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A B S T R A C T

Breast and lung cancers are the leading causes of cancer-related deaths in the world. Although considerable
progress has been made in the field of cancer therapy, quest to discover potent, safe and cost-effective alter-
natives especially from natural sources is being pursued. Snake venom, which is a treasure trove of various
peptides and proteins including natural toxins that specifically target tissues and receptors in the envenomated
victims. Many such proteins are being explored for their therapeutic potential against various diseases including
cancers. Here, we report the mechanism of cytotoxic activity of crude venom and a purified protein, Cytotoxin
from the monocled cobra (Naja kaouthia), an elapid snake with neurotoxic venom prominently found in the
North-East India. The crude venom showed significant cytotoxicity against breast (MCF-7and MDA-MB-231) and
lung (A549, NCI–H522) cancer cell lines. Bioassay-guided fractionation using RP-HPLC showed highest cytotoxic
activity in peak P9. Liquid chromatography-tandem mass spectrometry (ESI-LC-MS/MS) analysis was employed
and the fraction is identified as Cytotoxin 10 which showed comparable cytotoxicity against the experimental
cell lines. Cytotoxin 10 also exhibited apoptosis in MCF-7 and A549 cell lines using AO/EtBr and flow cytometry
analysis. Expressions of apoptosis related proteins e.g. Bax, Bcl-2, Caspase-7 and PARP were also studied
following Cytotoxin 10 treatment in both cell lines. Molecular docking experiments performed to investigate the
interactions between Cytotoxin 10 and the apoptotic proteins revealed favourable binding scores compared to
their corresponding inhibitors. Interestingly, Cytotoxin 10 inhibited migration and adhesion in a time and dose-
dependent manner in both MCF-7 and A549 cells. This is the first report elucidating the mechanism of cytotoxic
activity of Cytotoxin 10 purified from Naja kaouthia venom of North-East India origin and could pave the way for
development of potential therapeutic strategies against breast and lung cancer.

1. Introduction

Cancer is the second leading cause of mortality worldwide and owing
to current trends it may surpass cardiovascular diseases as the leading
cause of mortality by the end of this century [1]. According to the Global
Cancer Observatory (GLOBOCAN) estimates, lung cancer ranks first
both in terms of incidence and mortality, whereas, breast cancer ranks
second in terms of incidence and fourth in terms mortality among cancer
patients worldwide [2]. However, in India, breast cancer has the highest
incidence (13.6 %) and mortality (10.7 %) rate, whereas lung cancer
ranks fourth in incidence (5.8 %) and mortality (8.2 %) in 2022 [3].
Cancer may progress through multiple stages over a long duration of
time, and involve various genetic factors and signalling pathways or

mediators [4]. Despite current progress that helps patients to overcome
cancer and extend their life span, numerous complex challenges are still
needed to be addressed, such as drug resistance and a wide range of
associated side-effects, which negatively impact the overall efficacy and
patient health [5,6].

Alternative treatment methods have been explored to develop new
drugs which could be used to overcome the limitations of modern
anticancer therapy. Natural molecules derived from plant based sources
like phytochemicals, and animal based sources such as venom were
studied extensively, which showed promising results in various experi-
mental models [7–9]. Snake venom is considered as an “advanced
biochemical weapon”, evolved for the purpose of digestion, predation
and protection, and contains various pharmacologically active proteins
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