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Abstract

Oral squamous cell carcinoma (OSCC) stands as a prevalent malignancy, accounting for a significant
burden worldwide, particularly in developing nations. Current treatment modalities, while diverse, often
exhibit non-specific cell death and present adverse effects, underscoring the need for alternative, more
targeted therapies. Amid this quest, natural bioactive substances have emerged as promising
candidates, with snake venom attracting attention for their diverse compounds and potential therapeutic
effects. This review explores the intricate landscape of snake venom and their applications in OSCC
treatment. Snake venoms, intricate mixtures comprising proteins, peptides, and bioactive elements,
exhibit varied toxic actions and composition across different snake families. While early studies on crude
shake venoms showed limited promises in tumor inhibition, subsequent investigations pinpointed
specific compounds with targeted effects. Studies focusing on venom-derived compounds have
elucidated their potential mechanisms of action against OSCC. Compounds like Cardiotoxin 11l (CTXIII)
and Crotoxin have shown promising anti-proliferative, pro-apoptotic, and anti-migratory effects in OSCC
cell lines. Mechanistic insights reveal their ability to modulate signaling pathways associated with
angiogenesis inhibition, apoptosis induction, and cell cycle arrest, offering potential avenues for
targeted OSCC therapy. Additionally, commercially available snake toxin-based products showcase the
therapeutic potential of these compounds across various medical contexts, presenting a promising
frontier for further exploration in OSCC treatment. This comprehensive review underscores the potential
of snake venom-derived compounds as adjunct therapies for OSCC, emphasizing the need for
continued research and development in harnessing these natural bioactive substances. The journey
from crude venom applications to compounds targeting specific pathways marks a promising trajectory,
presenting a compelling avenue for the future of OSCC treatment strategies.

Keywords: Snake Venom, OSCC, Cardiotoxin Ill, Malignancy, Bioactive Elements.

INTRODUCTION

Oral cancer is a malignant condition that primarily affects the lip or oral cavity. 90% of
oral cancer is called OSCC (oral squamous cell carcinoma) as the histological origin
is squamous cells (1). It is the most prevalent malignancies in the world with a high
specificity in developing countries (2). Clinically the first changes seen are oral
potentially malignant disorders commonly leukoplakia and erythroplakia.
Microscopically the changes seen are non-aberrant keratinocytes followed by
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hyperplasia of epithelial cells, different degree of dysplasia, leading to a carcinoma in
situ and finally converted into an invasive carcinoma (3). The most common potential
risk factors include tobacco, smoking, and alcohol. Currently there are many treatment
modalities for effective treatment such as chemoradiotherapy, surgery, EGFR
inhibitors and COX-2 inhibitors, and photodynamic therapy. However, the major
drawback seen with all modalities is non-specific cell death (4). It has been seen that
a few natural products targeting different pathways and signaling molecules may
promote oral cancer treatment (5). In this article, snake venom used for OSCC therapy
has been discussed. Conventional treatment modalities for oral cancer led to several
adverse effects sometimes fatality (4). Thus, in recent times there has been a turn
towards natural bioactive substitutes as an alternative for the conventional modalities
to as to reduce the adverse effects thereby giving rise to a safe option for treatment
(5). One group of compounds being intensively studied and reported in literature is
snake venoms. These derivates show a promise as an adjunct to traditional modalities
of treatment by reducing the harsh consequences and adverse effects. Therefore, this
present review highlights and discusses snake venoms and their mechanisms of
action in the treatment of OSCC.

Snake venoms is secreted by the venom gland of snakes and are complex mixtures
consisting of proteins, peptides, and bioactive substances (6). They cause a variety of
toxic actions such as neurotoxicity, cyto- toxicity, cardiotoxicity, myotoxicity along with
certain enzymatic activities (7). Venomous snakes are seen in many families including
colubris, elapid, viperid. The composition of venoms varies within the different families
(8). The composition of venoms of the common families has been summarized in
Table 1. (9)

Table 1. Composition of venoms from colubrid, elapid and viperid snakes

Colubrid Elapid (e.g. D. Viperid (e.g.
Composition (e.g. Boiga | angusticeps, N. nivea, B.jararaca, B.
dendrophilia) cobra, mamba) atrox, rattlesnake)

Non-enzymatic proteins/
peptides
3 finger toxins, a-neurotoxin + + +
CRISPs + + +
Bradykinin-potentiating
factor B B *
Disintegrins - - +
Myotoxins - - +
Enzymes
Proteases + + +
Phospholipase A2 + + +
Pre-synaptic phospholipase
A2 neurotoxins - i *

METHODOLOGY

The methodology for this comprehensive review on "Snake Venom's Bite Against Oral
Cancer: A Therapeutic Frontier" involves a systematic approach utilizing Pubmed and
Scopus databases. The search strategy will employ Boolean operators, incorporating
keywords and MeSH terms related to snake venom, oral cancer, therapeutic effects,
and treatment. Inclusion criteria encompass peer-reviewed English publications,
focusing on the therapeutic potential of snake venom against oral cancer, including
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research articles, clinical trials, reviews, and meta-analyses. Following an initial search
and subsequent filtering based on publication date and relevance, screening will occur
based on titles and abstracts, leading to the retrieval of potentially relevant full-text
articles. Selection of 25 articles meeting the criteria will involve a meticulous
assessment of the full texts, extracting pertinent data such as author information, study
design, venom species involved, mechanisms of action, clinical outcomes, and
limitations. The synthesized information will be analysed to highlight patterns, trends,
and the potential application of snake venom in oral cancer treatment, ultimately
resulting in a coherent narrative presenting the current state of research in this domain.

In 1930s, the effect of crude snake venom was first studied and while positive clinical
effects were seen in the laboratory in studies by Essex et al. (10) and Kurotchkin et al.
(11), no promising effects were seen in humans. Later studies showed no tumor
suppression results in humans but analgesic effects as seen in studies by Macht et al.
(12) On the hind-side a hotspot developed for the enzymatic studies of snake venoms.
To summarize, crude snake venom proved not very hopeful in the inhibition of tumor
cells, but pain relief was their main effect when used as a mixture in patients with
hopeless prognosis of tumors.

Later studies such as that by Liu et al. showed that poisonous substances have a
targeted anti-tumor effect on tumor cells and thus may use as treatment modalities for
cancer treatment (13).

Antitumor activities of Snake Venom

Growth of human tumor requires neovascularization for the essential oxygen and
nutrient supply. Anti-tumor activities thus are broadly classified into antiangiogenesis
and apoptosis induction which are facilitated by various snake venom compounds
summarized in table 2 (14).

Table 2: Compounds with antitumor activites isolated from snake venoms.

Mechanism Protein - Compound Snake species
Antiangiogenesis Leucurogin - disintegrin Bothrops leucurus
Contortrostatin - disintegrin Agkistrodon contortrix contortrix
Obtustatin - disintegrin Vipera lenetina obtusa
Adinbitor - disintegrin A.halys brevicadus stejneger
Salmosin - disintegrin A.halys brevicadus
Apoptosis induction | LAAO — LAAO A.halys
AHP-LAAO — LAAO A.halys pallas
LAAO - LAAO V.berus berus
Disintegrin - disintegrin Naja naja
VAP and VAP2 — MMP/ disintegrin | Crotalus atrox
Stejnitin - SVMP Trimeresurus stejnegeri

Isolation of snake venom from Naja naja atra (Formosan cobra) gives Cardiotoxin Ill
(CTXIN.(15) CTXII was found to play a role in the inhibition of proliferation of cells
and apoptotic induction in various cancer cells such as breast cancer (16), leukemia
(17), colorectal cancer(18), and oral cancer (19,20)

A study by Ching- Ming Chein et al. showed that CTXIII shoes significant apoptotic
induction in Ca9-22 cells by the endothelial growth factor mediated pathway.
Treatment of CTXIIl in Ca9-22 cells reduced the phosphorylation of endothelial growth
factor receptor, caused an inhibition of STAT 3 and STAT 5 activation in time
dependant manner. A down regulation of anti-apoptotic proteins such as Bcl2, Bcl-X
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and myeloid leukemia — 1 with an up regulation of Bax was seen. Due to treatment,
there was a mitochondrial membrane disruption thereby causing a release in of
mitochondrial cytochrome c followed by caspases 9 and 3. Thus this study showed
that CTXIII has potential as a therapeutic effect against Ca9-22 OSCC cells (19).

A study carried out by Ching- Ming Chein et al. resulted in indication that CTXIII inhibits
Src kinase causing apoptosis and S-phase arrest. CTXIII showed toxicity leading to
S-phase cell cycle arrest which was seen via cyclin A, cyclin B, and cyclin-dependent
kinase 1 (CDK1), and apoptosis expression decrease. Along with that there has been
shown Bcl-2, p-Bad, and X-linked inhibitor of apoptosis (XIAP) downregulation and an
upregulation of Bax and Bad. There is release of cytochrome C along with caspase-9
and caspase-3 in Ca9-22 cells activation sequentially. All together it results as arrest
of S-phase along with apoptosis in Ca9-22 cells due to an inactivation of Src, EGFR,
STATS3, STAT5, PI3 K(p110), and Akt signalling pathways (20).

A study by Yen et al. showed that there is a role of p38-MAPK and MMP-2/-9 pathways
in the inhibition effect of proliferation and migration by CTXIII treatment in human oral
cancer cells. An antimigration potential was exerted against Ca9-22 cells by CTXIIl in
a dose-response manner. This leads to activation of p-JNK and p-38 without any effect
on ERK signal. This cause MMP 2 and 9 downregulation. Thus, this results in Ca9-22
cell migration potential attenuation. (15)

A study by Rogério Gongalves da Rocha et al. showed the effects of crotoxin on oral
cancer cell lines and animal model chemically infected with oral cancer. Crotoxin is
isolated from the venom of South American Crotalus durissus terrificus. This treatment
significantly reduced the frequency of OSCC by 50%. (21)

In a study by Lin Chai et al. the mechanism of component | from agkistrodon acutus
venom (AAVC-I) was studied for apoptotic effects of OSCC. The component | (AAVC-
I) showed apoptosis of HN-4 cells in a concentration dependant manner. This was
followed by mitochondrial membrane depolarization and cellular apoptosis. (22)

DISCUSSION
Commercially available snake toxin based therapeutic modalities.

Extensive research has now produced many snakes’ toxin-based modalities that are
available for use. Most toxin-based drug products are isolate from snakes primarily
due to the numerous types and large amounts of venoms produced. (24,25) The
commercially available snake toxin-based products are summarized in table 3. There
is however still huge lacunae present in for studies of snake toxins specifically as
treatment modalities for oral cancer.

Table 3: Commercially available snake toxin based therapeutic molecules (23)
Clinical Use/ Cell

Molecules Species Mechanism of action .
lines used
Batroxobin (de Brazilian lancehead | Cleaves Ao-chain of Microvascular
fibrase) snake fibrinogen thrombosis
Batroxobin (plateltex- | Common Human

Act)

lancehead snake

Gelification of blood

mesenchymal stem
cells

Batroxobin — Fibrin
sealant (Vivostat)

Brazilian lancehead
snake

Cleaves Aa-chain of
fibrinogen

Autologous fibrin
sealant in surgery
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Cobratide (Ketonging,
cobrotoxin)

Chinese cobra

Blockage of nicotinic
receptors

Chronic arthralgia,
sciatica, neuropathic
headache

Captopril (Capoten)

Jararaca pit viper
shake

Angiotensin-converting
enzyme inhibitor

Hypertension,
cardiac failure

Enalapril (Vasotec)

Jararaca pit viper
shake

Angiotensin-converting
enzyme inhibitor

Hypertension,
cardiac failure

Eptifibatide (Integrillin)

Pigmy rattlesnake

Prevents binding of
fibrinogen, von
Willebrand factor,
other adhesive ligands

Acute coronary
syndrome,
percutanerous
coronary intervention

to GPIIb/llla
Antagonist of
fibrinogen binding to
GPllb/llla

Saw scaled viper
snake

Acute coronary

Tirofiban (Aggrastat) syndrome

In exploring the therapeutic potential of snake venom against oral cancer, envision a
transformative landscape where global scientific collaboration unfolds within the
metaverse. Within this virtual laboratory, scientists transcend geographical
boundaries, sharing discoveries, simulating scenarios, and ideating on the utilization
of specific venom compounds for combating oral cancer. This digital realm fosters real-
time, borderless cooperation, expediting the pace of research and discovery.
Concurrently, the implementation of blockchain technology emerges as a guardian of
data integrity in this scientific pursuit. Blockchain ensures the secure management and
verification of extensive venom research data, including compound specifics, clinical
trial information, and treatment outcomes. By offering a transparent and tamper-proof
system, blockchain cultivates trust among researchers, pharmaceutical entities, and
patients by curbing the risks of data manipulation and fraud (26).

CONCLUSION

Compound derived from natural sources show immense potential as therapeutic
agents in the treatment modalities of oral cancer. These are now a hotspot for research
as traditional treatment modalities for cancer have many serious adverse effects.
Other naturally derived compounds such as green tea catechins, panax ginseng,
polygonum cuspidatum also prevent cancer. Application of snake venom to cancer
have gone from crude venom applications to components that target specific
pathways. Combination of snake venoms with other technologies such as
nanoparticles is the future in cancer treatment though current research is at a very
initial stage. The various studies of snake venoms derivatives for treatment of oral
cancer are mentioned in this article. Thus, compounds from natural source especially
snake venom derivative studies should be the future in research of oral cancer.
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