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Viviparity is common amongst mammals, but not many provide a long gestation period. Most of the researchers/ doctors 
are unaware of this. A scorpion has a long gestation period of little over 10 months. Doing research with human subjects is 
illegal and unethical. So the researcher has to go into non-human material, which stimulates human beings to study the 
long-term effects of the toxicants on fetal development. To study the long-term effects of the toxicants on fetal 
development, the scorpion can be used as a medical research model. Scorpion venom is a major focus in modern 
medical research, especially for isolating potent neurotoxins and biologically active peptides. Scientists are 
engineering these molecules into life-saving pharmaceuticals, including targeted cancer therapies, powerful 
antibiotics, and treatments for autoimmune diseases.  Scorpion venom is the most expensive liquid on Earth, costing 
roughly $39 million per gallon.  Scorpion venom has more than ten thousand bioactive molecules/compounds/peptides. 
Researchers extracted chlorotoxin from the scorpion venom. Chlorotoxin specifically binds to tumour cells. Researchers 
attach dyes to these peptides to "light up" cancer cells during surgery, and are also testing them as targeted delivery 
vehicles to destroy cancer cells without harming healthy tissue. Some of the compounds in the venom have been proven 
effective at killing drug-resistant bacteria, including Staphylococcus and tuberculosis.  Components in scorpion venom, 
like iberiotoxin, are highly specific to certain potassium ion channels. Certain scorpion venom peptides act as powerful 
analgesics by modifying sodium channels, paving the way for non-addictive painkillers that could serve as alternatives 
to opioids.T. serrulatus venom has a CPP (Cell Penetrating Peptide). It has an anti-cancer effect. CPP-Ts-derived peptide 
has selective internalization properties in specific cancer cell lines, such as SK-MEL-188, HEP G2, Caco-2, MDA-MB-231, 
A549, and DU 145, which make it a potential intranuclear delivery tool for cancer cell targeting. The potential of utilizing 
scorpion venoms as a source for discovering new cancer therapeutics.
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INTRODUCTION
Blue (or red) scorpion (Rhopalurus junceus) is famous due to 
its antineoplastic activity in the Dominican Republic and 
Cuba.(1)

 Its venom maintains energy in cancer patients and also acts as 
a pain reliever. The protein present in it can inhibit the 
proliferation and growth of cancer cells [2].

The venom of the Blue or Red Scorpion (Rhopalurus junceus) 
also reduces the intensity of pain and restores energy in 
cancer patients. The venom extract of Blue Scorpion can 
behave as an anti-inflammatory, analgesic, and anti-cancer 
agent [3]. 

The venom of Tityus discrepans scorpion contains two 
peptides, namely neopladine and neopladine, which cause 
apoptosis in human breast cancer cells and show marked 
defects [4].

By arresting S-phase and increasing reactive N intermediates, 
Odontobuthus doriae venom promotes apoptosis in human 
breast cancer cells [5]. 

One CD4 receptor and two other co-receptors (CXCR4 and 
CCR5) of HIV-1 can affect T cells. CCR5 is considered the 
major co-receptor for the transmission of HIV-1 [6].

The herpes simplex virus type 1 can infect human epithelial 
tissues, causing a variety of problems like blinding keratitis, 
encephalitis, oral mucosal lesions, and meningitis [7].

The venom of Heterometrus petersii (scorpion) contains 
cationic peptides, which are effective against Herpes simplex 
virus type 1 infection. Both Hp1239 and Hp1036 peptides 
exhibit extracellular viricidal effects, morphological 
changes, and strong inhibitory potential against HSV-1 when 
they are added to the infectious site. The peptides of scorpion 
venom can make viral particles inactive and thus inhibit viral 
proliferation at the post-infection stage [8].

RNA viruses cause diseases such as measles, influenza H5N1, 
and SARS-CoV, which are responsible for mortality and 
morbidity in children. Available treatments for measles viral 
infection possess varying side effects, such as anaemia and 
teratogenicity [9]. 

Mucroporin-M1 shows activities against bacteria and viruses. 
The dual antimicrobial activity of this peptide enables it to be 
used as a good antiseptic agent for hand/mouthwashes. 
Mucroporin-M1 blocks the functions of SARS-CoV, influenza, 
H5N1, and MeV by direct viricidal action [10].

A peptide toxin present in the venom of Androctonus australis 
garzonii can induce the atrial natriuretic peptide secretion, 
while the venom of Buthus martensii scorpion contains BmK I 
toxin, which moderates the contraction of the heart [11]. 

Studies have revealed the anti-diabetic effects of scorpion 
toxins, which also activate and generate ß-islets. Scorpion 
venom, along with Chinese drugs, is used to cure diabetes 
[12].

For the treatment of epilepsy, various antiepileptic drugs 
(AEDs) are used, which cause severe side effects, including 
teratogenesis, sedation, chronic toxicity, and cognitive 
impairment [13]. 

The specific peptides present in the venom of the Chinese 
scorpion, Buthus martensi Karsch, find applications as 
effective AEDs. The scorpion's entire body, particularly its tail, 
has been used in Chinese medicine to treat nervous disorders 
such as epilepsy, paralysis, and apoplexy [14]. 

The neurotoxins present in venom have a 3D backbone that 
helps them to bind efficiently for a long time. The venom of 
Leiurus quinquestriatus with alkaloid neurotoxins causes 
synergistic effects to regulate the action potential. [15].

Peptides acting on ion channels are found in the common 
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ancestor of scorpions, suggesting that their fundamental and 
functional role in envenomation during evolution, especially 
when it comes to venoms of the family Buthidae, whose 
neurotoxins are highly toxic and display variability in their 
affinity towards ion channels found in mammals and 
arthropods, as well as within and between species (16)

Allied with the development of new technologies, help in the 
search for selective ligands using techniques such as 
transcr iptomics, genomics, and mutagenesis that 
demonstrate changes suffered over the years and the 
possibility of changing its selectivity and affinity for a specific 
receptor (17)

An interesting aspect to be addressed when dealing with 
cases of envenomation is that scorpion stings cause intense 
local pain in the victims, who may eventually develop 
systemic poisoning, leading to cardiovascular and 
respiratory consequences due to the action of neurotoxins on 
the ion channel of the peripheral nervous system, resulting in 
a massive release of sympathetic and parasympathetic 
neurotransmitters (18)

A dysfunction in sodium, potassium, chloride, calcium, or 
transient receptor potential channels can lead to various 
neurological disturbances, including pain and depression, 
cardiovascular alterations, and cancer (19)

Ion channels also contribute to the different phases of the 
action potential and are involved in metabolic diseases, such 
as disorders of glucose homeostasis (hyperinsulinemia, 
hypoglycaemia, and different forms of diabetes mellitus), 
becoming a challenge for studies and for the development of 
new drugs (20)

New Challenges in Medical Education
In recent times, animal welfare groups or reformers have 
been opposing animal research so as to ensure proper 
treatment of animals. The Committee for Control and 
Supervision of Experiments on Animals (CPCSEA) under the 
Government of India has been formed to monitor animal 
experiments through ethics committees set up in respective 
institutions. Besides the rules and procedures laid down by 
the CPCSEA, the Indian National Science Academy (INSA), 
New Delhi, has brought out 'guidelines for care and use of 
animals in scientific research'. These guidelines are widely 
read and followed by Indian researchers who use animals for 
experiments. In view of this, non–animal alternatives are 
being developed wherever necessary (21)

Economic considerations related to the costs of animals and 
their care, maintenance of animal space and equipment, and 
appropriate staff also appear to be powerful and effective 
incentives for the conservative use of laboratory animals and 
the substitution of less costly approaches when scientifically 
valid. An apparent 40% decrease in animal use, and the 
concurrent increase in the use of tissue culture and 
biotechnology, seems to indicate that, where scientifically 
valid, non-animal techniques are being used (22) 

Two major amendments have been made to the Animal 
Welfare Act, namely, environmental regulations related to the 
care of animals, which help in the proper handling of animals, 
and the elimination of calculated LD50. It has been seen that 
there is less than 50% chance of success of experiments 
performed on animals that can accurately predict the results 
in humans. Moreover, researching human disease using 
animals is often misleading, thus evolving the need for 
developing non-animal substitutes in drug research (23)

“Alternatives” or “Substitutes” are defined as anything from 
absolute to partial replacement of live animals in biomedical 
research and testing (24)

The use of animals in biomedical research are adjuncts, aid, 

shortcut, or supplements which help an investigator to decide 
whether an experiment on an animal is likely to produce a 
useful result (25)

A Path to Confidence and Competence
No new drug can be used in patients until it has been 
extensively tested in animals. Alternative methods help 
reduce the number of animals required for drug research, but 
they cannot eliminate the need for animals in preclinical 
studies. Even though no animal model is a complete set of 
models for a process in a human being, the intact animal does 
provide a better model of the complex interactions of the 
physiological process than an alternative technique.

Scorpion--Medical Research Model/Alternatives in Drug 
Research

Heavy metals are essential to the normal development of 
organ systems as well as body metabolism. These are useful 
for the growth of the tissues, synthesis, and activity. Many 
heavy metals like copper, zinc, manganese, chromium, etc., 
are important components of biochemical functions.

However, heavy metals at higher concentrations prove 
hazardous, affecting life and life processes.  The emergence 
of the industrial age and large-scale mining brought 
occupational hazards caused by various toxic metals. Metallic 
constituents of pesticides, therapeutic agents, and additional 
sources of hazardous exposure. The burning of fossil fuels 
containing heavy metals and the addition of tetraethyl lead to 
gasoline have now become the major sources of heavy metal 
poisoning, adding to environmental pollution. With the 
increased usage of chemicals in modern technology, the 
concentration of metals is increasing in the environment.

Heavy metals are known to affect the reproduction and 
development of animals. Trans placental movement of methyl 
mercury in women caused foetal toxicity. Exposure to heavy 
metals caused more damage to the fetus than to the mother.  
Lead crosses the placenta and causes abortion and foetal loss. 
Increased maternal lead exposure resulted in higher lead 
levels in the fetus and newborn.

Heavy metals, finding entry into an organism, induce 
biochemical and metabolic changes.

Man today lives in a world he created, which is becoming 
increasingly hostile every day due to pollution. Is it possible 
for us to live without pesticides, without heavy metals, without 
radioactive substances, and without vehicles ?. It is just not 
possible.

The subtle effect of thalidomide tragedy resulting in 
phocomelia, Apoda, etc., in the offspring, led to untold 
miseries. There are a similar number of cases of foetal deaths, 
still births, teratogenic etc in the young ones of mothers 
exposed to toxicants like pesticides, heavy metals, radiation, 
etc. Can we save innocent lives growing in the wombs of 
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mothers from becoming the victims of a hostile environment 
that we can not avoid? This was the question that prompted me 
to choose the topic of my research.

Women working in metal industries and other industries 
where heavy metals are used always run the risk of heavy 
metals impacting foetuses. Doing research with human 
subjects is illegal and unethical. So I have to go to non-human 
material that simulates a human being. Viviparity is common 
amongst mammals, but not many provide a long gestation 
period, to study the long-term effects of the toxicants on foetal 
development. Rats have 21 days, rabbits have 30 days, dog has 
60 days gestation period. Where the gestation period is as 
long  as in the case of  sheep, horses, monkeys, and elephants, 
they are not available because of the cost of procurement and 
maintenance., So in this situation, scorpion comes in handy. It 
is cheap, available, viable, and reliable, with Viviparity and a 
long gestation period of little over 10 months. Hence, the 
scorpion was chosen as a medical research model.

It is found in my research that, by administering the chelating 
agents like  B A L to the heavy metal-exposed mothers, the 
adverse effects of  Mercury and Lead on both the mother and 
the fetus could be elevated.(26)

Scorpion Venom is an Emerging Frontier in the Fight 
Against Viruses
Scorpion antiviral peptides are structurally and functionally 
versatile due to their simple primary structure and could 
serve as molecular models for the generation of rapid 
therapeutic candidates for new or emerging outbreaks that 
pose serious public health threats in the future.

Scorpion venom contains bioactive peptides that have shown 
significant potency against a variety of viruses, including 
those that cause Hepatitis C, HIV-1, SARS-CoV, and Influenza. 
These peptides, often cationic and amphipathic in nature, act 
by directly damaging the viral envelope or blocking early 
stages of infection, such as attachment and entry into host 
cells. Several peptides isolated from scorpion venom have 
recently been proven to possess an antiviral activity against 
several viral families

Potential Against Cardiovascular Diseases
Cardiovascular illnesses are the leading cause of death in 
modern society. Several toxins, including integrins, are 
present in scorpion venom, which have the ability to disrupt 
blood coagulation. (27)

A peptide toxin present in the venom of Androctonus australis 
garzonii can induce the atrial natriuretic peptide secretion, 
while the venom of Buthus martensii scorpion contains BmK I 
toxin, which moderates the contraction of the heart [28]. 

The venom of Centruroides margaritatus contains a peptide, 
margatoxin, which inhibits the voltage-dependent potassium 
channels. It increases the time taken by a cell in order to 
execute an action potential in response to stimulation. It also 
affects the nicotinic ACh-receptor in order to release 
norepinephrine, which shows impacts on sympathetic control 
of cardiovascular function [29].

Potential Against Diabetes
Studies have revealed the anti-diabetic effects of scorpion 
toxins, which also activate and generate ß-islets. Scorpion 
venom, along with Chinese drugs, is used to cure diabetes 
[30].

Potential Against Epilepsy
For the treatment of epilepsy, various antiepileptic drugs 
(AEDs) are used, which cause severe side effects, including 
teratogenesis, sedation, chronic toxicity, and cognitive 
impairment [31]. 

The specific peptides present in the venom of the Chinese 

scorpion, Buthus martensi Karsch, find applications as 
effective AEDs. The scorpion's entire body, particularly its tail, 
has been used in Chinese medicine to treat nervous disorders 
such as epilepsy, paralysis, and apoplexy [32]. 

The neurotoxins present in venom have a 3D backbone that 
helps them to bind efficiently for a long time. The venom of 
Leiurus quinquestriatus with alkaloid neurotoxins causes 
synergistic effects to regulate the action potential. When 
scorpion toxins are attached to receptors on dopaminergic 
neurons, then release of dopamine is observed, which may be 
effective for the treatment of Parkinson's disease [33].

Scorpion Venom to Fight Brain Cancer
Scorpion venom is the most expensive liquid on Earth, costing 
roughly $39 million per gallon.  

Chlotoxin is a 36-amino acid peptide found in the venom of 
the scorpion Leiurus quinquestriatus. Chlorotoxin is widely 
researched for its ability to bind selectively to cancer cells, 
particularly gliomas, making it a powerful agent for targeted 
cancer detection and treatment.  By attaching a fluorescent 
dye to chlorotoxin, scientists developed "Tumour Paint". 
When injected, it lights up malignant brain cancer cells, 
helping surgeons distinguish between healthy tissue and 
cancerous growths during surgery. Researchers are actively 
studying chlorotoxin to bypass the blood-brain barrier. It is 
used as a vehicle to deliver nanomedicines and drugs directly 
to lethal brain tumors like glioblastomas without harming 
healthy cells. While naturally extracting the venom is 
incredibly expensive (with a single gram costing upwards of 
�8 Lakhs). Scientists have received approval from the US Food 
and Drug Administration (FDA) to use “Tumour Paint”, a 
product derived from scorpion venom, for study in human 
trials in the US, in an effort to treat people suffering from brain 
cancer. During the phase one trial, “Tumour Paint” will be 
used on an estimated 21 people with a glioma, or tumour in 
the brain or spine, ABCNews.com reported. The product was 
developed by US-based Blaze Bioscience, a company 
dedicated to developing products that assist physicians in 
their quest to improve the lives of cancer patients. “Tumour 
Paint” is designed to “provide real-time, high-resolution intra-
operative visualisation of cancer cells, enabling better 
detection and more complete and precise surgical removal of 
cancer”.

Scorpion Venom is an Anti-malaria and Anti-bacterial 
Agent
A novel peptide, scorpine, was isolated from the venom of the 
scorpion Pandinus imperator, with anti-bacterial activity and 
a potent inhibitory effect on the ookinete (ED(50) 0.7 microM) 
and gamete (ED(50) 10 microM) stages of Plasmodium 
berghei development. It has 75 amino acids, three disulfide 
bridges, and a molecular mass of 8350 Da. Scorpine has a 
unique amino acid sequence, similar only to some cecropins 
in its N-terminal segment and to some defensins in its C-
terminal region. Its gene was cloned from a cDNA library.(34)

Ÿ Scorpine peptide was discovered in the emperor 
scorpion (Pandinus imperator). This peptide is highly 
effective at killing the Plasmodium parasite's sexual and 
asexual stages. It works by disrupting the parasite's cell 
membrane and preventing it from developing into a form 
that can infect humans.

Ÿ Meucin-24 and Meucin-25: These peptides are even more 
targeted, and they can eliminate malaria parasites within 
red blood cells without harming the human cells or 
affecting other beneficial microbes like bacteria.

Ÿ Imbratoxin-- prevents the parasite from growing inside 
red blood cells by reacting with lipids in the cell 
membrane, effectively "suffocating" the infection. 

Scorpion venom is an emerging frontier in the fight against 
drug-resistant fungal infections
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Scorpion venom is an emerging frontier in the fight against 
drug-resistant fungal infections. Recent studies highlight 
several key venom-derived components being explored for 
medical and biological use: 
Candida Albicans Treatment: Synthetic peptides derived 
from scorpion venom (such as dKn2–7 and K1K8) have been 
shown to kill clinically resistant strains of Candida and inhibit 
biofilm formation without harming healthy mammalian cells.
Targeting Filaments & Pathogens: Venoms from species like 
the thick-tailed scorpion and Tityus scorpions contain natural 
compounds that inhibit filamentous fungi.
Malaria Vector Control: In an innovative approach to 
biological pest control, scientists have genetically 
engineered a fungus with "scorpine" (an insecticidal toxin 
from the emperor scorpion) to target and block malaria 
parasites inside mosquitoes.

Because obtaining natural venom is incredibly challenging 
and expensive, biotech researchers are actively creating 
synthetic analogues of these peptides.
Ÿ Researchers have discovered that specific antimicrobial 

peptides (AMPs) found in venoms target fungal cell walls 
and alter membrane permeability, offering a promising 
alternative to limited, highly toxic conventional 
antifungals. 

Intracellular Targeted Drug Delivery
The most effective techniques to target tumor cells are to 
direct DNA-inhibiting drug molecules to the nuclei of cancer 
cells. Nuclear targeting not only causes tumor cell death 
primarily but simultaneously minimizes damage to 
surrounding normal cells. The major problem of such 
targeted drug delivery is to avoid translocation of active 
agents into endosomal or lysosomal vesicles. Drug delivery 
mechanism requires active molecules to escape from 
subcellular cytoplasmic vesicles and translocate into nuclei 
(37)

The cancer cells develop intracellular resistance mechanisms 
such as overexpression of drug efflux pumps, metabolism, and 
sequestration into acidic compartments and deactivation (38) 

Sui et al. described two nuclear drug delivery strategies. One 
strategy involves indirect nuclear targeting in which drug 
molecules are carried into the cytosol in large quantities, 
subsequently allowing complete sequestration of nuclear 
DNA. The other strategy provides direct nuclear targeting in 
which nanocarriers carry molecules to cancer cells across the 
cell membrane into the cytosol and finally localize in the 
nuclei, where the active molecules may be released (39)

Barriers to Nuclear Drug Delivery
Plasma Membrane: 
The foremost barrier to nuclear drug delivery to mammalian 
cells is the plasma membrane that restricts the passage of 
charged and large hydrophilic molecules (40)

Large nanocarriers are taken by different endocytotic 
mechanisms into the cell (41) 

Physical properties of nanocarriers, such as geometry, may 
have an effect on phagosome formation. Pinocytosis may be 
subdivided into clathrin-mediated endocytosis (CME), 
caveolin-mediated endocytosis, clathrin and caveolin- 
independent endocytosis, and macropinocytosis. Trafficking 
of nanocarriers through different types of pinocytotic 
mechanisms is an important factor in developing targeted 
therapies. For instance, polarized MDCK epithelial cells that 
lack caveolae on the apical surface cationic as well as anionic 
nanoparticles are traff icked by clathrin-mediated 
endocytosis (CME) (42)

However, anionic particles are trafficked through CME and 
caveolae-mediated endocytosis, whereas cationic particles 

are restricted to CME and micropinocytosis in non-polarized 
HeLa cells (43)

In MDCK cells, anionic particles access lysosomal 
compartments, whereas cationic particles are directed to 
transcytosis (44)

These studies highlight the significance of shape and charge 
of the particulate delivery system, which must be considered 
to overcome the foremost barrier of nuclear drug delivery.

Nuclear Membrane and Nuclear Transport: 
The multicellular nature of eukaryotes allows for compart-
mentalized architecture to regulate cell differentiation. The 
nuclear envelope surrounds the nucleus, separating the 
nucleoplasm and genetic material from the cytoplasm. The 
nuclear envelope comprises the nuclear pore complex (NPC) 
through which the exchange of molecules occurs (45) 

NPC consists of a central channel and a nuclear and 
cytoplasmic ring, which are made up of 50 different proteins 
called nucleoporins (46)

Each NPC translocates approximately 1000 proteins per 
second in a bidirectional way (47)

Molecules ≥45KDa or 9nm in diameter are transported 
through targeting signals to enter or exit the nucleus. On the 
other hand, small molecules pass through the NPC by passive 
diffusion. Interestingly, a few studies reported the entry of 
particles over 100 nm (48)

CONCLUSION
An increasing number of studies have shown the anticancer 
effects of venoms and toxins of scorpions in vitro and in vivo, 
which were achieved mainly through the inhibition of cancer 
growth, arrest of cell cycle, induction of apoptosis, and 
suppression of cancer metastasis.

But Biomedical researchers have found a way to use scorpion 
venom to help children with brain cancer and gastric cancer. 
The Scorpion venom peptides/Bioactive molecules, 
Chlorotoxin, can be used to block signals from cancer cells 
and Illuminate Cancer Cells. The venom peptides help to 
Prevent Organ rejection, treat arthritis, and Malaria. Common 
laboratory experiment models have short gestation periods. 
The long gestation animals, like monkeys, Cattle, and 
elephants, were difficult to maintain. A scorpion has a long 
gestation period of little over 10 months. The scorpions are 
available, viable, and reliable to study long term toxicity.
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