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Abstract: Scorpion envenomation poses a global public health issue, with an estimated 1,500,000 cases
worldwide annually resulting in 2600 deaths. North Africa, particularly Morocco, experiences severe
envenomations, mainly attributed to Androctonus mauretanicus and Buthus occitanus in Morocco, and
Buthus occitanus and Androctonus australis hector in Algeria and Tunisia, with case numbers often un-
derestimated. Current treatment relies mainly on symptomatic approaches, except in Morocco, where
management is limited to symptomatic treatment due to controversies regarding specific treatment.
In Morocco, between 30,000 and 50,000 scorpion envenomation cases are reported annually, leading
to hundreds of deaths, mainly among children. Controversies among clinicians persist regarding
the appropriate course of action, often limiting treatments to symptomatic measures. The absence of
a specific antivenom for the venoms of the most lethal scorpions further exacerbates the situation.
This study aims to address this gap by developing a monovalent antivenom against the endemic and
most dangerous scorpion, Androctonus mauretanicus. The antivenom was produced by immunizing
albino rabbits with a mixture of Androctonus mauretanicus venom collected from high-risk areas in
Morocco. Immunizations were performed by subcutaneous injections at multiple sites near the
lymphatic system, following an immunization schedule. Production control of neutralizing antibody
titers was conducted through immunodiffusion. Once a sufficient antibody titer was achieved, blood
collection was performed, and the recovered plasma underwent affinity chromatography. The efficacy
of purified IgG was evaluated by determining the ED50 in mice, complemented by histological and
immunohistochemical studies on its ability to neutralize venom-induced tissue alterations and the
neutralization of toxins bound to receptors in the studied organs. The monovalent antivenom demon-
strated specificity against Androctonus mauretanicus venom and effective cross-protection against
the venom of the scorpions Buthus occitanus and Androctonus australis hector, highly implicated in
lethal envenomations in the Maghreb. This study shows that the developed monovalent antivenom
exhibits notable efficacy against local scorpions and a surprising ability to neutralize the most lethal
envenomations in North Africa. These results pave the way for a new, more specific, and promising
therapeutic approach to countering severe scorpion envenomations, especially in Morocco, where
specific treatment is lacking.

Keywords: scorpion venom; toxicity; antivenom; immunization; neutralization; cross-reactivity

Key Contribution: This study contributes significantly to the field of scorpion envenomation in
North Africa, particularly in Morocco, by developing a monovalent antivenom against the endemic
and highly dangerous scorpion, Androctonus mauretanicus. The antivenom demonstrated efficacy not

Toxins 2024, 16, 214. https://doi.org/10.3390/toxins16050214 https://www.mdpi.com/journal/toxins

https://doi.org/10.3390/toxins16050214
https://doi.org/10.3390/toxins16050214
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/toxins
https://www.mdpi.com
https://orcid.org/0000-0002-5547-2684
https://orcid.org/0000-0001-5743-4174
https://orcid.org/0000-0001-5489-9187
https://orcid.org/0000-0003-0303-8525
https://orcid.org/0000-0001-7610-789X
https://doi.org/10.3390/toxins16050214
https://www.mdpi.com/journal/toxins
https://www.mdpi.com/article/10.3390/toxins16050214?type=check_update&version=1


Toxins 2024, 16, 214 2 of 17

only against its target species but also cross-protection against the venoms of other lethal scorpions
in the region, such as Buthus occitanus and Androctonus australis hector. This research represents a
promising step towards a more specific and effective treatment for severe scorpion envenomations,
addressing a critical gap in the current therapeutic options available in the region.

1. Introduction

Scorpion envenomations constitute a public health problem in tropical and subtrop-
ical regions, particularly in North Africa. Globally, zoologists have documented nearly
1600 species of scorpions [1,2]. Each year, there are approximately 1,500,000 cases of scor-
pion stings worldwide, resulting in 2600 deaths, mainly attributable to the Buthidae species,
which are regarded as the most extremely dangerous [3].

In Morocco, this family represents 88% of the scorpionic fauna, with Androctonus
mauretanicus (Am) and Buthus occitanus (Bo) standing out as the species most involved
in severe scorpion envenomations [4–6]. Even on the scale of the North Africa, the Bo is
known for its wide distribution also in Algeria, Tunisia and Egypt. In addition, the specie of
Androctonus australis hector (Aah) is considered one of the most armful scorpions in the world,
with a distribution mainly in North Africa (Algeria, Libya, Tunisia and recently found in
Morocco) [7,8]. Epidemiological data record between 25,000 and 40,000 scorpion stings
annually in Morocco, most of which significantly affect children under 15 years of age [9,10].
In Algeria, an average of 50,000 cases of scorpion stings are recorded annually, of which 2.5%
are severe envenomations, resulting in 100 to 150 deaths. Children between 5 and 14 years of
age are most affected in terms of mortality [11]. In Tunisia, 30,000 epidemiological cases are
reported annually, of which 1000 include systemic manifestations requiring hospitalization
with a high mortality rate in children (15.1%) compared to adults (5.6%) [12,13].

Scorpion venom is a water-soluble, heterogeneous, and antigenic mixture. These
venoms are used by scorpions to attack and capture their prey [14]. The composition of the
venom includes mucopolysaccharides, hyaluronidase, phospholipase, serotonin, histamine,
enzyme inhibitors, and proteins in the form of neurotoxic peptides [15]. These neurotoxic
peptides are distinguished by their diversity, both in terms of their molecular polymor-
phisms and the diversity of their target receptors at the level of the ion channels of neuronal
membranes. Thus, depending on their target, four large families of toxins are currently iden-
tified: those acting on sodium, potassium, chlorine, and calcium channels [16]. Although
the inherent toxicity of scorpion venom induces a plurality of more marked clinical and
pathophysiological effects, this complexity highlights the multifactorial nature of bodily
responses to envenomation. The variety of clinical manifestations and physiological distur-
bances reflects the diversity of bioactive components present in the venom; each element
interacts in a specific manner with the body’s biological systems, thereby triggering a wide
range of pathological reactions [15,17–19]. The use of scorpion antivenom is surrounded
by some controversy, according to the World Health Organization (WHO) guidelines [20].
These controversies pose notable challenges in terms of the development of antivenom and
therapeutic management [21]. They arise generally from several parameters, which are
either linked to the high variability and complexity of the biochemical composition of the
venom or linked to the antivenom and its composition, concentration, pharmacokinetics,
and conditions of administration. The aspects cited influence its effectiveness, while the
variability in individual patient responses further complicates the situation. A thorough
understanding of all these elements is crucial for optimizing the use of antivenom in the
treatment of scorpion envenomations [22]. Although immunotherapy has demonstrated
its effectiveness in various countries, it remains a particularly hotly debated issue in Mo-
rocco [22–24]. Indeed, the development of an effective antivenom requires local production
to adapt to the species of scorpions present in Morocco, and this requirement underlines
the need to adapt therapeutic solutions to local scorpion fauna.
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In Morocco, the non-use of specific treatments is a complex issue that has sparked
debates and controversies. Several factors contribute to this situation, including concerns
about the efficacy, safety, and accessibility of commercialized antivenoms. The intraspecific
and interspecific variability of scorpion venoms complicates the development of tailored
antivenoms. This venom diversity can affect the neutralization of specific toxins and influ-
ence patients’ immune response, making it difficult to create universal or widely effective
antivenoms. This complexity underscores the need for targeted translational approaches in
antivenom development. In this context, this work aims to develop an antivenom against
Androctonus mauretanicus, a species involved in the deadliest envenomations in Morocco,
and to evaluate its efficacy in vivo by determining the effective dose 50 (ED50), neutralizing
tissue alterations, and neutralizing toxins bound to the receptors of the studied organs. In
addition, we examined the antigenic reactivity of the antivenom produced against Buthus
occitanus (Bo) and Androctonus australis hector (Aah), species of Buthidae scorpion responsible
for fatal envenomations in the North Africa.

2. Results
2.1. Quality Control of the Scorpion Venom
2.1.1. Protein concentration

The results showed that the Am venom was rich in protein with a concentration equal
to 188.5 ± 3.39 mg/mL.

2.1.2. SDS-PAGE Profile

The analysis of the electrophoretic profile showed the presence of bands with high
intensity and a molecular weight lower than 6.5 kDa, corresponding to the molecular
weights of scorpion toxins (Figure 1). This result indicates that the composition of scorpion
venom is rich in molecules of less than 6.5 kDa, which are mainly toxins.
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Figure 1. SDS-PAGE profile of Am scorpion venom. Lane 1 contains molecular weight markers in
kDa; Lane 2 contains Am venom.

2.1.3. The Median Lethal Dose (LD50) and Sublethal Doses (sLD) of Scorpion Venom

The recorded median lethal dose (LD50) and sublethal dose (sLD) of Am scorpion
venom were 337 ± 45.7 and 177 ± 3.8 µg/kg body weight, respectively, following intraperi-
toneal injection.

2.2. Antivenom Production
2.2.1. Control of Antivenom Production

The results of the immunodiffusion test showed the presence of precipitation arcs
(antigen–antibody reactions), indicating the production of specific neutralizing antibodies
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against Am scorpion venom in the immunized rabbits. Depending on the post-immunization
time, the precipitation lines became more pronounced (Figure 2a–c), indicating strong pro-
duction of neutralizing antibodies.
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Figure 2. Double immunodiffusion illustrating the precipitation arcs resulting from the interaction
between the Am venom (in the central well) and the neutralizing antibodies of the rabbit plasma (in
the peripheral wells), indicating the production of antibodies. The peripheral wells contain increasing
dilutions of rabbit plasma collected on days 21 (a), 35 (b), and 42 (c) after the first immunization.

Figure 3 showed cross-reaction between the produced antibodies and the venom of
scorpions Bo and Aah (Figure 3a,b), indicating the presence of the same common antigenic
determinants. The immune response was higher for Bo venom than for Aah venom.
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Figure 3. Double immunodiffusion illustrating the precipitation arcs resulting from the interaction
between the Bo (a) and Aah (b) venoms (in the central well) and the neutralizing antibodies of the
rabbit plasma (in the peripheral wells), indicating the production of antibodies. The peripheral wells
contain increasing dilutions of rabbit plasma collected on day 42 after the first immunization.

2.2.2. Purification of Specific Antibodies

The neutralizing antibodies developed against Am scorpion venom were purified
from the serum of immunized rabbits using affinity chromatography. Three fractions
were obtained (Figure 4): fraction 1 contained the non-retained fraction containing non-
specific plasma proteins, and fraction 2 contained the specific antibodies with an affinity
for Am venom which was different from that in fraction 3. The concentration of the specific
immunoglobulin from fraction 2, which underwent efficacy evaluation, was approximately
0.11 mg/mL with a pool volume of 12 mL, resulting in a protein amount equivalent to
1.32 mg.

2.2.3. Control of Antibody Purity

Figure 5 depicts the electrophoretic analysis of plasma and antibodies from fraction 2
purified by affinity chromatography. It shows that these are indeed IgG gammaglobulins
with a molecular weight of 150 kDa, indicating that our antibodies are pure and well
purified, with a dense band corresponding to gammaglobulins. In contrast, the plasma
shows a dense band corresponding to albumins (Figure 5).
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Figure 5. SDS-PAGE electrophoresis and component percentage of the plasma (A,A’) and purified
serum (B,B’).

2.2.4. Calculation of Neutralizing Antibody Yield

The concentrations of plasma and purified serum were equal to 14.06% and 8.65%,
respectively, with the yield equal to 8.2% (Table 1).

Table 1. Neutralizing antibody yield of plasma and purified serum.

Protein
Concentration (%) Volume (mL) Quantity (g) Yield (%)

Plasma 14.06 150 mL 21.1 100
Purified serum 8.65 20 mL 1.73 8.2
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2.2.5. The Cross-Reactivity of the Produced Antivenom

Western blotting profiles showed that the generated antibody presented a cross-
reaction of multiple components present in the crude venom of the two other species
of scorpion, Bo and Aah (Figure 6). These results suggested the presence of common
peptides in the Bo venom compared to the Aah.
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Figure 6. Western blotting using the produced antivenom against the Am, Bo and Aah venom. Lane 1
contains molecular weight markers in kDa; Line 2 contains Am venom; Lane 3 contains Bo venom;
Lane 4 contains Aah venom.

2.2.6. Neutralizing Effect of Antivenom Developed against Am Venom on Bo and Aah
Scorpion Venoms: A Study of Effective Doses (ED50)

The determination of the effective doses (ED50) of the antivenom revealed its efficacy
in neutralizing the lethal effect induced by the 3LD50 of each injected venom (Table 2).
The antivenom developed against the Am venom demonstrated high effectiveness, with a
dose of 47.3 µL, which is understandable given that this venom led to its production. This
was then followed by the Bo venom (51.86 µL) and the Aah venom (64.9 µL). These results
consistently demonstrated that the antivenom produced exhibits cross-reactivity with the
Bo and Aah scorpion venoms, even though it is not produced against these venoms.

Table 2. Effective dose (ED50) values for the antivenom developed against the venom of scorpions
Am, Bo, and Aah.

Am Bo Aah

ED50 (µL) 47.3 ± 0.33 51.86 ± 1.61 64.9 ± 1.95
ED50 (number of LD50 per mL of antivenom) 63.4 57.8 46.2

2.3. Neutralization of Tissue Alterations in the Studied Organs (Brain and Heart)
2.3.1. Histological Analysis of Brain Tissue Alterations Caused by the Venoms and
Neutralized by the Developed Antivenom

The various alterations generated by the scorpion venoms were observed in the histo-
logical sections and were characterized by varying degrees of vasodilation, hemorrhage,
and edema in all treated mouse groups, with a loss of cellularity mostly in mice injected with
Am and Aah venoms compared to Bo venom (Figure 7B–D). Am venom exhibited the highest
intensity of all observed brain alterations. Administration of the produced antivenom with
a two-hour delay largely neutralized the previously observed damage. However, discreet
edema persisted following the effects of Am and Bo venoms, and vasodilation was observed
in the group of mice treated with Aah venom (Figure 7E–G).
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scorpion venoms (×10). (A): Image corresponds to the control group. (B–D): Images correspond
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the antivenom 2 h delay. Bv: blood vessel; N: neuron; Vd: vasodilatation; Ed: edema; Lc: loss of
cellularity; Hr: hemorrhage.

2.3.2. Histological Analysis of the Cardiac Tissue Alterations Caused by the Venoms and
Neutralized by the Developed Antivenom

The cardiac tissue was significantly affected by the venom of each of the different
scorpions, Am, Bo, and Aah. Histological sections revealed more extensive myocardial
degeneration in the group injected with Am venom compared to the other two. A more
pronounced congestion was observed in the Aah venom group than in the Am venom group
(Figure 8B–D). Our results indicated that after injection of the developed antivenom, the
tissue structure of the heart improved significantly, with a reduction in myofiber-related
degeneration in all three groups of mice envenomed by Am, Bo and Aah (Figure 8E–G).

2.4. Immunohistological Profile: Neutralization of Toxins Bound to Receptors in the Studied
Organs (Brain and Heart)
2.4.1. Neutralization of Toxins Bound to Receptors in Brain Tissue

Immunohistological analysis of the brain tissue of envenomed mice showed that scor-
pion venom toxins were immunohistologically detected at the level of brain cell receptors
in all groups of mice envenomed with Am, Bo, and Aah venoms in addition to staining in
endothelial and inflammatory cells in mice envenomed with Am and Aah venoms. Cytoplas-
mic and membrane staining were noted in all groups except those treated with Aah venom.
Furthermore, venom toxins from Am venom were detected with a high percentage (70%)
in brain tissue, followed by Aah and Bo venoms. After administration of the antivenom,
we observed a reduction of 30%, 20%, and 40% in staining percentage in groups of mice
treated with Am, Bo, and Aah venoms, respectively (Table 3, Figure 9).
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Table 3. Immunodetection of toxins fixed in brain and heart tissues in mice envenomed and neutral-
ized by the developed antivenom.

Group Type of Staining Type of Cell Percentage

Brain

Am Venom Cytoplasmic
Membrane

- Nerve
- Endothelial 70

V Am + AV (2 h delay) Cytoplasmic
Membrane - Nerve 40

Bo Venom Cytoplasmic
Membrane - Nerve 50

V Bo + AV (2 h delay) Cytoplasmic
Membrane - Nerve 30

Aah Venom Membrane - Nerve
- Endothelial 60

V Aah + AV (2 h delay) Membrane - Nerve
- Inflammatory 20

Heart

Am Venom Cytoplasmic
Membrane

- Myocardial
- Endothelial 90

V Am + AV (2 h delay) Cytoplasmic
Membrane - Myocardial 50

Bo Venom Cytoplasmic
Membrane - Myocardial 60

V Bo + AV (2 h delay) Cytoplasmic
Membrane - Myocardial 30

Aah Venom Cytoplasmic
Membrane

- Myocardial
- Endothelial
- Inflammatory

70

V Aah + AV (2 h delay) Cytoplasmic
Membrane - Myocardial 30

2.4.2. Neutralization of Toxins Bound to Receptors in Cardiac Tissue

The immunohistochemical profile revealed the presence of venom molecules in my-
ocardial cells of mice envenomed with Am, Bo and Aah venoms as well as in endothelial cells
in groups treated with Am and Aah venoms. Inflammatory cells were stained only in the
group envenomed with Aah venom. Cytoplasmic and membrane staining were observed in
all groups. In terms of percentage, the Am venom showed the highest staining intensity at
90%, followed by Aah and Bo venoms at 70% and 60%, respectively. The introduction of the
antivenom significantly reduced the staining, indicating the neutralization of venom toxins
bound to cardiac tissue by the neutralizing antibodies present in the developed antivenom
(Table 3, Figure 10).

This neutralization also highlights the cross-reactivity of the antivenom developed
against Am venom, which is capable of neutralizing tissue alterations and toxins bound to
receptors in the studied organs.
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Figure 10. Antivenom neutralization of toxins fixed to tissue receptors at the level of heart tissue
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the scorpion venoms. (E–G): Groups treated with the antivenom 2 h delay. Calibration bar = 50 µm.
Brown areas are positive for venom and complex venom–antivenom. Detection in cardiac cells (blue
arrow), vascular endothelial cells (black arrow), and inflammatory cells (green arrow).

3. Discussion

Envenomation through scorpion stings poses a considerable threat to public health
on a worldwide scale, especially in tropical and subtropical regions. Different species of
scorpions are found in North Africa, including Androctonus mauretanicus, Buthus occitanus
and Androctonus australis hector, all of which pose potential dangers due to the severity
of scorpion stings and debates surrounding immunotherapy, especially in Morocco. The
present study focused on the processes involved in producing the monovalent antivenom
against the endemic scorpion Am and testing its neutralizing effectiveness, in addition to
the possibility of cross-reactivity with Bo and Aah scorpion venoms.

Quality control of the Am venom revealed its protein richness, which is consistent
with its high toxicity. This richness in low-molecular-weight proteins of less than 14 kDa
corresponds to the toxins in the venom. The electrophoretic profile confirmed this protein’s
composition and showed that more than 70% of the composition of scorpion venom is
toxic, while the toxins fell into two categories: long toxins (which act on the peripheral
and central nervous system, causing toxicity followed by death in mice) and short toxins
(which act mainly on the central nervous system, causing toxicity without death in mice).
The results of LD50 determined by the IP route showed that the molecules responsible for
mortality have a very low molecular weight (<10 kDa), enabling them to circulate rapidly
in the blood. Our results are consistent with previous studies, such as that of Oukkache
et al., which confirmed the high toxicity of the scorpion venom Am [25].

Regarding the composition of neurotoxic scorpion venom in proteins of low molecular
wight and poor antigenic properties [26,27], the use of adjuvants is recommended in the
production of antivenoms. Freund’s Complete Adjuvant (FCA) and Freund’s Incomplete
Adjuvant (FIA), which were adopted in the present study, are widely known for their
efficacy in amplifying the immune response [17]. The choice to use these adjuvants is
in agreement with the immunization procedure reported by Ozkan O. et al.’s study [28].
The crude venom was used as an antigen on the basis that venom toxicity broadly results
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from the synergic effect of various constituents and not from a highly toxic individual
component [29]. Using the same classical approach, another study produced a scorpionic
antivenom [28]. After animal immunization procedures, the presence of antibodies pro-
duced against Am venom was detected following the respective stimuli injected with a
time-dependent production rhythm; the results were confirmed by analyzing the immun-
odiffusion patterns three times during the immunization program. After the purification
processes, the IgG antibodies, as the final product generated, revealed a cross-neutralizing
reaction against the Bo and Aah venom, in which the venom of the scorpions studied
shared a degree of similarity, leading to epitope recognition. The theoretical mechanisms
related to cross-reactivity were discussed in the study of Ledsgaard and al., in which the
ability to bind multiple different antigens can be explained by the immune tolerance of
the antibodies, considering a degree of variability in antigens’ and toxins’ epitopes [30].
In terms of potency, the produced antivenom was able to neutralize 63.4 LD50 of the Am
venom, and by cross-reaction, it neutralized 57.8 and 46.2 LD50 of the Bo and Aah venoms,
respectively. The histological lesions caused by sublethal doses of each scorpion venom
and neutralized by the administration of the produced antivenom were evaluated at the
brain and heart level in mice. Intense tissular damage was observed following the effect
of the Am venom and was highly neutralized by the antivenom, with slight alterations
represented by discreet edema and vasodilatation in the brain and degeneration of the
myocardium in the heart. The tissular structure was also generally improved in the groups
treated with the produced antivenom 2 h after inoculation with Bo or Aah venom. We
thus observed that the venom could be localized in nerve/myocardial, endothelial, and
inflammatory cells, with significantly higher percentages in the sections of nervous and
cardiac tissues treated only with the venom compared to the groups of mice treated with
the antivenom administered 2 h earlier. The neutralizing effects of the antivenom reveled
in these results align with numerous studies [31–35]. In a previous study carried out by our
team, we demonstrated the effectiveness of a selective polyvalent antivenom in completely
or partially neutralizing the histological alterations induced by Am, Aah, and Bo scorpion
venoms in the main organs of mice [36]. However, for comparison purposes, the produced
serum exhibited a high capacity for neutralization, especially for the venom produced
against it (Am) compared to the selective polyvalent antivenom manufactured against
various species of scorpions, including the Am venom [36].

The antivenom’s ability to cross-reactivate with other scorpion venoms can help in
light of inter and intraspecific venom variability and the limits of the number of venoms
that can be used in the immunization process.

The process of producing and purifying an antivenom against the most dangerous Am
species in Morocco has been developed, and by studying the antivenom’s neutralization
capabilities in vivo, we were able to respond to controversies related to the achievement
of an effective antivenom at the tissue level and the neutralization of induced tissue
alterations, even after 4 h of scorpion envenomation, in mice. In the same context, Boyer’s
study showed the ability of the antivenom to remove venom from the plasma compartment
in less than an hour by comparing with a placebo group over more than 4 h. The time taken
to cure was minimal (less than 4 h) in all patients receiving antivenom (compared to 15% in
the control group) [37]

These promising results underline the effectiveness of immunotherapy against the
scorpion envenomations caused mostly by dangerous scorpion species in North Africa,
namely Androctonus mauretanicus, Buthus occitanus and Androctonus australis hector. Due
to the neutralizing and curative properties demonstrated, immunotherapy can thus be
considered a specific treatment to be recommended in Morocco in complementarity with a
symptomatic approach. Furthermore, various studies have indicated that patients receiv-
ing treatment combining prazosin and a specific antivenom, whether adults or children,
adapted to the clinical severity of the envenomation, showing a faster recovery compared to
those treated only with prazosin. In addition, this combined treatment is well tolerated [38].
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An antivenom with approved neutralizing performance in preclinical and clinical
phases is intended for production and utilization in the treatment of scorpion envenoma-
tions. Despite the efficacity of the immunotherapy, there are practical challenges involved
in its distribution to ensure rapid administration of antivenom and improve the clinical
outcomes of patients.

4. Conclusions

In this study, a monospecific antivenom was successfully produced against the en-
demic and most dangerous species in Morocco, Androctonus mauretanicus. Its efficacity and
in vivo neutralization were approved regarding tissue damage and in vivo localization
at the brain and heart level in the presence or absence of the antivenom. Additionally, a
cross-reactivity was noted with Bo and Aah scorpion venoms, as applied in severe cases of
envenomation in North Africa. Since immunotherapy has demonstrated its effectiveness as
a therapeutic approach, there is an urgent need to adopt large-scale production, especially
in Morocco.

5. Materials and Methods
5.1. Scorpion Venoms

High-risk Androctonus mauretanicus (Am) and the Buthus occitanus (Bo) scorpions were
collected from Morocco and kept at the scorpionarium of the Pasteur Institute of Morocco.
The venoms were extracted by the electrical stimulation method [39] and centrifuged at
14,000 r/min at 4 ◦C and for 20 min. The lyophilized form of the Androctonus australis hector
(Aah) Tunisian scorpion venom was generously provided by ATheris Laboratories. Their
median lethal dose (LD50) and sublethal dose (sLD) were defined, respectively, as 890.1
and 415 µg/kg for the Bo venom and 597 and 255 µg/kg for the Aah venom [36].

5.2. Quality Control of Scorpion Venom
5.2.1. Protein Concentration

The venom protein concentration was determined by absorbance measurement at
280 nm, applying a Quartz cuvette with an optical path of 1 cm; one unit of absorbance
corresponds to a protein concentration of 1 mg/mL [40,41].

5.2.2. SDS-PAGE Analysis

The electrophoretic profile of the venom was obtained using 15% polyacrylamide
gel with SDS under denaturing conditions (2-mercaptoethanol) according to the Laemmli
method [42]. Then, 10 µL of Am venom was diluted in a simple buffer (10% glycerol,
2.5% SDS, 50 mM Tris-HCl, pH6.8, 5% 2-mercaptoethanol and 0.02% bromophenol blue).
The mixture was denatured for 5 min in 100 ◦C, centrifuged at 18,000g for 25 s, and then
deposited on polyacrylamide gel in addition to the protein markers (6.5–175 kDa) in a
Bio-Rad system. The migration was stopped after two hours, and the gel was stained using
Coomassie Blue G250 and subsequently washed with a solution of 40% methanol and 10%
acetic acid.

5.2.3. Determination of Median Lethal Dose (LD50) and Sublethal Doses (sLD) of Venom

The median lethal dose (LD50) of venom was determined as recommended by the
World Health Organization [43]. Groups of 6 male Swiss mice (18–22 g) were used per dose
of venom injected intraperitoneally. Percent mortality was recorded 24 h later. The LD50
was identified using the software package GraphPad Prism 7 according to the algorithm
provided. The non-linear curve was traced by respecting the four-parameter logistical
equation and by establishing constraints on the bottom (0% mortality) and top (100%
mortality) values. The sublethal dose (sLD) was obtained by injecting decreasing amounts
of Am venom into groups of mice [44]. In all experiments, the injections were made by the
intraperitoneal route, with a total volume injected equal to 500 µL.
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5.3. Antivenom Production
5.3.1. Venom Preparation

Crude Am venom filtered through 0.22 µm filters was used as an antigen for the
antivenom production.

5.3.2. Rabbit Immunization

Table 4 presents the rabbit immunization schedule. For the first injection, Freund’s
Complete Adjuvant (FCA) was used to stimulate the cellular immune system. The second,
third, and fourth injections were performed with Freund’s Incomplete Adjuvant (FIA)
to stimulate the humoral immune system. Subsequent injections were performed with
physiological saline solution (NaCl 0.9%). A group of 4 albino rabbits (3–3.5 kg) were used,
while the 5th served as a control. Injections of an increasing dose of venom were adminis-
tered subcutaneously (SC) into the animal’s neck, close to the lymph nodes, according to
the established immunization schedule. After each injection, lymph node formation was
monitored as a sign of immune system stimulation.

Table 4. Immunization schedule.

Bleeding
Number Days Venom Dose

(µg/Rabbit)

Nature and
Volume of

Adjuvant Used

Total Volume
Injected

(mL/Rabbit)

Number and
Route of

Injection Site

1 0 20 FCA (1.3 mL) 1 6 sites (SC)
2 7 20 FIA (1.3 mL) 1 3 sites (SC)
3 14 50 FIA (1.0 mL) 1 3 sites (SC)
4 21 100 FIA (1.3 mL) 1 3 sites (SC)
5 28 150 NaCl 0.9% 1 3 sites (SC)
6 35 200 NaCl 0.9% 1 3 sites (SC)
7 42 - - - -

FCA: Freund’s Complete Adjuvant, FIA: Freund’s Incomplete Adjuvant, SC: Subcutaneous.

5.3.3. Production Control of Antibody by Immunodiffusion Test

Blood samples were taken at 21, 35, and 42 days after the first immunization to
control the antibody production and decide when to bleed for collection. The technique
used to assess neutralizing IgG production was the immunodiffusion test following the
Ouchterlony’s method [45]. Then, 1% agarose gels were prepared on glass slides and
diluted in phosphate-buffered saline (PBS). Five wells were made (one central and four
around the center). Then, 15 µL of crude Am venom (5 mg/mL) was added to the central
well, and serum diluted in series (1, 1/2, 1/4 and 1/8), obtained by centrifugation of
the blood, was added to the four peripheral wells. The slides were incubated at room
temperature for 24 to 48 h. If neutralizing antibodies were present, white precipitation
arcs appeared, stained with Coomassie Blue R250. Our results showed that on day 42
after immunization, the serum had a good titer of neutralizing antibodies produced. The
same procedure was used for Bo and Aah venoms to determine whether the antibodies
produced were capable of neutralizing the toxins of these venoms by cross-reactivity or
para-specificity.

5.3.4. Blood Collects

Based on our results, we decided to proceed with the blood collection on the day 45
of immunization. The serum was obtained by a centrifugation of the blood samples at
3000 r/min for 10 min. The purity of the purified antibodies was checked, and the yield of
purified antibodies was measured.

5.3.5. Purification of Specific Antibodies by Affinity Chromatography

The first purification of the antibodies was made by ammonium sulfate precipitation
at 29%, before the affinity chromatography step in which the Am scorpion venom was dis-
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solved in 0.1M sodium bicarbonate; the solid-phase affinity columns contained the venom
coupled to cyanogen bromide-activated Sepharose 4B. After centrifugation at 3000 r/min
for 20 min, the sergeant recovered was incubated overnight at room temperature. The
column was loaded with the serum collected. Then, the non-specific proteins were removed
through multiple wash cycles with Tris HCl 100 mM + NaCl 0.5 M, pH 8. By adding the elu-
tion buffer (acetic acid 0.1M, pH 2.1), the targeted antibodies were eluted and neutralized
immediately in tubes containing Tris HCl 1M, pH 8 [46].

5.3.6. Control of Antibody Purity by Electrophoresis

Unpurified plasma and antibodies obtained from serum purification by affinity chro-
matography were subjected to electrophoresis using 12% polyacrylamide gel with SDS
under non-reducing conditions (2-mercaptoethanol not used) while following the Laemmli
method [42]. The relative abundance was obtained using the Gel Analyzer program.

5.3.7. Protein Concentration of Neutralizing Antibodies

The measurement of the protein content of neutralizing antibodies was carried out
according to the Bradford quantification method [47], by using bovine serum albumin
(BSA) solution to obtain the calibration curve (from 0 to 10 µg/µL). The absorbance was
measured at 595 nm.

5.3.8. Western Blot Analysis

The Am, Bo and Aah scorpion venoms were separated by electrophoresis (SDS-PAGE).
The gel containing the migrated venom proteins was transferred to a nitrocellulose mem-
brane and incubated with TBS (tris-buffered saline) at 4 ◦C overnight. The membrane was
washed three times with TBS and then incubated with the antivenom at room temperature
for 1 h. After three further washes with TBS, the nitrocellulose membrane was incubated
with a peroxidase conjugated antibody for 1 h at room temperature, then washed again with
TBS for 10 min. Finally, the substrate diamino benzidine (DAB) was added to visualized
the protein bands, which were stained with Coomassie Blue R250 [48].

5.3.9. Determination of the Effective Doses (ED50) of the Antivenom

A fixed amount (3LD50) of each venom was incubated with varying volumes of
antivenoms for 30 min at 37 ◦C. Each mixture (0.5 mL) was injected intraperitoneally to six
male Swiss mice (18–22 g), and deaths were recorded up to 24 h. Controls received 3DL50
of venom without antiserum. Results were analyzed by the GraphPad Prism 7 Software
package with a variable-slope dose–response curve and non-linear analysis. The ED50
obtained is defined as the volume of antivenom (in µL) able to protect half a population of
mice against a specific dose of scorpion venom (3LD50) or as the number of LD50 of venom
that was neutralized by 1 mL of antivenom.

5.3.10. Histological Analysis of Brain Tissue Alterations Caused by the Venoms and
Neutralized by the Developed Antivenom

For each venom, two groups of four male Swiss mice (18–22 g) were used. The first
group were received a sublethal dose (sLD) of each crude venom. In the second one, the
mice were injected with the effective dose (ED50) of the antivenom 2 h before the injection
of the sLD of scorpion venom. All injections were made by the intraperitoneal route, with
500 µL as a total volume injected per mouse. The control group received a physiological
saline solution (NaCl 0.9%). The animals were sacrificed 4 h later.

The carefully extracted brain and heart organs were immersed immediately in formalde-
hyde solution at 10% for 24 h; then, the tissues were dehydrated using an ethanol series and
clarified with xylene. Next, they were embedded in paraffin and sliced at 4 µm thickness to
be stained with hematoxylin and eosin for photonic microscope visualization [49].
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5.3.11. Immunohistological Profile: Neutralization of Toxins Bound to Receptors in the
Studied Organs (Brain and Heart)

The brain and heart tissue sections were removed from paraffin and cycles of rehydra-
tion were executed for 5 min each using the xylol and alcohol series. The protocol of the
immunohistological study was previously described for the both organs obtained from the
control group, who were treated only with the scorpion venom, and the other group, who
were treated with the antivenom 2 h following the injection of venom [36].

Author Contributions: Conceptualization, B.D. and N.O.; methodology, B.D. and N.O.; software, B.D.
and A.L.; validation., O.A.F. and N.O.; formal analysis, B.D.; investigation, B.D. and A.A.; resources,
B.D.; data curation, B.D. and A.A.; writing—original draft preparation, B.D., A.L., S.C., I.H. and S.K.;
writing—review and editing, A.M., O.A.F. and N.O.; visualization, B.D. and N.O.; supervision, O.A.F.
and N.O. All authors have read and agreed to the published version of the manuscript.

Funding: This article is published with the support of SBS, Société Belakhdim Services, recognised
for its commitment to promoting research into envenomation by venomous animals and undesirable
insects, as well as for its involvement in raising awareness through the Moroccan Association of 3D
Professionals (AM3D).

Institutional Review Board Statement: All experiments were defined by the World Health Organiza-
tion and carried out following appropriate regulations of the local ethics committee of the Institute
Pasteur of Morocco under the agreement number 8.3. A-2015 (approval date: 10 May 2017).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We acknowledge all participants who contributed to this work.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Chippaux, J.-P. Incidence Mondiale et Prise en Charge des Envenimations Ophidiennes et Scorpioniques. Médecine/Sci. 2009, 25,

197–200. [CrossRef] [PubMed]
2. Rein, O.; The Scorpion Files. Norwegian University of Science and Technology Trondheim. Available online: https://www.ntnu.

no/ub/scorpion-files/ (accessed on 23 August 2021).
3. Chippaux, J.-P. Emerging Options for the Management of Scorpion Stings. Drug Des. Devel Ther. 2012, 6, 165–173. [CrossRef]

[PubMed]
4. El Hidan, M.A.; Ait Laaradia, M.; Laghzaoui, E.-M.; Elmourid, A.; Touloun, O. Trends in Scorpion Diversity and Richness in

Morocco. Uttar Pradesh J. Zool. 2021, 42, 1–7.
5. Oukkache, N.; Rosso, J.-P.; Alami, M.; Ghalim, N.; Saïle, R.; Hassar, M.; Bougis, P.E.; Martin-Eauclaire, M.-F. New Analysis of

the Toxic Compounds from the Androctonus mauretanicus mauretanicus Scorpion Venom. Toxicon 2008, 51, 835–852. [CrossRef]
[PubMed]

6. Ghalim, N.; El-Hafny, B.; Sebti, F.; Heikel, J.; Lazar, N.; Moustanir, R.; Benslimane, A. Scorpion Envenomation and Serotherapy in
Morocco. Am. J. Trop. Med. Hyg. 2000, 62, 277–283. [CrossRef] [PubMed]

7. Abbassi, N.; Hmimou, R.; Lekouch, N.; Rhalem, N.; Soulaymani, R.; Sedki, A. Méta-Analyse des Données des Envenimations
Scorpioniques Au Maroc. SMETox J. 2018, 1, 115–122.

8. Lourenço, W.R. Compléments à La Faune de Scorpions (Arachnida) de l’Afrique du Nord, Avec des Considérations Sur Le Genre
Buthus Leach, 1815. Rev. Suisse Zool. 2003, 110, 875–912. [CrossRef]

9. El Hidan, M.A.; Touloun, O.; El Oufir, R.; Boumezzough, A. Epidemiological and Spatial Analysis of Scorpion Stings in Two
Regions of Morocco: Marrakesh-Tensift-Al Haouz and Souss-Massa-Draa. J. Coast. Life Med. 2016, 4, 299–304. [CrossRef]

10. Touloun, O.; Boumezzough, A.; Slimani, T. Scorpion envenomation in the region of Marrakesh Tensift Alhaouz (Morocco):
Epidemiological characterization and therapeutic approaches. Serket 2012, 13, 38–50.

11. Hellal, H.; Guerinik, M.; Griene, L.; Laid, Y.; Mesbah, S.; Merad, R.; Alamir, B. Données Épidémiologiques Sur l’envenimation
Scorpionique En Algérie. Bull. De La Société De Pathol. Exot. 2012, 105, 189–193. [CrossRef]

12. Chakroun-Walha, O.; Karray, R.; Jerbi, M.; Nasri, A.; Issaoui, F.; Amine, B.R.; Bahloul, M.; Bouaziz, M.; Ksibi, H.; Rekik, N. Update
on the Epidemiology of Scorpion Envenomation in the South of Tunisia. Wilderness Environ. Med. 2018, 29, 29–35. [CrossRef]

13. Champetier De Ribes, G.; Jeddi, H.M. Lutte Anti-Scorpionique Dans Le Gouvernorat de Sidi Bouzid (Tunisie). Bull. De La Société
De Pathol. Exot. 1984, 77, 712–716.

https://doi.org/10.1051/medsci/2009252197
https://www.ncbi.nlm.nih.gov/pubmed/19239853
https://www.ntnu.no/ub/scorpion-files/
https://www.ntnu.no/ub/scorpion-files/
https://doi.org/10.2147/DDDT.S24754
https://www.ncbi.nlm.nih.gov/pubmed/22826633
https://doi.org/10.1016/j.toxicon.2007.12.012
https://www.ncbi.nlm.nih.gov/pubmed/18243273
https://doi.org/10.4269/ajtmh.2000.62.277
https://www.ncbi.nlm.nih.gov/pubmed/10813485
https://doi.org/10.5962/bhl.part.80218
https://doi.org/10.12980/jclm.4.2016J6-22
https://doi.org/10.1007/s13149-012-0234-4
https://doi.org/10.1016/j.wem.2017.09.011


Toxins 2024, 16, 214 16 of 17

14. Shah, P.T.; Ali, F.; Noor-Ul-Huda; Qayyum, S.; Ahmed, S.; Haleem, K.S.; Tauseef, I.; Mujaddad-ur-Rehman; Hayat, A.H.; Malik,
A.A.; et al. Scorpion Venom: A Poison or a Medicine-Mini Review. Indian J. Geomarine Sci. 2018, 47, 773–778.

15. Cordeiro, F.A.; Amorim, F.G.; Anjolette, F.A.P.; Arantes, E.C. Arachnids of Medical Importance in Brazil: Main Active Compounds
Present in Scorpion and Spider Venoms and Tick Saliva. J. Venom. Anim. Toxins Incl. Trop. Dis. 2015, 21, 24. [CrossRef]

16. Bahloul, M.; Regaieg, K.; Chabchoub, I.; Kammoun, M.; Chtara, K.; Bouaziz, M. Les Envenimations Scorpioniques Graves:
Physiopathologie et Rôle de l’inflammation Dans La Défaillance Multiviscérale. Med. Sante Trop. 2017, 27, 214–221. [PubMed]

17. Darkaoui, B.; Lafnoune, A.; Chgoury, F.; Daoudi, K.; Chakir, S.; Mounaji, K.; Karkouri, M.; Cadi, R.; Naoual, O. Induced
Pathophysiological Alterations by the Venoms of the Most Dangerous Moroccan Scorpions Androctonus Mauretanicus and Buthus
Occitanus: A Comparative Pathophysiological and Toxic-Symptoms Study. Hum. Exp. Toxicol. 2022, 41, 096032712110728.
[CrossRef]

18. Oukkache, N.; Malih, I.; Chgoury, F.; El Gnaoui, N.; Saïle, R.; Benomar, H.; Ghalim, N. Modifications Histopathologiques Après
Envenimation Scorpionique Expérimentale Chez La Souris. La Rev. Mèdicopharmaceutique N◦ 53-4ème Trimest. 2009, 53, 48–52.

19. Abroug, F.; Ouanes-Besbes, L.; Tilouche, N.; Elatrous, S. Scorpion Envenomation: State of the Art. Intensive Care Med. 2020, 46,
401–410. [CrossRef] [PubMed]

20. Theakston, R.D.G.; Warrell, D.A.; Griffiths, E. Report of a WHO Workshop on the Standardization and Control of Antivenoms.
Toxicon 2003, 41, 541–557. [CrossRef] [PubMed]

21. Daoudi, K.; Malosse, C.; Lafnoune, A.; Darkaoui, B.; Chakir, S.; Sabatier, J.; Chamot-Rooke, J.; Cadi, R.; Oukkache, N. Mass
Spectrometry-based Top-down and Bottom-up Approaches for Proteomic Analysis of the Moroccan Buthus occitanus Scorpion
Venom. FEBS Open Bio 2021, 11, 1867–1892. [CrossRef]

22. Béraud, J. Le Technicien d’analyses Biologiques: Guide Théorique et Pratique; Éd Tec and Doc: London, UK; Paris, France; New York,
NY, USA, 2001.

23. Amitai, Y. Middle East and North African Scorpions. In Critical Care Toxicology; Springer International Publishing: Cham,
Switzerland, 2017; pp. 2255–2267.

24. Isbister, G.K.; Graudins, A.; White, J.; Warrell, D. Antivenom Treatment in Arachnidism. J. Toxicol. Clin. Toxicol. 2003, 41, 291–300.
[CrossRef]

25. Oukkache, N.; Jaoudi, R.; Ghalim, N.; Chgoury, F.; Bouhaouala, B.; Mdaghri, N.; Sabatier, J.-M. Evaluation of the Lethal Potency
of Scorpion and Snake Venoms and Comparison between Intraperitoneal and Intravenous Injection Routes. Toxins 2014, 6,
1873–1881. [CrossRef] [PubMed]

26. Zlotkin, E.; Miranda, F.; Rochat, H. Chemistry and Pharmacology of Buthinae Scorpion Venoms. Arthropod Venoms 1978, 48,
317–369.

27. Balozet, L. Scorpionism in the Old World. Venom. Anim. Their Venoms 1971, 3, 349–371.
28. Ozkan, O.; Adigüzel, S.; Ates, C.; Bozyigit, I.; Filazi, A. Optimization of Antiscorpion Venom Production. J. Venom. Anim. Toxins

Incl. Trop. Dis. 2006, 12, 390–399. [CrossRef]
29. Borchani, L.; Sassi, A.; Ben Yekhlef, R.; Safra, I.; El Ayeb, M. Heminecrolysin, a Potential Immunogen for Monospecific Antivenom

Production against Hemiscorpius lepturus Scorpion. Toxicon 2011, 58, 681–688. [CrossRef] [PubMed]
30. Ledsgaard, L.; Jenkins, T.; Davidsen, K.; Krause, K.; Martos-Esteban, A.; Engmark, M.; Rørdam Andersen, M.; Lund, O.; Laustsen,

A. Antibody Cross-Reactivity in Antivenom Research. Toxins 2018, 10, 393. [CrossRef] [PubMed]
31. Sami-Merah, S.; Hammoudi-Triki, D.; Martin-Eauclaire, M.-F.; Laraba-Djebari, F. Combination of Two Antibody Fragments

F(Ab′)2/Fab: An Alternative for Scorpion Envenoming Treatment. Int. Immunopharmacol. 2008, 8, 1386–1394. [CrossRef]
[PubMed]

32. Zayerzadeh, E.; Koohi, M.K.; Mirakabadi, A.Z.; Fardipoor, A.; Kassaian, S.E.; Rabbani, S.; Anvari, M.S. Amelioration of Cardio-
Respiratory Perturbations following Mesobuthus eupeus Envenomation in Anesthetized Rabbits with Commercial Polyvalent
F(Ab′)2 Antivenom. Toxicon 2012, 59, 249–256. [CrossRef] [PubMed]

33. Bessalem, S.; Hammoudi-triki, D.; Laraba-djebari, F. Effet de l’immunothérapie Sur Les Modifications Métaboliques et
Histopathologiques Après Envenimation Scorpionique Expérimentale. Bull. Société Pathol. Exot. 2003, 96, 110–114.

34. Revelo, M.P.; Bambirra, E.A.; Paula Ferreira, A.; Diniz, C.R.; Chávez-Olórtegui, C. Body Distribution of Tityus serrulatus Scorpion
Venom in Mice and Effects of Scorpion Antivenom. Toxicon 1996, 34, 1119–1125. [CrossRef]

35. D’Suze, G.; Salazar, V.; Díaz, P.; Sevcik, C.; Azpurua, H.; Bracho, N. Histophatological Changes and Inflammatory Response
Induced by Tityus discrepans Scorpion Venom in Rams. Toxicon 2004, 44, 851–860. [CrossRef] [PubMed]

36. Darkaoui, B.; Aksim, M.; Aarab, A.; Lafnoune, A.; Khourcha, S.; Cadi, R.; Filali, O.A.; Oukkache, N. Neutralization Capacity of
Tissue Alterations Caused by the Venoms of the Most Dangerous Scorpions in North Africa Using a Selective Antivenom. Toxins
2023, 16, 16. [CrossRef] [PubMed]

37. Boyer, L.V.; Theodorou, A.A.; Berg, R.A.; Mallie, J.; Chávez-Méndez, A.; García-Ubbelohde, W.; Hardiman, S.; Alagón, A.
Antivenom for Critically Ill Children with Neurotoxicity from Scorpion Stings. N. Engl. J. Med. 2009, 360, 2090–2098. [CrossRef]
[PubMed]

38. Pandi, K.; Krishnamurthy, S.; Srinivasaraghavan, R.; Mahadevan, S. Efficacy of Scorpion Antivenom plus Prazosin versus
Prazosin Alone for Mesobuthus tamulus Scorpion Sting Envenomation in Children: A Randomised Controlled Trial. Arch. Dis.
Child. 2014, 99, 575–580. [CrossRef] [PubMed]

https://doi.org/10.1186/s40409-015-0028-5
https://www.ncbi.nlm.nih.gov/pubmed/28655685
https://doi.org/10.1177/09603271211072872
https://doi.org/10.1007/s00134-020-05924-8
https://www.ncbi.nlm.nih.gov/pubmed/32125457
https://doi.org/10.1016/S0041-0101(02)00393-8
https://www.ncbi.nlm.nih.gov/pubmed/12676433
https://doi.org/10.1002/2211-5463.13143
https://doi.org/10.1081/CLT-120021114
https://doi.org/10.3390/toxins6061873
https://www.ncbi.nlm.nih.gov/pubmed/24926799
https://doi.org/10.1590/S1678-91992006000300004
https://doi.org/10.1016/j.toxicon.2011.09.010
https://www.ncbi.nlm.nih.gov/pubmed/21967811
https://doi.org/10.3390/toxins10100393
https://www.ncbi.nlm.nih.gov/pubmed/30261694
https://doi.org/10.1016/j.intimp.2008.05.011
https://www.ncbi.nlm.nih.gov/pubmed/18687300
https://doi.org/10.1016/j.toxicon.2011.11.004
https://www.ncbi.nlm.nih.gov/pubmed/22118980
https://doi.org/10.1016/0041-0101(96)00074-8
https://doi.org/10.1016/j.toxicon.2004.08.021
https://www.ncbi.nlm.nih.gov/pubmed/15530967
https://doi.org/10.3390/toxins16010016
https://www.ncbi.nlm.nih.gov/pubmed/38251233
https://doi.org/10.1056/NEJMoa0808455
https://www.ncbi.nlm.nih.gov/pubmed/19439743
https://doi.org/10.1136/archdischild-2013-305483
https://www.ncbi.nlm.nih.gov/pubmed/24550184


Toxins 2024, 16, 214 17 of 17

39. Özcan, Ö.; Filazi, A. The Determination of Acute Lethal Dose-50 (LD50) Levels of Venom in Mice, Obtained by Different Methods
from Scorpions, Androctonus crassicauda (Oliver 1807). Acta Parasitol. Turc. 2004, 28, 50–53.

40. Layne, E. Spectrophotometric and Turbidimetric Methods for Measuring Proteins. Methods Enzym. 1957, 3, 447–454.
41. Stoscheck, C.M. Quantitation of Protein. Methods Enzym. 1990, 182, 50–68.
42. Laemmli, U.K. Cleavage of Structural Proteins during the Assembly of the Head of Bacteriophage T4. Nature 1970, 227, 680–685.

[CrossRef] [PubMed]
43. World Health Organization. Progress in the Characterization of Venoms and Standardization of Antivenoms; WHO Offset Publication:

Geneva, Switzerland, 1981; Volume 58, pp. 1–44.
44. Finney, D. Probit Analysis, 3rd ed.; Cambridge University Press: Cambridge, UK, 1971.
45. Ouchterlony, Ö. Diffusion-In-Gel Methods for Immunological Analysis II (Part 1 of 4). In Progress in Allergy; KARGER: Basel,

Switzerland, 1962; Volume 6, pp. 30–65.
46. March, S.C.; Parikh, I.; Cuatrecasas, P. A Simplified Method for Cyanogen Bromide Activation of Agarose for Affinity Chromatog-

raphy. Anal. Biochem. 1974, 60, 149–152. [CrossRef]
47. Bradford, M.M. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein Utilizing the Principle of

Protein-Dye Binding. Anal. Biochem. 1976, 72, 248–254. [CrossRef]
48. Towbin, H.; Staehelin, T.; Gordon, J. Electrophoretic Transfer of Proteins from Polyacrylamide Gels to Nitrocellulose Sheets:

Procedure and Some Applications. Proc. Natl. Acad. Sci. USA 1979, 76, 4350–4354. [CrossRef] [PubMed]
49. Malatesta, M. Histological and Histochemical Methods—Theory and Practice. Eur. J. Histochem. 2016, 60, 2639. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/227680a0
https://www.ncbi.nlm.nih.gov/pubmed/5432063
https://doi.org/10.1016/0003-2697(74)90139-0
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1073/pnas.76.9.4350
https://www.ncbi.nlm.nih.gov/pubmed/388439
https://doi.org/10.4081/ejh.2016.2639

	Introduction 
	Results 
	Quality Control of the Scorpion Venom 
	Protein concentration 
	SDS-PAGE Profile 
	The Median Lethal Dose (LD50) and Sublethal Doses (sLD) of Scorpion Venom 

	Antivenom Production 
	Control of Antivenom Production 
	Purification of Specific Antibodies 
	Control of Antibody Purity 
	Calculation of Neutralizing Antibody Yield 
	The Cross-Reactivity of the Produced Antivenom 
	Neutralizing Effect of Antivenom Developed against Am Venom on Bo and Aah Scorpion Venoms: A Study of Effective Doses (ED50) 

	Neutralization of Tissue Alterations in the Studied Organs (Brain and Heart) 
	Histological Analysis of Brain Tissue Alterations Caused by the Venoms and Neutralized by the Developed Antivenom 
	Histological Analysis of the Cardiac Tissue Alterations Caused by the Venoms and Neutralized by the Developed Antivenom 

	Immunohistological Profile: Neutralization of Toxins Bound to Receptors in the Studied Organs (Brain and Heart) 
	Neutralization of Toxins Bound to Receptors in Brain Tissue 
	Neutralization of Toxins Bound to Receptors in Cardiac Tissue 


	Discussion 
	Conclusions 
	Materials and Methods 
	Scorpion Venoms 
	Quality Control of Scorpion Venom 
	Protein Concentration 
	SDS-PAGE Analysis 
	Determination of Median Lethal Dose (LD50) and Sublethal Doses (sLD) of Venom 

	Antivenom Production 
	Venom Preparation 
	Rabbit Immunization 
	Production Control of Antibody by Immunodiffusion Test 
	Blood Collects 
	Purification of Specific Antibodies by Affinity Chromatography 
	Control of Antibody Purity by Electrophoresis 
	Protein Concentration of Neutralizing Antibodies 
	Western Blot Analysis 
	Determination of the Effective Doses (ED50) of the Antivenom 
	Histological Analysis of Brain Tissue Alterations Caused by the Venoms and Neutralized by the Developed Antivenom 
	Immunohistological Profile: Neutralization of Toxins Bound to Receptors in the Studied Organs (Brain and Heart) 


	References

