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Abstract

Background: Scorpion venom is a very complicated mixture of various peptides/proteins which could induce
toxicological and pharmacological responses. This investigation was conducted to evaluate the possible
pharmacological properties (analgesic, antipyretic, and antiinflammatory effects) of the Egyptian scorpion venom
Androctonus amoreuxi in mice and rats injected intraperitoneally with 1/10 and 1/5 LD50 (0.11 and 0.22 mg/kg for
mice; 0.385 and 0.77 mg/kg for rats, respectively).

Results: The peripheral and central analgesic effect of A. amoreuxi venom was determined using the tests of mice-
abdominal writhing and tail immersion of rats, respectively. The antipyretic and antiinflammatory activities were
examined using the pyrexia rats model induced by Brewer’s yeast and the paw mice edema induced by carrageenan,
respectively. The venom of A. amoreuxi produced significant (p < 0.05) peripheral and central analgesic activity in both
animal models. Also, treatment with the scorpion venom showed significant (p < 0.05) dose-independent reduction in
pyrexia of rats. More importantly, the venom significantly inhibited mice paw edema induced by carrageenan.

Conclusion: Accordingly, the present results showed that the venom of this scorpion possesses remarkable
pharmacological properties (analgesic, antipyretic, and antiinflammatory activities) on animal models, and might be
contain certain peptides responsible for the reported activities.

Keywords: Androctonus amoreuxi, Animal models, Pyrexia, Inflammation, Edema, Pain, Scorpion venom, Tail immersion
test, Writhing test

Background
The limitations of available analgesic and antiinflamma-
tory therapeutic agents stimulated searching for other new
molecules (from different sources) able to relief pain, in-
flammation, and fever. Currently, the animal venoms
(such as snake, marine conus, frog, spider, and scorpion
toxins) are considered as one of the main sources for the
discovery of these compounds (with high selectivity and
therapeutic index; Rajendra, Armugam, & Jeyaseelan,
2004; Altawil, Abdel-Rahman, El-Naggar, El-Khayat, &

Abdel-Daim, 2015; Safavi-Hemami, Brogan, & Olivera,
2019). Scorpion venom is a rich source of several biologic-
ally active molecules (Abdel-Rahman, Harrison, & Strong,
2015; Harrison, Abdel-Rahman, Strong, Tawfik, & Miller,
2016) with various pharmacological properties including
antitumor (Elrayess et al., 2019; Ghosh, Roy, Nandi, &
Mukhopadhyay, 2019; Mamelak, 2011), analgesic (Chen &
Ji, 2002; Shao et al., 2007), antiepileptic (Wang et al., 2001;
Yu, Zhang, Wang, & Liu, 1992), and antimicrobial (El-
Bitar et al., 2019; Harrison, Abdel-Rahman, Miller, &
Strong, 2014; Harrison et al., 2016) activities. The whole
body of Chinese scorpion Buthus martensi Karsch (BmK)
or its venom has been found to be effective in treating
certain neurological disorders (such as hemiplegia, facial
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paralysis, apoplexy, cerebral palsy, and epilepsy), nerve
soothing, and as pain killers (especially pains induced by
rheumatism and meningitis; Liu et al., 2003). For example,
the venom peptides of BmK IT-AP, BmK dIT-AP3, and
BmK AngP1 which isolated from the scorpion BmK in-
duced potent analgesic effect in mice and rats (Chen & Ji,
2002; Guan, Wang, Wang, & Wang, 2001a; Guan, Wang,
Wang, & Wang, 2001b; Xiong et al., 1999). Similarly, the
venom toxin of BmK AS1 induced strong central and per-
ipheral antinociceptive effects on rats. Shao et al. (2013)
demonstrated that BmK AGAP-SYPU2 is a scorpion
neurotoxin with analgesic and antitumor activities. BmK
AGAP-SYPU2 showed analgesic activity in a hot-plate test
like morphine (except for its longer duration). The crude
venom of Heterometrus laoticus venom (9.5 and 19 mg/
kg) showed both antinociceptive (using tail immersion
and writhing tests) and antiinflammatory activity (using
carrageenan test) (Hoang et al., 2014).
There are several scorpion species (n = 24) inhabiting

Egypt including the Buthidae scorpion of A. amoreuxi.
Previously, the venom of this species exhibited strong
anticancer (Salem, Shoukry, Teleb, Abdel-Daim, &
Abdel-Rahman, 2016) and antimicrobial (Almaaytah
et al., 2012; Estrada-Gómez, Gomez-Rave, Vargas-
Muñoz, & van der Meijden, 2017) activities using in vivo
and in vitro studies. The present work was conducted to
extend our earlier pharmacological study (Salem et al.,
2016) through investigating the antinociceptive, antipyr-
etic, and anti-inflammatory effects of the Egyptian scor-
pion venom A. amoreuxi in both rats and mice animal
models.

Methods
Collection of scorpion venom and experimental animals
The scorpion specimens (n = 200) were collected from
the Western Costal Desert (Alexandria Governorate,
Egypt). The scorpion venom was electrically collected
(12–16 V, 3 ms), freeze-dried and kept in – 20 °C until
use (Abdel-Rahman, Quintero-Hernández, & Possani,
2013). All experimental animals (128 male adult albino
rats and mice) used in this investigation and experimen-
tal protocols were verified (Guide for the Care and Use
of Laboratory Animals) and approved (number: 201503)
by the Committee of Suez Canal University for Research
Ethics. The animals were housed in plastic cages (26 ± 2
°C; 75–80% humidity; 12-h light/darkness cycle) and fed
with standard diet and water ad libitum. After the end of
experimentation (section methods 2.3.1, 2.3.2, 2.4, and
2.5.1), rats and mice were returned to the animal house
(Zoology Department, Faculty of Science, Suez Canal
University, Egypt) under the standard conditions (food,
temperature, humidity. and light as mentioned above)
and used for educational as well as breeding purposes.

Approximate estimation of LD50

LD50 of A. amoreuxi venom (dissolved in 0.9%NaCl, 10
mg/kg) was carried out on mice and approximately esti-
mated to be 1.1 mg/kg body weight. Eight animals were
intraperitoneally (IP) injected with different venom doses
(D) and the survival time (T; time between scorpion
venom injection and mouse death) of each mouse for 24
h was recorded. The data of D versus D/T was used to
draw regression line and LD50 was calculated (Meier &
Theakston, 1986). Then, the estimated LD50 of mice (1.1
mg/kg) was converted into the equivalent LD50 for rats
according to Paget and Barnes (1964).

Peripheral and central analgesic activities of A. amoreuxi
venom
Antinociceptive activity of scorpion venom was exam-
ined using two methods (i) mice-writhing induced by
acetic acid in mice test (peripheral analgesic activity)
and (ii) rat tail immersion test (central analgesic
activity).

Assay of acetic acid inducing mice abdominal writhing
Randomly, 24 mice have been divided into 4 groups (n =
6 animals/group). The first group (negative control
group) was administered physiological saline 0.9%NaCl
(10 mL/kg, IP). The second group were injected (ip) with
1/10 LD50 (0.11 mg/kg) of scorpion venom. The third
animal group received (ip) 1/5 LD50 (0.22 mg/kg) of
scorpion venom (Salem et al., 2016). The fourth group
received acetylsalicylic acid (aspirin 100 mg/kg, ip) as a
standard drug. In the animal groups 2, 3, and 4, venom
and standard drug were injected post-acetylsalicylic acid
administration. Five minutes post-acetic acid administra-
tion, the number of abdominal writhing (constrictions)
was counted for the period of 10 min in control and
treated groups. The percentage of writhing inhibition
was estimated using the following formula: Treated-
Control/ Control × 100 (% inhibition = Vt−Vc/Vc ×
100) (Khan et al., 2010).

Assay of rat’s tail-immersion
Twenty-four adult male albino rats (100–140 g) have
been divided into 4 groups (n = 6/group). The first
group (negative control group) was administered physio-
logical saline (10 mg/kg, ip). The second and third
animal groups were intraperitoneally injected with 1/10
LD50 (0.0.385 mg/kg) and 1/5 LD50 (0.0.77 mg/kg) of A.
amoreuxi venom, respectively. The fourth group was
injected with morphine chloride (10 mg/kg; ip, Sigma,
Germany; Farsam, Amanlou, Dehpour, & Jahaniani,
2000) as a standard analgesic drug. To conduct the
assay, the rat was kept vertically to hang the tail which
immersed up to 3 cm into a hot (55 ± 0.5°C) water bath.
The time (s) taken to drag the tail from the water was
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defined as the reaction time (Ta). The readings (Ta)
were recorded after 0, 1, 2, 3, 4, and 5 h post-venom and
morphine injection while Tb was defined as the reaction
time of control group. Analgesic activity percentage was
calculated according to the following equation: Ta−Tb/
Tb × 100 (Janssen, Niemegeers, & Dony, 1963).

Induction of pyrexia in rats using assay of Brewer’s yeast
Antipyretic effect of A. amoreuxi venom was examined
using assay of Brewer’s yeast in rats (Alpermann, 1972).
Randomly, 24 rats have been divided into 4 groups (n =
6 rats/group). Group I (negative control group) was ad-
ministered physiological saline (10 mg/kg, ip). Groups II
and III intraperitoneally injected with 1/10 LD50 (0.385
mg/kg) and 1/5 LD50 (0.77 mg/kg) of scorpion venom,
respectively. Group IV received metamizole sodium as a
standard drug (5 mg/kg, ip). The induction of fever was
induced through injection of 10 mL/kg S. cerevisiae yeast
(20% aqueous suspension in physiological saline) at the
neck nape of rats. To determine the pyretic response to
yeast, the initial body temperature of rats was recorded
rectally (using a digital thermometer) after 17 h from in-
jection the yeast. Only rats that showed an elevated
temperature (at least 0.5 °C) were included in the experi-
ment. Then, scorpion venom and metamizole sodium
were injected, and body temperature was measured at 1
h intervals for 5 h post-treatment.

Antiinflammatory activity of A. amoreuxi venom using
Brewer’s yeast and carrageenan assays
Rats paw-edema induced by Brewer’s yeast
Antiinflammatory activity of A. amoreuxi venom was ex-
amined using rat paw edema-induced by Brewer’s yeast.
Twenty-four rats were divided randomly into four
groups (n = 6). Edema in the right hind foot paw was in-
duced by yeast injection. All rats were subcutaneously
injected with 100 μL of 20% aqueous suspension of yeast
into the plantar surface of the right hind paw and
physiological saline into left paw (Randall & Selitto,
1957; Winter, Risley, & Nuss, 1962). After 4 h, the paw
thickness was measured using a skin caliper to detect
the inflammatory process induced by yeast. The first
group (negative control) was intraperitoneally injected
with 200 μL saline. The second and third groups were
intraperitoneally injected with 1/10 and 1/5 LD50 of scor-
pion venom (0.385 and 0.77 mg/kg, respectively). The
fourth group was intraperitoneally injected with the stand-
ard drug of diclofenac sodium (20 mg/kg, Novartis,
Switzerland; Goel, Singh, Mahajan, & Kulkarni, 2004).
The paw skin was re-measured at 3 and 6 h post-venom
and drug administration. The antiinflammatory activity
was estimated as percentage of paw edema inhibition
using the equation of (mean of control-mean of treated)/
mean of control × 100 (Vetrichelvan & Jegadeesan, 2002).

Mice paw-edema induced by carrageenan
To confirm antiinflammatory activity of A. amoreuxi
venom, the method of carrageenan-induced mouse paw
oedema was applied (Gilligan & Lovato, 1994; Girard,
Verniers, Coppe, Pansart, & Gillardin, 2008). Randomly,
the mice were divided into four groups (n = 6 animal/
group). The first group (negative control) was intraperi-
toneally injected with 200 μL saline. The second (carra-
geenan control), third (1/5 LD50 of A. amoreuxi venom),
and fourth (standard drug) animal groups have been
injected (ip) with 200 μL saline, 0.22 mg/kg scorpion
venom, and 20 mg/kg diclofenac sodium (Goel et al.,
2004), respectively. After 1 h post-treatment, 50 μL of
freshly prepared 1% carrageenan suspension (50 mg/5
mL of 0.9% saline) was subcutaneously administered into
the right hind paw of mice (plantar surface). The thick-
ness of mice paw was measured before carrageenan ad-
ministration (zero time) and at 1 h intervals for 5 h
using a skin caliper. The anti-inflammatory activity was
estimated as the percentage of paw edema (induced by
carrageenan) inhibition (Vetrichelvan & Jegadeesan, 2002):
Inhibition percent = (mean of control−mean of treated)/
mean of control × 100. At the end of this experiment, mice
were euthanized under anesthesia with diethyl ether (CD
Fine-Chem. Limited Co., India), and specimens of paw tis-
sue (control and treated groups) were taken for histopatho-
logical examination (H&E staining; n = 4/group).

Statistical analysis
Sigmaplot statistical software package (version 11) was
used to perform all statistical analyses. The data (mean ±
standard errors) were statistically (at a probability criterion
for significance P < 0.05) analyzed using Student’s un-
paired t test (for two groups comparisons) and one-way
ANOVA (when comparing multiple groups) followed by a
Dunnett post hoc test.

Results
Acute toxicity of A. amoreuxi venom
The approximate LD50 of A. amoreuxi venom was deter-
mined in mice (1.1 mg/kg, ip) and 1/5 as well as 1/10
LD50 were used in the assessment of pharmacological ef-
fects of scorpion venom.

Peripheral and central analgesic activity of A. amoreuxi
venom
Writhing test was used to evaluate peripheral activity of
scorpion venom in mice. In a dose-dependent manner,
the venom was markedly (P < 0.05) decreased writhing
behavior. The inhibition percent for the venom doses of
0.11 mg/kg (1/10 LD50), 0.22 mg/kg (1/5 LD50), and as-
pirin (100 mg/kg) were 57.894, 65.038, and 55.263, re-
spectively (Fig. 1). Also, the venom of A. amoreuxi
revealed potential central analgesic activity in treated
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rats. The injection of both venom doses (1/10 and 1/5
LD50) significantly increased (P < 0.05) the latency time
of tail flick response of rats when compared to the con-
trol group (Fig. 2). The highest effect was recorded at
the 2nd and 4th hour from injection 1/5 LD50 of A.
amoreuxi venom (percentage of inhibition reaching
147.06%).

A. amoreuxi venom antipyretic effect
The data in Table 1 showed that subcutaneous administra-
tion of yeast suspension increased the rectal temperature of
rats (> 38 °C) after 18 h of injection. Treatment with A.
amoreuxi venom (1/10 and 1/5 LD50) significantly (P <
0.05) decreased the rectal temperature of the rats. The
venom antipyretic effect appeared from the 1st hour

Fig. 1 Analgesic effect of 1/10 and 1/5 LD50 of A. amoreuxi venom (0.11 and 0.22 mg/kg, respectively) using glacial acetic acid (Gaa)-induced
abdominal writhing in mice. Data are presented as mean ± SEM (6 animals / group). (*) represents a significant difference between Gaa control
and treated groups using Student’s unpaired t test (p < 0.05). (#) represents a significant difference between all groups using one-way ANOVA (p
≤ 0.05). Values between brackets are pain inhibition percentage (%PIP)

Fig. 2 Analgesic effect of A. amoreuxi venom using tail immersion test in rats. Effect of IP injection of 1/10 LD50 (0.385 mg/kg) and 1/5
LD50 (0.77 mg/kg) of venom on rat tail flick response. Data are presented as mean ± SEM (6 animals/group). (*) represents a significant
difference between normal control and treated groups using Students unpaired t test (p < 0.05). (#) represents a significant difference
between all groups at time intervals in each treatment using one-way ANOVA (p ≤ 0.05). Values between brackets represent percentage
of maximum analgesic effect
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until 5 h after the injection. However, the 1/5 LD50

was more effective, and no significant difference was
found between the two doses.

Antiinflammatory effect of A. amoreuxi venom
In the Brewer’s yeast-induced paw oedema in rats, the
paw thickness and percentages of inhibition by the A.
amoreuxi venom and standard drug are shown in Table 2.
Post-treatment of rats with A. amoreuxi venom (1/10 and
1/5 LD50) significantly inhibited the yeast-induced in-
crease in the edema thickness of animal paws after 6 h by
13.375 and 16.375 %, respectively. In the carrageenan-
induced paw oedema in mice, the data of paw thicknesses
and inhibition (percent of change) induced by 1/5 LD50 of
A. amoreuxi venom and diclofenac sodium (20 mg/kg) are
presented in Table 3. Scorpion venom showed a signifi-
cant and time-dependent decrease of paw oedema starting
from the 2nd hour until the 5th hour. A. amoreuxi venom
reduced paw oedema with 72.46% (5th hour) post-
carrageenan injection while diclofenac sodium recorded
36.23% inhibition at the same interval time (5th hour).
Antiinflammatory effect of A. amoreuxi venom was also
confirmed by histopathological examinations (Fig. 3). The
dermal tissues of mice inflamed foot paw (induced by car-
rageenan) was markedly infiltrated with different inflam-
matory cells (macrophages, neutrophils, and lymphocytes;

Fig. 3b). The paw skin of animals treated with scorpion
venom was moderately infiltrated with less inflammatory
cells (macrophages, neutrophils, and lymphocytes) when
compared with carrageenan control group (Fig. 3b). There
was no acanthosis, and the thickness of epidermis was like
normal but have hyperkeratosis. A. amoreuxi venom could
decrease dermal edema, preserve the architecture of colla-
gen fibers, and minify migration of PMF inflammatory
cells into dermis.

Discussion
The peptides of scorpion venom exhibit various bio-
logical and pharmacological activities (Abdel-Rahman
et al., 2015; Cheng et al., 2020; El-Bitar et al., 2019;
Elrayess et al., 2019; Harrison et al., 2014; Zeng, Gerardo
Corzo, & Hahin, 2005). Peptides are the most abundant
structures of scorpion venom and responsible for the
neurotoxic as well as cytotoxic effects associated with
scorpion sting (Jungo & Bairoch, 2005). Many pharma-
ceutical companies are developing safer, specific and
effective therapeutic agents (including steroidal and non-
steroidal (NSAIDS) antiinflammatory drugs) to treat
pain, fever, and inflammatory diseases.
The peripheral and central analgesic effect of scorpion

venom (1/5 and 1/10 LD50) was evaluated using writhing
and tail immersion assays, respectively. In writhing

Table 1 Antipyretic effect of A. amoreuxi venom using Brewer’s yeast-induced pyrexia in rats

Rectal temperature (TR°C) at different time intervals (h)

Treatment 0 h 1st hour 2nd hour 3rd hour 4th hour 5th hour

Yeast control 38.05 ± 0.0671 38.05 ± 0.085 38.00 ± 0.077 38.00 ± 0.052 38.00 ± 0.063 38.07 ± 0.056

Yeast + 1/10 LD50 (0.385 mg/kg)
A. amoreuxi venom

38.04 ± 0.061 35.69 ± 0.128* 36.54 ± 0.318* 37.08 ± 0.157* 36.925 ± 0.170* 37.09 ± 0.340*

Yeast + 1/5 LD50 (0.77 mg/kg)
A. amoreuxi venom

38.09 ± 0.051 35.55 ± 0.159* 36.08 ± 0.364* 36.25 ± 0.194* 36.93 ± 0.330* 37.03 ± 0.33*

Yeast + metamizol
(5 mg/kg)

38.01 ± 0.055 36.85 ± 0.146*# 36.30 ± 0.168*# 36.25 ± 0.199*# 36.43 ± 0.067*# 36.80 ± 0.207*#

Data are presented as mean ± SEM (6 animals /group)
*A significant difference between yeast control and treated groups using Student’s unpaired t test (p < 0.05)
#A significant difference between all groups at time intervals using one-way ANOVA (p ≤ 0.05)

Table 2 Antiinflammatory effect of A. amoreuxi venom using Brewer’s yeast-induced paw oedema in rats

Paw thickness (cm)

Treatment Initial After 3 h After 6 h

Yeast control 0.869 ± 0.029 0.825 ± 0.02 0.8 ± 0.031

Yeast + 1/10 LD50 (0.385 mg/kg) A. amoreuxi venom 0.894 ± 0.023 0.894 ± 0.023
(6.788)

0.693 ± 0.020*
(13.375)

Yeast + 1/5 LD50 (0.77 mg/kg)
A. amoreuxi venom

0.888 ± 0.026 0.756 ± 0.017*
(8.364)

0.669 ± 0.019*
(16.375)

Yeast + diclofenac
sodium (20 mg/kg)

0.825 ± 0.015 0.719 ± 0.024*#

(12.848)
0.638 ± 0.018*#

(20.25)

Data are presented as mean ± SEM (6 animals/group)
*A significant difference between yeast control and treated groups using Student’s unpaired t test (p < 0.05)
#A significant difference between all groups at time intervals (3 and 6 h) using one-way ANOVA (p ≤ 0.05). Values between brackets represent percentage of
inflammation inhibition

Shoukry et al. The Journal of Basic and Applied Zoology           (2020) 81:56 Page 5 of 9



Table 3 Antiinflammatory effect of A. amoreuxi venom using carrageenan-induced paw edema in mice

Treatment Paw thickness (cm)

0 hour 1st hour 2nd hour 3rd hour 4th hour 5th hour

Normal control 0.012 ± 0.011 0.005 ± 0.008 0.012 ± 0.011 0.005 ± 0.008 0.005 ± 0.008 0.012 ± 0.011

Carrageenan control 0.005 ± 0.008 0.100 ± 0.041 0.163 ± 0.014 0.15 ± 0.011 0.138 ± 0.009 0.138 ± 0.009

Carrageenan + 1/5 LD50

A. amoreuxi venom
0.005 ± 0.008 0.131 ± 0.055 0.094 ± 0.040*

(42.33)
0.081 ± 0.035*
(46.0)

0.056 ± 0.026*
(59.42)

0.038 ± 0.010*
(72.46)

Carrageenan + diclofenac sodium (20 mg/kg) 0.012 ± 0.011 0.081 ± 0.032*
(19.0)

0.100 ± 0.043*#

(38.65)
0.094 ± 0.038*#

(37.33)
0.094 ± 0.038*#

(31.88)
0.088 ± 0.035*#

(36.23)

Data are presented as mean ± SEM (6 animals/group)
*A significant difference between carrageenan control and each treated group using Student’s unpaired t test (p < 0.05)
#A significant difference between all groups at time intervals using one-way ANOVA (p ≤ 0.05). Values between brackets represent percentage of inflammation
inhibition. Δ Paw thickness (cm) = Paw thickness at each time interval − paw thickness at 0 h)

Fig. 3 Effect of the scorpion venom A. amoreuxi on mice inflamed foot paw tissues induced by carrageenan. a Normal control group:
mice (n = 6) were intraperitonially (IP) injected with 0.9% NaCl. One hour later, animals received intraplantar (IPL) injection of 50 μL of 0.9% NaCl and
scarified after 5 h from injection. Paw skin of control animal consists of three main layers: an external epithelium (epidermis), a layer of connective
tissue (dermis), and a layer of adipose tissue (subcutaneous layer or hypodermis). There is also a thin layer of striated muscles separates the skin from
other structures. b Carrageenan control group: mice (n = 6) were IP injected with 0.9% NaCl. One hour later, animals received IP injection of 50 μL of
carrageenan (1%) and scarified after 5 h from injection. Animal paw skin shows the dermis was markedly infiltrated with inflammatory cells,
neutrophils, macrophages, and some lymphocytes. Some areas showed loosely arranged connective tissue (edema). c A. amoreuxi venom-treated
group: mice (n = 6) were IP injected with 0.22 mg/kg (1/5 LD50) of scorpion venom. One hour later, animals received IPL injection of 50 μL of
carrageenan and scarified 5 h post-injection. Paw skin of treated animals was moderately infiltrated with inflammatory cells like neutrophils,
macrophages, and some lymphocytes. d Diclofenac-treated group: mice (n = 6) were IP injected with 1 mg/kg of diclofenac sodium. One hour later,
animals received injection of 50 μL (IPL injection) of carrageenan and scarified 5 h post-injection. The dermis of animals received diclofenac was
characterized by minimum infiltration with some neutrophils, and lymphocytes. (H&E, magnification × 400)
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model, pain is indirectly produced through endogenous
mediators such as bradykinin (which activates nocicep-
tors), serotonin, histamine, cyclooxygenase, lipoxygenase
products, and prostaglandin, which stimulated peripheral
nociceptive neurons that are responsive to both narcotic
analgesics and NSAIDs (Araujo et al., 2009; Khan et al.,
2010). These signals can raise vascular permeability, de-
crease nociception threshold, and activate nociceptive
terminal fibers (Julius & Basbaum, 2001). Pretreatment
of mice with A. amoreuxi venom significantly decreased
the writhing response induced by acetic acid (in a dose-
dependent manner). It is important to mention that the
peripheral analgesic effect of scorpion venom was very
similar to the reference drug of aspirin. These findings
suggest the potential of scorpion venom to decrease the
release of inflammatory signals or block receptors, lead-
ing to a peripheral antinociceptive effect. Previously,
there are several peptides with analgesic activity have
been characterized from the venoms of various scor-
pions (Xiong et al., 1999; Tan et al., 2001ba and b; Shao
et al., 2007; Cui et al., 2010; Liu et al., 2011; Shao et al.,
2013). Of these, the long-chain neurotoxins BmK IT2
and BmK AS-1 (isolated from the scorpion venom of B.
martensi Karsch) have been revealed potential antinoci-
ceptive effects modulating voltage-gated Na+ channels of
rat dorsal root ganglion (DRG) neurons (Tong, Zhang,
Li, Zhou, & Ji, 2000; Tan, Mao, Xiao, Zhao, & Ji, 2001aa
and b). Hoang et al. (2014) reported similar results with
the venom of H. laoticus which showed antinociceptive
activity via writhing assay.
Regarding the central analgesic activity of scorpion

venom, both doses of A. amoreuxi venom significantly
prolonged the reaction time of rats towards the thermal
source. Consequently, the significant influence of scor-
pion venom on tail immersion response gives a further
evidence of its central effect since the tail immersion is
mainly a spinal reflex and considered to be selective for
centrally acting analgesic agents (such as morphine)
(Chattopadhyay et al., 2012; Sanchez-Mateo, Bonkanka,
Hernandez-Perez, & Rabanal, 2006). Shao et al. (2013)
demonstrated that BmK AGAP-SYPU2, a new scorpion
neurotoxin (similar to scorpion α-sodium channels
toxins) with dual functions with analgesic and antitu-
mor activities, revealed potent analgesic effects against
both peripheral (writhing test) and central (hot plate
test) pain. Sensation of pathological pain appears fol-
lowing the excitability alteration (mainly regulated by
voltage-gated sodium channels (VGSCs) of peripheral
sensory neurons. BmK AGAP-SYPU2 might perform its
analgesic activity by binding to certain receptor sites on
VGSCs to inhibit their inactivation and block neural
transmission. The same mode of action was reported
for the recombinant scorpion neurotoxin of BmK
AGAP (Liu et al., 2011). Accordingly, the results

obtained from writhing and tail immersion assays sug-
gested that A. amoreuxi venom has potent analgesic
(both peripheral and central) activity. These findings
are in agreement with Hoang et al. (2014) who reported
that the venom of H. laoticus showed antinociceptive
activity via peripheral and central pathways. Interest-
ingly, these results were concomitant with the antipyr-
etic activity of this venom. A. amoreuxi venom
significantly decreased the elevated body temperature
induced by Brewer’s yeast in rats.
In addition to the analgesic and antipyretic activity, A.

amoreuxi venom revealed prominent anti-inflammatory
effect on the two induced models of acute inflammation
(rats and mice paw-edema induced by yeast and carra-
geenan, respectively). The formation of paw edema re-
sulted from a synergism between different inflammatory
signals which leaded to increase blood flow (Zakaria
et al., 2008). The early phase of rat paw edema is charac-
terized by releasing of histamine, serotonin, and bradyki-
nin followed by late phase which characterized by
releasing of lysosome-like substances and prostaglandin
(Abramson & Weissman, 1989; Chattopadhyay et al.,
2012). The significant decrease of paw edema thickness
of treated rats (when compared to the yeast control
group) revealed the anti-inflammatory activity of A.
amoreuxi venom throughout the observation period up
to 6 h. Also, A. amoreuxi venom decreased thickness of
mice paw by 42.33 % at the 2nd hour of carrageenan in-
jection compared to diclofenac sodium that reduced the
paw volume by 38.65%. At the 5th hour from carra-
geenan injection, scorpion venom and diclofenac sodium
reduced the paw volume by 72.46% and 36.23%, respect-
ively. The result of post-treatment of scorpion venom
demonstrated that this venom (at both doses) is effective
in the late phase of inflammation (release of inflamma-
tory mediators). The venom may induce its effect
through inhibition of prostaglandin/other mediators re-
leased in the late phase. Ahmadi, Zare Mirakabadi,
Hashemlou, and Hejazi (2009) found that treatment of
rats with M. eupeus venom significantly reduced the
score of arthritis index and the size region of tibio-tarsal
joint. Treatment of rats with M. eupeus venom induced
a significant reduction in the score of arthritis index and
in the size of tibio-tarsal joint region. The same results
have been reported by Hoang et al. (2014) by using the
scorpion venom of H. laoticus.
Interestingly, histopathological investigation of mice

foot paw confirmed potential antiinflammatory activity of
A. amoreuxi venom. The venom reduced infiltration of in-
flammatory cells (including macrophages, lymphocytes,
and neutrophils) when compared with carrageenan-non
treated animal group. A. amoreuxi venom halted epider-
mal and dermal changes induced by carrageenan almost
like with the standard drug of diclofenac.
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Conclusion
In conclusion, the scorpion venom of A. amoreuxi
showed potent analgesic, antipyretic, and antiinflamma-
tory activities using rats and mice animal models. Fur-
ther proteomics and transcriptomics analyses studies are
urgently needed to isolate and functionally characterize
the active peptide(s) responsible for these activities.
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