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Introduction

Cancer is a condition that remains a major threat to 
humans, being the 2nd leading cause of death worldwide. 
Cancer is described as a condition whereby cells 
undergo uncontrolled growth, defeating the natural cellar 
mechanisms of cell division (Jeyamogan et al., 2019; 
Mitra et al., 2015; Soopramanien et al., 2019; Sudhakar, 
2009). Despite various treatment options available, such 
as radiotherapy, surgery, and chemotherapy, cancer 
remains a threat with the increasing number of incidence 
and deaths. For example, in 2018 alone, 18.1 and 9.6 
million cases accounted for reported cancer incidence 
and deaths respectively (Bray et al., 2018). The morbidity 
and mortality have remained high despite our advances 
in chemotherapeutic treatments and supportive care. 
Furthermore, the increasing resistance of cancer cells to 
currently available anticancer agents and side effects due 
to these treatment options are additional concerns. Hence 
there is a clear need to ameliorate the current available 
treatments or to introduce new treatment options or 
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anticancer agents to target this condition (Zugazagoitia 
et al., 2016). In particular, the problem of drug resistance 
continues to be a key factor in the recurrence of cancer 
in patients (Vasan et al., 2019). For instance, regardless 
of various drug combinations and regimens, patients 
with advanced breast cancer, similarly to other solid 
tumours, inescapably acquire resistance to the treatment 
(Moiseenko et al., 2017). Moreover, in many occurrences, 
tumours such as renal cancer, malignant melanoma 
and hepatocellular carcinoma often display inherent 
resistance to therapy, even without previous exposure to 
the anticancer agents (Nikolaou et al., 2018). Moreover, 
as cancer is a multifaceted and complex systemic disease, 
the need for novel chemotherapeutic agents that can block 
or target several steps of cancer cell characteristics, or 
modulate immune cells, and are less toxic to healthy 
tissues are required. Accordingly, there is a necessity to 
source anticancer agents from novel sources to discover 
potential anti-tumour molecules. 

Previous research has focused on plants as a source of 
anticancer agents. However, it is noteworthy that several 
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animal species are well known to withstand high levels of 
radiation, reside in unsanitary environments, feed on rotten 
meat or germ infested environments, and are exposed to 
heavy metals but rarely been reported to develop cancer. 
They have been inhabiting the planet over millions of 
years and commonly used in folk medicine. These species 
must have developed mechanisms to defend themselves 
against cancer development. For example, the scorpion 
has been used as folk medicine in ancient civilizations 
of Iran and China, while amphibian skin is known to 
possess medicinal properties. These findings suggest 
that animals are also a useful source of novel agents. To 
this end, previous studies have shown potent anticancer 
activity from bioactive molecules isolated from animals 
such as crocodiles that live in polluted environments. This 
hypothesis was supported by our recent work where it was 
observed that serum and heart lysates from crocodiles 
(Crocodylus palustris), have potent anti-tumour effects 
against prostate cancer cells, whereby 71% cell death was 
observed (Siddiqui et al., 2017). Following this, it was 
revealed that there are potentially 80 molecules detected 
from the crocodile. Furthermore, more than 100 potential 
anticancer peptides were elucidated from crocodile sera 
(Jeyamogan et al., 2020). In addition, the water monitor 
lizard was tested for its potential anticancer effects and 
57 molecules were detected (Jeyamogan et al., 2019). 

Herein, we investigated the anticancer potential of 
two animals that have been widely utilised in the past 
for their medicinal properties, namely; vinegeroon 
scorpion (Uropygi) and American bullfrog (Lithobates 
catesbeianus). Firstly, the scorpion has been used as 
folk medicine in ancient civilizations of Iran and China 
(Liu and Ji, 2014; Mikaelian et al., 2020). Secondly, 
previous studies have depicted that amphibian skin 
possess molecules of medicinal value (Mikaelian et 
al., 2020). However, to our knowledge, the lysates of 
these remarkable species have not yet been explored. 
Therefore, we assessed the anticancer potential of 
various organ lysates of the selected animals; Uropygi 
and L. catesbeianus against the following cancer cells; 
Michigan Cancer Foundation-7 breast cancer (MCF-7), 
Henrietta Lacks cervical cancer (HeLa), prostate cancer 
(PC3) and also normal aneuploid immortal keratinocyte 
cell (HaCaT) using growth inhibition assay by measuring 
cellular growths and cytotoxicity assays by measuring 
lactate dehydrogenase release. 

Material and Methods 

The present study involved organ and sera collection 
from scorpion and frog and data obtained from subsequent 
experiments conducted, are hypothesis-confirming 
experiments and should be interpreted as such, being in 
the exploratory phase of research.

 
Ethics committee consent and use of scorpion

The use of scorpion and frog obtained for this study was 
granted by Sunway Research Ethics Committee (Research 
Ethics Approval Code: PGSUNREC 2019/023). Handling 
of the animals, species identification, anaesthesia, and 
dissection of the internal organs were all performed by 

qualified zoologist (K Sagathevan) who routinely performs 
these procedures. 

Dissection
Uropygi (Vinegaroon Scorpion) and Lithobates 

catesbeianus (American bullfrog) were procured from 
the wild and the species were identified by an expert 
zoologist. For the dissection of the invertebrate, Uropygi 
was deactivated by incubating on ice for 5 minutes, 
to immobilize. The dissections were conducted using 
pre-autoclaved sterile tools as described previously and 
various organs were collected (Figure 1) (Jeyamogan et al., 
2019; Siddiqui et al., 2017). The exoskeleton, appendages 
and hepatopancreas were obtained from the scorpion, 
whereas lungs, liver, oviduct, heart, gastrointestinal tract, 
kidneys, gall bladder, eggs and sera, were obtained from 
the bullfrog. All organs and sera were stored at -80oC until 
required for further use. 

Lysate preparation
Subsequent to removal, the organs were homogenized 

using a mortar, pestle and distilled water as a solvent, 
10µl/ml of protease inhibitors and Ethylene diamine 
tetra acetic acid (EDTA) were added to the lysate, 10 
freeze-thawing cycles were performed and samples were 
sonicated using a Cole-Parmer cup-horn sonicator on ice. 
Next, the lysates were centrifuged at 14,000 x g for 80 
minutes and the supernatants were collected, sterilized 
by filtration using a 0.22 μm filter and stored at -80oC for 
further testing. The protein concentration of all samples 
was elucidated using the Bradford assay (Jeyamogan et 
al., 2019; Siddiqui et., 2017).

Cell culture conditions
The prepared lysates were assessed for growth 

inhibitory and/or cytotoxic effects against cancer cell 
lines procured from the American Type of Culture 
Collection (ATCC). Cell lines utilized in this study 
include; breast adenocarcinoma cells (MCF-7) (ATCC® 
HTB-22™), Henrietta Lack’s cervical adenocarcinoma 
cells (HeLa) (ATCC® CCL2™) and Prostate Cancer 
Cells (PC3) (ATCC® CRL-1435™) and a normal cell 
line; Human Keratinized Skin Cells (HaCaT) (ATCC® 
PCS-200-011™). Cell lines were grown and cultured 
in Roswell Park Memorial Institute (RPMI-1640) 
supplemented with 10% foetal bovine serum (FBS), 1% 
L-glutamine, 1% penicillin streptomycin antibiotic and 
1% Minimum Essential Media (MEM), non essential 
amino acid at 37oC, with a supply of 5% carbon dioxide 
and 95% humidity as previously described (Jeyamogan 
et al., 2019; Siddiqui et., 2017). 

Growth inhibition assays
Growth inhibition assays were accomplished to 

elucidate the growth inhibitory effect of organ lysates 
and sera on HeLa, MCF-7, PC3, and HaCaT cells, as 
previously detailed (Jeyamogan et al., 2019; Soopramanien 
et al., 2019). Cells were grown at 37oC in a 5% CO2 with 
95% humidity, until a monolayer of up to 50% confluency 
was formed. Some cells were then trypsinized and cell 
count was determined using a haemocytometer for 50% 
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consisted of cells treated with the detergent: triton x-100.

Results

Organ lysates of L. catesbeianus (American bullfrog) 
exhibited growth inhibitory effect 

Lungs, liver, oviduct, gastrointestinal tract, heart, 
kidneys, eggs lysates, and sera exhibited significant growth 
inhibitory effect with P value 0.023, 0.022, 0.024, 0.024, 
0.022, 0.022 and 0.020 respectively  against HeLa cells, by 
inhibiting growth at 100%, and the cell counts following 
treatment were lower than the initial cell count at 0 hour 
(Figure 2A). This is also supported by representative 
microscopic images, which depict that treated cells were 
less confluent as compared to the negative control (Figure 
2B). Similar results were observed when the lysates and 
serum from bullfrog were tested against MCF-7 cells. To 
this end, organ lysates and serum exhibited 100% growth 
inhibitory effects against all cell lines (Figure 2A) and the 
results were further supported by the microscopic images 
(Figure 2B). Moreover, the lysates and serum exhibited 
100% growth inhibitory effects against PC3 cells, as 
depicted by the cell count post treatment being lower than 
the initial cell count at 50% confluency (Figure 2A) and 
these results were corroborated by microscopic images   
(Figure 2B).  Lysates and serum from the American 
bullfrog also affected the growth of the normal HaCaT 
cells by significantly inhibiting  more than  90% of cell 
growth, with P value 0.0011, 0.016, 0.0012, 0.0051, 
0.0044, 0.0051, 0.0015 and 0.00014 respectively (Figure 
2).

Several lysates from Uropygi (Vinegaroon Scorpion) 
exhibited growth inhibitory effect against cancer and 
normal cells

The upper body, hepatopancreas, exoskeleton and 
appendages lysates from scorpion exhibited growth 
inhibitory effects against HeLa cancer cells by 56.2, 100, 

confluency. The cells were treated with the lysates and 
sera from the procured animals and Bovine serum albumin 
(BSA) was employed as the negative control. In addition, 
untreated cells were also utilized as a negative control. The 
cells were incubated in similar conditions: 37oC in a 5% 
CO2 with 95% humidity, until the untreated cells became 
100% confluent. The treated and untreated cells were then 
trypsinized with 2.5% trypsin for 15 min and subjected 
to trypan blue exclusion assay using a haemocytometer 
to determine cell viability (Jeyamogan et al., 2019; 
Soopramanien et al., 2019). The growth inhibition effects 
were established by comparing the number of viable cells 
of the untreated cells (control) and treated cells.

Cytotoxicity assays
To assess the cytotoxic effects of the organ lysate and 

sera against cell lines, lactate dehydrogenase (LDH) assay 
was conducted as described previously (Jeyamogan et al., 
2019; Siddiqui et al., 2017; Soopramanien et al., 2019). 
For this, confluent monolayers of cancer and normal cells 
were grown in 96-well plates for 24 h at 37oC in a 5% CO2 
with 95% humidity. The cells were then treated with the 
organ lysates and serum from the procured animals and 
Bovine serum albumin (BSA), was used as the  negative 
control.cells were incubated for 24 h at 37oC in a 5% CO2 
with 95% humidity. Following the incubation, the positive 
control was prepared by treating control cells with 0.2% 
Triton X-100 for 30 min at 37°C, to induce 100% cell 
death by rupturing the cells. The supernatant from wells 
containing treated and untreated cells were collected and 
subjected to LDH assay using Roche LDH kit reagents. 
The percentage of cytotoxicity was calculated as follows:

% cy to tox ic i ty  =  ( (Absorbancesample  – 
Absorbancenegative control)/ (Absorbancepositive 
control – Absorbancenegative control)) X 100. 

The negative control consisted of cells treated with 
RPMI-1640 media only, while the positive control 

Figure 1. The Dissection Procedures Conducted for the Animals Used. A: Uropygi (Vinegaroon Scorpion) and B: 
Lithobates catesbeianus (American bullfrog).
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82.1 and 41 % respectively, with P values 0.155, 0.056, 
0.095 and 0.45 (Figure 3). The lysates from scorpion also 
inhibited the growth of MCF-7 cells by 73.4, 100, 92.6 and 
65.5 % respectively with P values 0.061, 0.0023, 0.11 and 
0.069 (Figure 3). The lysates inhibited the growth of PC3 

by 43.3, 100, 100 and 83.1 % respectively, with P values 
0.79, 0.025, 0.013 and 0.075 (Figure 3). However, the 
lysates also significantly inhibited the growth of normal 
HaCaT cells by 78.4, 100, 100 and 64.7% respectively, 
with P values 0.016, 0.031, 0.023 and 0.036 (Figure 

Figure 2. 100μg/mL of Various Organ Lysates and 10% Serum of the American Bullfrog were Tested for Inhibition 
of Growth on HeLa, MCF-7, PC3 and HaCaT Cells. HeLa cells were grown to 50% confluency on 96-well plates 
(Negative Control – 0 hours) before being incubated with lysates and sera for 24 h after which viability was determined 
by staining with Trypan blue. The results show significant growth inhibition when compared to the control (*P < 0.05 
using two sample t test and two-tailed distribution). The controls, BSA and FBS) did not affect cell proliferation. The 
results are representative of several experiments performed in duplicate and presented as the mean ± standard error.

Figure 3. 100μg/mL of Various Organ of the Vinegaroon Scorpion were Tested for Inhibition of Growth on HeLa, 
MCF-7, PC3 and HaCaT Cells. In brief, cells were grown to 50% confluency (Negative Control – 0 hours) before 
being incubated for 24 h (100% confluency) after which viability was determined by staining with Trypan blue. 
Hepatopancreas lysates show significant growth inhibition when compared to the control (*P < 0.05 using two sample 
t test and two-tailed distribution). The control, BSA (albumin, bovine serum) did not affect cell proliferation. The 
results are representative of several experiments performed in duplicate and presented as the mean ± standard error.  
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3). The results were corroborated by representative 
microscopic images as the cells treated with the effective 
lysates were not as confluent as the untreated cells .

Several lysates from L. catesbeianus (American 
bullfrog) exhibited cytotoxic effect against cancer and 

normal cells.
Liver, Heart, and gastrointestinal tract lysates from 

American bullfrog exhibited 38.5, 44.4, and 71.6% 
cytotoxicity towards HeLa cells, with P values 0.20, 
0.19 and 0.12 respectively, while the remaining lysates; 

Figure 4. 100μg/mL of Various Organ Lysates of the American Bullfrog were Tested for Cytotoxic Effects on HeLa, 
MCF-7, PC3 and HaCaT Cells, Using Cytotoxicity Assays by Measuring the Release of Lactate Dehydrogenase. GI 
Tract lysates show potent cytotoxicity. Liver, Heart, Oviduct and Kidney lysates show partial cytotoxicity. Egg and 
Lung lysates do not show cytotoxicity. The control, BSA (albumin, bovine serum) did not affect cell viability, while 
Triton-x 100 killed 100% cells. The results are representative of several experiments performed in duplicate and 
presented as the mean ± standard error.   

Figure 5. 100μg/mL of Various Organ Lysates of the Vinegaroon Scorpion were Tested for Cytotoxic Effects on HeLa, 
MCF-7, PC3 and HaCaT Cells, Using Cytotoxicity Assays by Measuring the Release of Lactate Dehydrogenase. 
Cytotoxicity was exhibited by Exoskeleton, Appendages and Hepatopancreas lysates of which the later showed 
significant cytotoxicity. The control, BSA (albumin, bovine serum) did not affect cell viability, while Triton-X 100 
killed 100% cells. The results are representative of several experiments performed in duplicate and presented as the 
mean ± standard error.  
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lungs, oviduct, kidneys and eggs exhibited limited to no 
cytotoxic effects against HeLa cells (Figure 4). Lysates 
prepared from heart, gastrointestinal tract and oviduct 
from American bullfrog exhibited 36.5, 49.1 and 43.0 
% cytotoxic effect against MCF-7 cells with P values 
0.19, 0.018 and 0.020 respectively, while the remaining 
lysates; liver, lungs, kidney and eggs exhibited limited to 
no cytotoxic effects on MCF-7 cells (Figure 4). However, 
only heart and gastrointestinal tract lysates from American 
bullfrog exhibited 71.1 and 50.4% cytotoxic effect 
against PC3 cells with P values 0.086 and 0.18, while 
the remaining; liver, lungs, oviduct, kidney, and eggs 
lysates did not exhibit notable cytotoxicity towards PC3 
cells (Figure 4). Therefore, only heart and gastrointestinal 
tract lysates prepared from American bullfrog exhibited 
more than 30% cytotoxic effect against all the  cancer 
cell lines; HeLa, MCF-7 and PC3 used, while liver and 
oviduct lysates were cytotoxic toward single cancer cell 
lines; HeLa and MCF-7 cells respectively. However, only 
gastrointestinal tract and kidneys lysates were cytotoxic 
against HaCaT cells by 62.6 and 33.8% with P values 
0.088 and 0.012 respectively while liver, lungs, heart, 
oviduct, and eggs lysate exhibited limited cytotoxicity 
against HaCaT cells (Figure 4). Thus, gastrointestinal tract 
lysate was cytotoxic to both normal and cancerous cells, 
while heart lysate was cytotoxic to cancer cells, leaving 
normal cells unaffected. 

Several lysates from Uropygi (Vinegaroon Scorpion) 
exhibited cytotoxic effect against cancer and normal cells

Hepatopancreas and appendages lysate from scorpion 
exhibited 98.3 and 53.5% cytotoxic effect against HeLa 
cells (P value 0.043 and 0.081), while exoskeleton lysate 
exhibited limited cytotoxicity of 28.1% against HeLa 
cells (P value 0.24) (Figure 5). While the lysates from 
scorpion exhibited cytotoxicity towards HeLa cells, 
Hepatopancreas, exoskeleton and appendages lysates 
exhibited 28.2, 11.4 and 30.5 % cytotoxicity with P value 
0.048, 0.23 and 0.089 respectively against MCF-7 cells 
which indicate for limited cytotoxic effect (Figure 5). 
Thus, none of the lysates were cytotoxic to MCF-7 cells. 
However, hepatopancreas and appendages lysates from 
scorpion exhibited 68.4 and 41.8% cytotoxicity against 
PC3 cells with P value 0.049 and 0.082 respectively, while 
exoskeleton lysate did not exhibit any cytotoxic effect 
against PC3 cells (Figure 5). Only hepatopancreas lysate 
from scorpion exhibited 60.2% significant cytotoxicity 
towards against HaCaT cells (P value 0.0045), while 
both exoskeleton and appendages lysates from scorpion 
only exhibited no cytotoxic effect against the normal 
HaCaT cells (Figure 5). Therefore, the cytotoxicity results 
indicated that hepatopancreas lysates were cytotoxic to 
both normal and cancer cells except for MCF-7 cells, 
while appendages lysates exhibited cytotoxicity towards 
HeLa and PC3 cancer cells. 

Discussion  

To date, there have been no studies conducted to 
elucidate the anticancer activity of frog and scorpion 
lysates and sera. Nonetheless, several studies have been 

accomplished in our laboratory addressing our hypothesis 
that: “animals living in polluted environments may have 
anticancer activities” (Jeyamogan et al., 2019; Jeyamogan 
et al., 2020, Siddiqui et al., 2017; Soopramanien et al., 
2019). These studies have shown that animals such as 
crocodiles reveal potent anti-cancer effects. In this study, 
we determined potential anticancer activity of organs 
from two animals: a vertebrate American bullfrog: 
L. catesbeianus and an invertebrate scorpion: Uropygi. 
Those animals were selected to test for potential anticancer 
activity of their organ lysates as they are known to thrive 
in environments infested with pathogenic microorganisms 
and pollutants which are considered as common cancer 
risk factors in humans and they are also known to feed 
on insects and bacteria-infested decaying matter. But still, 
those animals are able to thrive in those environments 
(Jeyamogan et al., 2017), suggesting the presence of 
molecules/mechanisms to counter carcinogenic materials. 

Our results revealed that lysates; liver, lungs, heart, 
gastrointestinal tract, oviduct, kidneys and eggs and 
serum from the bullfrog L. catesbeianus, exhibited growth 
inhibitory effects against all cell lines tested. However, 
the heart lysate exhibited cytotoxic effects against cancer 
cells, leaving the normal HaCaT cells unaffected. Besides 
the gastrointestinal and heart lysates, liver and oviduct 
lysates exhibited cytotoxic effects towards HeLa and 
MCF-7 cells respectively. Our findings support earlier 
studies on the skin of frogs which showed that extracts 
from frog skin possess medicinal activities. In 2012, van 
Zoggel et al., found two antimicrobial α-helical cationic 
peptides (dermaseptins B2 and B3) in the skin secretions 
of the South American tree frog, Phyllomedusa bicolor 
which inhibited the proliferation of human cancer cells by 
inhibiting cell colony formation in soft agar (van Zoggel et 
al., 2012). Furthermore, Bufalin (BF), a molecule isolated 
from the venom of Chinese toad: Bufo gargarizans (Asiatic 
toad) is known to exhibit properties against cancer cell 
lines without significantly affecting normal cells (lan et 
al., 2019; Takai et al., 2012; Yin et al., 2012). Thus, it was 
speculated that lysates from the American bullfrog in this 
study may potentially exhibit similar mechanism of action, 
however, this needs to be established in future studies.

In addition, our results revealed that the hepatopancreas 
and exoskeleton lysates of the scorpion exhibited more 
that 60% growth inhibitory effect towards cancer and 
normal cells. While the upper body lysate exhibited 
more than 60% growth inhibitory effect against HeLa, 
MCF-7 and HaCaT cells, without having notable growth 
inhibitory effects against PC3 cells, the lysates from 
appendages inhibited the growth of MCF-7, PC3 and 
HaCaT cells without notably affecting the growth of 
HeLa cells.  However, the cytotoxicity results indicated 
that hepatopancreas lysates were cytotoxic to both normal 
and cancer cells except for MCF-7 cells, while appendages 
lysates only exhibited cytotoxicity towards HeLa and PC3 
cancer cells. Of note, the exoskeleton and appendages 
lysate from the scorpion were not toxic to human cells. 
Lysates that were toxic to human cells could be employed 
using targeted cancer therapy, whereas the lysates that 
were not toxic to human cells, need to be investigated 
further, and this is very encouraging, as most cancer drugs 
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tend to have severe side effects and toxicity.
To our knowledge, for the first time, the antitumor 

potential of organ lysates and sera from both the bullfrog 
and the scorpion were assessed. It was observed that the 
serum and gastrointestinal tract of the bullfrog exhibited 
effects against cancer cell lines, but it is unclear whether 
the anticancer potential resulted from the lysate and 
sera or from the microbiota of the animals tested in this 
study. Since the gastrointestinal tract was processed as a 
whole in this study, it is possible that the gut microbiota 
might be responsible for the anticancer potential of the 
former. Therefore, further studies should be conducted 
to assess whether the anticancer potential is mainly due 
to the gastrointestinal lysate or the secretions from the 
gut microbiota. Since the gut microbiota is known to be 
beneficial to its host (Heyde and Ruder, 2015; Louis et al., 
2014; Kang et al., 2017; Kelly et al., 2017; Zhou et al., 
2017). Moreover, studies have shown that the metabolites 
synthesized by the gut microbiota are transported to 
the brain through the blood (Belkaid and Hand, 2014; 
Clos-Garcia et al., 2019). Thus, hinting that those active 
molecules in the serum of the frog might be synthesized 
by the gut microbiota. Hence, the gut microbiota of these 
animals should be assessed for their anticancer potential.   

In order to identify the molecules with potential 
anticancer activity present in the crude lysates of the 
scorpion and bullfrog, liquid chromatography-mass 
spectrometry (LC-MS) will be conducted to identify 
the molecules present in the lysates. Moreover, the 
identified molecules need to be tested individually and 
in combination, for potential anti-cancer activity as 
described in this study. Since the crude lysates expressed 
anticancer properties, isolation, and identification of the 
molecules present in those crude lysates might lead to the 
discovery of novel molecules with anticancer potentials as 
an alternative chemotherapeutic agent, to treat the rising 
number of cancer patients. 

In summary, these findings suggest that the scorpion 
and the frog may produce anticancer molecules that are 
effective against various cancer cells and it is anticipated 
that various potentially innovative anticancer molecules 
will be identified in future studies. The lysates tested 
showed potent anticancer effects albeit some lysates 
displayed cytotoxic effects against normal human cells. 
The molecular identity of active molecules coupled with 
their mechanism of action will need to be elucidated in 
future studies. Nonetheless, intensive research in the 
coming years is required to determine the translational 
value of these findings 

Acknowledgments

Declarations
Ethics approval: The use of scorpion and frog obtained 

for this study was granted by Sunway Research Ethics 
Committee (Research Ethics Approval Code: PGSUNREC 
2019/023). 

Funding
This work is funded by the American University of 

Sharjah, UAE. 

Competing interests
The authors declare that they have no competing 

interests.

Authors’ contributions
RS, NAK conceived the study. MS and SAOA 

carried out all experiments under the supervision of RS. 
KS procured animals used in the study and performed 
dissections. MS and NAK wrote the first draft of the 
manuscript. RS and NAK finalized the manuscript. All 
authors read and approved the final manuscript.

References 

Belkaid Y, Hand TW (2014). Role of the microbiota in immunity 
and inflammation. Cell, 157, 121-41. 

Bray F, Ferlay J, Soerjomataram I, et al (2018). Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA, 
68, 394-424. 

Chen X, Zhang L, Ma C, et al (2018). A novel antimicrobial 
peptide, Ranatuerin-2PLx, showing therapeutic potential 
in inhibiting proliferation of cancer cells. Biosci Trends, 38. 

Clos-Garcia M, Andrés-Marin N, Fernández-Eulate G, et al 
(2019). Gut microbiome and serum metabolome analyses 
identify molecular biomarkers and altered glutamate 
metabolism in fibromyalgia. EBio Med, 46, 499-511. 

Heyde KC, Ruder WC (2015). Exploring host-microbiome 
interactions using an in silico model of biomimetic robots 
and engineered living cells. Sci Rep, 5, 11988. 

Jeyamogan S, Khan NA, Siddiqu, R (2017). Animals living in 
polluted environments are a potential source of anti-tumor 
molecule (s). Cancer Chemoth Pharm, 80, 919-24. 

Jeyamogan S, Khan NA, Sagathevan K, Siddiqui R (2019). 
Sera/organ lysates of selected animals living in polluted 
environments exhibit cytotoxicity against cancer cell lines. 
Anti-Cancer Agent Me, 19.

Jeyamogan S, Khan NA, Sagathevan K, Siddiqui R (2020). 
Crocodylus porosus: A potential source of anticancer 
molecules. BMJ, (In press).

Kang C, Wang B, Kaliannan K, et al (2017). Gut microbiota 
mediates the protective effects of dietary capsaicin against 
chronic low-grade inflammation and associated obesity 
induced by high-fat diet. MBio, 8, e00470-17. 

Kelly JR, Minuto C, Cryan JF, Clarke G, Dinan TG (2017). Cross 
talk: the microbiota and neurodevelopmental disorders. 
Front Neurosci, 2017.

Lan YL, Lou JC, Jiang XW, et al (2019). A research update on 
the anticancer effects of bufalin and its derivatives. Oncol 
Lett, 17, 3635-40. 

Li W, Li Y, Zhao Y, Yuan J, Mao W (2014). Inhibition effects of 
scorpion venom extracts (Buthus matensii Karsch) on the 
growth of human breast cancer MCF-7 cells. Afr J Tradit 
Complem, 11, 105-10.

Liu ZR, Ji YH (2014). Scorpion venom research around the 
world: Chinese Scorpion Mesobuthus martensii Karsch. 
Scorpion Venoms, 10, 383–410.

Louis P, Hold GL, Flint HJ (2014). The gut microbiota, bacterial 
metabolites and colorectal cancer. Nat Rev Microbiol, 12, 
661-72. 

Lu CX, Nan KJ, Lei Y (2008). Agents from amphibians with 
anticancer properties. Anti-Cancer Drugs, 19, 931-9. 

Márquez CAP, Azevedo RB, Joanitti GA, et al (2015). Cytotoxic 
activity and antiproliferative effects of crude skin secretion 
from Physalaemus nattereri (Anura: Leptodactylidae) on in 
vitro melanoma cells. Toxins, 7, 3989-4005. 



Morhanavallee Soopramanien et al

Asian Pacific Journal of Cancer Prevention, Vol 213018

Mikaelian AG, Traboulay E, Zhang XM, et al (2020). Pleiotropic 
anticancer properties of scorpion venom peptides: 
Rhopalurus princeps venom as an anticancer agent. Drug 
Des Devel Ther, 14, 881.

Mitra AK, Agrahari V, Mandal A, et al (2015). Novel delivery 
approaches for cancer therapeutics. J Controlled Release, 
219, 248-68. 

Moiseenko F, Volkov N, Bogdanov A, Dubina M, Moiseyenko 
V (2017). Resistance mechanisms to drug therapy in breast 
cancer and other solid tumors: An opinion. F1000 Res, 6. 

Nakata M, Mori S, Kamoshida Y, et al (2015).  Toad skin extract 
cinobufatini inhibits migration of human breast carcinoma 
MDA-MB-231 cells into a model stromal tissue. Biosci 
Trends, 9, 266-9. 

Nikolaou M, Pavlopoulou A, Georgakilas AG, Kyrodimos E 
(2018). The challenge of drug resistance in cancer treatment: 
a current overview. Clin Exp Metastas, 35, 309-18. 

Ortiz E, Gurrola GB, Schwartz EF, Possani LD (2015). Scorpion 
venom components as potential candidates for drug 
development. Toxicon, 93, 125-35.

Siddiqui R, Jeyamogan S, Ali SM, et al (2017). Crocodiles 
and alligators: antiamoebic and antitumor compounds of 
crocodiles. Exp Parasitol, 183, 194-200.

Soopramanien M, Mungroo MR, Sagathevan KA, Khan NA 
and Siddiqui R (2019). Invertebrates living in polluted 
environments are potential source of novel anticancer agents. 
Marmara, 23. 

Sudhakar A (2009). History of cancer, ancient and modern 
treatment methods. J Cancer Sci Ther, 1, 1-4. 

Takai N, Kira N, Ishii T, et al (2012). Bufalin, a traditional 
oriental medicine, induces apoptosis in human cancer cells. 
Asian Pac J Cancer Prev, 13, 399-402. 

van Zoggel H, Carpentier G, Dos S, et al (2012). Antitumor 
and angiostatic activities of the antimicrobial peptide 
dermaseptin B2. PLoS One, 7. 

Vasan N, Baselga J, Hyman DM (2019). A view on drug 
resistance in cancer. Nature, 575, 299-309. 

Yin PH, Liu X, Qiu YY, et al (2012). Anti-tumor activity and 
apoptosis-regulation mechanisms of bufalin in various 
cancers: new hope for cancer patients. Asian Pac J Cancer 
Prev, 13, 5339-43.

Zhou G, He J, Shen Y, et al (2017). New frontiers in genetics, 
gut microbiota, and immunity: a rosetta stone for the 
pathogenesis of inflammatory bowel disease. Biomed Res 
Int, 2017. 

Zugazagoitia J, Guedes C, Ponce S, et al (2016). Current 
challenges in cancer treatment. Clin Ther, 38, 1551-66.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


