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The Scorpion’s venom considered to be highly complex mixture of nucleotides, enzymes, mucoproteins, biogenic 

amines, salts, as well as peptides and proteins, which have been used in traditional medicine for thousands of years mainly 

in Asia and Africa. With the significant discoveries in the number of valuable biologically active components of scorpion 

venom, numerous drug candidates have been found with the potential to encounter many of the emerging global health 

crisis. This mini-review sheds light on the application of scorpion venoms and toxins as potential novel antibacterial, 

antifungal and antiviral, especially as anticancer therapeutics.  

[Keywords: Scorpion venom, Antibacterial, Antifungal, Antiviraland Anticancer Potential.] 

Introduction 

Venomous animals are famous only for their 

adverse effects caused after interaction with humans 

accidently. These creatures transmit variety of 

detrimental toxins with diverse physiological 

activities that may either lead to minor symptoms like 

dermatitis and allergic responses or highly severe 

symptoms such as coagulation ailments, disseminated 

intravascular coagulation and haemorrhage. Other 

complications like respiratory arrest and necrosis may 

also occur. Although envenomation effects usually 

lead to harmful characters, but these venomous 

creatures are pharmacologically rich source of 

treasured principles for many scientists. Scientists  

are still exploring these toxins, aiming to develop  

new useful molecules to diagnose, treat and cure  

some types of diseases1. Researchers and  

scientists always continue their efforts to explore and 

discover new techniques and approaches for the 

welfare of human beings. In ancient era, the venoms 

and natural toxin of plants, animals, fungi and  

marine organisms had played a great divesting  

role in the mortality and morbidity of human 

population. Researchers continue their efforts to 

identify the nature of these toxins. As the chemical 

composition of these toxins is defined by different 

researchers, these risky toxins are now used directly 

or indirectly in the drugs for number of diseases 

treatments (Table I). 

Scorpion 

Scorpions are the predatory arachnids and members 

of the order scorpiones. They have eight legs, a 

narrow, segmented tail curved over the body, with a 

poisonous stinger at the end. Size ranges from 9 mm 

to 20 cm (Typhlochactas mitchelli and Hadogenes 

troglodytes respectively)2. Scorpion’s evolutionary 

history goes back to the Silurian period 430 million 

years ago. Taxonomy of all known scorpions  

recorded from 1758 to 31st December 1998 contain  

16 families, 16 subfamilies, 155 genera, 31 subgenera 

(including 10 nominotypical), 1259 species and 356 

subspecies (including 114 nominotypical)3. Scorpions 

belongs to; Kingdom Animalia, Phylum Arthropoda, 

Subphylum Chelicerata, Class Arachnida, Subclass 

Dromopoda and Order Scorpiones4. Super families; 

Buthoidea, Chaeriloidea, Chactoidea, Luroidea, 

Pseudochactoidea, Scorpionoidea4. 

Scorpion’s venom is one of the most dangerous and 

life threatening agents causing high number of human 

Table 1 — Comparative antibiotic activity of different venoms 

Venomous 

Animal 

Antibacterial 

activity 

Antiviral 

activity 

Antifungal 

activity 

Anticancer 

activity 

Scorpion + + + 16, 19 + + + 28, 30, 32, 33 + + + 16 + + + 13, 36 

Snake + + + 37, 38 + + + 39 + + + 40 + + + 36 

Spider + + + 41 - - - + + + 42 + + + 43 

Frog and 

Toad 

+ + + 44, 45 + + + 46 + + + 46 + + + 36 

https://en.wikipedia.org/wiki/Typhlochactas_mitchelli
https://en.wikipedia.org/wiki/Hadogenes_troglodytes
https://en.wikipedia.org/wiki/Hadogenes_troglodytes
https://en.wikipedia.org/wiki/Silurian
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deaths. According to the current studies, seven 

regions of the world are considered at high risk 

containing; North-Saharan Africa, Near and Middle-

East, South Africa, Sahelian Africa, South-India, East 

of the Andes, Mexico and South Latin America5, 

comprising 2.3 billion population at risk. . Annually 

more than 1.2 million peoples are stung by scorpions 

causing more than 3250 deaths5. 

Scorpion’s venom is a complex mixture of salt, 

proteins, small molecules and peptides6. It also 

contains neurotoxic peptides which cause massive 

damage to the nervous system of both vertebrates and 

invertebrates7. Moreover, it has hyaluronidase, 

histamine, mucopolysaccharides, phospholipase, 

enzyme inhibitors and serotonin8. Like other 

predators, scorpion use these toxins or venoms to 

attack and capture the prey as well as for the 

protection against other invaders9. Taken together, 

these peptides and toxins extracted from scorpions 

and other venomous animals are used as therapeutic 

agents10, especially with effective inhibitory effect on 

multiple steps of HSV-1 life cycle and therefore are 

good candidate for development as virucides  

(Figure 1). 

Scorpion’s venoms and toxins contain variety of 

peptides and other useful molecules which can be 

used for the treatment of various diseases. Scorpion 

venom is used for antibodies production in animals 

like horse and sheep, which are used for the 

neutralisation of the venom hazardous effects on the 

humans11. 

Brain tumor (glioma) is considered to be the most 

common and severe tumor in humans. Since it arises 

from the glial cells, so called glioma. Its most 

common site is brain, but it may also start progression 

from spine. According to recent study, about 30% of 

glioma starts progression from brain and spine, while 

80% leads to malignant brain tumor12. Glioma is 

highly vascular tumor having the ability to infiltrate, 

which leads to wide areas necrosis, hypoxia and may 

cause breakdown of blood-brain barrier (BBB) around 

the tumor. As scorpion venom is concerned, 

Chlorotoxin is considered to its component which 

specifically binds to the cell surface of the glioma and 

impairs the invading ability of glioma cell. The 

chlorotoxin bind specifically to matrix 

metalloproteinase-2 (MMP-2) receptor which is 

usually not expressed in normal brain cells, but is 

upregulated in glioma and cancer. The MMP-2 plays 

an important role in degradation and remodelling of 

the extracellular matrix, thereby helping the normal 

tumor cells to penetrate through tissue barriers. While, 

the Chlorotoxin interacts with MMP-2 receptor and 

inhibits its enzymatic activity, as well as reduce its 

expression13. 

The endless battle between humans and 

microorganisms especially bacteria, fungal, parasites, 

and viruses is going on from very past. On one side, 

humans design antibiotics against these microbes  

and its infections. While, on the other side, 

microorganisms resist these antibiotics and fight back.  

The successful use of any therapeutic agent is 

compromised by the potential development of 

tolerance or resistance to that compound from the 

time it is first employed. This is true for agents used 

in the treatment of bacterial, fungal, parasitic, and 

viral infections and for treatment of chronic diseases 

such as cancer and diabetes; it applies to ailments 

caused or suffered by any living organisms, including 

humans, animals, fish, plants, insects, etc. A wide 

range of biochemical and physiological mechanisms 

may be responsible for resistance. In the specific  

case of antimicrobial agents, the complexity of the 

processes that contribute to emergence and 

dissemination of resistance cannot be 

overemphasized, and the lack of basic knowledge on 

these topics is one of the primary reasons that there 

has been so little significant achievement in the 

effective prevention and control of resistance 

development14. However, the gradual emergence of 

populations of antimicrobial-resistant pathogenic 

bacteria resulting from use, misuse, and abuse of 

antimicrobials has today become a major global 

health concern. Thus, urgent measures are required 

not only to minimize the use of antimicrobials for 
 

 

Fig. 1 — Collection of scorpion venoms34. 
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prophylactic and therapeutic purposes but also to look 

for alternative strategies for the control of bacterial 

infections, in sense of discovering new antimicrobial 

agents15. 

Venom of the Opistophtalmus carinatus, a South 

African scorpion contain two unique pore-forming 

peptides known as opistoporin 1 and 2. Similarly, the 

venom of another South African scorpion species 

Parabuthus schlechteri also contain a pore-forming 

peptide known as parabutoporin. During an 

experiment, these two peptides and two other well-

known cytolytic peptides, melittin and mastoparan 

were examined against several Gram positive and 

Gram negative bacteria and it was found that 

Opistoporin 1 and parabutoporin are effective against 

Gram negative bacteria including E. coli ATCC, E. 

coli DH5α, P. aeruginosa, H. influenza and K. 

pneumoniae. Melittin and mastoparan are active 

against Gram positive bacteria including B. subtilus 

ATCC, B. subtilus IP, S. aureus, S, pneumoniae, N. 

asteroids and E. faecalis16. 

Over dose and long duration of treatment with 

antibiotics during infections can lead to bacterial 

resistance. Staphylococcus aureus resistance against 

Methicillin and Vancomycin is a new emerging 

problem. MRSA is main causative agent of 

nosocomial infections17. Staphylococcus aureus is 

normal flora of skin, it can colonize on skin or in the 

nose of healthy persons. It is an opportunistic 

pathogen, because it may causes infection if reaches 

to the deeper tissues through wounds or surgical 

incision. Furthermore, it may also enters into the 

blood and lungs, which leads to bacteraemia and 

pneumonia18. According to recent report on MRSA, 

indicates high prevalence rate in Australia, Japan, 

USA, South-America, Southern-Europe17. 

In recent studies, it is explored that the venom of 

scorpion Isometrus maculates contains a polypeptide 

called imcroporin, which shows effectiveness against 

antibiotic sensitive as well as resistant bacteria. 

During another experiment on mouse, it is found 

potent against gram-positive antibiotic-resistant 

bacteria, including Methicillin Resistant 

Staphylococcus aureus (MRSA) 19. 

Fungal pathogens influence the plant and animal 

life to a great extent which leads to food insecurity, 

species extinctions and disturbance of the 

ecosystem20. Fungi also cause number of human’s 

infection including athlete’s foot21, superficial 

infections of the skin and nails, mucosal infections of 

the oral and genital tract22, oral thrush23, nosocomial 

infections24 etc. According to recent studies, one and 

half million people die every year due to the invasive 

fungal infections, out of them, 90% deaths are caused 

by species belong to the four genera: Candida, 

Aspergillus, Cryptococcus and Pneumocystis25. 

Furthermore, many of the fungal pathogens are also 

shows resistance against multiple antibiotic26, so it is 

needed to develop highly potent and effective drugs 

against these life-threatening fungal pathogens.  

On the other hand, two pore-forming cationic 

peptides known as opistoporin 1 and 2, isolated  

from venom of most dangerous species of  

scorpion Opistophtalmus carinatus found in  

South Africa, were found highly active against 

number of pathogenic fungal strains. Furthermore, 

Opistoporin 1 was found more active in inhibiting 

growth of Neurosporacrassa, Fusarium culmorumand 

Saccharomyces cereviciae. It inhibits about 50% 

growth of Neurosporacrassa, Fusarium culmorumat  

a concentration of 0.8µM and Saccharomyces 

cereviciaeat a concentration of 0.9µM. Additionally, 

Fusarium culmorum is supposed to be most sensitive 

fungi for all peptides components of scorpion’s 

venom16. 

According to a report by UNAIDS, approximately 

34 million people throughout the world were infected 

with human immunodeficiency virus27. Because of no 

availability of proper vaccine, HIV/AIDS is wreaking 

massive destruction to the world for last 30 years.  

In recent studies, a new peptide derivative of scorpion 

venom is identified known as Kn2-7which interacts 

with HIV-1 viral particle and inhibits HIV-128, 

however further research is needed to develop a 

potent antiviral therapeutic agent using this scorpion 

venom peptide. 

Hepatitis B virus (HBV) is a life threatening viral 

pathogen of liver, infecting 4 million people currently 

and approximately 400 million patients have chronic 

liver infection, who are at risk to develop cirrhosis or 

Hepatocellular Carcinoma (HCC) or both. Most of the 

patients with HBV are unaware of the disease, 

therefore minority of them are receiving treatment 

which is leading cause of severe HBV infection29. 

The Mucroporin-M1, a derivative of scorpion 

venom peptide activates mitogen-activated protein 

kinases (MAPKs) pathway which reduces the 

expression of hepatocyte nuclear factor 4α (HNF4α) 

which stimulates the replication of HBV genome even 

in non-hepatic cell lines. Thus Controlling the HNF4α 
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results in the inhibition of HBV replication in vivo 

and in vitro30. 

Hepatocellular carcinoma (HCC) is considered to 

be the fifth most common cancer, third most common 

cause for cancer death in the world, a major cause of 

death in patients with chronic hepatitis C virus 

infection, and responsible for approximately one 

million deaths each year31. A hepatitis C vaccine 

would be a great victory for preventive medicine and 

public health, and despite the technical problems 

involved, scientists are working and making good 

progress toward developing an effective and 

affordable vaccine. In fact, one vaccine currently 

being tested in people in a trial set to end in 2016 has 

shown promise. The vaccine in development deploys 

the body's own immune system to ward off infection 

with HCV using a two-tier approach that first triggers 

then enhances the immune response. Depending on 

whether initial testing shows the vaccine is effective 

in preventing chronic hepatitis C with a reasonable 

safety profile, it may graduate to test in a larger trial. 

Therefore, public access to the vaccine is likely years 

away. Therefore, development of anti-HCV agents are 

needed for the proper treatment of HCV infections32. 

Recently, a new α-helical peptide is identified from 

the venom of the scorpion Heterometrus petersii 

known as Hp1090. This Hp1090 show virucidal 

activity. The Hp1090 peptide acted as a viricide 

against HCV particles in vitro and prevented the 

initiation of HCV infection. Furthermore, Hp1090 is 

virocidal for HCV in vitro, directly interacting with 

the viral membrane and decreasing the virus 

infectivity. Thus, these findings put forward that 

Hp1090 could be used to develop a potential anti-

HCV therapeutic compound32. 

Herpes simplex virus type 1 (HSV-1) is one of the 

prevalent pathogen causing severe diseases that 

involve mucocutaneous surfaces, the central nervous 

system and, occasionally, visceral organs such as the 

lung, but till now, no effective drug is developed 

against it except acyclovir (ACV) and related 

nucleoside compounds. Recently, two venom peptides 

purified from scorpion Heterometrus petersii venom, 

Hp1030 and Hp1239, having α-helical structure were 

found to be more active against HSV-1 and show 

effectively inhibit multiple steps in life cycle of HSV-

1 (Figure 2), with unknown mechanism. Thus, these 

peptides could be used to develop effective drug 

against HSV-133. 

 

Conclusion 
Venomous animals are well-known only for their 

adverse effects they cause after interaction with 

humans accidently. In ancient era, the venoms and 

natural toxin of plants, animals, fungi and marine 

organisms had played a great devastating role in the 

mortality and morbidity of human population. On the 

other hand, it contains variety of peptides and other 

useful molecules like chlorotoxin having anticancer 

activity (anti glioma), Opistoporin 1, 2 (antibacterial 

and antifungal), Mucroporin-M1, Peptide Kn2-7, 

Hp1090, Hp1030 and Hp1239, are proved to be 

effective against HIV, HBV, HCV and HSV-1 

viruses, respectively. With the passage of time, the 

 
 

Fig. 2 — Multiple steps of Herpes Simplex Virus Lifecycle 35. 
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microbial resistance is increasing worldwide causing 

the treatment of several infections difficult and 

expensive. Thus, these molecules and peptides from 

the scorpion venom can be used to develop highly 

potent antimicrobial, anticancer and many other 

effective drugs. 
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