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ARTICLE INFO ABSTRACT

Handling Editor: Denise Tambourgi As a disaster-prone country with unique geographical features, snake biting is a major public health concern in

Bangladesh. The primary reasons of mortality from snakebite include late presentation to the hospital, low ef-

Keywords: ficacy of antivenom, and a lack of adequate management facilities. Because snake venom characteristics vary
Antivenom depending on geographical location, antivenom should be manufactured from snakes native to the region in
ﬂi:t‘:g:tl;ﬁogy which it would be administered. Bungarus caeruleus is a highly venomous snake contributing to the major
Snakebite snakebite issue in Bangladesh. Therefore, the neutralization efficacy of the antivenom against B. caeruleus venom
Venom was evaluated in the current study along with the characterization of venom. For biological characterization of

venom, RP-HPLC and SDS-PAGE profiling, hemolytic activity, hemorrhagic activity, phospholipases Ay (PLA)
activity, edema inducing activity and histopathological observations were carried out following standard pro-
tocol. LDsq of the venom was calculated along with neutralization potency of Incepta antivenom through probit
analysis. Results showed that venom possesses phospholipase Ay activity, hemolytic activity and edema inducing
activity while hemorrhagic activity was absent in the skin of envenomed mice. Histopathological alterations
including necrosis, congestion and infiltrations were observed in envenomed mice organs after hematoxylin and
eosin staining. Neutralization study showed that Incepta polyvalent antivenom could neutralize (potency 0.53
mg/ml) the lethal effect in in vitro study on mice. Further investigation on snakebite epidemiology and clinical
observations of the envenomed patients will help in combating the snakebite problem more efficiently.

1. Introduction

Snakebite is a major public health issue in rural regions of tropical
and subtropical countries with large number of envenoming and deaths
(Soares et al., 2005; Chippaux, 1998)). Most snake envenoming occurs
geographically in Asia and Africa, with India reporting the most
snakebite deaths (McDiarmid et al., 1999). Though the rate of snake bite
in Indian subcontinent has been the highest among the world, its
treatment protocol is not well established. Due to lack of hospital fa-
cilities and proper medications in rural areas, people tend choose
non-scientific traditional methods including herbal medications. Plants
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and their extracts have been used for the treatment of snake bite in most
of the areas where venomous species are endemic. Herbal Antidote may
be an alternative but information on this aspect is inadequate. Using
antivenom is the specific treatment and most effective therapy available
against Snakebite, first developed by Albert Chalmette in 1985 against
the Indian cobra (Gomes et al., 2010). Snake venoms consist of a mixture
of proteins, peptides and small organic compounds such as citrates,
nucleosides and acetylcholine (Jiménez-Charris et al., 2014). The en-
venomation includes cytotoxic, hemorrhagic, hemolytic, neurotoxic and
edema-forming activity (Shashidharamurthy et al., 2002). The study of
snake venom and its biological effects is becoming increasingly crucial
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for the discovery of novel strategies to battle human illnesses, and this is
in addition to the creation of antivenoms.

Snakes are the carnivorous vertebrates belonging to the order
Squamata. Among 3000 known species of snake found worldwide,
approximately 15% are considered dangerous to humans. The common
krait (B. caeruleus) is one of the “big four” snake’s species and it has been
responsible for one of the most human deaths and injuries from snake-
bites in Bangladesh and India. Typically, victims report acute stomach
pains that worsen over time, followed by gradual paralysis. The majority
of its venom is neurotoxins which are potent enough to cause muscular
paralysis in humans. Several factors contribute to the high morbidity
rate due to Krait bite in Bangladesh apart from the additional fact that
after bite incidence the victim is usually taken to the traditional healers
or ‘ojha’ and village doctors before going to hospitals in majority of the
cases. Usually, Krait bite incidence occurs at night, most often when the
victim is asleep. Besides, there is no clinical or pathological confirma-
tory test for Krait bite in Bangladesh. This makes late admission at the
hospital as well as delayed diagnosis and late administration of anti-
venom. Krait venom contains high amount of f-bungarotoxin, which is a
pre-synaptic neurotoxin (Silva et al, 2016). The effect of this
pre-synaptic neurotoxin is irreversible (Harris and Scott-Davey, 2013;
Dixon and Harris, 1999). Once paralysis has developed, they respond
poorly to delayed antivenom administration (Isbister, 2005) and ulti-
mately becomes catastrophic. At the same time, the antivenom used in
Bangladesh is produced in India against Indian Krait venom and so far,
no data was available (before this study) regarding the efficacy of this
antivenom against Kraits from Bangladeshi origin. Generally, death
occurs between 4 and 8 h after untreated krait bite. Therefore, it is
suggested to hospitalize the patient immediately after the snakebite
occurrence. Untreated mortality is estimated by a clinical toxicological
investigation to be between 70 and 80 percent in Bangladesh. There are
at least 100 species of snakes in Bangladesh, but only some of them are
venomous for humans. The common krait is responsible for more than
half of all snakebite deaths in Bangladesh (Mondal et al., 2011).

Although the compositions and immunological profiles of snake
venoms differ between species, diversity of venom composition have
become increasingly recognized for their implications in fundamental
research, and snakebite envenomation management (Casewell et al.,
2014; Warrell et al., 2013; Augusto-de-Oliveira et al., 2016). The snake’s
geographic location has been considered as a key determinant in intra-
specific venom diversity, possibly due to changes in diet between
geographical groups (Tan et al., 2015a; Sunagar et al., 2016). As a result,
even when the bites are inflicted by the same species, the toxic profile
and clinical manifestations of snakebite envenomation might differ
spatially (Huang et al., 2015). The phenomena are frequently accom-
panied with a varied neutralizing response to antivenom therapy,
particularly when the antivenom is acquired from a manufacturer in
another country and the venom immunogen applied came from a
different geographical region (Tan et al., 2015b; Williams et al., 2011;
Wong et al., 2016). World Health Organization (WHO) recommends that
antivenom should be made from the snakes of the country where it will
be used, because the venom properties of snakes vary with geographical
locations. Due to inadequate facility for antivenom production,
Bangladesh usually imports antivenom from India, and there are limited
data regarding the efficacy of Indian antivenom against Bangladeshi
snakes (Pla et al., 2019). Incepta Vaccine Ltd. recently claimed to start
manufacturing or repackaging snake venom antiserum under the trade
name ‘Antivenom’ with the similar formula of Indian polyvalent
antivenom.

No previous study was found about the venom’s characterization and
the pre-clinical efficacy of antivenom used in Bangladesh against
B. caeruleus snakebite treatment. Therefore, aim of the present study is to
characterize the B. caeruleus venom from a Bangladeshi snake and to
check the efficacy of the antivenom used for its treatment in Bangladesh.
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2. Materials and methods
2.1. Collection of venom and antivenom

B. caeruleus venom was obtained from single individual snake from
Rajshahi, Bangladesh (Fig. 1). The venom was lyophilized and stored at
—20 °C. Antivenom (Snake Venom Antiserum BP) used in the present
study is a polyvalent antivenom, and were manufactured by Incepta
Vaccine Ltd, Dhaka, Bangladesh (Manufacture date - July 2020; Expiry
date - Jun 2022; Batch no — 20006, product was used before expiry).
Each vial contains lyophilized preparation of Snake Venom Antiserum
BP. As per instruction 10 ml of water (provided in the box of the anti-
venom) is added to the total lyophilized content for reconstitution. As
per the information on the pack of antivenom, each ml reconstituted
Snake Venom Antiserum neutralizes not less than Cobra venom (Naja
naja) 0.60 mg, Common Krait venom (Bungarus caeruleus) 0.45 mg,
Russell’s Viper venom (Vipera russelli) 0.60 mg, Saw-scaled Viper venom
(Echis carinatus) 0.45 mg.

2.2. Ethical and institutional approvals

The animals were handled according with the EU Directive 2010/
63/EU for animal experiments. The study was approved by the Institu-
tional Animal, Medical Ethics, Biosafety and Biosecurity committee
(IAMEBBC) for Experimentations on animal, human, microbes and
living nature sources (Memo no.- 225/320IAMEBBC/IBSc), Institute of
Biological Sciences, University of Rajshahi, Bangladesh.

2.3. LDsg determination

Toxicity of the venom was analyzed according to the method
described by Meier and Theakston with modifications (Meier and The-
akston, 1986). The median lethal doses (LDsp) were determined by
intraperitoneal injection. Briefly, various amount of freshly dissolved
venom in phosphate buffered saline (PBS) was injected intraperitoneally
to Swiss albino mice (20 g, 10 mice per dose) in a final volume of 150 pl.
Control mice received PBS only. They were monitored for 24 h and their
survival ratio was recorded. Values of LDsy were calculated with the
Probit analysis method (Hayes and Kruger, 2014).

2.4. Hemorrhagic activity assay

Hemorrhagic activity was assayed as described by Kondo et al. with
slight modifications (Kondo et al., 1960). In brief, various amount of
venom (5 pg, 10 pg, and 20 pg) in 50 pl saline were injected
intra-dermally into mice and control mice injected equal volume of sa-
line instead of venom. After 3 h, mice were euthanized. The dorsal
surface of the skin was removed and the inner surface was analyzed for
hemorrhagic damage. Daboia russelii venom (10 pg) was used as positive
control.

2.5. Edema inducing activity

The edema forming activity was determined in mice as described in
previous method (Das et al., 2013). A total 12 mice were divided into
three groups of 4 mice in each (25 g). Various dose of venom dissolved in
constant volume of 20 pl PBS were injected in right hind paw of mice.
For control, 20 ul PBS were injected in left hind paw of each mice.
Edema formation were observed after 3 h. Edema was quantified as the
percentage increase in weight of the right foot compared to the left foot.
The minimum edema dose (MED) was estimated as the amount of venom
causing an edema ratio of 30% (Das et al., 2013).

2.6. Phospholipase A2 activity assay

PLA, activity of B. caeruleus venom was detected using egg yolk agar-
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Fig. 1. Bangladesh Map showing distribution of B. caeruleus. Location of the snake from which venom was collected and used in the current has been shown with red
circle. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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plate method with modifications (Gutiérrez et al., 1988; Menaldo et al.,
2015). In brief, various concentrations of venoms dissolved in 15 ul PBS
were added to 2.5 mm wells in gel plate. Plates were incubated for 18 h
at 37 °C. Hydrolytic haloes diameter were measured using scale (Camey
et al., 2002).

2.7. Hemolytic activity assay

Fresh 5 ml bovine blood was collected in a tube containing 0.11 M tri
sodium citrate at 1:9 ratios (citrate: blood). 4 ml blood was taken in two
2 ml tube. The tubes were centrifuged at 3000 rpm for 14 min to
separate the red blood cells (RBC) and platelet poor plasma. The RBC
pellet was washed 3 times and re-suspended in 0.9% (w/v) saline to a
final concentration of 10% (v/v). The direct hemolytic activity was
measured by adding different concentration of venom to RBC. Venom
stock solution (1 mg/ml) was prepared with water. The combination of
different concentration of venom and RBC were prepared. The tubes
were incubated for 60 min at 37 °C and centrifuged at 5000 rpm for 10
min. Subsequently, the supernatant was taken into sterilized cuvette.
The reading of PBS was adjusted as blank and RBC suspension with 1%
Triton X-100 was marked as positive controls. Absorbance of superna-
tant was measured at 540 nm in UV-Vis spectrophotometer. Hemolysis
percentage was calculated by dividing sample’s absorbance on positive
control absorbance multiplied by 100 as described by Gould et al.
(2000).

2.8. Histopathological studies

To assess the effect of B. caeruleus venom on organ, histopathological
studies were carried out. Swiss albino mice were treated with % LDsgq
dose of venom (0.035 mg/kg) with 50 1 PBS. Control mouse received PBS
without venom. After 6 h mice were euthanized by injecting barbitone
(30 mg/kg, i.p.) and organs were collected through autopsy. Heart, liver,
kidney, lung, brain and intestine were preserved in 10% formaldehyde.
Samples were dehydrated by ethanol, cleaned, embedded in wax, cut 5
pm sections with microtome and stained with hematoxylin and eosin
(Lendrum, 1968). Tissue alterations were observed under a light mi-
croscope (Optika XDS-2 ERGO, Italy). Important areas in the slide were
photographed using an OPTIKAM B1 - 4083.B1 camera.

2.9. SDS-PAGE profiling

The crude venom (15 pg) were dissolved in 20 pl PBS. Sample was
reduced and applied to 18% SDS-PAGE gel. Electrophoresis was per-
formed at 120 V for 2 h using Mini-PROTEAN Tetra Cell (Biorad, USA).
Subsequently, the proteins were visualized using Coomassie Brilliant
Blue R-250 staining (LAEMMLI, 1970).

2.10. Reverse-phase HPLC profiling

Lyophilized crude venom (3 mg) was dissolved in water and centri-
fuged at 10,000 g for 8 min. The supernatants were subjected to a Dis-
covery™ BIO Wide Pore C18 (15cm x 2.1 mm, 5 pm) column, using
Waters Alliance 2695 HPLC System. The column was pre-equilibrated
with 0.1% trifluoroacetic acid in water. The elution was carried out in
a gradient over 57 min at a flow rate of 0.5 ml/min with 0.1% TFA in
water (Buffer A) and 0.1% TFA in 80% acetonitrile (Buffer B). The
absorbance was measured at 215 nm.

2.11. Neutralization of B. caeruleus venom

For neutralization of venom lethality, antivenom preincubation
method was followed (Tan et al., 2016). Briefly, a fixed dose of the
venom comprising 3 LDso was incubated at 37 °C for 30 min with
various dilutions of the antivenom (ul). The mixture was subsequently
injected intravenously into mice (24 g, n = 6 per dose). Venom (3 LDsg)
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without antivenom incubated with PBS was injected to control group
mice. Mice were allowed free access to water and food ad libitum. The
number of survivals were recorded after 24 h. ED5y and potency were
calculated using SPSS software. Neutralizing efficacy of the antivenom
was expressed as median effective dose (EDs, the antivenom dose (pL)
at which 50% of mice survived), estimated by probit analysis
(Maduwage et al., 2016a). Neutralization capacity can also be expressed
as Median effective ratio (ERsp) which is the ratio of the amount of
venom (mg) to the volume dose of antivenom (ml) at which 50% of mice
survived (Faisal et al., 2021). The neutralization potency (P) of anti-
venom, defined as the amount of venom completely neutralized per unit
volume of antivenom (mg/mL), was calculated accordingly as Morais V
et al. (Morais et al., 2010)

3. Results
3.1. Biological characterization of venom

Biological activities of crude venom were investigated in the present
study. After venom treatment, neurotoxic symptoms were observed such
as difficulty in breathing and movement, venom induced edema for-
mation in mice paw. Minimum edema dose (MED) was 0.12 pg. The
venom did not induce hemorrhagic activity on mice skin up to 20 pg
dose of B. caeruleus venom. Positive control showed hemorrhagic ac-
tivity (Fig. 2). PLAy activity was measured by agar plating method. Dose-
dependent egg yolk in agar plate have revealed that the PLA; enzyme
activity increased with the increase of venom concentration. Negative
control PBS represented no lysis zone formation while 2.5 pg venom
induced 3 mm zone, 5 pg venom induced 6 mm zone and 10 pg venom
induced 11 mm lysis zone (Supplementary Fig. 1). For direct hemolytic
activity, 20%, 26.7%, 33.6%,46.7% and 53.3% hemolysis of RBC was
observed for 6.25 pg/ml, 12.5 pg/ml, 25 pg/ml, 50 pg/ml and 100 pg/ml
concentrations of venom respectively. Venom induced hemolysis, which
implies that it has potent hemolytic activity. The LDsq of the venom in
mice was 0.07 mg/kg when venom injected intraperitoneally.

3.2. Histopathological effect of venom in mice organ

Histopathological changes in heart, liver, kidney, lung, brain and
intestine tissues of mice were investigated through light microscopic
examination. Histopathological changes in brain tissue of mice includes
congestion of meningeal vessel and Inflammatory foci (Fig. 3B). The
cardiac tissue samples from venom treated mice showed increased
cytoplasmic vacuolization, infiltration and congestion of blood vessels.
(Fig. 3D). Severe necrosis was evident in a broad area of the liver tissue.
Infiltration of inflammatory cells was observed while hemorrhages was
absent in liver (Fig. 3F). Renal tissue of mice kidney exhibited marked
changes such as dilatation of renal capillary, diffuse glomeruli, tubular
injury and vacuolization, congestion of capillaries and capsule mem-
brane. The intestine tissue of control mice shows regular configuration
while envenomed tissue showed mucosal necrosis, swelling and cellular
inflammatory infiltration (Fig. 4B). Hemorrhage and severe congestion
were observed in glomeruli and vessels (Fig. 4D). Infiltration of in-
flammatory cells into bronchiole lumen, congestion of capillaries and
irregular capillary endothelium and focal anomalies in alveoli epithe-
lium was observed in pulmonary tissue. Presence of infiltration of in-
flammatory cells in the inter-alveolar spaces and inside pulmonary
alveoli, and alveolar hemorrhage was a major observation associated
with lung tissue in envenomed mice (Fig. 4F).

3.3. SDS-PAGE of B. caeruleus

SDS-PAGE profile of the Bangladeshi B. caeruleus crude venom
showed that venom consist of proteins of different molecular weight
(Fig. 5). Thick and high intensity bands were observed in 1-14 kDa re-
gion. Another large band was found at around 20 kDa molecular weight.
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Fig. 2. Hemorrhagic activity of B. caeruleus venom. Hemorrhagic activity is absent in 5, 10 and 20 pg of venom treatments.

Fig. 3. Histopathological changes in Brain, Renal and Liver tissue of mice following 1/2LDsq B. caeruleus venom treatment stained with hematoxylin and eosin
magnified at 100x. (A) Control brain (B) Envenomed brain (C) Control kidney (D) Envenomed kidney (E) Control liver (F) Envenomed liver.

No protein band was observed within the range of 24-46 kDa. Multiple
bands of proteins were found within 60-150 kDa range.

3.4. Reverse-phase HPLC profile

The reverse-phase HPLC profile of B. caeruleus venom is shown in
Fig. 6. A large pick was observed at 21 min and another broad spectrum
of proteins were observed at 30-40 min.

3.5. Neutralization of B. caeruleus venom

The neutralization of lethality was assessed with different doses (1:1,
1:10, 1:50, 1:70 and 1:100, w/w). At 1:1 and 1:10 concentrations, all of
the venom treated mice were dead. However, at 1:50 and 1:70 con-
centrations some of the treated mice survived while severe edema and
behavioral abnormality was observed among them. At 1:100 concen-
trations all of the mice survived. Calculated EDsg was 5.48 pl for fixed
3LDs5( dose of venom. ERs in the current study was 0.90 mg/ml. Po-
tency was 0.53 mg/ml, defined as the amount of venom in mg

neutralized per mL of antivenom.
4. Discussion

Snakebite envenomation was classified as Category A of the
Neglected Tropical Diseases by the World Health Organization on June
9th, 2017 (Chippaux, 2017). B. caeruleus is a highly venomous snake
that contributes to the major snakebite envenoming issue in South Asia.
B. caeruleus envenoming can result in quick and severe neurotoxicity,
with the patient succumbing to paralysis, respiratory failure, and death.

The determination of venom median lethal doses (LDsg) is an
important step in determining the toxic activity of specific venom, which
indicate the amount of venom is needed to kill half of the test popula-
tion. The LDsq of the B. caeruleus venom in mice was found to be 0.07
mg/kg in the current study when injected intraperitoneally. Previous
experiment determined LDs values of its venom as 0.325 pg/g subcu-
taneously, 0.169 pg/g intravenously, and 0.089 ug/g intraperitoneally
in mice (Wolf-Eberhard and Fritz Jiirgen, 1981). The estimated lethal
dose for humans is 2-3 mg. LDs( of Pakistani B. caeruleus venom is
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Fig. 4. Histopathological changes in Intestine, Cardiac and Pulmonary tissue of mice following 1/2LDsg B. caeruleus venom treatment stained with hematoxylin and
eosin magnified at 100x. (A) Control intestine (B) Envenomed intestine (C) Control heart (D) Envenomed heart (E) Control lung (F) Envenomed lung.
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Fig. 5. SDS-PAGE profile of B. caeruleus venom on 18% gel. Broad Range
Protein Molecular Weight Marker, Promega, shown in Lane 1; protein bands for
B. caeruleus venom in reduced condition shown in lane 2. Molecular weight of
marker is shown in kDa.

0.2828 pg/g for intravenous route calculated by Perveen et al. (Parveen
et al., 2017). In another study, calculated LDsy was 0.16 pg/g (T. A,
1991). An experiment by Laxme RS et al. estimated an LDsq of 0.02 pg/g
for B. sindanus, which was five times as potent as B. caeruleus (0.1 pg/g)
and 56 times potent compared to B. fasciatus (1.12 pg/g), making it one
of the most potent snake venoms in the world. (Laxme et al., 2019). At
lethal dose most of the mice died within 4 h, suggesting the necessity of
antivenom administration as soon as possible.

In the current study, the histopathological changes on different or-
gans of mice (heart, liver, kidney, lung, brain and intestine) were studied
following 2 LDs( dose injection of venom B. caeruleus venom (Figs. 3
and 4). Severe necrosis was found in liver, renal and intestinal tissues.
Inflammatory infiltration was seen in liver, lung and kidney. Slight
changes were observed in brain tissue of mice including congestion of
meningeal vessel and inflammatory foci. Cytoplasmic vacuolization,
infiltration and congestion of blood vessels were major changes in

cardiac tissue. The findings of current study are almost consistent with
previous observations (Al-Mamun et al., 2015a; Kiran et al., 2004;
Nanayakkara et al., 2009). However, in this study, clear and broad range
images are presented for histopathological tissue sections of B. caeruleus
envenomed mice. The severity of tissue changes is largely determined by
the snake species, the composition of its venom, and the tissue’s sus-
ceptibility to a specific venom component (Kamiguti et al., 2000).
B. caeruleus venom major components are phospholipases which hy-
drolyze phospholipids in the cell membrane resulting in wide ranges of
alterations on tissues. Toxins are primarily excreted through the kidney,
which in higher concentrations may cause damage in renal tissue. The
liver is the body’s primary detoxifying organ, could be damaged by a
variety of toxic components found in venom. More severe tissue dam-
ages are caused by elapid and viper (Al-Mamun et al., 2015b; Dis-
sanayake et al., 2018) venoms.

Snake venom contains a combination of systemic toxins and hydro-
lytic enzymes (Dufton, 1993). Snake venom proteins resolve into mul-
tiple bands on electrophoresis, resulting in a protein-banding pattern
that is unique to each species. RP- HPLC profile is also unique for a
particular species and profiles can be studied to check the variation of
venom composition from different geographical locations. The venoms
of krait were also found to be dominated by neurotoxic 3FTxs and PLAs.
In the current study, bands of SDS-PAGE (Fig. 5) and the picks of
reverse-phase HPLC profile (Fig. 6) of B. caeruleus venom revealed the
presence of multiple proteins which is consistent with phospholipases Ay
(PLAy) and three-fingers toxin (3FTx) proteins. They are predominantly
found in the venoms of elapid and colubrid snakes, and they cause
flaccid paralysis in snakebite patients by binding post-synaptically at the
neuromuscular junctions (Barber et al., 2013). From the B. caeruleus
SDS-PAGE bands, Manisha et al. identified twenty-three proteins from
six different toxin families (Choudhury et al., 2017). They also identified
19 PLA; proteins in B. caeruleus venoms. Patra et al. study showed
similar SDS-PAGE banding pattern of venom from Indian origin where
low molecular weight bands are predominant. However, some distinct
bands are also observable (e.g. 25 and 100 kDa bands is absent in the
Indian venom) which indicate the variation of proteins in venom
composition (Patra et al., 2019). C18 Reverse-phase HPLC of Indian
krait venoms from different geographical locations of India and Sri
Lankan origin were studied which show some similar and some dis-
similar picks in chromatogram (Oh et al., 2017).

Laxme RR et al. showed that, the krait venoms were found to be
dominated by neurotoxic 3FTxs and PLAys. Abundance of PLAy, 3FTxs,
Acetylcholinesterases (AChEs), snake venom metalloproteinase (SVMP)
and L-amino acid oxidase (LAAO) were 38.16%, 32.4%, 11.76%, 5.54%
and 4.86% respectively for venoms of Indian origin (Laxme et al., 2019).
In another venomics study, it was reported that krait venom of Sri
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Fig. 6. C;g Reverse-phase HPLC profiles of 20 pg of B. caeruleus (Bangladesh) venom toxins detected by absorbance at 215 nm (black).

Lankan origin is predominated with a diverse pool of phospholipases Ay
comprising 68.2% of total proteins, in which at least 8.3% are f-bun-
garotoxins ($-BTx). Three-finger toxins are the second most prevalent
(19.0%), accounting for 15.6 percent k-bungarotoxins (x-BTx), which
are powerful post-synaptically acting neurotoxins (Oh et al., 2017).
Three-finger toxins are non-enzymatic neurotoxins with a three-finger
fold structure supported by disulfide bridges that range in size from
58 to 81 residues (V Osipov and Utkin, 2017; Kessler et al., 2017). Kraits
venom contains 3 major types of neurotoxins, of which
alpha-bungarotoxin binds to postsynaptic neuronal acetylcholine re-
ceptors (nAChR) at the neuromuscular junction, causes neuromuscular
transmission failure (Mebs, 1991). The second is k-bungarotoxin which
binds to nAchR post-synaptically (Chiappinelli et al., 1996). The third
pre-synaptically active beta-bungarotoxin induces long-term neuro-
muscular transmission failure by depleting synaptic vesicles at nerve
terminals (Dixon and Harris, 1999; Chen and Lee, 1970; Prasarnpun
et al., 2005). It also causes structural damage to motor nerve terminals
and the damage is complete by 12-24 h (Chang et al., 1973; Abe et al.,
1976). As a result, recovery is dependent on the regeneration of synaptic
vesicles, which takes a long period and necessitates much more me-
chanical ventilation than in post-synaptic envenoming (Dixon and
Harris, 1999).

Pathophysiological consequences of snake bites include the activity
of various enzymes, proteins, and peptides, including phospholipases
A,, metalloproteases, and other proteolytic enzymes (Markland, 1997).
Toxins from snakes have a wide range of functions (Faisal et al., 2021).
Phospholipases Ay are a broad superfamily of proteins that have hy-
drolytic activity against phospholipids and can cleave fatty acids in the
second position specifically. PLA; is one of the most common and potent
muscle-damaging substances found in snake venom. PLA; has a variety
of pharmacological actions, including edema, platelet aggregation

regulation, as well as neurotoxic, anticoagulant, and myotoxic effects
(Six and Dennis, 2000; Kini, 2003). PLA, enzymes produce fatty acids
such as arachidonic acid, which is a precursor of pro-inflammatory ei-
cosanoids, when they act on membrane phospholipids. The phospho-
lipid bilayer can be destabilized as a result of this action (Mebs, 1991).
Some reviews provide the most detailed explanation of structural
characteristics, methods of action, localization, and significance for or-
ganisms of each variety of PLA, (Dennis et al., 2011; Vasquez et al.,
2018). Since the 1970s, test techniques for identifying PLA, activity
have been developed. The hydrolysis of lipids is monitored in all test
methods for determining PLA; activity. In our study, PLA; activity was
demonstrated by the production of hemolytic zones in egg yolk agarose
gels induced by venom. The physicochemical features of egg yolk were
studied following treatment with venom. Different concentration of
venom was applied in different well and they showed variable hydro-
lytic activity. This is due to PLA, activity which hydrolyze phospho-
lipids. It also can lyse red blood cell membranes (Gutiérrez et al., 1988).
We also carried out direct hemolytic activity test. Around 20-53.3%
hemolysis was observed for different concentrations (6.25 pg-100
pg/ml) of venom dosage. After venom treatment in mice, neurotoxic
symptoms were observed such as difficulty in breathing and movement.
B. caeruleus venom induced edema formation after injecting venom in
mice paw. Edema and inflammation are two of the most noticeable
clinical manifestations of envenomation (Scharman and Noffsinger,
2001). Edema is a release of fluid into the interstitial space, causing
inflammatory phenomenon. Excessive interstitial fluid deposition is
generally regarded as detrimental to tissue function because edema
formation increases the diffusion distance for oxygen and other nutri-
ents, potentially impairing cellular metabolism. It also curtails the
diffusional separation of potentially toxic byproducts of metabolic re-
actions. However, no hemorrhagic activity was observed in mice skin
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while injected intradermally in the present study (Fig. 1). The result is
consistent with previous reports as the absent of hemorrhagic activities
(Meenatchisundaram and Michael, 2010; Das et al., 2013). The hem-
orrhage is caused by metalloproteases, which are extensively found in
viper venom (Mukherjee, 2008).

For decades, the choice of antivenom utilized in Bangladesh was
based on the availability of the polyvalent antivenoms made in India.
The Indian polyvalent products are developed against the venoms of the
Big Four snakes (Naja naja, B. caeruleus, Daboia russelii, and Echis car-
inatus) of Indian origin. It was reported that Indian polyvalent anti-
venoms were less effective for Sri Lankan snakebite treatment (Keyler
et al., 2013; De Silva et al., 2011; Theakston et al., 1990). When anti-
venoms developed from the venom of one geographic region are used to
treat patients of another, the efficacy is greatly reduced (Shashidhar-
amurthy and Kemparaju, 2007). However, some studies reported the
positive results stating effective neutralization capability (Maduwage
et al., 2016a; Leong et al., 2012) Incepta antivenom has recently been
introduced in the drug market of Bangladesh. The efficacy of commer-
cially available Incepta antivenom at neutralizing venom lethality were
assessed in the current study by performing EDs( experiments. Calcu-
lated EDs in the current study was 5.48 pul and ER5p was 0.90 mg/ml.
Neutralization potency was.0.53 mg/ml. Thus, it is effective for
neutralization of venom in mice. Previous study with venom of
B. caeruleus from Sri Lanka, India and Pakistan showed neutralization
potency as 0.44, 0.48 and 0.30 respectively while neutralizing with
VINS polyvalent antivenom (Oh et al., 2017).

Venoms are natural toxins that serve as a crucial adaptive charac-
teristic in evolved snakes (Lomonte et al., 2014). Snake venom toxicity
vary by species and even within species, depending on geographical
location, venom injection route, size etc. Therefore, it could have been
better to work with a venom pool to have a better understanding of the
neutralizing capacity of the antivenom against the Krait venom from
different regions of Bangladesh. However, the focus of the manuscript is
to evaluate the efficacy of the currently used antivenom in Bangladesh
which is actually produced against the venom of Indian snakes. There-
fore, the regional variation of venom within Bangladesh was not eval-
uated; moreover, during the study period we had venom sample from
only one location of Bangladesh (Fig. 1). The results of the present study
indicate that Incepta Antivenom is effective in neutralizing the lethality
of B. caeruleus venom under in vitro condition. However, difficulty in
breathing and movement was observed in survived mice. According to a
study, procoagulant toxins of venom have different impacts on human
and animal plasmas, making the efficacy of antivenom in rodent models
difficult to interpret (Maduwage et al., 2016b). An epidemiological
investigation on the treated patients is required to understand the actual
scenario and the efficacy of the antivenom against human.

5. Conclusion

As venom composition of a snake species may vary considerably in
different geographical location, it is important to decipher the venom
properties and evaluate the efficacy of antivenom locally. The current
study evaluated the biological properties of B. caeruleus venom and its
effect on mice organs. In vitro neutralization of lethality test with Incepta
Antivenom was found to be effective, but, with some physical abnor-
malities. For preparing a better and more effective antivenom, regional
variation of the Krait venoms from different regions of Bangladesh
should be taken into account and venom pool should be used for anti-
venom production. Further insights into clinical observations and
assessment of the neutralizing potential of the antivenom against
snakebite patients will help in better understanding the correlation with
the laboratory experiments.
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