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1.1 Scorpions: evolution, diversity and geographical distribution of medically 

significant scorpions of the world 

1.1.1 The titans of Paleozoic era: the Silurian ancestral scorpions 

The scorpion is one of the earliest animals to fully acclimate to the terrestrial 

environment. Due to the scarcity of their early fossils, it has been challenging to provide 

definitive answers to critical concerns, such as when and how they evolved to live on 

land. Scorpions first appeared as aquatic organisms during the Silurian (approximately 

450 million years ago – MYA) and experienced few morphological changes since that 

period [1; 2; 3]. During the late Devonian (416-359 MYA) or early Carboniferous, the 

first unquestionably terrestrial (air-breathing) scorpion likely was discovered on land [4; 

5]. These early scorpions, nearly exclusively aquatic or amphibious, eventually diverged 

into many super-families and families. The internal phylogeny of scorpions has long been 

a source of debate, similar to how scorpions are classified among the arachnid orders [6; 

7; 8; 9; 10; 11; 12]. Numerous researchers have conventionally emphasized various 

physical characteristics of scorpions, leading to different phylogenetic hypotheses, none 

of which have received widespread acceptance [6; 9]. The family Buthidae and the non-

buthids are physically distinct categories into which scorpions are traditionally separated 

[13; 7]. A group that illustrates morphological stability may limit the use of 

morphological features, which have historically been used to infer higher-level 

connections between scorpions (and to settle ensuing disagreements) [9; 14]. A scorpion 

phylogeny based on molecular data has not yet been proposed, despite the extensive use 

of molecular sequence data for phylogenetic reconstruction. 

1.1.2 'Parioscorpio venator gen. et sp. Nov': the earliest scorpion through 

evolutionary routes 

Over 2000 identified extant species of scorpions have survived to the present day [15]. 

Among them, the species 'Parioscorpio venator gen. et sp. Nov' was the earliest species, 

as evidenced by its thin exoskeleton, which had a variety of distinctive characteristics, 

including evolved (apomorphic) traits like primitive compound eyes, pedipalps (with 

claws), and a slender metasoma ending in a stinger. The small exoskeleton that 

distinguishes Parioscorpio venator gen. et sp. nov. displays a distinctive range of 

characteristics. According to previous research, some of these characteristics, including 

compound eyes, are regarded as primitive (plesiomorphic) for arachnids [16; 17; 18; 19; 
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20; 21; 3; 10]. Other characteristics, such as pedipalps with claws and a thin metasoma 

with a stinger, are derived from (apomorphic). It is believed that P. venator is the only 

species with a mesosoma that has seven tergites and sternites (Fig. 1.1, 1.2). The 

number of sternites in Paleozoic scorpions has been declining through time.  

 

  

 

Fig. 1.1. Parioscorpio venator gen. et sp. nov., Wisconsin, USA, Brandon Bridge 

Formation, Silurian. (a) A low-angle photograph of a holotype, UWGM 2162, exposing 

internal anatomy; (b) Holotype, an interpretive drawing; (c) a low-angle photograph of a 

paratype, UWGM 2163; and (d) Paratype, an interpretive drawing. Abbreviations: cx, 

coxa; fe, femur; fx, fixed finger; fr, free finger; gt, gut; le, lateral eye; me, median eyes; 

mt, metasomal segment; pa, patella; pfm, pedipalp femur; pm, pedipalpmanus; pc, 

pericardium; pm.c, pedipalps manus carina; ppt, pedipalp patella; pr, pedipalp ramus; 

ps, pulmo-pericardial sinus; st, sternum; ptr, pedipalp trochanter; pv, poison vesicle; stn, 

sternite; tr, trochanter; wl, walking leg. The scale bar equals 5mm [22]. 
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Fig. 1.2. Medial structures linked with the pulmonary-cardiovascular system in (a) 

Silurian and (b,c) Holocene scorpions. (a) Parioscorpiovenator gen. et sp. nov., 

holotype, depiction of the medial area displaying the pulmo-cardiovascular structures; 

(b) SEM of Centruroidesexilicauda, pulmo-pericardial sinuses and the pericardium's 

corroded cast; (c) Hadogenes troglodytes, male, dorsal surface, demonstrating medial 

components that reflect the location of the internal pericardium externally 

(Abbreviations: bl, book lungs; pc, pericardium; ps, pulmo-pericardial sinus. Scale bars 

equal 1mm for (a,b); scale bar equals 1 cm for (c) [22]. 

1.1.3 The origin and diversity of scorpion toxin peptide scaffolds: evolution stings 

The family tree of the scorpion is being elucidated using the forms of the toxins present 

in its venom. The evolutionary history of the scorpion has been further revealed by 

peptides discovered in its venom. The results might provide a fresh perspective on many 

intricate relationships in nature. Although there are more than 2400 species of scorpions, 

scientists have had trouble figuring out how they are all linked to one another [23]. Most 

scorpion species have relatively similar anatomies, making it challenging to pinpoint the 

exact period of evolutionary divides.  

However, the shape of specific venom peptides has been discovered to assist identify 

between distinct branches of the scorpion family tree, according to a recent study from 

the University of Wisconsin-Madison in the USA. To better understand how scorpion 

venom toxins originated, the study used a combination of phylogenomics and molecular 

modelling to identify relationships between different scorpion species [24]. Scorpions 

serve as the model arachnid group for investigations into arthropod terrestrialization, 

morphological stagnation, and body plan diversification [19; 20; 25; 26]. 

For many years now, there has been a general consensus that scorpions can be classified 

among the most ancient and conservative arthropods in origin and body morphology. 

Scientists and lay people alike find scorpions to be particularly fascinating due to the 

variety of their venom, which is a complex mixture of bioactive substances (such as 

proteins and peptides) secreted in specialized organs and used to interfere with the 

physiological and biochemical functions of the target organisms [27; 28; 29]. The 

recruitment of paralogs of ancestral housekeeping genes, followed by speciation and 

neofunctionalization, is hypothesised to be the cause of the toxins found in animal 

venom. The patchy nature of current taxonomic sampling makes studying the variety of 
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scorpion venom even more challenging. The availability of transcriptomes, the first 

scorpion genomes, proteomics, and the development of current-generation sequencing 

technologies has significantly accelerated the identification of venom diversity. 

According to scientific consensus, differences in prey preference and/or predatory 

technique are the primary causes of the dynamic molecular evolution of venom-encoding 

genes [30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40]. The underlying molecular variety of 

venom may be concealed, nevertheless, by the episodic nature of selection on the genes 

that encode them and the severe sequence divergence that occurs over protracted periods 

of evolutionary time. Venom-encoding genes are widely distributed in some of the oldest 

venomous lineages, such as cnidarians, centipedes, scorpions, spiders, coleoids, etc. 

The venoms that scorpions have developed throughout their more than 400 million-year 

evolutionary history [41] have harmful effects on various biological targets. The toxin 

diversity has been amplified because of its lengthy geological history, sluggish migratory 

rates, and diverse population structures [42; 43; 44]. While some snake venoms have a 

high concentration of enzymatic toxins, scorpion venoms primarily comprise peptide 

toxins. The CS/ scaffold (cysteine-stabilized/) is one of several toxin types found in 

scorpion venoms and is extremely complicated. Scorpion CS/ toxins consist of Na+ ion 

channel (NaV) modulators (NaScTx or NaV-CS/Toxin); subtypes: -toxins (site-3 

binding) and -toxins (site-4 binding), atypical NaV-CS/ toxins (birtoxin and similar 

toxins, including the alleged "lipolytic toxins"), K+ ion channel (Kv) targeting toxins 

(KTx). 

1.1.4 Geographical distribution of venomous scorpions 

Scorpions are fascinating animals. As stated by nationalist general healthy information, 

around 1.5 million scorpions intoxicates, performed in 2000-3000 demises, are registered 

yearly universally [45; 46]. There are currently 2,584 species of scorpions in the world, 

divided into 23 families (according to Chippaux and Goyffon) [46] and updated by 

Reckziegel and Pinto; Laustsen and his team; and Lourenço [47; 48; 49]. Scorpion toxins 

may not alone be a medicinal menace to human health. Still, they could demonstrate a 

worthy origin of bio-vigorous particles that may assist as drives for the evolution of novel 

curatives versus existing and arising illnesses.  

The geography allocation of the generality of those medicinally important species links to 

the domestic spread of scorpions. All continents, with the exception of Antarctica, are 
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habitat to scorpions, however in northern South Africa, Saharan Africa, the African 

Sahel, southern India, the Middle East, Brazil, Mexico, and the Amazon basin region, 

envenoming is more severe and common [50; 51; 52; 53]. However, there are a few cases 

of symptoms brought on by the venom of the majority of these species [53].  

Scorpionism is a serious public health problem in many parts of the planet, as 

envenomation are often painful and lethal to human and causes severe health 

complications [54; 55; 56; 57]. The incidence and severity of scorpionism vary 

significantly by geographical location. Thus, it is important to identify the local 

population's specific concerns and the significant risk factors. To determine the prognosis 

and implement effective treatments, an assessment of the severity of the envenomation, 

particularly in children, is necessary.  

The largest family of scorpions, Buthidae, is found throughout the planet with the 

exception of Antarctica and New Zealand [58]. The 1,225 species that make up this 

family (as of January 22, 2021) [59], include roughly 50 species that are regarded as 

harmful to humans [60]. The Buthidae (C. L. Koch) family of scorpion species account 

for over 95% of scorpion envenomations (Buthidae family was established by Carl 

Ludwig Koch in 1837), which comprises the genera Mesobuthus, Buthus, Tityus, Leiurus, 

Centruroides, Parabuthus, Hottentota and Androctonus [48]. Scorpions from the 

Chactidae family have the potential to cause mild and local effects in humans [61; 62]. 

The Indian red scorpion (Mesobuthus tamulus) has khaki-colored cuticles on its body and 

measures 2-3.5 inches (5-9 cm) in length [63], has red clawed pedipalps, legs, and  a tail 

(Fig. 1.3). These nocturnal predators are prevalent throughout the Indian subcontinent. In 

India, the western Maharashtra, Saurashtra, Kerala, Andhra Pradesh, Tamil Nadu, and 

Karnataka are frequently affected by morbidity and mortality brought on by scorpion 

stings (Fig. 1.4). They are rarely found outside Eastern Nepal [64], Eastern Pakistan [63], 

or Sri Lanka [65]. 
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                     Fig. 1.3. Indian red scorpion (Mesobuthus tamulus) [66] 

 

Fig. 1.4. The geographical distribution of the Mesobuthus tamulus throughout the Indian 

sub-continent [Brown fill: Indian states; Blue fill: neighbouring countries of India] [66]  

1.1.5 Scorpions: taxonomic classification, anatomy, morphology and reproduction 

In 1837, the German arachnologist Carl Ludwig Koch established the order of 

Scorpiones. He classified them into four families: "Scorpionides" (scorpions with six 

eyes), "Buthides" (scorpions with eight eyes), "Centrurides" (scorpions with ten eyes), 

and "Androctonides" (scorpions with twelve eyes). Since then, approximately 2,500 
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species of scorpions from 22 families have been described, and the 21st century has seen 

numerous taxonomic additions and reorganizations [23]. 

The taxonomic framework of scorpion 

Kingdom: Animalia 

Phylum:Arthropoda 

Subphylum: Chelicerata  

Order:Scorpiones 

Family: a.Buthidae, b.Hemiscorpionidae, 

c.Scorpionidae 

Genus:a. Tityus, Androctonus, 

Leiurus, Parabuthus, Centruroides. 

        b.Hemiscorpius 

         c.Scorpio 

 

1.1.6  Anatomy and Morphology 

Scorpions range in size from the Typhlochactas mitchelli of the Typhlochactidae, which 

measures 8.5 mm (0.33 in), to the 23 cm (9.1 in) Heterometrus swammerdami of the 

Scorpionidae [67]. The cephalothorax, also known as the prosoma, and the abdomen, 

often the opisthosoma, are the two tagmata that constitute a scorpion's body (Fig. 1.5). 

The opisthosoma is divided into two parts: the sizeable anterior mesosoma, also known as 

the pre-abdomen, and the small, tail-like posterior metasoma, often known as the post-

abdomen [68]. In most animals, there are no evident external distinctions between the 

sexes. In rare cases, male metasomae are more extended than females [69]. The scorpion 

body is divided into three major parts, (i) Cephalothorax, (ii) Mesosoma, and (iii) 

Metasoma [70; 71] (Fig. 1.5). 
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Fig. 1.5. Scorpion anatomy 

1.1.6.1 Prosoma or cephalothorax 

The cephalothorax consists of the carapace, eyes, chelicerae (parts of the mouth), 

pedipalps (which have chelae, generally known as claws or pincers), and four pairs of 

walking legs. The top of the cephalothorax of scorpions has two eyes, while the front 

corners of the cephalothorax often have two to five pairs of eyes. Its primary eyes are 

among the most sensitive to light in the animal kingdom, especially in low light, allowing 

nocturnal species to use starlight to navigate at night, despite their inability to generate 

precise images. The front and underside of the carapace are home to the chelicerae. They 

resemble pincers and contain three segments and pointed "teeth" [72]. The scorpion's 

brain is located immediately above the oesophagus in the back of the cephalothorax.  

The nervous system is primarily concentrated in the cephalothorax, as it is in other 

arachnids (Fig. 1.6). Still, it also contains a lengthy ventral nerve cord and segmented 

ganglia, which may be a primitive characteristic. The segmented, clawed pedipalp is an 

appendage utilized for defence, immobilization of prey, and sensory functions. The 

pedipalp comprises the coxa, trochanter, femur, patella, tibia (which includes the fixed 

claw and the manus), and tarsus. These parts are listed from closest to the body outward 

(moveable claw) (Fig. 1.6). The pedipalp segments and other portions of the scorpion's 
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body have darker or granular elevated linear ridges known as "keels" or "carinae," which 

are essential taxonomic characteristics [73]. Although females can use them to catch 

developing young and they can also be used for digging, unlike those of certain other 

arachnids, the legs have not been changed for other uses. Proprioceptors, bristles, and 

sensory setae exist throughout the legs. Depending on the species, the legs may contain 

spines and spurs [73; 74].  

   

Fig. 1.6. Nervous system of scorpion (created with BioRender.com; agreement number: 

XG25HMISCM) 

1.1.6.2 Preabdomen or mesosoma 

The broad portion of the opisthosoma is known as the mesosoma or preabdomen. Eight 

segments comprise the mesosoma during the early stages of embryonic development; 

however, the first section disappears before birth in scorpions, leaving only segments 2–8 

[68]. A sclerotized plate known as the tergite covers each of the opisthosoma's anterior 

seven somites (segments) on the dorsal side. Somites 3 to 7 are defended ventrally by 

sternites, which are matched plates. Two genital opercula cover the gonopore on the 

ventral side of somite 1. The basal plate consisting of sternite 2 contains the pectines, 

which serve as sensory organs [75]. The following four somites, 3 to 6, have two 

spiracles. These act as the book lungs, the scorpion's respiratory system apertures.  

Depending on the species, the spiracle openings might be oval, circular, elliptical, or slit-

shaped [68]. Hence, there are four sets of book lungs. Each set has 140 to 150 air-filled 
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pulmonary chambers connected on the ventral side to atrial chambers that open into 

spiracle-like structures. The lamellae are kept separated by bristles. During contraction, 

dorso-ventral muscles compress the pulmonary chamber, expelling the air, and they then 

relax to allow the chamber to re-fill. A muscle extends the atrial chamber and opens the 

spiracle [68]. The seventh and final somite lacks notable exterior features or appendages 

[76].  

The scorpion's open circulatory system is controlled by the heart, also known as the 

"dorsal vessel," in the mesosoma (Fig. 1.7). A deep artery network that runs throughout 

the body is continuous with the heart. Deoxygenated blood (hemolymph), which is 

returned to the heart by the sinuses, is reoxygenated by cardiac pores. The reproductive 

system is likewise housed within the mesosoma. The female gonads comprise two to four 

transverse anastomoses that join three or four parallel tubes. Both oocyte production and 

embryonic development take place in these tubes. They attach to two oviducts, which link 

to one atrium and the genital orifice [77]. Two gonads are formed of cylindrical tubes 

arranged in a ladder-like fashion and contain cysts that generate spermatozoa. One on 

either side of the mesosoma, the two tubes converge in spermiducts. They join to paraxial 

organs, symmetrical glandular structures that terminate at the genital opening. They 

produce structures made of chitin that combine to create the spermatophore [78; 77].  

 

          

Fig. 1.7. Circulatory system of scorpion mainly controlled by heart (created with 

BioRender.com; agreement number: QJ25HMJ3NH). 
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1.1.6.3 Tail or metasoma 

The telson, which isn't precisely a segment and five segments, compensate the "tail" or 

metasoma. The five segments which are body rings, have no discernible sterna or terga 

and get bigger farther away. These segments feature bristles, setae, and keels that can be 

used to classify them according to taxa. Four anal papillae and the anal arch surround the 

anus at the final segment's distal and ventral end [68]. Several creatures have light 

receptors in their tails (Fig. 1.5) [72]. The vesicle, which has a symmetrical pair of venom 

glands, is a part of the telson. Its curved, sensory-haired hypodermic aculeus stinger is 

visible on the outside. Each venom gland contains a separate duct that carries its secretion 

from the bulb of the gland to the area just next to the tip, where each paired duct has a 

different venom pore [79]. 

In comparison, an internal muscle system connected to the glands pumps venom through 

the stinger into the chosen victim, and an extrinsic muscle system in the tail drives and 

penetrates the aculeus [77]. Zinc-containing metalloproteins in the stinger harden the tip 

[80]. An angle of about 30 degrees concerning the tip is ideal for stinging [81].  

1.1.6.4 Habitat and food of scorpions 

Majority of scorpion species are nocturnal and spend the day hiding in burrows, rock 

crevices, and tree bark [77]. Several species create a home beneath stones that are a few 

millimetres long. Some may utilize the tunnels dug by small mammals, reptiles, spiders, 

and other creatures. Some animals create their own, varying in complexity and depth 

tunnels. About 2 m (6 ft 7 in) deep burrows are dug by Hadrurus species. Legs, claws, 

and portions of the mouth are used for digging. Individuals may congregate in the same 

shelter in several species, especially those belonging to the Buthidae family; bark 

scorpions can aggregate as many as 30 individuals. Families of females and young may 

occasionally congregate in certain species [69]. Scorpions can resist extreme heat if 

adequately hydrated; Leiurus quinquestriatus, Scorpio maurus, and Hadrurus arizonensis 

may survive at 45-50 °C (113-122 °F). Scorpions prefer environments with temperatures 

ranging from 11-40 °C (52-104 °F).  

Desert species have to adapt to the drastic shifts in temperature from day to night or from 

season to season. Pectinibuthus birulai, a psammohile scorpion can tolerate temperatures 

between 30 and 50 °C (22 and 122 °F). Scorpions prefer cooler temperatures when they 
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live outside of deserts. Desert scorpions have several water-saving adaptations. Without 

water, they eliminate insoluble substances from the body, such as xanthine, guanine, and 

uric acid. The primary component, guanine, enhances nitrogen excretion. Using lipids 

and waxes produced by epidermal glands, a scorpion's cuticle traps moisture and offers 

UV protection. A scorpion can withstand high osmotic pressure in its blood even when 

dehydrated [82]. While some desert scorpions can take in water from the damp soil, most 

receive moisture from their food. Animals that prefer cooler climates and denser flora 

will drink from puddles and plants [69]. The stinger of a scorpion is used for both offence 

and defence. Others deliver slower, circular attacks that make it easier to reposition the 

stinger so it can sting again. Some animal species use their tails to strike hard and rapidly. 

During a defensive strike, the Leiurus quinquestriatus can whip its tail at up to 128 cm/s 

(50 in/s) [73].  

Other arthropods, including ants, solifugids, spiders, and centipedes, may attack 

scorpions. Lizards, frogs, snakes, birds, and mammals are some of the main predators 

[69]. Meerkats are reasonably skilled at catching and eating scorpions since they can bite 

off their stingers and are immune to venom. The grasshopper mouse and the desert long-

eared bat are other predators that have evolved to hunt scorpions and are resistant to their 

venom [83; 84]. Scorpions host various parasites, including bacteria, nematodes, mites, 

and scuttle flies. Due to their immune systems, scorpions resist many bacterial infections 

[77]. A scorpion takes a defensive stance when attacked by an object by raising its claws 

and tail. By rubbing the stinger, or the claws, some species stridulate to frighten away 

predators [69]. Depending on the size of the appendages, certain species choose to defend 

themselves by employing either the claws or the stinger [85].  

Scorpions feed on insects, especially wasps, grasshoppers, crickets, termites, and beetles 

(Fig.1.8). Some of the other prey are spiders, solifugids, woodlice, and even tiny 

vertebrates like lizards, snakes, and mammals. Earthworms and mollusks may be prey for 

species with big claws (Fig. 1.8 ). Isometroides vescus is a species that only eat 

burrowing spiders; however, the rest of the species are opportunistic and eat a variety of 

prey. The species' size influences the size of the prey. As sit-and-wait predators, several 

scorpion species wait for food at or close to the entrance to their tunnel. Others 

deliberately look for them. Scorpions use the mechanoreceptive and chemoreceptive hairs 

on their body to locate their prey and then use their claws to trap it. Especially in the case 

of large-clawed species, small animals are destroyed with claws. Prey that is larger and 
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more aggressive receives a sting [77]. Like other arachnids, scorpions also digest their 

food externally.  

 

Fig. 1.8. Foods of scorpion (created with BioRender.com; agreement number: 

JF25HMJNPF) 

Little amounts of food are pulled off the prey item and placed into a pre-oral 

compartment beneath the chelicerae and carapace using the highly sharp chelicerae. Food 

is digested with the digestive juices from the gut, followed by the liquid digestion of the 

food being sucked into the gut. Setae catch, and expel any solid, indigestible material 

(such as exoskeleton fragments) from the pre-oral cavity.The pharynx pushes the food 

sucked into the midgut, where it is further broken down. The anus and the hindgut are 

where the waste exits. Scorpions have a high appetite and can eat much at once [68].  

1.1.6.5 Reproduction in scorpions 

Most scorpions reproduce sexually, with male and female individuals; however, 

parthenogenesis, in which unfertilized eggs develop into living embryos, has been 

reported in some genera, including Hottentotta and Tityus, and the species Centruroides 

gracilis, Liocheles australasiae, and Ananteris coineaui [86]. Males on the move gather 

up pheromones from receptive females using their pectines to comb the substrate. 

Juddering is the back-and-forth body movement that males use when they first start 

courting [86]. 

In some species of scorpions, the gestation period can last up to a year [68]. Both 

apoikogenic and katoikogenic embryonic development are available to them. 
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Inside follicles, embryos grow in yolk-rich eggs in the apoikogenic system, mainly found 

in the Buthidae. In the katoikogenic system, which has been observed in the 

Hemiscorpiidae, Scorpionidae, and Diplocentridae, the embryos grow in a diverticulum 

with a teat-like structure through which they can feed [87]. Scorpions appear universally 

viviparous, giving birth to live young, unlike most arachnids, which are oviparous and 

hatch from eggs [88]. The female raises her front end before giving birth, positioning her 

pedipalps and front legs underneath her to collect the baby ("birth basket"). The young 

leave the genital opercula one by one, expel any embryonic membrane that may have 

been present, and subsequently placed on their mother's back, where they remain for at 

least one moult. The pro-juvenile stage is before the first moult; during this stage, the 

young have suckers on their tarsi to cling to their mother even if they are unable to 

consume food or sting. This time frame can last 5 to 25 days, depending on the species. 

The brood's first synchronous moulting signifies the juvenile stage, which takes 6 to 8 

hours [89].  

Instars or juvenile stages typically resemble scaled-down counterparts of adults and have 

fully formed pincers, hairs, and stingers. In order to stay safe, they ride on their mother's 

back as usual because they are still fragile and lack colour. Over the following few days, 

they became more arduous and more coloured. They might briefly separate from their 

mother before returning if they spot any threat. The young can hunt prey independently 

once the exoskeleton has fully hardened, and they may soon leave their mother [77]. 

Before reaching maturity, which could take anywhere between 6 and 83 months, a 

scorpion may moult six times on average. Several creatures have a 25-year lifespan [68].  

1.2 Scorpions venom: origin, evolution, composition, and functions 

1.2.1 The origin and diversity of scorpion toxin peptide scaffolds: evolution stings 

The family tree of the scorpion is being elucidated using the forms of the toxins present 

in its venom. The evolutionary history of the scorpion has been further revealed by 

peptides discovered in its venom. Most scorpion species have relatively similar 

anatomies, making pinpointing the exact period of evolutionary divides challenging. 

However, the shape of specific venom peptides has been discovered to assist in 

identifying distinct branches of the scorpion family tree (Fig. 1.9) [24].  
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The origin of venom toxins has been hypothesized to be the consequence of paralogs' 

recruitment of ancient housekeeping genes, then it comes diversification and neo-

functionalization (functional divergence of venom toxins), a process driven by positive 

selection (Fig. 1.9) [90; 91; 28; 92; 93; 94]. Although novel peptides frequently retain the 

same molecular architecture as their ancestor proteins, substantial functional residue 

alterations, typically in surface-exposed locations, give rise to newly derived biological 

activities which may be necessary for the survival of scorpions [27; 91]. However, two 

peptides can use the same scaffold despite having statistically insignificant sequence 

similarities [95], leading to evolutionary convergence in fold structures and challenging 

homology inference. According to scientific consensus, differences in prey preference 

and/or predatory technique are the primary causes of the dynamic molecular evolution 

that venom-encoding genes go through [30; 31; 32; 33; 34; 96; 35; 36; 37; 38; 39; 40]. 
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Fig. 1.9. Scorpion life tree. Number of orthologs is indicated by bars to the right of 

terminals. In Navajo plots, shaded squares denote node recovery from the associated 

analysis with M = Matrix followed by its number (except M1e = Matrix 1 analyzed with 

ExaML), and colored as follows: blue squares = IQTree; pink square = ASTRAL  [24]. 
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1.2.2 Structure-Function analysis of scorpion toxins  

Scorpion venoms contain numerous polypeptides cross-linked via 3-4 disulfide bridges 

that exert various physiological and pharmacological activities by targeting ion channel 

(s) function [97; 98; 99]. Regardless of the diverse primary structures, the majority of 

scorpion toxins have an identical Csαβ (cysteine-stabilized α/β motif) fold [100]. Further, 

Na+ channel toxins have been divided into mammalian and insect toxins, with the former 

sub-divided into α- and β- toxins [101; 102] and the latter sub-classified into depressant, 

excitatory, and α- insect toxins. Several scorpion toxins that exclusively target Na+ and 

K+ channels have been studied extensively concerning their structure, mode of action, 

and pharmacological properties [103; 104; 99]. Little attention has been paid to 

identifying and purifying toxins from Mesobuthus tamulus (M. tamulus) venom to 

develop different drug prototypes. However, the sequences of a few purified toxins have 

been determined. For example, ButaIT, is a novel short lepidopteran-selective toxin with 

37 amino acids cross-linked by disulfide bridges and eight cysteine residues; it shares 

sequence homology with other fast toxins Peptide I, neurotoxin P2, Lqh-8/6, chlorotoxin, 

insectotoxin I5A, insect toxin 15, and insectotoxin I1. Three-dimensional structural 

modelling of this toxin revealed that similar to other scorpion toxins, ButaIT contains an 

α-helix and a β-sheet. Moreover, this toxin showed high target specificity 

towards Heliothis virescens, a notorious budworm on the cotton crop [105].  

Although the structure-function relationship of these toxins from M. tamulus venom has 

not been elucidated, the functional site of  Bukatoxin from Buthus martensii karch venom 

activates the Na+ channel in nitrergic inhibitory fibers, resulting in the neuronal release of 

nitric oxide (NO) [106; 107; 108]. Bukatoxin shares 78% and 72% structural similarity 

with neurotoxin X from Mesobuthus eupeus venom [109] and neurotoxin IV from 

Leiurus  quinquestriatus quinquestriatus venom [110], respectively. Similarly, Makatoxin 

I from venom of Buthus martensii karch  contains 64 amino acids with eight half cystein 

residues, has a short J loop (cys- 16 to cys-22) and a long B loop (cys-36 to cys-46) [111] 

and exhibits  78% and 81% structural similarity with Bot I [112] and Bot II [113] toxins 

(both from Buthus occictanus tunetanus venom), respectively. Further, Makatoxin I 

shows 55-77% similarity with Lqq IV and Lqq III from Leiurus  quinquestriatus 

quinquestriatus venom [114; 110]. The nitrergic action of Makatoxin I causes a release of 

NO that mediates a relaxant response in rat-precontracted anococcygeus muscle (ACM) 

[111]. 
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1.3 Scorpionism: epidemiology, pathophysiology and clinical manifestations 

1.3.1 Origin of scorpionism 

Originating around 450 million years ago, a million cases of scorpion envenomation are 

accounted on all continents (except Antarctica), though the epidemiology of scorpionism 

is poorly known; thus remains a serious health problem worldwide [115; 116; 46]. Public 

action on scorpionism should be a constant object, with the main goals of improving 

knowledge and encouraging population behaviour change. The large number of stings 

that occur throughout the year has significant ramifications for creating prevention 

strategies aimed at reducing the prevalence of scorpionism [117]. Therefore, 

comprehending this injury's epidemiology is crucial [118].  

The potential for scorpion envenomation depends on several variables in both the 

scorpion and the victim. From the former, it was possible to identify the species, size, 

toxin kinds, condition of the telson venom ducts, number of stings, and amount of venom 

injected [119]. The physiological site of the sting, together with the victim's age, weight, 

and state of health, should all be considered. It's important to note that children and older 

adults are especially susceptible to this type of catastrophe [120; 121; 122; 123]. The 

seasonal pattern in the temporal incidence of scorpion stings is highly associated with 

climatological factors. There is considerable geographical variation, either in incidence or 

severity of scorpion envenomation [116; 46]. Their severity are reported higher in the 

northern Sahara; the southern and eastern regions of Africa; the Middle East; south India; 

Mexico; Brazil; and the Amazonian basin area [46]. In tropical and subtropical regions, 

scorpion envenomation is a life-threatening medical emergency resulting in significant 

health issues such as cardiac malfunction, respiratory failure, hyperglycemia, 

hypertension and other local and systemic manifestations [124; 65].  

1.3.2 Importance of understanding the epidemiology of scorpionism 

Scorpion stings and their implications are a significant cause of emergency, particularly 

among children, in many nations [119; 125; 126]. It is poorly understood how 

scorpionism spreads around the world. Except for Antarctica, all continents have been 

home to scorpions since 430 million years ago, making them one of the most venomous 

and primitive arachnids [127; 128]. These nocturnal species have been adapted to live in 

various habitats, including temperate and tropical forests, grasslands, and caves [129]. 

Scorpionism is a severe public health issue in many parts of the world, as envenomation 

are often painful and lethal to human and causes severe health complications [54; 55; 56; 
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57]. The incidence and severity of scorpionism vary significantly by geographical 

location. Thus it is crucial to identify the local population's specific concerns and the 

major risk factors. To determine the prognosis and implement effective treatments, an 

assessment of the severity of the envenomation, particularly in children, is necessary. The 

best way to treat scorpion stings is still a subject of debate. According to some experts 

[130; 131], anti-scorpion antivenom (ASA), the only specific treatment, is debatable. In 

contrast, symptomatic or adjuvant treatments, whose significance is now universally 

acknowledged by experts, frequently depend on specific useful drugs, indications, and 

dosages [132]. Based on recent literature, it has been sought to specify the incidence and 

the severity of scorpion stings globally and to precise the principles of the management 

and treatment.  

In India, Western Maharashtra, Saurashtra, Kerala, Andhra Pradesh, Tamil Nadu, and 

Karnataka are particularly vulnerable to morbidity and mortality from scorpion stings. 

(Fig. 1.4). The epidemiological study involving children and adults admitted with an 

authentic M. tamulus (MT) stings demonstrated most adverse effects to envenomation 

such as dyspnoea, chest pain, vomiting, sweating, nausea, priapism, piloerection, 

hypertension, tachycardia, pulmonary oedema, cardiac and gastrointestinal complications 

(Table 1.1).  

 

Table 1.1. Comparative list of the pharmacological effects induced by toxins from Indian 

red scorpion venoms of different geographical regions. 

 

Sl. 

No. 

Pharmacolog

ical effects 

Responsible 

toxins 

Geographical region 

Reference Southern 

India 

Western 

India 

Northern 

India 

Sri 

Lanka 

1 
Vomiting, 

nausea 

Na+ channel 

toxin (α 

neurotoxin) 

YES [133] 
YES 

[134] 
YES [135] 

Not 

known 
[136] 

2 Sweating 

Na+ channel 

toxin (α 

neurotoxin) 

YES [133] 
YES 

[134] 
YES [135] 

YES 

[65] 
[136] 

3 Salivation 

Na+ channel 

toxin (α 

neurotoxin) 

Not 

known 

YES 

[134] 

Not 

known 

YES 

[65] 
[136] 

4 

Bradycardia, 

hyperkalamia, 

vasoconstricti

Na+ channel 

toxin (α 

neurotoxin) 

Not 

known 

Not 

known 

Not 

known 

Not 

known 
[136; 137] 
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on 

5 Tachycardia 

Na+ channel 

toxin (α 

neurotoxin) 

YES [134; 

133] 

YES 

[138] 

Not 

known 

YES 

[65] 
[136] 

6 
Pulmonary 

oedema 

Na+ channel 

toxin (α 

neurotoxin) 

YES [134; 

133] 

YES 

[138] 

Not 

known 

Not 

known 
[136] 

7 Chest pain 

Na+ channel 

toxin (β 

neurotoxin) 

YES [133] 
Not 

known 
YES [135] 

Not 

known 
[139] 

8 
Breathlessnes

s, cough 

Na+ channel 

toxin (β 

neurotoxin) 

Not 

known 

Not 

known 
YES [135] 

Not 

known 
[139] 

9 
Cardiac 

arrythmias 

K+ channel 

toxin 

Not 

known 

YES 

[134] 

Not 

known 

Not 

known 
[140] 

10 Hypotension 

Bradykinin 

potentiating 

peptide 

YES 
Not 

known 

Not 

known 

YES 

[65] 
[141] 

11 Hypertension 
Ca2+ channel 

toxin 
YES [133] 

YES 

[138] 

Not 

known 

YES 

[65] 

[142] 

[143] 

12 Priapism 

Bukatoxin 

and 

Makatoxin 

YES [133] 
YES 

[134] 

Not 

known 

Not 

known 
[106] 

13 Piloerection 
Not 

characterized 
YES [133] 

Not 

known 

Not 

known 

YES 

[65] 
- 

14 Myocarditis 

Na+ channel 

toxin (α 

neurotoxin) 

YES [134; 

144; 133] 

Not 

known 

Not 

known 

Not 

known 
[136] 

 

 

1.3.3 Scorpion envenomation: Prevention and treatment against MT stings 

Scorpion stings are a frequent cause of emergencies in many regions of the world [46]. 

The controversy over the proper care of scorpion stings has returned [46]. This 

controversy, i.e., passive immunotherapy against symptomatic treatments, predominantly 

originated in Africa and Asia because medical critical care services were expanded into 

provincial hospitals in many scorpion-affected nations. As a result, symptomatic therapy 

has become more accessible and is now considered a suitable option for other urgent 

treatments. 

Scorpion stings frequently happen at night, at the victim's house, in the middle of small 

towns or their suburbs, and in rural regions. Due to the patient's initial preference for 

traditional medicine, the location of the health centre, or the fact that they were referred 

from another health centre that lacked the appropriate medical resources, they may arrive 
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at the health centre up to 1-2 hours after the sting [46; 145]. First aid is typically provided 

by medical personnel who have had little formal training. Treatment for symptoms and 

adjuvant pain is frequent and strong. Thus using analgesics is still valideven if they are 

not the most criticalmedications in envenoming. An essential component of treating 

scorpion stings is relieving the severe pain. A local anaesthetic is the most efficient 

analgesic to treat stings on the fingers and toes by digital block (Table 1.2) [146]. Early 

diagnosis of cardiopulmonary complications at the referral centre, such as myocarditis, 

left ventricular failure, and cardiogenic shock based on clinical manifestation, 

electrocardiographic abnormality, biomarkers, and echocardiography, can aid in patient 

risk assessment and facilitate decision-making in the management of scorpion 

envenomation cases [147]. 

As the MT stings can be lethal, significant effort must be directed towards understanding 

the associated pathophysiological symptoms and adequately treating the envenomated 

victim. Despite advances in understanding the pathophysiology and therapy of scorpion 

bites, mortality remains high in many rural areas, mainly due to inefficient access to 

medical facilities [148]. Patients should be observed for 24 hours following a scorpion 

sting, irrespective of the species involved. For the cases of severe envenomation, 

therapeutic efforts should be directed towards treating the over-stimulated autonomic 

nervous system and correcting hypovolemia. Depending upon the severity of the sting, 

antivenom availability, and access to proper medical facilities, a single or a combination 

of treatment methods may be administered [149]. 

Intravenous administration of equine anti-scorpion antivenom (ASA) is the preferred 

treatment for scorpion stings. However, the efficacy and quality of commercial anti-

scorpion antivenoms (ASAs) are significant concerns for successful antivenom therapy 

against scorpion stings. Stimulation of the α1-adrenergic receptor by M. tamulus venom 

(MTV) plays an important role in its pharmacology, resulting in clinical symptoms such 

as hypertension, tachycardia, myocardial dysfunction, pulmonary edema, and cool 

extremities in patients [124]. Therefore, α1-adrenoreceptor agonists (AAAs), such as 

Prazosin, are also used alone or in combination with commercial ASA for treating 

scorpion stings [149]. However, treatment with AAAs (Prazosin) also has limitations; for 

example, it causes hyperglycemia in patients at a higher dose [150; 151]. MTV also 

causes hyperglycemia in stung patients [152]. 
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Consequently, AAA and MTV in unison would cause a sudden abrupt increase in blood 

glucose resulting in hyperglycaemic shock to the patients. For a diabetic patient, it would 

be a severe life-threatening consequence. Thus, antibodies raised explicitly against low 

molecular mass toxins using toxicovenomics, antivenomics, and affinity purification can 

supplement commercially available scorpion antivenoms and would be an ideal approach 

for better in-patient management of M. tamulus sting. Repurposed drugs or a therapeutic 

drug formulation can also be explored as possible antidotes to treat scorpion stings. 
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  Table 1.2. Different treatment regimes utilized for scorpion sting 

 

Types of treatment Treatment methods Mode of action of drug/auxiliary treatment References 

Treatment of local 

symptoms 

 

• Ice packs 

• lignocaine (without adrenaline) using ring block 

• Dipyrone, a pyrazolone derivative 

• local anaesthesia is applied with lidocaine 

• oral diazepam and non-steroidal anti-

inflammatory drugs (NSAIDs) 

• Ice pack can reduce blood flow and nerve 

activity which reduces pain 

 

 

 

 

• The main mechanism of action of NSAID is the 

inhibition of cyclooxygenase (COX) 

[153; 132; 154] 

Treatment of 

shock 

• Elevation of the foot end of bed to maintain 

cerebral circulation in cases of peripheral 

circulatory failure 

• Metoclopramide, oral and parenteral fluids 

• Intravenous glucose, normal saline 

• 100mg of hydrocortisone after every 4 hours 

Metaclopramide can prevent nausea and 

vomiting due to its action at D2 receptor in 

central nervous system 

[155; 132; 156] 

Treatment by 

prazosin 

Prazosin is administered either orally or sometimes 

given through a nasogastric tube if the patient is 

vomiting 

Prazosin can control the arterial blood pressure 

and other pharmacological effects by blocking 

the alpha1 receptors in muscle cell and cause 

vasodilatation of the blood vessel. 

[157; 148] 

Treatment by 

insulin 

Administration of insulin with or without alpha blocker 

and sodium bicarbonate 

Insulin can neutralize the effect of 

catecholamines favouring glucose uptake, 

enormous boost in glycogen content in the liver, 

skeletal and cardiac muscles, and promote 

lipogenesis in animals with scorpion sting 

(Yugandhar et al., 1999). Moreover, 

administration of insulin along with an alpha 

[158] 
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blocker and sodium bicarbonate can diminish 

the rate of arrhythmias and also reverse the 

metabolic and electrocardiographic changes 

after scorpion envenomation (Radha et al., 

1988). 

Specific treatment 

by antivenom 

Administration of PSVPL , Haffkine scorpion 

antivenom, 

The immunoglobulin present in antivenom will 

bind to venom toxins blocking its functional site 

and thus prevent to show its activity 

[159] 

Auxiliary 

treatment 

 

Morphine, Dopamine and dobutamine, Intravenous 

metoprolol or esmolol and bradyarrhythmiasare, 

nifedipine, nitroprusside, hydralazine, Captopril, 

glucoseinsulin-potassium drip, lytic cocktail (pethidine-

chlorpromazinepromethazine) 

Morphine is used to prevent pain by binding with 

opioid receptor in central nervous system. 

Dopamine is used to treat hypotention, 

bradycardia via its interaction with receptors in 

pre- and post-synaptic cleft of neurons. 

[160; 161; 162; 163; 

164; 165; 166; 148; 

167] 
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