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Abstract: This work consists to evaluate in vitro the activity of scorpion
venom Androctonus australis (Linnaeus, 1758) which is the most
abundant and most dangerous species in Algeria, against five bacterial
strains: Bacillus subtilis, Listeria monocytogenes, Staphylococcus
aureus, Staphylococcus aureus MRSA and Micrococcus luteus.
Biological tests by the use of different concentrations of venom aims to
investigate the minimum inhibitory concentration is measured by
optical density by the method of diffusion in a liquid medium. Whose,
the bacterial inoculum using a UV-Visible spectrophotometer at a

wavelength of 600 nm. While statistical analyses are applied to the
observed results to conclude the antibacterial effect of scorpion
venom. The results showed that no antibacterial activity of the A.
australis venom against all bacterial strains tested. Nevertheless, the
S. aureus MRSA strain exhibited greater resistance than other

bacterial strains.

|. Introduction

Scorpions are terrestrial Arthropods [1]. Currently,
zoologists have discovered more than 2520 species
[2]. Scorpion venom is composed of several toxins
having various chemical and toxic properties,
pharmacokinetics and pharmacodynamics [3] and
other composites having antibacterial effect or even
antifungal effect [4].

The presence of antibacterial peptides in the venoms
of different species of scorpions such as androctonin,
hadrurin and scorpion and other antifungal peptides
such as opiscorpin and antiparasitic such as
panscorpin [4,5] opens up research horizons to fight
the emergence of bacterial resistance because a large

part of antibiotics causes a planetary problem due to
these impacts on health and the environment [6].

Although, several researchers are oriented into the
use of various antimicrobial agents to fight this
emergence by extracting new molecules from
different types of animal venom [7]. But, Research
on using of scorpion venom in this horizon remains
weak.

Consequently, our work aims to research the effect
of scorpion venom Androctonus australis (Linnaeus,
1758) which is the most abundant species in Algeria
against some bacterial strains isolated, identified and
purified at the laboratory of Ghardaia University,
Algeria.
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I1. Materials and method
I11.1. Animale Material

In our work, we used 140 adult specimens of
Androctonus australis (Scorpiones: Buthidae). This
species is the most abundant in the region of
Ghardaia region (Centre algérien) with an abundance
exceeds 42% [8] and it is typical of urban areas [8,
9,10]. This species is ranked among the most

dangerous in the world [11] and it is the first
responsible for mortality [12].

11.2. Bacterial material

Five (05) isolated bacterial strains identified and
purified at the laboratory of Ghardaia University
(Algeria) are used to check for a possible inhibitory
effect of the venom of Androctonus australis. The
characteristics of these bacterial strains are detailed
in Table 1.

Table 1. Bacterial strains used

Strains References

Resistance / sensitivity profile to antibiotics

Bacillus subtilis ATCC 6633
Listeria monocytogenes ATCC 13932
Micrococcus luteus ATCC 9314
Staphylococcus aureus ATCC 43300
Staphylococcus aureus MRSA 2

Sensible to 44 ug/ml of vancomycin

Sensible to 100 pg/ml of streptomycin

Sensible to 11 pg/ml of vancomycin

Sensible to 100 ug/ml of vancomycin

Sensible to 100 ug/ml of vancomycin (multiresistant strain)

11.3. Methode
11.3.1. Venom collection

The extraction of the venom is carried out according
to the technique proposed by Miranda et al. (1964)
[13], which consists of stimulating the poison glands
using a 12 Volt electric current. The venom obtained
is subsequently dried in a desiccator and then kept at
a temperature of 4 °C.

11.3.2. Biologic tests

The liquid solution of the venom is prepared by
diluting 1 mg of the venom in 1 ml of sterile distilled
water. The antibacterial activity is tested using the
liquid diffusion method [14]. This method involves
contacting each suspension of a bacterial strain with
increasing doses of venom.

The culture medium used is Mueller-Hinton—
Bouillon, composed of meat extract (2.0 g), casein
acid hydrolysate (17.5 g), starch (1.5 g) and distilled
water (1L).

Fourteen (14) increasing doses of venom are tested:
109,209,309g,409,509,60¢9,70¢9,80g, 90 g,
100 g, 150 g, 200 g, 250 g and 300 g. Cultures are
incubated using an shaker incubator (Precise
Shaking Incubator WIS-10, Korea) at 37°C with
constant agitation of 160 turns/min for 24 hours. The
negative control was not prepared because the initial
bacterial load tested is known for all bacterial
suspensions. The bacterial growth rate is estimated
by reading the optical density by a UV-Visible
spectrophotometer with a wave length of 600 nm, an
optical density (O.D.) of 0.08 to 0.1 corresponds to
1x108 CFU/mL (0.5 Mc Farland) which corresponds
to all initial bacterial suspensions tested. The optical

NB : The sensitivity of the strains was tested in the laboratory.

density is measured for the second time after 24
hours of incubation.

I11. Results

The results of the variation in bacterial load of the
tested strains relative to the increasing doses of
venom are summarized in Figure 1.

Overall, the optical density (O.D.) seems to vary
greatly depending on the bacterial strain. Figure 1
shows that the optical density values obtained by
Bacillus subtilis average 0.68699 =+ 0.07967
(maximum 0.83626 and minimum 0.55087) (Figure
1A) and the optical density values obtained by the
strain Listeria monocytogenes vary between 0.69133
and 0.48014 with an average of 0.60109 + 0.06868
(FigurelB).

Staphylococcus aureus strain (Figure 1C) the O.D.
values range from 0.95166 to 0.57691 with an
average of 0.72801 + 0.12110). The O.D. values for
the Micrococcus luteus strain range from 0.75225 to
0.52652 (0.64597 + 0.05678 on average) (Figure
1D). Finally, the optical density for Staphylococcus
aureus MRSA ranges from 0.64128 to 0.40577 with
an average of 0.53819 + 0.06893 (Figure 1E).

In order to determine the difference between the
mean bacterial loads of tested bacterial strains in the
presence of the venom, an ANOVA test was applied.
The results showed a significant difference in the
growth of the various strains tested (p=0 much lower
than the significance threshold 0.05). The variation
in O.D. depending on bacterial strains is shown in
Figure (2).

Copyright © 2022, Algerian Journal of Environmental Science and Technology, All rights reserved

2315



Algerian Journal of Environmental Science and Technology
March edition. Vol.8. N°1. (2022)

ISSN :2437-1114

www.aljest.org

1 Bacillus subtilis (A) 1 Listeria monocytogenes
0.2 09 -
g 08 £08
g 07 2 0,74
=2 06 = 06 4
ERE £0s
E 04 e 04 -
C o3 C o3
0,2 0,2
0,1 0.1
0 0
"30 40 50 60 70 $0 90 100150 200 250300 10 20 30 40 50 &0 70 80 90 100150200250300
Dose of venom in ug Dose of venom in ug
1 Staphylococcus anrens 1 Micrococcus lutens {D}
0,9 0,9
£ 08 g 087
g 0.7 = 071
E 0.6 E 08
CER = 051
2 0,4 ‘é 0,4
o 03 & 03
0,2 0,2
0,1 0,1
o o

|LI 20 ."' 40 30 60 TO B0 90 10D 150 200 230 . 40 X &0 N ED W0 |LIUlJLL"
Daose of venom in ug Dose of venom in ug
g % ¥ "
I Staphylococcus aurenus” (E)
)
£ oz
g0
=
= 5
B
=]

o)

L.". 5
04 4
0,3 4
01

20 30 -Il:I "L U] SJ 20 ]LL 150 2040 250 300
Dose of venom in ug

[=]

LU LL

Figure 1. Variation of bacterial load compared to increasing doses of the venom
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Figure 2. Variation of optical density depending on bacterial strains.
B.S : Bacillus subtilis. L.M : Listeria monocytogenes. M.L : Micrococcus luteus. S.A : Staphylococcus aureus.
S.A.R : Staphylococcus aureus MRSA.

Figure 2 and the Tukey test (Table 2) show that
Staphylococcus aureus (S.A) has the highest value in
terms of optical density (group A). In second,
Bacillus subtilis (B.S) and Listeria monocytogenes
(L.M) with mean values of O.D. classified

respectively in group AB and BC. While,
Micrococcus luteus (M.L) and Staphylococcus
aureus MRSA (S.A.R) are represented by an average
value of low optical density, therefore they are
classified in groups CD and D respectively.

Table 2. Tukey test.

Strain Mean of optical density Group D Group C Group B Group A
S.AR 0.538199 Fekkek
LM 0.601091 falalalel falaiale
M.L 0.645976 Fkkk Fkkk
B.S 0.686991 Fkkek ke
S.A 0.728016 ool

B.S : Bacillus subtilis. L.M : Listeria monocytogenes. M.L : Micrococcus luteus.
S.A : Staphylococcus aureus. S.A.R : Staphylococcus aureus MRSA

Figure 3 shows the variation in O.D. according to
venom doses. The objective of this test is to study the
difference between bacterial loads mean and
different doses of venom. This test revealed an O.D.

value of 0.00734 (p < 0.05). That’s indicate a
bacterial growth dependent to the applied venom-
dose.
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Figure 3. Variation of optical density according to doses of venom.
A : High mean of optical density; B : Low mean of optical density; AB : Intermediate mean of optical density

The Tukey test (Table 3) shows the presence of three lowest average (classified in group B). The other
groups of optical density. The dose 80 ug has the doses of venom are represented by the AB group of
highest average and it is classified in group A of the optical density values.

optical density values, while the dose 20 pg has the

Tableau 3. Tukey test.

Dose of venom  Mean of optical density ~ Group B. Group A
20 0.547558 + -
60 0.570686 + +
40 0.575704 + +
10 0.615100 + +
90 0.616626 + +
150 0.617442 + +
70 0.635536 + +
50 0.659474 + +
200 0.663910 + +
300 0.675880 + +
100 0.679810 + +
250 0.686204 + +
30 0.703226 + +
80 0.713606 - +
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Table 4. Significance test of the significant correlation between the bacterial load and the venom doses

Correlations

Marked correlations are significant at p <0.05

Optical Optical Optical Optical Optical
Variable density. : B.S. density. : L.M. density. : S.A. density. : M.L.  density. : S.A’
Dose 0.4461 0.1920 0.0796 0.0341 0.6978
P 0.110 0.511 0.787 0.908 0.006
According to Table 4, which presents the increases with the increase in the dose of venom

significance of the correlation test is studied between
the increasing doses of venom and the optical density
of the strains, the p-value is much lower than the
significance level 0.05 for the bacterial strain
Staphylococcus aureus MRSA (S.A") with a value of
0.006.

The coefficient of this significant correlation is
0.6978, indicating that the correlation is significant
positive linear; the bacterial growth of this strain

used, despite the average optical density of this strain
is lower compared to other strains tested with a
standard deviation equal to 0.07393.

Figure 4 shows the relationship between the optical
density of the bacterial strain Staphylococcus aureus
MRSA and the increasing doses of venom used. The
table 5 gives the values of the optical density of the
bacterial strains which are used for the negative
control (bacteria without venom).

Scatterplot: Dose vs. Optical density : 5. AR (Casewise MD deletion)
Optical density : S AR = 48231 + 54E-3 * Dose
Carrelation: r = 69781

:SAR
o
o
&
o

Oplical density
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Figure 4. Scatterplot representing the relationship between the optical density of Staphylococcus aureus MRSA
and the doses of the venom used.

Table 5. Optical density of bacterial strains of the negative control

Bacterial strains

Optical density of the negative control

Bacillus subtilis
Listeria monocytogenes
Staphylococcus aureus

Micrococcus luteus
Staphylococcus aureus MRSA

0.62819
0.40894
0.52039

0.8112
0.69342
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IV. Discussion

The variation in the optical density of bacterial
strains relative to increasing doses of venom shows
that these bacterial strains mark an aleatory growth
from one dose to another for each strain. This
variation in bacterial load may depend on the
adaptation of the bacteria to different doses of
venom.

The ANOVA test indicates that bacterial behavior
varies from strain to strain compared to venom,
meaning that each bacterium reacts in the presence
of venom in a different way from strain to strain and
from dose to dose of venom.

The results show that the optical density values of
the bacteria are close to the negative control values.
This similarity in values reflects the absence of
antimicrobial activity of the venom against the
bacterial strains tested.

The same results were found in Egypt on the venoms
of the scorpionic species of Androctonus amoreuxi
and Androctonus australis where the effects of these
two venoms on microbes are absent. However, they
noted that the venom of the scorpion Leiurus
quinquestriatus has a significant antibacterial effect
against the two strains tested: B. subtillis and C.
freundi [15].

Other research has shown that venom composites
can interact with specific molecules of certain
bacteria without affecting other strains. For example,
the scorpion species Heterometrus xanthopus, its
venom had an antibacterial effect on B. subtillis,
while E. coli showed resistance against the same
venom [16] and the same for Buthus martensii its
venom showed an effect against Gram negative
bacteria only [3].

Moreover, our results also showed that
Staphylococcus aureus MRSA marks a growth
positively correlated with increasing levels of
venom, which probably means a natural resistance of
this strain against the venom of Androctonus
australis. Although, the venom of this species
contains androctonin (peptide toxin) well known for
these powerful antibacterial activities against
bacteria (Gram-positive and Gram-negative) and
even powerful antifungal activities [17].

Mandard et al (1999) have stadied the structure and
composition of androctonin and show that it is a
highly cationic antimicrobial peptide, that does not
exhibit an amphiphilic character and the efficacy of
androctonin on Gram-positive and Gram-negative

A

bacteria (specificity for the membrane bacterial) are
in fact related to its strong hydrophily [18].

Further work on the mode of action of androctonin
on bacteria shows that their target is not the bacterial
membrane, which proved that it can been a target for
most amphipathic lytic peptides, it binds only to
negatively charged lipid vesicles and induces marker
leakage at high concentrations and with slow
Kinetics, contrary to alpha-amphipathic
antimicrobial peptideshelical cells that bind and
impregnate negatively charged vesicles, and to a
lesser extent also zwitterionic vesicles [19].

Purification of venom composites from Androctonus
australis scorpions may lead to antibacterial peptides
that have effective antibacterial activity against
resistant bacteria.

V. Conclusion

The aim of our work was to investigate the inhibitory
effect of the venom of a very venomous species of
scorpions from North Africa, specifically from the
Algerian center (Ghardara): Androctonus australis
(Linnaeus, 1758), against five bacterial strains:
Bacillus  subtilis,  Listeria  monocytogenes,
Micrococcus luteus, Staphylococcus aureus and
Staphylococcus aureus MRSA.

The results of the study show that the venom has no
an antibacterial effect against the bacterial strains
tested. Although the strain Staphylococcus aureus
multi-resistant marks its growth positively correlated
with increasing doses of venom.

The behavior of the bacterial strains studied differs
from one strain to another. These strains are also
characterized by the heterogeneity of the distribution
of the values of their bacterial loads (the optical
density values).

The venom of scorpions has polypeptide composites
that are very important in the fight against bacterial
resistance. Research in this area is needed to better
develop new antimicrobial agents from the venoms
of different scorpionic species.

Finally, Algeria has more than 40 species of
scorpions [20, 21], more than 50% are endemic. This
important species diversity certainly reflects a
diversity of venoms. deserves further investigation
in order to test these venoms against different
bacterial strains.
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