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communicated vide this Office letter No. WL/FG.27/ Tissue Collection/09 dtd.
18.08.11 (copy enclosed), fulfilling provisions of the clause 10 and having deposited
an amount of Rs. 10,000/~ vide the Union Bank of India deposit No.
EM/COM/A026337 dtd. 26-09-2011 in the form of “fixed deposit” pledged In favour
of the Chief Wildlife Warden, Assam, Guwhati-29, towards security deposit and
special purpose permit fee Rs. 1000/~ vide receipt No.9967 dtd.1.10.11, permission
under section 12 of the Wildlife (Protection) Act, 1972 is hereby accorded to Dr.
Robin Doley to collect snake venom samples from Assam during 2010-2011,
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PCCF (WL) & Chisf Wildlife Warden, Assam
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OFFICE OF THE PRINCIPAL CHIEF CONSERVATOR OF FORESTS: :WILDLIFE::
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Dr. Robin Dolev. Asstt. Prof.. Deptt. of Molecular Biology & Biotechnology. Tezpur University. Tezpur

Sub: Grant of special purpose permit.
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“Fixed Deposit™ pledged in favour of the Chief Wildlife Warden, Assam, Basistha, Ghy-29. as a security deposit
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compliance of all the above stipulations.
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k) The team will abide by the provisions of Wildlife (Protection) Act, 1972, Indian Forest Act, 1927 :
any other directive issued by the competent authority. All restrictions/Rules in vogue are to be
followed.
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m) Failure to comply with the condition and violation of Wildlife (Protection) Act, 1972 would amc

withdrawal of permission & subsequent punitive action. o
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if required.
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Assistant Professor
Mizoram University
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Subj : Permission to collect biological samples from Medically Significant Venomous snakes
of Mizoram for the project titled ‘Biodiversity Informatics and Technology Exchange
for Snakebite Management’.

Ref : Your application No: nil dt. 29" June 2016.

Permission is hereby granted to you for non-invasive collection of biological samples
from medically significant venomous snakes of Mizoram for the Project titled ‘Biodiversity Informatics
and Technology Exchange for snakebite Management within Mizoram.

However, you are requested to deposit Rs. 100.00 (one hundred) only as per the provision
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ABSTRACT

Bungarus fasciatus also referred to as the Banded krait is a snake which possesses venom and belongs to the
Elapidae family. It is widely distributed across the Indian subcontinent and South East Asian countries and is
responsible for numerous snakebites in the population. B. fasciatus possesses a neurotoxic venom and enven-
omation by the snake results in significant morbidity and occasional morbidity in the victim if not treated
appropriately. In this study, the efficacy of Indian polyvalent antivenom (Premium Serums polyvalent anti-
venom) was evaluated against the venom of B. fasciatus from Guwahati, Assam (India) employing the Third-
generation antivenomics technique followed by identification of venom proteins from three poorly immunode-
pleted peaks (P5, P6 and P7) using LC-MS/MS analysis. Seven proteins were identified from the three peaks and
all these venom proteins belonged to the phospholipase Ay (PLA2) superfamily. The identified PLAy proteins were
corroborated by the in vitro enzymatic activities (PLA; and Anticoagulant activity) exhibited by the three peaks
and previous reports of pathological manifestation in the envenomated victims. Neutralization of enzymatic
activities by Premium Serums polyvalent antivenom was also assessed in vitro for crude venom, P5, P6 and P7
which revealed moderate to poor inhibition. Inclusion of venom proteins/peptides, which are non-
immunodepleted or poorly immunodepleted, into the immunization mixture of venom used for antivenom

production may help in enhancing the efficacy of the polyvalent antivenom.

1. Introduction

The venomous snake Banded krait (Bungarus fasciatus, Schneider,
1801) belonging to the snake family Elapidae is widely distributed in the
continent of Asia. The snake is commonly identified from its yellow (or
white) and black-colored alternating bands present on its body along
with a triangular body shape and a short and blunt tail (Chanhome et al.,
2011; Slowinski, 1994). The length may reach up to 2.25 m. The snake is
distributed up to 5000 m above sea level from the Indo-Chinese region to
the Indonesian archipelago through the Malay peninsula (Boulenger,
1890; Stuart et al., 2013; Tsai et al., 2007). However, recent data from
molecular phylogenetics and comparative morphology has indicated
that three distinct taxonomic entities (clades) may exist with distinct
Indo-Myanmar, Sundaic and East Asian Sundaland lineages (including
Southern China) (Fig. 1). As a result, the distribution of B. fasciatus, sensu
stricto, may be restricted to only the Indo-Myanmar region (Biakzuala
et al., 2023). In India, the snake has been reported from various states

such as Assam, Arunachal Pradesh, Meghalaya, Manipur, Mizoram,
Nagaland, Tripura, Odisha, Bihar, Jharkhand, West Bengal, Chhattis-
garh, Maharashtra, Uttar Pradesh, Uttarakhand, Andhra Pradesh and
Telangana (Chandra et al., 2013; Majumder et al., 2012; Prakash, 2016;
Stuart et al., 2013).

B. fasciatus inhabits diverse environments, ranging from deciduous,
temperate and mixed forests to plains, grasslands, termite moulds and
agricultural fields as well as areas near human habitats and water bodies
like canals and ponds (Knierim et al., 2019; Stuart et al., 2013). They are
generally timid and not aggressive and mostly active at night. Snakebites
from kraits generally occur in farmers and labourers working in paddy
fields, forests and farms or in poor families which sleep on the floor
without using any protective barrier like a mosquito net (Chappuis et al.,
2007; Hia et al., 2020). The Red List of Threatened Species by IUCN has
categorized B. fasciatus as a Least Concern (LC) species (Stuart et al.,
2013). B. fasciatus possess neurotoxic venom and envenomation in
human victims is associated with substantial morbidity or even death if

* Corresponding author. Department of Molecular Biology and Biotechnology, Tezpur University, Assam, 784028, India.
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Abstract

Bungarus fasciatus is one of the medically important elapid snakes of South and South-eastern Asia and is responsible for
several snakebite incidents some of which were fatal. In this study, the venom compositional variation of Bungarus fasciatus
from three different geographical locations in eastern and north-east India: two adjacent villages of Hooghly (West Bengal),
Aizawl (Mizoram) and Guwahati (Assam) are reported. In vitro biochemical assays exhibit variation in phospholipase A,
activity, fibrinogenolytic activity, caseinolytic activity and anti-coagulation activity. The immunoreactivity of three Indian
polyvalent antivenoms against the venoms revealed incomplete recognition. Bharat Serums antivenom demonstrated that at
a venom-—antivenom ratio of 1:16, the antivenom exhibited different immunocapturing abilities for all the venom samples.
The percentage of non-retained fractions was highest for Guwahati (60.00%) and lowest for Hooghly 1 (18.91%). The study
demonstrates intra-population (or inter-individual) variation of B. fasciatus venom from two nearby locations of Hooghly
(West Bengal), intra-specific variation of B. fasciatus from three geographical locations and also inter-specific venom varia-
tion with B. caeruleus from Tamil Nadu. Thus, the venom variation leads to partial immune cross-reactivity by Indian poly-
valent antivenoms. Inclusion of non-recognized venom proteins in the immunization mixture during antivenom production
would help to improve the efficacy of the antivenom. Further study of the neutralizing ability of Indian polyvalent antivenoms
against medically important snakes from different geographical regions would help to understand the effectiveness of the
antivenoms and would invariably assist in the designing and development of safe and effective antivenoms.

Keywords Bungarus fasciatus - Snake venom toxins - Venom variation - Snakebite management - Indian polyvalent
antivenoms
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of mankind since ancient times due to their venom. This
unique feature helps this limbless creature to incapacitate
as well as kill its prey. They have been regarded with both
fear and fascination throughout the ages and have secured
a distinct position among various cultures and civilizations.
Venomous snakes belong to one of the three snake families,
namely Atractaspididae, Elapidae and Viperidae (Tasoulis
and Isbister 2017). The venom of elapids is mostly neuro-
toxic and that of viperids is mostly hemotoxic, however,
this distinction is not strict and there are exceptions in both
families. Snakebite is an occupational hazard that affects
mostly the marginalized communities of society such as
farmers, labourers, plantation workers, fishermen, herdsmen
and hunters (Warrell 1999). Open habitation and sleeping
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ABSTRACT

Snake venom is a blend of bioactive proteins, polypeptides, and various other substances with
toxic and lethal properties that are known to modulate varied physiological and biological sys-
tems. During envenomation, venom toxins primarily target the hemostatic and nervous system
for effective immobilization or death of the prey. The central (CNS) and the peripheral nervous
system (PNS) are targeted through neuroreceptors, synaptic membranes, and critical ion chan-
nels, and some of these toxins also penetrate the blood-brain barrier. Despite its vital role and
influence on the central nervous system, there exist limited information on the role of venom
proteins and peptides associated with the manifestations of neurotoxicity. This review attempts
to update the reader on the mechanism of direct and indirect interactions of snake venom pro-
tein (s) in the central nervous system as well as its effects on the physiology and behavior of
the envenomated prey. Further, the role of these snake venom peptides in the field of neuro-
pathic pain and neurodegenerative diseases has been reviewed for their therapeutic potential.
Future investigations may provide valuable information to study the detailed mechanisms of
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such interactions to identify novel targets for the development of therapeutic interventions.

Introduction

Snake venom is a mixture of proteins, polypeptides,
and other substances which have diverse biological
functions. The bioactive proteins and peptides consist
of about 90-95% of the venom and the rest are non-
proteinaceous contents such as nucleic acids, amino
acids, carbohydrates, metal ions, lipids, citrate, organic
molecules, and metal ions (lwanaga and Suzuki 1979,
Freitas et al. 1992, Mackessy 2016). Venom compo-
nents possess high degrees of selectivity and affinities
toward the receptors of the biological system and
hence a small volume of venom can lead to severe
physiological manifestation in the prey (Osipov and
Utkin 2012). Venomous snakes belong to one of the
four snake families, namely Atractaspididae, Elapidae,
Viperidae, and Colubridae (Zaher et al. 2019). In gen-
eral, the venom of Viperids and Elapids are considered
hemotoxic and neurotoxic respectively. However, this
distinction between hemotoxic and neurotoxic venom
is not restricted to snake families, as neurotoxic ven-
oms may contain hemotoxic compounds and vice-
versa. However, the composition, delivery system, and
physiological targets may markedly vary among differ-
ent species of venomous snakes (Lewis and Gutmann

2004, Rossetto et al. 2006). Based on amino acid
sequences and three-dimensional (3 D) structures, the
snake venom components are classified into enzymatic
and non-enzymatic superfamilies (Ménez 1998, Kordis
and Gubensek 2000, Tasoulis and Isbister 2017). The
enzymatic components of snake venom include the
superfamilies such as phospholipase A, (PLA;), snake
venom metalloprotease (SVMP), snake venom serine
protease (SVSP), nucleases, nucelotidases (5-NUQ),
acetylcholinesterase (AChE), L-amino acid oxidases
(LAAO), hyaluronidases and phosphodiesterases. The
non-enzymatic components of snake venom include
the superfamilies such as three-finger toxin (3FTx),
Kunitz-type serine protease inhibitor, sarafotoxins,
cysteine-rich secretory proteins (CRiSP), disintegrins,
snake C-type lectins (Snaclecs), vascular nerve growth
factors (VNGF). The functions and biological activities
of each snake venom superfamily that have been pre-
viously described by various authors are summarized
in Tables 1 and 2.

One of the main targets of the venom components
(toxins) is the nervous system of the prey. Receptors,
ion channels, enzymes, or elements of muscles are tar-
geted by neurotoxins for impairment of the normal
functioning of the nerves such as neuromuscular
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