. Fourthly, we have carried out study for 

targeting NF-NB pathway in TNF-α induced A549 cell. 

 

In summaries, CTSAE and TCMs: Chansu and Huachansu shares very similar 

bufadienolide compounds such as bufalin, telocinobufagin and arenobufagin, but 

with some variables. It needs to be noted that cinobufagin, one of the most active 

anti-cancer compounds in Chansu and Huachansu, does not appear in CTSAE, 

which is in good agreement with the findings of other studies that addressed the 

chemical constituents of cane toad extracts.  
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The anti-proliferative effect of CTSAE on A549, MCF-7, PC-3 and HT29 cell lines 

(derived from human lung cancer, breast cancer, prostate cancer and colon cancer, 

respectively) and the non-carcinoma cell line HEK293T cell line (derived from human 

embryonic kidney) has been assessed using an MTT assay. 

Specifically, all cancer-derived cell lines show a more significant sensitivity to 

CTSAE-dependent inhibition of growth than the non-cancer cell line HEK293T, while 

A549 cells showed the greatest sensitivity to CTSAE-dependent growth inhibition. 

Bufalin showed anti-proliferative effects on A549 cells in many studies through 

different mechanisms such as cell cycle arrest and apoptosis induction [259]. 

Although we did not do the quantification for this single compound in our CTSAE, it 

can be found that the anti-proliferative activity of CTSAE on A549 cells may at least 

partially be attributable to bufalin. Additionally, previous studies have shown that 

Huachansu also exhibits a higher toxicity towards lung cancer cells than normal cells 

[216]. Our results here further support these earlier findings as we observed that 

CTSAE exhibits a selective effect on cancer cells relative to healthy cells similar to 

that found in the previous study. 

 

Progression through the cell cycle is essential for cell proliferation and arrest of the 

cell cycle can trigger programmed cell death [268]. It is now recognised that targeting 

cell cycle progression in cancer can not only arrest the proliferation of cancer cells, 

but also sensitise the cancer cells to the effects of conventional chemotherapeutic 

agents [269]. In our study, treatment of A549 cells with CTSAE resulted in cell cycle 

arrest in G0/G1 phase and a decrease in the proportion of cells in S-phase. The 

ability of CTSAE to arrest A549 cells in G0/G1 phase of the cell cycle suggests that 

CTSAE may slow down the proliferation of cancer cells by activating a cell cycle 
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checkpoint. Previous studies have shown that Huachansu suppresses the 

proliferation of MGC-803 stomach cancer and SMMC7721 liver cancer cells by 

causing S-phase cell cycle arrest and suppresses the proliferation of human 

melanoma BRO cells by causing G2/M cell cycle arrest [4]. These results are 

consistent with the observed loss of viability of A549 cells following treatment with 

CTSAE as measured by MTT assay described in the Chapter 3 and suggests that 

the anti-proliferative effect of CTSAE may be due to the ability of CTSAE to induce 

arrest of the cell cycle in G1 phase and trigger apoptosis in A549 cells. 

 

Therefore, in order to achieve a better understanding of the mechanisms by which 

CTSAE induces apoptosis in A549 cells, an assay of caspase 3/7 activity was 

performed on A549 cells following treatment with CTSAE. Treatment of A549 cells 

with Huachansu has been shown to induce cell cycle arrest in G1 phase, inhibit the 

expression of survivin, and activate caspase 3 [216].  In our study, the disruption of 

MMP of A549 cells following treatment of CTSAE were measured by staining cells 

with the dye JC-1 followed by both observations of individual cells by fluorescence 

microscopy and quantitation of red/green fluorescence intensity signals by the 

measurement of luminescence. Our results suggest that CTSAE exhibits a similar 

activity as Huachansu in that both arrest cell cycle progression and induce apoptosis 

in A549 cells, which in turn suggests that CTSAE may have potential for the 

treatment of non-small cell lung cancer. 

  

We used as a model treatment of the respiratory epithelial cell line A549 with TNF-α 

because in many types of airway inflammation TNF-α is the primary stimulator of 

inflammation and mediates the activation of the NF-κB signalling pathway [294, 295]. 
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Experiments involved the use of four groups with or without treatment with TNF-α 

and pre-treatment with CTSAE, as follows: (a) Untreated; (b) + TNF-α only; (c) + 

CTSAE, + TNF-α; (d) +CTSAE only. These results revealing the TNF-α-dependent 

activation of NF-κB are consistent with the observed TNF-α-dependent upregulation 

of COX-2 expression. Furthermore, we found that pre-treatment of A549 cells with 

CTSAE inhibited the TNF-α-dependent activation of NF- κB. Other studies indicated 

that the blockage of NF-kB limits lung cancer angiogenesis and metastasis, as well 

as sensitize cancer cells to chemo and radiotherapies [301]. The results indicate that 

CTSAE inhibits the TNF- α -dependent upregulation of expression of COX-2 at the 

protein level and upregulation of expression of COX-2, IL-1, IL-6 and IL-8 at the 

mRNA level. We also found that pre-treatment of A549 cells with CTSAE inhibited 

the TNF- α -dependent activation of COX-2 in both RNA level and protein expression. 

Huachansu has shown to supress the activation of NF-κB and expression of COX-2 

in TNF- α induced A549 cells. Therefore, treatment of A549 cells with CTSAE may 

suppress TNF- α -induced activation of NF-κB and expression of COX-2 by a 

different mechanism from Huachansu. These results suggest CTSAE is a potential 

new therapeutic agent for both the treatment of lung cancer-associated inflammation 

and for adjuvant therapy in lung cancer treatment. 

 

This PhD project has revealed many aspects of CTSAE in term of its characteristic, 

mechanisms on tumour cells and its potential for future investigation. Although 

previously researchers have proposed the pharmaceutical potential of cane toad, our 

project is the first one to elucidate the anti-cancer effect of cane toad skin extracts 

while reveals the mechanisms which is underlining. On the one hand, the over-

spreading numbers of cane toad is one of the most sever environmental problems in 



162 

 

Australia. On the other hand, the environmental pollution in China has caused the 

shortage of toads for medical use. Therefore, the study may develop a new drug that 

will be beneficial to both environmental and medical field.  

 

Our project solely focuses on the A549 cells, which it is a non-small cell lung cancer 

line. As different tumour cells may react differently to treatments, other tumour cell 

lines such as other types of lung cancer cells, prostate cancer cells, and breast 

cancer cells should be utilised and observed for its differences in respond to the 

CTSAE. Due to limited time constrain and a border security issue, Huachansu was 

not used as a control in this PhD study. This limitation hindered the thorough 

understanding of the similarities and variables between CTASE and Huachansu in 

Australia. Further studies should also emphasize on the isolation of the single 

compound from CTSAE, which including the screening of bioactive compounds and 

the designing of quality control for the extraction procedure.  

 

Some suggested future investigations include: 

1. To reveal the interactions of the anti-cancer mechanisms of CTSAE such as 

cell cycle arrest, the induction of apoptosis and the inhibition of NF-κB 

pathway in A549. 

2. To perform in vivo assay for elucidate the mechanisms and safety of toad 

medicines in clinical setting.  

3. To carry out proper clinical studies to examine the effect and tolerance level in 

patients. 
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