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1.1 Snake envenomation: A neglected tropical disease 

1.1.1 Global burden of snake envenomation 

 Snake envenomation is a neglected public health concern in tropical and 

subtropical countries, often leading to life-threatening conditions. Every year, about 5.4 

million snake bites are reported, which results in 1.8-2.7 million cases of envenoming [1]. 

Globally, South and Southeast Asia, sub-Saharan Africa, and Central and South America 

carry the significant burden of snakebite [2]. According to the estimations by Kasturiratne 

and co-workers, the highest number of envenomings was recorded in South Asia 

(121,000), followed by Southeast Asia (111,000) and East Sub-Saharan Africa (43,000). 

In contrast, Central Europe and Central Asia recorded the lowest numbers of snakebite 

cases. Further, the highest number of deaths recorded were in South Asia (14,000), 

followed by West sub-Saharan Africa (1,500), East sub-Saharan Africa (1,400), and 

Southeast Asia (790) [2] (Fig. 1.1). The incidence of snakebite envenomation is rare in 

Europe, the Middle East, Canada, and North America [3].  

However, it is a rather cumbersome and challenging exercise to estimate the global 

incidence of snakebite accurately, and its associated mortality since the majority of the 

incidences occur in rural areas of developing countries with poor health and 

transportation facilities and these bites are not recorded [2,4]. This is further influenced 

by the dependence of many people on traditional medicinal systems to treat snakebite. In 

general, treatment-seeking behaviour from conventional healers is often guided by local 

culture, ignorance of modern medical treatments against snakebites, and inaccessibility of 

healthcare facilities to treat snakebites [5]. Moreover, resource-poor rural areas usually 

lack a well-documented central registry system of record keeping, which further adds to 

the under-documentation of snake envenomation in developing nations [6,7]. The highest 

cases of snake envenomation are recorded in India, which is approximately 1.11 to 1.77 

million per year, followed by Sri Lanka (33,000), Vietnam (30,000), Brazil (30,000), 

Mexico (28,000), and Nepal (20,000) [2,8]. 
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Fig. 1.1 Regional estimates of envenomings due to snakebite (low estimate). (Figure 

adapted from Kasturiratne et al., [2]). 

Out of the around 3596 snake species worldwide, about 768 species are venomous; 

however, bite by every snake species is not fatal, and every venomous snake is not found 

in each locality. A region's medically essential snake species is categorised into Category 

1 and 2. The most common highly venomous snake species causing numerous snakebites 

and resulting in high morbidity, disability, or mortality are included in Category 1. In 

contrast, Category 2 comprises of highly venomous snakes capable of causing morbidity, 

disability, or death, yet they lack exact epidemiological or clinical data and/or get 

implicated in lesser frequency [1]. Depending on the number of envenoming and 

fatalities, the most dangerous species of medically essential snakes inhabiting the four 

different geographical regions of the globe have been identified and listed in Table 1.1.  
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Table 1.1. List of medically important venomous snakes distributed in different parts of 

the world.  

Region Snake species Family Venom 

type 

Ref. 

Southern 

Asian 

countries 

Naja naja, and Naja kaouthia Elapidae Neurotoxic  [7,9-13] 

Daboia russelii russelii,   Viperidae Hemotoxic 

Bungarus caeruleus, 

Bungarus walli, and 

Bungarus sindanus, 

Elapidae Neurotoxic 

Ophiophagus hannah Elapidae Neurotoxic 

Echis carinatus Viperidae Hemotoxic 

Hypnale hypnale Viperidae Hemotoxic 

Protobothrops spp. Viperidae Hemotoxic 

African and 

the middle-

eastern 

region 

Naja oxiana, Naja nigricollis, 

and Naja mossambica   

Elapidae Neurotoxic  [3,14] 

Dendroaspis polylepis, and 

Dendroaspis mauritanica 

Elapidae Neurotoxic 

Echis borkini Viperidae Hemotoxic 

Bitis arietans Viperidae Hemotoxic 

Asian (other 

than Southern 

Asian 

countries) 

and 

Australian 

regions 

Naja atra, Naja kaouthia, and 

Naja naja  

Elapidae Neurotoxic [14] 

Bungarus multicinctus Elapidae Neurotoxic 

Oxyuranus scutellatus Elapidae Neurotoxic 

Pseudechis australis Elapidae Neurotoxic 

Pseudonaja textilis  Elapidae Neurotoxic 

Daboia siamensis  Viperidae Hemotoxic 

Hypnale hypnale  Viperidae Hemotoxic 

Calloselasma rhodostoma Viperidae Hemotoxic 
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Europe Vipera ammodytes, Vipera 

berus and Vipera aspis 

Viperidae Hemotoxic  [14,15] 

 

 
 

America Agkistrodon bilineatus Viperidae Hemotoxic  [14,16] 

Bothrops asper, Bothrops 

jararaca, and Bothrops atrox 

Viperidae Hemotoxic 

Crotalus scutulatus, and 

Crotalus durissus 

Viperidae Hemotoxic 

 

1.1.2 Indian scenario of snake envenomation 

The highest cases of snake envenomation have been recorded in India at 

approximately 1.11-1.77 million cases annually [8]. The Registrar General of India-

Million Death Study (RGI-MDS) has estimated that there are around 46,900 deaths per 

year due to venomous snakebites in India [17]. The magnitude of the snake envenomation 

issue is far greater than documented in the published material. 

 The Indian subcontinent is inhabited by more than 52 species of venomous snakes. 

Among them, the Indian cobra (Naja naja), Indian common krait (Bungarus caeruleus), 

Indian Russell's viper (Daboia russelii russelii), and Indian Saw-scaled viper (Echis 

carinatus), commonly known as "Big Four" venomous snakes of India, account for the 

majority of snakebite deaths and morbidity in these regions; therefore, they are 

considered as category I medically significant snakes the bite by which deserves 

immediate medical attention [3,11,14,18-21]. Other than these deadly species, Indian 

monocled cobra (Naja kaouthia), Wall's krait (Bungarus walli), Sind krait (Bungarus 

sindanus), King cobra (Ophiophagus hannah), and several species of Pit vipers (Hypnale 

hypnale, Protobothrops spp.) are also found in different parts of India and cause fatalities 

[11,12,21].  

The majority of the snakebite deaths reported from the rural areas (97%) during the 

monsoon months of June to September were more frequent in males (59%) than females 

(41%), and highest in the age group of 15–29 years (25%) [4]. In the period between 

2001-2014, a few states of India (Bihar, Jharkhand, Madhya Pradesh, Odisha, Uttar 



Development of Analytical Methods for Identification of Indian Snake Venoms and                                

Indian Red Scorpion Venom 

Chapter I Page  5 

 

Pradesh, Andhra Pradesh, Telangana, Rajasthan and Gujarat) were identified as high-

burden states, and the age-standardised death rate was recorded as approximately six per 

100,000. On the other hand, all the country's different states were identified as low-

burden states that recorded age-standardised death rates of roughly 3.7 per 100,000 at the 

start of the study, which fell over time [8].  The distribution of the absolute risk of dying 

from snakebite is shown in Fig. 1.2. The figure has been reported using data from 7400 

small areas (the small sampling units used in the RGI's Sample Registration System for 

the MDS) from 2004 to 2013 [8].  

 

Fig. 1.2 Spatial distribution of snakebite mortality risk in India for 2004-13. (Figure 

adapted from Suraweera et al., [8]). 
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1.2 Scorpion envenomation: a neglected tropical disease 

1.2.1 Global burden of scorpion envenomation 

Across the globe, approximately 1.23 million scorpion stings (average rate of 

envenomation is 20 per 100,000 inhabitants) worldwide result in about 3250 deaths 

yearly; therefore, scorpion sting envenomation is considered a neglected public health 

disease in tropical and sub-tropical countries [22-24]. The regions where individuals 

often come into contact with scorpions are North-Saharan Africa, South Africa, South-

India, Near and Middle-East, Sahelian Africa, East of the Andes, South Latin America, 

and Mexico; and therefore designated high-risk areas for scorpion stings [24,25]. Due to 

inadequate reporting systems and limited accessibility to health institutions in the 

endemic regions, it is challenging to pinpoint the exact incidence of envenomation cases 

[24].  

The scorpion species Androctonus australis, Leiurus quinquestriatus, Androctonus 

mauretanicus, Androctonus aeneas, Buthus occitanus and Hottentota franzwerneri, in 

Northern Africa are considered deadly or potentially deadly [26]. Morocco annually 

records an incidence of approximately 50 scorpion stings per 100,000 inhabitants, with a 

mortality rate of 0.27 per 100,000 inhabitants [27]. The scorpion sting incidences are 

highest in the central part of the country, whereas the northern part has low cases of 

envenomation [28]. Algeria has about 170 scorpion stings per 100,000 inhabitants 

annually, and the annual mortality is 0.38 per 100,000 inhabitants [29]. Tunisia, on the 

other hand, has a yearly incidence of 420 scorpion stings per 100,000 inhabitants, which 

leads to about 40,000 stings and 50 deaths a year [30,31]. With the predominant scorpion 

species of Parabuthus transvalues, Zimbabwe records an estimated 195 scorpion stings 

per 100,000 inhabitants per year, and the annual mortality is 2.8 per 100,000 inhabitants 

[32]. 

In Turkey, the most dangerous scorpions are Androctonus crassicauda and 

Mesobuthus eupeus. The annual incidence is about 36 scorpion stings per 100,000 

inhabitants (mortality is 0.01 per 100,000) [33]. Israel has approximately 200 cases of 

scorpion envenomation per year [34]. Saudi Arabia is home to the dangerous scorpion 

species Leiurus quinquestriatus, Androctonus crassicauda and Parabuthus liosoma, and 

annual incidence and mortality were found to be 90 and 0.001, respectively, per 100,000 

inhabitants [23]. 
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The predominantly deadly scorpions found in South America belong to the genus 

Tityus. In the year 2017, Brazil, a South American country, has recorded the number of 

confirmed deaths from scorpion stings as 90 in 2017, with 124,982 cases of scorpion 

stings [35]. The fatality rate for victims under 10 and over 75 was 0.32% and 0.13%, 

respectively [35]. Mexico sees more activity from Centruroides spp. scorpions during the 

warmer months [36]. Some states in the central and west of Mexico record an annual 

incidence of 1350 scorpion stings per 100,000 inhabitants [23]. This situation was similar 

to Argentina, where scorpion sting incidence increased between October and April due to 

Tityus trivittatus scorpion [37]. A correlation has been observed between the decline in 

scorpion stings and the arrival of the rainy season [38,39]. 

Scorpion stings were observed all over Iran, and among the 51 species of scorpions 

found in different parts of the country, the Buthidae family comprises the majority of the 

scorpion fauna in Iran, accounting for 88.5% of all species and 82% of all genera [40]. A 

study in Iran between the period of 2002 to 2011 reported 54.8 to 66 scorpion stings per 

100,000 people [41]. According to Chippaux and Goyffon (2008), the global annual mean 

rate of sting occurrences is approximately 17.14 per 100,000 people [28]; thus, Iran was 

documented to have higher scorpion stings than the worldwide average. There have been 

two recent studies on scorpion stings in Pakistan, one in the Sargodha district of Punjab 

[42] and the other in the Lasbella district of Balochistan [43]. The distribution and 

incidence of significant scorpion species worldwide are depicted in Fig. 1.3. 

 

Fig 1.3 Distribution and incidence of Old World and New World scorpion species. 

(Figure adapted from Abroug et al., [24]).
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1.2.2 Indian scenario of scorpion envenomation 

Among the 86 scorpion species found throughout India, only the Indian red 

scorpion (Mesobuthus tamulus) belonging to the family Buthidae, and the Indian black 

scorpion (Heterometrus swammerdami, formerly Palamneus gravimanus) of the 

Scorpionidae family pose a significant threat to humans; however, limited clinical reports 

suggest that Mesobuthus tamulus venom is more toxic compared to any venomous 

scorpion in this subcontinent [22,44-49]. 

In India, morbidity and mortality due to scorpion stings frequently occur in western 

Maharashtra, Saurashtra, Kerala, Tamil Nadu, Andhra Pradesh and Karnataka. The most 

adverse effects of scorpion envenomation were observed in children at 1-3 and 7-12 years 

of age [50].  

 

Fig. 1.4 The geographical distribution of the Indian red scorpion throughout the Indian 

sub-continent [Brown fill: Indian states; Blue fill: neighbouring countries of India]. 

(Figure adapted from Das et al., [45]). 
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1.3 Classical or contemporary methods for detection  

1.3.1 Snake envenomation    

 Snake envenomation has been a significant health concern for the rural population 

of most of the tropical and sub-tropical countries [51]. Management of snake 

envenomation is essential to curb the dangerous effects of snake venom on snakebite 

victim. Generally, the bitten snake species are identified through the description or 

photograph of the snake provided by the patient and/or their family or friends or 

witnesses, an examination of the bite site, local symptoms of envenomation, biochemical 

analysis of urine, and 20-min whole blood clotting test (20WBCT) [52-55]. The patient or 

their witnesses often do the initial identification of the culprit snake. In numerous cases, 

the witnesses kill the snake, causing envenomation and the dead snake, creating 

additional danger to the people involved and a risk of affecting the snake population 

ecology. There are also cases where no good evidence exists to identify the culprit snake. 

If a patient shows signs and symptoms of a venomous snakebite, these cases are 

considered "unknown venomous" [56]. However, healthcare providers are not snake 

experts; therefore, they often struggle to identify snakes, leading to cases of 

misidentification [55]. 

The 20WBCT is a famous test used to indicate the extent of snake envenoming by 

determining the clinically significant coagulopathy [57-59]. It is a simple, effective, and 

affordable bedside examination for the initial assessment. In 20WBCT, a few millilitres 

of venous blood are placed in a clean, dry glass test tube and left undisturbed for 20 

minutes. The test tube is tipped to discover if the blood clots. The test is negative or 

positive depending on the formation or non-formation of the clot [54,59]. Because bites 

by the Viperidae family of snakes are responsible for showing coagulopathy, this test 

applies only against Viperidae bites [59,60]. Further, it has been reported that due to the 

poor detectability of 20WBCT, the result of this test alone should not influence the 

decision on antivenom administration. 

1.3.2 Scorpion envenomation 

There are no specific diagnostic tests or methods for scorpion envenomation [61-

63]. Clinical practitioners and physicians examine the possible ramifications associated 

with scorpion envenomation. They rely on evaluating the potential for renal failure by 
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measuring creatinine levels and assess pancreatic enzyme levels in cases of scorpion 

sting-induced pancreatitis [62]. In cases of severe systemic envenomation, an 

electrocardiogram is ordered to detect frequent occurrence of electrocardiographic 

abnormalities [62]. 

The most common manifestation of scorpion stings is localised pain, with only a 

low percentage of stings resulting in severe systemic envenomation. The sting site may 

exhibit oedema, paresthesias, erythema, muscle fasciculations, and numbness [62,64,65]. 

Systemic envenomation by Centruroides and Parabuthus scorpion species is primarily 

associated with neuromuscular toxicity; however, severe envenomation from 

Androctonus, Buthus, and Mesobuthus scorpions is related to cardiovascular toxicity 

[45,62,66-69].  

1.3.3 Key issues about clinical diagnosis of snake and scorpion envenomation 

Notably, most snakebite and scorpion sting cases occur in the rural areas of 

underdeveloped and developing countries [4,62]. Thus, while developing snake or 

scorpion venom detection kits, it has to be kept in mind that the maximum intended use 

of these kinds of kits would be in the rural health centres of such countries. Consequently, 

the following key issues must be addressed for the practical effectiveness of such kits in 

improving the hospital management of snakebite and scorpion sting patients. 

(i) The snake venom detection test must be very rapid, perhaps within 30 min, because 

clinicians generally consider the first 2 h post-bite as the "Golden Period" for successful 

antivenom treatment. Administration of within this period significantly increases the 

probability of saving the life of the bite victim [21]. After time passes, bite-induced 

symptoms may vary depending on the quantity of venom injected, bite site, age and 

weight (body mass ratio) and response/immunity of the bitten patient [7].  

In cases of scorpion envenomation, the detection should also be rapid as the 

symptoms of the affected patients change gradually [70]. 

 (ii) In the case of a snakebite, the venom is delivered very quickly, either subcutaneously 

or occasionally intramuscularly. Then, the toxins get absorbed into systemic circulation 

until they reach their target to exert toxicity. The blood vascular endothelium absorbs the 

low-molecular-weight toxins of mostly elapid venoms, whereas the lymphatic system 

absorbs the high-molecular-weight toxins of viperid venoms [71]. Since most patients
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 arrive late at the health centres after a long, exhaustive journey, by that time, several 

components of venom, most notably the non-enzymatic toxins of venom, bind very 

tightly to their target tissues and/or circulatory proteins and due to this reappropriation, a 

small quantity of venom may be available in circulation and/or body fluids to be detected 

[72].  

The stung patients from rural areas often arrive at health centres 1-2 h after the 

incident due to their initial preference for traditional medicine or inaccessible health 

centres. The pharmacokinetics studies of a few scorpion species venoms have 

demonstrated that the peak concentration of venom reaches in blood between 30 and 60 

min after venom injection, and after that, the venom is distributed in the organs and 

eliminated rapidly from the blood [73,74].  

Therefore, the detection tests for both snake and scorpion venoms should allow 

the determination of a trace quantity of venom in the body fluids/swab from the patient. 

This test will also assist the clinicians in determining the success of treatment (quantity of 

remaining venom in the blood and body fluids) at different time intervals post-antivenom 

administration. 

(iii) Several closely related or unrelated venomous snakes may inhabit a particular region. 

Extensive cross-reactivity among the components of venoms from different groups of 

snakes can lead to confusion in selecting the species-specific monovalent antivenom, 

which may further lead to fatal outcomes [21,75,76]. Therefore, the diagnosis of snake-

bitten species should be accurate in administering species-specific monovalent or bivalent 

antivenom [21,52]. 

(iv) Venomous snakebites typically result in varying degrees of toxicity, from mild local 

symptoms to systemic toxicity like severe coagulopathy, neuroparalysis, multiple organ 

failure, shock and finally death. But, sometimes, during an envenomation by a venomous 

snake, the victim does not show local or systemic symptoms, and these kinds of 

snakebites are termed dry bites. Patients diagnosed with a 'dry bite' should be hospitalised 

and observed closely for any indications of envenomation for at least 12-24 h to avoid 

inappropriate antivenom use [77]. Therefore, a diagnostic device that can differentiate 

between a life-threatening bite and a dry bite would be much more helpful in providing 

confidence for clinicians, including the less experienced trainee doctors in rural health 

centres [52].  
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(v) The detection kits should occupy minimal storage space, be affordable for developing 

countries, be capable of storage at room temperature, and not require maintaining the cold 

chain during transportation. The detection test should be simple to perform [78]. Thus, 

snake and scorpion venom detection methods that do not involve costly instruments, 

reagents, and skilled or highly qualified technicians to perform the diagnostic test and 

data analysis would be a highly welcome approach in the rural health centres of the 

countries. 

(vi) The test kit should be stable and has long shelf life. 

1.4 Proteome composition  

1.4.1 Indian snake venoms 

 Snake venom contains a cocktail of enzymatic and non-enzymatic toxins in 

various proportions. However, the venom of a particular snake species may not contain 

all the toxins. In addition, depending on the age, sex, zoogeographic and species and/or 

genus of the snakes, the relative proportion of different toxins may also vary [79-83]. The 

proteomic analyses of snake venoms have demonstrated that the most common enzymes 

of venom are phospholipase A2s (PLA2s), phospholipase B (PLB), snake venom serine 

proteases (SVSP), aspartic protease (ASPro), snake venom metalloproteases (SVMP), 

acetylcholinesterases (AChEs), cholinesterases (ChEs), L-amino acid oxidases (LAAO), 

nucleotidases (5’-nucleotidases, ATPases, phosphodiesterases, PDE;  and DNases), 

glutaminyl cyclase (GC) and hyaluronidases (Hya), snake venom thrombin-like enzyme 

(SVTLE)  whereas non-enzymatic venom components such as three-finger toxins (3FTx), 

cysteine-rich secretory proteins (CRISPs), kunitz-type proteinase inhibitors (KSPI), snake 

C-type lectin-like proteins (snaclecs), snake C-type lectins (CTL), cobra venom factor 

(CVF), nerve growth factor (NGF), vascular endothelial growth factor (VEGF), Ohanin-

like protein (OLP), Vespryn (Vesp), natriuretic peptides (NP) and disintegrins are present 

in several venoms (Table 1.2). 

However, proteomic analysis has shown that geographical and species-specific 

variation in snake venom composition is a common phenomenon, resulting in differences 

in toxicity and clinical manifestations following a bite by a venomous snake [84-87]. 
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Table 1.2. A summary of the common enzymes found in venomous species of Indian 

snakes from different geographical locations of India where maximum snakebite takes 

place. The proteins (toxins) were identified by proteomic analysis of venoms. 

Venoms 

(common name) 

Geographic origin Protein classes identified Ref. 

Naja naja 

(Indian 

spectacled 

cobra) 

Northern India 

(Rajasthan and 

Gujarat) 

PLA2, SVMP, 3FTx, KSPI, NGF, 

CRISP 

[85] 

Southern India PLA2, SVMP, LAAO, PDE, NT, 

SVSP, APase, 3FTx, CRISP, CVF, 

KSPI, NGF, OLP, Vespryn 

[88] 

Southern India PLA2, SVMP, LAAO, NT, SVSP, 

AChE, APase, 3FTx, CRISP, CVF, 

KSPI, NGF, OLP, Cys 

[89] 

Eastern India (Nadia, 

West Bengal) 

PLA2, SVMP, LAAO, NT, SVSP, 

AChE, ChE, PDE, 3FTx, CRISP, 

NP, OLP, CVF, NGF, KSPI,  

[90] 

Eastern India 

(Burdwan, West 

Bengal) 

PLA2, SVMP, LAAO, NT, PDE, 

ChE, PLB, AChE, 3FTx, NGF, 

CRISP, CVF, OLP, Cys  

[91] 

Western India PLA2, SVMP, NT, PDE, LAAO, 

SVSP, AChE, APase, PLB, 3FTx, 

OLP, KSPI, CRISP, NGF, Cys, 

CVF 

[92] 

Western India 

(Maharastra) 

CVF, SVMP, NT, LAAO, SVSP, 

CRISP, PLA2, NP, Vesp, 3FTx, 

KSPI 

[93] 

Naja kaouthia 

 (Monocled 

cobra) 

Eastern India 

(Burdwan, West 

Bengal) 

PLA2, SVMP, LAAO, PDE, NT, 

AChE, Hya, PLB, 3FTx, CRISP, 

CVF, OLP, NGF 

[91] 

Eastern India 

(West Bengal) 

CVF, SVMP, NT, PLB, LAAO, 

CRISP, SVSP, CTL, NP, PLA2, 

NGF, Vesp, 3FTx, KSPI 

[93] 

North-Eastern India 

(Assam) 

PLA2, SVMP, LAAO, NGF, Vesp, 

3FTx, KSPI, Vesp, Waprin 

[94] 

North-Eastern India 

(Arunachal Pradesh) 

CVF, PDE, SVMP, AChE, NT, 

LAAO, CRISP, PLA2, NGF, Vesp, 

3FTx 

[93] 

Bungarus 

caeruleus 

(Common krait) 

Southern India PLA2, LAAO, AChE, Hya, SVMP, 

NT, 3FTx, CRISP 

[88] 

Southern India SVMP, PLA2, SVSP, PLB, AChE, 

LAAO, 3FTx, CRISP, NGF, CVF, 

KSPI, Vespryn, β-Bungarotoxin 

[95] 
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 Northern India 

(Punjab) 

SVMP. AChE, NT, LAAO, Hyla., 

NGF, CRISP, Vesp., PLA2, 3FTx, 

KSPI 

[93] 

Bungarus 

sindanus 

(Sind krait) 

North-western India 

(Rajasthan) 

SVMP. AChE, NT, PLB, LAAO, 

NGF, CRISP, Vesp., CTL, PLA2, 

3FTx, KSPI 

[93] 

Bungarus 

faciatus 

(Banded krait) 

Eastern India 

(West Bengal) 

SVMP. AChE, NT, PLB, LAAO, 

NGF, SVSP, CTL, PLA2, 3FTx, 

KSPI 

[93] 

Daboia russelii 

(Russell's viper) 

Southern India SVSP, SVMP, PLA2, NT, PDE, 

LAAO, KSPI, VEGF, snaclec, 

NGF, Dis, CRISP 

[96] 

Southern India SVSP, SVMP, PLA2, NT, PDE, 

LAAO, PLB, GC, KSPI, VEGF, 

snaclec, NGF, CRISP 

[86] 

Southern India SVSP, SVMP, PLA2, NT, PDE, 

LAAO, PLB, GC, KSPI, VEGF, 

snaclec, NGF, CRISP 

[95] 

Eastern India 

(Burdwan) 

SVSP, SVMP, PLA2, NT, PDE, 

LAAO, APase, GC, Hya, KSPI, 

VEGF, snaclec, NGF, Dis, CRISP 

[97] 

Eastern India 

(Nadia) 

SVSP, SVMP, PLA2, NT, PDE, 

LAAO, PLB, GC, Hya, KSPI, 

VEGF, snaclec, NGF, Dis, CRISP 

[97] 

Western India SVSP, SVMP, PLA2, NT, PDE, 

LAAO, PLB, KSPI, VEGF, 

snaclec, NGF, Dis, CRISP 

[98] 

Echis carinatus 

(Saw scaled-

viper) 

Southern India SVMP, PLA2, SVSP, LAAO, NT, 

APase, PLB, GC, ASPro, PDE, 

snaclec, Dis, KSPI, VEGF, CRISP, 

NGF 

[99] 

Western India 

(Maharashtra) 

Hya, SVMP, LAAO, SVSP, 

snaclec, PLA2, Dis.  

[93] 

Echis carinatus 

sochureki 

(Sochurek's 

saw-scaled 

viper) 

North-western India 

(Rajasthan) 

Hya, SVMP, PLA2, SVSP, LAAO 

snaclec, Dis, CTL, CRISP 

[93] 

Hypnale 

hypnale 

(Hump-nosed 

viper) 

Southern India 

(Kerala) 

SVSP, SVMP, PLA2, snaclec, 

NGF, Dis, CRISP 

[100] 

Trimeresurus 

malabaricus 

(Malabar pit 

viper) 

 

Western Ghats, India LAAO, SVMP, PLA2, SVSP, PLB, 

APase, SVTLE, PDE, NT, GC, 

Dis, CRISP, NGF, snaclec 

[101] 
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1.4.2 Indian red scorpion venom  

Scorpion venom is a cocktail of enzymatic and non-enzymatic proteins. The 

proteins can be further classified into two categories based on the number of amino acids 

in their sequences: i) short toxins which are comprised of 30-40 amino acids, and ii) long 

toxins with 60-70 amino acids [102]. The non-enzymatic proteins are divided into four 

groups based on their biological functions and pharmacological activity, namely Na+, K+, 

Cl-, and Ca2+ channel toxins [103-105].  

Proteomic analysis of the Indian red scorpion (Mesobuthus tamulus) venom 

revealed the predominance of low molecular mass K+ and Na+ channel toxins, accounting 

for 38.2% and 38.4% of the proteome, respectively (Fig. 1.5) [106]. The Na+ channel 

toxins are mainly responsible for the neurotoxic effects of scorpion stings. The K+ 

channel toxins, short peptides comprised of 30-40 amino acids, show a high affinity 

toward one or more subtypes of potassium channels [106].  

The Na+ channel toxins based on their sensitivity to voltage changes post-target 

binding, the Na+ channel toxins are classified as α-type and β-type toxins, and the 

proteomic analysis of Mesobuthus tamulus venom identified both toxins [106]. Based on 

sequence homologies, 3D folding pattern, and activity, the K+ channel toxins are 

classified into six families [102]. Proteomic analysis showed that Mesobuthus tamulus 

venom predominately comprises α-K+ channel toxins containing about 200 peptides 

[102,106]. Additionally, β-K+ venom toxins and γ-K+ channel toxins have also been 

identified in Mesobuthus tamulus venom proteome [106]. 

Proteomic analysis identified several other minor toxin classes in less abundance in 

the Mesobuthus tamulus venom proteome, such as serine protease-like protein (SPLP), 

serine protease inhibitor (SPI), antimicrobial peptide,  makatoxin, hyaluronidase, lipolysis 

potentiating peptides (LPP), parabutoporin, Cl−-channel toxin, Ca2+-channel toxin, 

bradykinin potentiating peptide (BPP), HMG CoA reductase inhibitor, and some other 

toxins with unknown targets or pharmacological activity [106]. 
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Fig. 1.5 Protein family composition of Mesobuthus tamulus venom. The relative 

abundance of different venom protein families is expressed as an average of relative 

abundances calculated using MSI (summed peptide-spectrum Match Precursor Intensity) 

based on label-free quantitation techniques. (Figure adapted from Das et al., [106]). 

1.5 Peptide antigens and antibodies in detection 

Recent decades have seen a rise in the extensive use of synthetic peptide antigens to 

generate specific antibodies for detection. Synthetic peptides are generated by mimicking 

selected regions of the protein of interest, and they are preferred for their high purity and 

ease of handling [107]. After that, antibodies may be produced using the epitopes on 

these synthetic peptide antigens.   

1.5.1 Antigenic peptide design and synthesis  

 Designing a synthetic peptide to raise antipeptide antibodies must start with 

studying the native protein sequence and structure using protein structure databases like 

Protein Data Bank (PDB) [www. rcsb.org/pdb]. The protein sequences should also be 

studied to determine and avoid any potential cross-reactivity with other closely related 

proteins using protein homology tools like those available at NCBI (www.ncbi. 

nlm.nih.gov), UniProtKB (www.uniprot.org), PIR (pir.georgetown.edu), ExPASy 

(us.expasy.org/tools), or HomoloGene (www. ncbi.nlm.nih.gov/homologene).  

Further, if 3D structure of a protein is not available at PDB, 
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I-Tasser (zhanglab.ccmb.med.umich.edu/I-TASSER) may help predict the 3D structure 

of a particular protein [108,109]. 

Peptide immunogens for antibody production are selected based on several factors, 

sequential epitopes, physicochemical characteristics like accessibility, hydrophilicity, 

flexibility, and structural features [110-112]. Several B-cell epitope databases/prediction 

servers can help predict peptide sequences that elicit a robust immune response [108]. 

Synthetic peptide sequences selected should be potentially exposed, as well as 

immunogenic internal sequences of the native protein, as antibodies generally bind to 

epitopes exposed on protein surfaces and those flexible enough to move to accessible 

positions since accessibility is crucial for antipeptide antibodies to recognise native 

proteins, exposed regions such as the N- or C-termini, protruding loops or connecting 

regions are preferred as these regions are enriched with charged and polar amino acids 

[111-113]. Thus, with the help of algorithms, protein characteristics such as 

hydrophilicity/hydrophobicity and secondary structural regions can be predicted, aiding 

in selecting and designing antigenic peptide sequences [108,112].  

Peptide sequences are generally designed using 10-20 amino acids long as 

sequences at this length have minimal issues during synthesis and may show reasonable 

solubility in aqueous solutions. Notably, peptide sequences with smaller than eight amino 

acids may not be feasible for immunisation as they may elicit antibodies with insufficient 

affinity towards the native proteins. In contrast, peptides with longer than 20 amino acids 

may sometimes lose specificity and adopt conformations that do not resemble those of 

native protein [108,112,114].  

Antigenic peptides with less than 50 amino acid residues can be synthesised by the 

widely used method of 9-fluorenylmethoxycarbonyl (Fmoc)-based solid-phase peptide 

synthesis (SPPS), in which the Nα-amino group gets protected by base-labile Fmoc group 

and side-chains get blocked by acid-labile groups [115]. After the synthesis process, the 

synthetic peptides obtained are analysed purity by liquid chromatography-mass 

spectrometry (LC-MS) or analytical reverse-phase high-performance liquid 

chromatography (RP-HPLC) and matrix-assisted laser desorption ionisation-time of flight 

mass spectrometry (MALDI-TOF) [112,116]. 
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1.5.2 Antigenic peptide antibody  

 One of the main applications of synthetic peptides in immunology arises from 

their capability to elicit antipeptide antibodies that cross-react with the native protein 

[117]. Immunising animals with a particular synthetic peptide will produce polyclonal 

antiserum with a heterologous mixture of immunoglobulin Gs (IgGs) against the 

concerned protein [118]. Immunisation procedures for producing polyclonal antipeptide 

antibodies use peptide conjugates for successful animal immunisation. The animals are 

injected with peptide-carrier conjugates mixed with adjuvant, which enhance the immune 

response [112,119,120].  

Animals such as mice, guinea pigs, hamsters, rats, rabbits, chickens, goats, pigs, 

sheep, donkeys, cows, and horses may be used as host animals for producing peptide 

antibodies. The most suitable animal for the project is generally selected based on the 

presence of homologous proteins in the immunised species, the amount of peptide 

available for immunisation, the amount of antibody required, and the time needed for an 

antibody response. Assessing all the factors, the most common host for immunisation 

projects is the New Zealand White rabbit because rabbits can respond to a broader class 

of antigens and require a shorter period to produce good yields [112,121].  

The antiserum obtained undergoes purification to prevent non-specific interactions 

with the other proteins. Purification to obtain the antipeptide antibodies may be 

performed by performing primary precipitation followed by chromatography or an 

antibody affinity purification using protein A or G [122,123]. 

1.6 Gold nanoparticles as colorimetric sensor 

Any particle of matter with a diameter from 1 to 100 nm that behaves as a single 

unit regarding its transport and other properties is defined as a nanoparticle. Owing to 

their unique optical, photothermal and electrical properties, one of the most widely 

studied nanoparticles is gold nanoparticles (AuNPs) [124,125]. Colourimetric sensing by 

AuNPs depends on their interparticle distance-dependent localised surface plasmon 

resonance (LSPR) properties [125,126]. LSPR is explained by the absorption band from 

the radiation absorbed when the incident photon frequency resonates with the collective 

oscillation of conduction band electrons [125].  
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Synthesizing AuNPs is simple, and their versatile surface chemistry offers linkage 

capability to probes for chemical and biological target detection [127,128]. The main 

criteria for naked-eye colourimetric sensing are that AuNPs can confine their electrons, 

producing quantum effects that lead to visible surface charge modifications as colour 

changes from red/pink to blue. Thus, colourimetric sensing by AuNPs exploits the colour 

changes associated with their aggregation [124,125,129-131] (Fig. 1.6). External stimuli 

can initiate aggregation or dispersion of AuNPs, which is accompanied by a shift in the 

absorption spectrum, leading to colour changes of the colloidal solution. Thus, there has 

been a wide range of aggregation-based colourimetric assays for sensing proteins, small 

molecules, enzyme activities, inorganic ions, and oligonucleotides [132-137].  

 

Fig. 1.6 Physical and chemical properties of AuNPs and schematic illustration of AuNPs 

(aggregation/dispersion) colourimetric-based detection systems. (Figure adapted from 

Aldewachi et. al., [125]).   

1.7 Colorimetric assays 

As the study of chemistry evolved, the scientific community discerned that specific 

chemical reactions involve solutions changing colours, and the colour intensity recorded 

may be used to determine the concentration of the analytes in the reaction. Further, colour 

vision theory led to colourimetric reactions becoming used for qualitative analysis [138-

140].   
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Colourimetric assays play a significant role in producing sensors or sensing 

technologies that are simple (without any hefty instrumentations), miniature, rapid and 

cost-effective by relying on instantaneous visual detection of the analyte. The optical 

property, SPR, of nanoparticles is central to visual detection. There are numerous studies 

where colour change detection by colourimetric assays has been used [129,131,132,141].  

Shifts in plasmon bands due to aggregation and dispersion of AuNPs result in 

colour change from red to blue and vice versa. Thus, the colourimetric assays are based 

on the controlled decrease of particle distance due to the target analyte [142-144]. The 

extent of aggregation of AuNPs is proportional to the absorption peak shift, which can be 

measured using a UV-Vis spectrophotometer, and the importance of signal change offers 

a quantitative measure of the aggregation inducer or the analyte. For example, AuNPs 

may have a plasmonic peak at 520 nm. Upon progressively increasing particle 

aggregation, the peak at 520 nm may gradually decrease, and a new peak appears at 

∼600-700 nm when colour of the solution changes from red to purple/blue. The extent of 

aggregation is quantified using the aggregation parameter, i.e., the ratio of maximum 

absorbance at the more extended and original wavelength (A600/A520) [125,145,146]. 

Another method for based colourimetric assays involves digital images captured by 

digital cameras, webcams, scanners, or smartphones, offering portable and in situ analysis  

[147-149]. Smartphone cameras initially divide the images captured into two-dimensional 

grids called pixels. The pixel values represented by colour spaces are processed using 

Android or iOS operating systems, resulting in the images displayed on smartphone 

screens [150]. For AuNP-based colourimetric assays where there is colour change due to 

analyte-reagent reaction, smartphone filters assign colours to each pixel responsible for 

recording the sample signal. The most frequently used filters are CMYK (cyan, magenta, 

yellow and black) or RGB (red, green, and blue). The RGB colour system, which mimics 

human vision, uses 3 matrices, R, G, and B, to store the colour intensity values of these 

components. These intensity values may be used to elucidate colour components and 

analyte concentration relationships [148,151]. 
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1.8 Gap in the study 

 Snake envenomation constitutes an occupational health risk in underdeveloped 

nations, such as India, leading to both death and morbidity. The injection of antivenom is 

the sole treatment for snake envenomation, yet it is not without adverse effects. Despite 

the hazards linked to managing snakebites, there exists a deficiency of snake venom 

detection kits suitable for the clinical diagnosis of snake envenomation in rural regions 

with inadequate healthcare resources, which could assist patients in circumventing 

complications arising from unwarranted antivenom treatment.  

 Scorpion envenomation, a significant public health concern, is often identified by 

clinical symptoms, with the conventional treatment including intravenous scorpion 

antivenom and supportive symptomatic care. The Indian red scorpion, Mesobuthus 

tamulus, causes significant fatalities in India and Sri Lanka. Nonetheless, there is no 

definitive diagnostic technique to identify this scorpion's venom in envenomed plasma or 

bodily fluids, nor to quantify the venom administered to patients to establish an effective 

therapy regimen.  

1.9 Aim of the present study 

I. Characterisation of the specificity of antibodies produced against unique major toxin(s) 

and/or their peptide immunogens from specific Indian ‘Big Four’ snake venom, Naja 

kaouthia venom and Indian red scorpion venom for unambiguous detection of that 

particular venom. 

II. Conjugation of the toxin-specific antibodies with nanoparticles and assessment of the 

increase in antibody-nanoparticle conjugate efficiency to detect specific unique toxin(s) 

in venom. 

III. Development of analytical techniques for detecting species-specific venom toxin(s) in 

biological fluids for identification and/or clinical diagnosis of Indian ‘Big Four’ snake 

venom, Naja kaouthia venom and Indian red scorpion venom. 
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