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Abstract
Background: Androctonus crassicauda  has a neurotoxin venom that can affect most of the vital organs
of the body and result in death. In this study 99mTc-labeling and biological evaluation of Androctonus
crassicauda scorpion venom are described.

Method:  In this research, Toxic fraction of this venom was labelled with 99mTc. Radiochemical purity  of
the labelled toxic fraction was obtained by using chromatographic system. Animal biodistribution studies
were performed after injection of labelled compound into normal rats.

Results: Radiochemical purity was obtained more than 90%. Biodistribution studies in normal rats
showed moderate clearance of blood circulation system. The results of  the study indicated that scorpion
venom labeling with 99mTc  can be a useful tool for the biodistribution and kinetic studies of the venoms
for clinical use.

1. Introduction
Scorpion stings are among the most important health and medical issues in the world. This is especially
important in underdeveloped tropical and subtropical countries where thousands of lives are at risk of
death each year. Scorpion venom may cause drastic medical complications and early death if injected
into the body. Neurotoxins are the most important components of scorpion venom that are responsible
for the pathological appearance of envenoming. Apart from neurotoxins, a vast range of other molecules
can be found in their venoms. Developments in puri�cation, separation methods, and labeling
approaches has enabled not only the effective treatments against envenoming, but has also resulted to
the discovery of several scorpion venom biomolecules with therapeutic properties. Consequently,
scorpion venom may not only be a threat for human health, but could prove to be a important source of
bioactive molecules against future diseases.

According to World Health Organization (WHO), about 2000–3000 deaths due to scorpion sting
envenoming are reported annually worldwide (WHO, 2018).

Up to now, more than 2000 scorpion species have been introduced. The most dangerous scorpion species
to humans belong to the Buthidae family, but some scorpion in the Hemiscorpiidae and Scorpionidae
families have also been classi�ed as hurtful (Laustsen, 2016 and Lourenço, 2018).

In Iran, scorpion stings are among the most important health and medical issues. Annually 40,000 to
50,000 scorpion sting are reported to take place in Iran (Kassiri etal., 2021 and Dehghani, 2012).

Due to the importance of scorpion stings and its dangers to humans, scorpion venom researches have
long been of interest to researchers. Scorpion species in Iran include scorpionidae and buthidae which are
classi�ed into 25 species and 16 genera (Shahbazzadeh et al., 2003).
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Andractonus crassicauda scorpion is one of the most dangerous scorpions in the world. Its natural
habitat is arid and tropical, and it is widely spread in Iran. This kind of scorpion belongs to the Butide
family and has neurotoxic toxin. If this scorpion bites a human, it will affect most of the vital organs and
will result in death (Radmanesh, 1990). The content and toxicity of scorpion venom varies from species
to specie (Borges et al., 2006). Scorpions’ venom of the same species also differs in its levels of protein
and toxicity (Kalapothakis, 1997).

The difference in the amino acid sequences of each venom causes action and immunological differences
of the venom (Gwee et al., 1996). There is not enough information available about the mechanism,
function and biological distribution of scorpion venom in humans and animals bodies. In fact, to improve
the treatment of scorpion sting, biological function of the venom needs to be studied. Also, knowing the
organ distribution is important for clinical purposes.

Although clinical manifestations of Iranian Androctonus crassicauda scorpion venom have been
investigated in experiments (Radmanesh, 1990 and Dehghani et al., 2006), the biological distribution of
the toxin of this kind of scorpion has not been reported for clinical purposes so far. A great approach to
analyze the biological distribution of an unknown substance such as scorpion venom in different organs
is to label it with radionuclides. Understanding the biological distribution and concentration of the
scorpion venoms in different organs could be useful for preparation of better antivenom for clinical
application.

So far, labeling animal venom with radionuclides has rarely been reported, but research has shown
excellent results in tissue distribution, pharmacokinetics, channel ionic binding, neuropharmacological
and neurobiochemical.

As a result, it has provided the researchers with the ability to produce potent anti-toxins and treat many
diseases, especially different types of cancers. Examples of research conducted in recent years include:

In 1998, Ismail et al., studied the pharmacokinetics of the scorpion venom Androctonus amoreuxi labelled
with 125I in rabbits. Their results showed that the destructive effects of scorpion sting were not related to
the venom concentration in the organs and the failures were due to indirect factors (Ismail, 1998).

In 2002, Nunan et al., labeled titustoxin and venom from the scorpion Tityus serrulatus with 99mTc.

Titustoxin is the most important toxic fraction of the scorpion venom Tityus serrulatus, which is used as
a tool for neuropharmacological and neurobiochemical studies. In their study, the biological activity of
titustoxin and scorpion venom was compared in a labeled and un-labeled condition. The results showed
that the biological activities of titustoxin and scorpion venom continue after labelling (Nunan et al.,
2002).

In 2010, Shirmardi et al., investigated the biodistribution of Mesobuthus eupeus scorpion venom fractions
labeled with Tc-99m in animals (mouse). In the venom of this scorpion, there are several toxic fractions
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that can affect ion channels. Results of that study showed rapid blood clearance of labeled compound
(Shirmardi et al., 2010).

In 2012, Seyedian et al., examined tissue distribution of Hemiscorpius lepturus scorpion venom and
antivenom polyclonal. The results of the comparison pharmacokinetic parameters and tissue distribution
of venom and antivenom showed that serotherapy has better effects when performed 2–4 hours after
scorpion sting (Seyedian et al., 2012).

In 2015, Asad et al., studied the biodistribution and kinetic of Naja Naja karachiensis venom, labeled with
99mTc, using the SPECT imaging system.The results showed that the lungs and liver are the main sites of
toxin metabolism and the kidneys are the main organ of toxin excretion (Asad et al., 2015).

In 2016, Vergara et al., investigated the tissue distribution and tracking of B-neurotoxins (B-NTx) labeled
with 67Ga using molecular imaging. B-NTx is the most important fraction of eastern coral snake poison
Micrurus fulvius. Respiratory paralysis in patients bitten by Micrurus fulvius snake is attributed to B-
neurotoxins.The results showed that the lymphatic system has a key role in the biological distribution of
B-NTx-DTPA-67Ga (Vergara et al., 2016).

In 2018, Shirmardi et al., examined the biodistribution of peptide extracted from the venoms of an Iranian
brown snake and a yellow scorpion (ICD-85) labeled with 99mTc for imaging and treating tumor. The
results showed that the labeling yield was satisfactory and the liver, kidney and the tumor were the
targets of ICD-85 venom. Also, the clearance of the labeling compound from the blood circulatory system
was moderate (Shirmardi et al., 2018).

In 2019, Díaz-García et al., examined the pharmacokinetics and biological distribution of Rhopalurus
junciuc scorpion venom labeled with 131I in tumor-bearing mice by intravenous and oral administration.
Recent research has shown that Rhopalurus Junciuc scorpion venom has an anti-tumor effect. The
results showed that the pharmacokinetic and biological distribution of the 131I-venom compound in
tumor-bearing mice depended on the method of administration and also the presence of the 131I-venom
compound in the tumor tissue was longer than that of the main organs (Díaz-García et al., 2019).

99mTc is selected as the ideal radiotracer for many experimental studies and nuclear medicine
procedures.

The superiority of 99mTc is because of its proper nuclear properties. These properties include a short half-
life of 6 hours and photon energy of 140 keV, which makes 99mTc suitable for high-e�ciency detection
and consequently low radiation exposure (Banerjee, 2001).

In this study, toxic fraction of Androctonus crassicauda scorpion venom was labeled with 99mTc, and
biological distribution, and target organs of the labeled compound were evaluated in normal rats.

2. Materials And Methods
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All chemical materials were prepared from Fluka and Sigma companies. TLC model is an AR 2000 (North
America Bioscan). Sodium pertechnetate (Na99mTcO4) was purchased from commercial 99mMo/99mTc
Generator.

Toxic fractions of Androctonus crassicauda scorpion venom were prepared in lyophilized state from Razi
Vaccine and Serum Research Institute in Karaj.

2.1. Venom preparation
Androctonus crassicauda crude venom was obtained from Iranian Androctonus crassicauda. After
collecting the scorpions by using ultra-violet lamp at night on the southwestern of Iran, they were milked
by electrical stimulation of the telson at the end of tail. After that, milked venom dissolved in distilled
water and centrifuged for removing the mucoproteins. 0.45 µm �lter and

Nanodrop spectrophotometer were used to �lter supernatant and determine protein concentration,
respectively.

The �ltered venom was loaded on a sephadex G-50 column (chromatography). The column was eluted
with ammonium acetate (0.1 M), at 40 ml/ h �ow rate. The column elution diagram showed nine peaks
(F1-F9). Peak of F5 was toxic fraction against mice and used for radiolabeling (Bayatzadeh, 2020).

2.2. Labeling and radiochemical analysis of toxic fraction
More than 80% of the clinical radiopharmaceuticals are Technetium-99m based, as mentioned above, the
reasons for high usage of this radiopharmaceuticals are the ease of availability and optimal nuclear
characteristics such as short half-life, acceptable gamma energy for producing good quality images.
Moreover 99mTc is readily available from a generator of 99Mo/99mTc at low cost and high quality.

In this study, direct labeling method was chosen, and for this, stannous chloride was used as the reducing
agents (Pauwels, 1993 and Pujatti et al., 2005). Preliminary researches by authors were carried out to
establish the optimum conditions to obtain the highest yield from labeling the mentioned fraction. Brie�y,
60 µg of the toxic fraction was dissolved in 60 microliters of water (distilled) and then adjusted to pH = 
7.5 by adding 100 µl of PBS (0.1M, pH = 7.4).

The sample product was mixed by a shaker for 10 minutes at room temperature. Also a certain amount
of SnCl2 (2, 5, 10, 20, 30 or 50 µg) was dissolved in double distilled water (0.1 normal HCl was used to
completely dissolve stannous chloride in double distilled water) then it was transferred into a vial
containing toxic fraction.

Finally, Na99mTcO4 (140.6 MBq) freshly milked from a generator of 99Mo/99mTc was added to the vial for
reaction. This mixture were shacked for 1 min and kept for 12 min at room temperature for doing the
reaction (Boletini-Santos,2008 and Murugesan et al., 1999).
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To obtain a more puri�ed labeled toxic fraction, it was loaded on a gel chromatography column (G-25
sephadex), and the column was washed with PBS. Finally, 1 ml fractions were collected and counted by
well- type gamma counter.

Then, all of the collected 1 ml volumes with high count were mixed together. Then, radiochemical yield of
labeled toxic fraction were determined by TLC (Whatman paper No.1). As a mobile phase, acetone was
used for this system (99mTcO4- Rf = 1, 99mTc-colloid and labeled compound Rf = 0). The radioactivity was
measured by cutting the whatman strip (10 cm) into 1 cm pieces and counting in a well type counter.

2.3. 99mTc- toxic fraction stability
For stability study in human serum, 50 µl of the labeled toxin added to 1 mL of fresh human serum at
37oC temperature up to 4 h. Stability study in PBS was performed by incubating 50 µl of the labeled toxic
fraction with 1 ml PBS solution storing for 4h at room temperature. For stability analysis, TLC method
was performed

2.4. Biological distribution study
Animal studies were done in compliance with the regulations of NSTRI and with generally accepted
guidelines governing such work.

Male rats, weighing 200–250 g, were injected with 11.1 MBq (300µCi) of radiolabeled toxic fraction in
saline via the tail vein. The amount of injected activity into each rat was measured by counting the 1-ml
syringe before and after injection in a dose calibrator with �xed conditions. Finally, animals were killed by
CO2 after 15 min, 45 min and 4 h and internal organs were dissected, weighted and counted for
radioactivity measurement. Organ activities were converted and expressed as the percentage of injected
dose per gram of tissue (%ID/g).

3. Result

3.1. Labeling toxic fraction with 99mTc and radiochemical
analysis
Toxic fraction of Androctonus crassicauda scorpion venom was labeled with 99mTc by direct labeling
method. In order to obtain the optimal radiochemical purity, various values of SnCl2 were checked. 2, 5,
10, 20, 30 and 50 microgram of freshly dissolved SnCl2 in HCl under nitrogen blanket were used for
reducing process and the most radiochemichal yield was obtained by using 10 microgram SnCl2 (90%)
(Fig. 1.). Figures 2–4 shows chromatography tests of labeled toxin (using 10 microgram SnCl2) by G-25
Sephadex column, TLC and HPLC for radiochemical purity analysis.

3.2. 99mTc- toxic fraction stability
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Radiochemical stability analysis of labeled toxic fraction in human fresh serum and PBS showed that the
radiochemical purity remained about 47% and 55% after 4 hours respectively.

3.3. Biological distribution studies
Figure (5) summarizes the biodistribuion and kinetic for labeled compound in different organs. This
model analysis facilitates the visualization of the labeled compound biodistribution pro�les during the
distribution, metabolism and excretion. Also, �gure (6) shows the scintigraphic images of animal after 15
minutes and 45 minutes post injection of labeled compound.

4. Discussion

4.1. Toxic fraction radiolabeling with 99mTc, radiochemical
analysis and stability
Venom is the remarkable source of poly peptide with different kinds of actions. Most of the
envenomations by scorpions in Iran, are caused by Buthidae family scorpions, and 41 percent of the
cases belong to Androctonus scorpions (Jolodar, 2019). Scorpion venoms can contain an wide range of
small peptide toxins which can be categorized into two types, namely disul�de-bridged peptides and
nondisul�de-bridged peptides (Jolodar, 2019). Disul�de-bridged peptides are interesting peptides to
research and clinical applications.

As mentioned, an interesting way to see the biological distribution and the organic concentration of
scorpion venom is to label it with radionuclides.

99mTc is pioneer in nuclear medicine research because of its ideal nuclear properties. These ideal nuclear
properties are: half-life of 6 hours, gamma ray energy 140 keV, ease of access from a generator of
99Mo/99mTc and well established labeling chemistry(Banerjee, 2001). There are three main methods of
99mTc labeling: direct labeling, chelate approach and indirect labeling (Liu et al., 1997 and Gandomkar et
al., 2003). Because of disul�de binds in proteins and their fragments, the direct method of labeling is
usually used.

The direct labeling method usually does not require synthetic modi�cation and is applied to heavy
peptides, proteins and their fragments because of their disul�de bonds. Direct labeling method does not
require synthetic modi�cation and is easy to perform.

In direct method, the reducing agent is used to change the number of disul�de binds to free thiols, which
are able to bind the 99mTc very e�ciently. In the present study, SnCl2 was used as a reducing agent and
the results showed that the labeling yield was more than 90% and the labeled toxic fraction demonstrated
considerable radiochemical stability. According to the present results and the previous studies, it can be
mentioned that this method (direct labeling) can be an acceptable method to radiolabel the venoms.

4.2. Biological distribution studies
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The result of biodistribution in the rats showed that the initial level of labeled toxic fraction in the blood
decreased from 1.95% at 15 minutes to 0.02% at 4 h post injection, which was an indication of the
moderate clearance of labeled compound from the circulation system of blood.

These results also showed a concentration of activity in the liver decreased from 2.59% at 15 minutes to
0.03% at 4 h post injection, and in kidneys from 1.77% at 15 minutes to 0.11% at 4 h after labeled
compound injection.

Based on these results, we conclude that the possible site for metabolism of venom is liver, and kidneys
are main organs of excretion in rats.

Brain activity was 0.05 % at 15 minutes post injection indicating that the labeled compound can pass
through the bl ood brain barrier.

Thyroid and stomach uptake level was low indicating good quality of the radiolabeled compound,
although the two main target organs in the body are thyroid and the stomach after 99mTcO4

- injection.

99mTcO4
- active uptake by these two organs can be used as a physiological indicator of the

radiochemical purity preparation.

5. Conclusion
Labeling the toxic fraction with 99mTc was successfully performed by using stannous chloride as a
reducing agent.

The labeling yield was > 90% and the labeled compound had good radiochemical stability.

The results of this study indicate that toxin labeling with 99mTc is a useful tool invivo study and includes
an excellent method for monitoring the biological distribution process of toxin for clinical purposes.
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Figure 1

Radiolabeling yield percentage versus SnCl2 values

Figure 2

TLC diagram of 99mTc-toxin fraction

Figure 3

Gel �ltration chromatography analysis with sephadex G-25 for puri�cation of 99mTc-toxic fraction
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Figure 4

RP-HPLC of 99mTc-toxin fraction after puri�cation by Gel �lteration



Page 14/15

Figure 5

(a-d) Labeled toxic fraction biodistribution and kinetics behavior in each organs and blood sample over 4
hours after intravenous administration. Data is expressed as the percentage of total injection dose per
tissue weight (%ID/g).
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Figure 6

Whole body scintigraphy images of the rat after 15 minutes (6-a) and 45 minutes (6-b) post injection of
labeled toxic fraction. Thyroid and stomach uptake level was low indicating good quality of the
radiolabeled compound.


