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Abstract

Background: Scorpion venom contains various biomolecules with potential therapeutic values against different
diseases, including cancer. The present study was carried out to assess the antitumor efficacy of Androctonus
australis crude venom using both in vitro and in vivo approaches.

Methodology: For in vitro assay, the cytotoxic effect of different venom concentrations was determined against
HCT116, HepG2, MCF-7, and PC-3 as cancer cell lines and normal WISH cell line. The in vivo assay was carried out
by the I.P. transplantation of EAC into Swiss albino female mice, followed by the I.P. injection of the venom at the
sublethal dose 1/10 LDsq (0.025 mg/kg BW) compared to cisplatin (2 mg/kg BW), and both normal and EAC control
groups were also included. The analysis of ascetic fluid tumor, survival study, and hematological, biochemical,
antioxidant, and histopathological assays was evaluated in control and treated animal groups.

Results: Our in vitro results revealed that the A. australis venom had a selective promising activity against MCF-7
cells (ICsg = 19.71 ug/mL). Moreover, it was less cytotoxic on WISH cells. The in vivo data showed that A. australis
venom exhibited a highly significant decrease in tumor volume, and viable tumor cell count, and increased the

duration of lifespan compared to the EAC control group. The venom significantly enhanced both hematological
and biochemical measurements compared to the EAC control group.

Conclusion: The results revealed that the A. australis venom exhibited in vitro and in vivo antitumor activities.
Further venomics studies are needed to functionally characterize the active molecules from this scorpion venom
and study their mode of action on cancer cells to develop them into potential anticancer agents.
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Introduction

According to the WHO agency and international cancer
agencies, cancer is considered as the second most lethal
disease in humans (about 9.6 million cancer deaths in
2018 (Bray et al. 2018)). Liver, colon, breast, stomach,
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and lung cancer are considered to be the highest causes
of cancer mortality (BW and CP 2014). Classical chemo-
therapeutic and radio-therapeutic agents are extremely
highly cytotoxic with deleterious effect on normal tissues
(Ferlay et al. 2015). So, there is an urgent need to em-
ploy new strategies for cancer prevention and treatment,
such as natural products derived from animal venoms.
Venoms are a rich source of various pharmacologically
active molecules (Abdel-Rahman et al. 2015; Harrison
et al. 2016) which are being used for treating numerous
diseases including cancer (Ghosh et al. 2019). Many
venom peptides/proteins revealed remarkable effects
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(anti-proliferative, cytotoxic, apoptogenic, and immuno-
suppressive) on various types of cancer cell lines (Ejaz
et al. 2018; Sarfo-Poku et al. 2016; Ortiz et al. 2015).
The characterized scorpion venom proteins or peptides
kill cancer cells through different pathways: (i) specific-
ally bind to cell membranes and affecting the prolifera-
tion and migration of these cells, (ii) bind to ion
channels which affect cancer cell physiology (such as
chlorotoxin isolated from the scorpion venom of L.
quinquestriatus), (iii) exerting antiproliferative or apop-
totic activities by induction of caspase-dependent apop-
totic pathways or cell cycle arrest (Heinen and Gorini da
Veiga 2011; Ding et al. 2014).

Recently, scorpion venoms obtained from various scor-
pion species (L. quinquestriatus, A. crassicauda, and A.
amouroxi) revealed potential anticancer effects using
in vitro (MDA-MB-231, HCT-8, and MCF-7) and
in vivo approaches. The venoms induced cytotoxicity, el-
evated the reactive oxygen species, and also enhanced
apoptotic pathways in these cancer cell lines (Salem
et al. 2016; Al-Asmari et al. 2018). Also, from the scor-
pion of A. australis (one of the most common species in
North Africa), the venom fraction F3 induced apoptosis
in human lung cancer cell line (NCI-H358) via gener-
ation of reactive oxygen and nitrogen species resulted in
mitochondrial malfunction (Béchohra et al. 2016).
Hence, the current study was conducted to evaluate the
anticancer efficacy of A. australis venom against various
cancer cell lines (in vitro study) and against Ehrlich asci-
tes carcinoma bearing mice (in vivo study).

Material and methods

Collection of scorpions and venom preparation

Adult scorpions (n = 150) were collected from North-
Western Egypt (around the Western Mediterranean
Coastal Desert), Marsa Matrouh Governorate. Scorpions
were kept alive in separate plastic containers to avoid
cannibalism. They were fed fortnightly with cockroaches
and received water ad labitum. The venom was obtained
from scorpions using electrical stimulation (12-18V, 3
ms). The milked venom was freeze-dried and stored in
Eppendorf tubes at — 20 °C until use (Abdel-Rahman
et al. 2013).

Cell lines and in vitro assay

Cytotoxicity of scorpion venom was evaluated on different
cell lines including colon cancer (HCT116), liver cancer
(HepG2), breast Michigan Cancer Foundation-7 (MCE-7),
prostate cancer (PC-3), and normal human amniotic epi-
thelial cells (WISH), which were purchased from the
National Cancer Center, Egypt. Each cell line (passage no.
16) was propagated in a complete medium composed of
RPMI-1640 (Lonza Verviers SPRL, Belgium) supple-
mented with 10% fetal bovine serum (Seralab, UK) and 1%
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antibiotic (antibiotic antimycotic, Biowest). The cells were
incubated in 5% CO, humidified at 37 °C for growth ac-
cording to the standard tissue culture techniques. After
cell culturing, cells were treated with 0.01, 0.1, 1, 10, and
100 pg/mL, and cell survival was determined using Sulpho
Rhodamine-B (SRB, Biotium, USA) method (Skehan et al.
1990). IC5y values were calculated using the sigmoidal
concentration-response curve fitting model using Graph-
Pad Prism-7 software.

In vivo assay

Implantation of Ehrlich ascites carcinoma cells

The Ehrlich ascites carcinoma cells (EAC) were purchased
from the National Cancer Institute (Cairo University,
Egypt). The tumor cell line was propagated in mice
through serial intraperitoneal (L.P.) transplantation of a
volume of 0.2 mL physiological saline contains 1 x 10° vi-
able cells for 24 h. EAC cells were collected 7 days after
LP. implantation. The harvested cells were diluted with sa-
line to obtain a concentration of 5 x 10° viable EAC cells/
mL. A volume of 0.2 mL saline contains 1 x 10° EAC cells
that were L.P. implanted into each normal mouse (El-Azab
et al. 2011).

Seventy Swiss Webster female albino mice (20-25g)
were housed in plastic cages, under conditions of con-
trolled humidity (22 + 2 °C), with free access to standard
laboratory mice chow and water. All procedures related to
care and maintenance of the animals were performed ac-
cording to the international guiding principles for animal
research and approved by the Suez Canal University bio-
ethics and animal ethics committee (the approval no.
201505). The experimental animals were randomly di-
vided into four groups. Group 1 served as the normal
saline control (5 mL/kg BW, LP.). Group 2 served as the
EAC control (1 x 10° cells/mouse, LP.). Group 3 served as
the scorpion venom-treated group (0.025mg/kg BW
which is 1/10 LDs; Nafie et al. 2014). This low dose (1/10
LDs,) was chosen according to our previous biochemical
study which revealed less toxicity for this dose on experi-
mental animals (Nafie et al. 2014). Group 4 received the
standard anticancer drug of cisplatin (2 mg/kg BW, LP.)
and is considered as a reference control. Body weight and
survival were recorded daily until the 18th day in both
treated and control groups. After 18 days, the blood of
each group was collected under light anesthesia for esti-
mation of hematological and biochemical assays. The
anesthetized animals were then sacrificed for tissue anti-
oxidant assays, histopathological examination, and evalu-
ation of the antitumor activity.

Anticancer activity of A. australis venom

Potential anticancer effect of A. australis venom was
evaluated by measuring tumor volume, packed cell vol-
ume (PCV %), tumor cell count, the percentage of tumor
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cell growth inhibition, and cell viability using Trypan blue
exclusion assay. The ascitic fluid was collected from the
peritoneal cavity, and its volume was measured with a
graduated cylinder. PCV of ascetic fluid was estimated
using hematocrit capillary tubes (1000 rpm for 5 min).
Tumor cell count of the diluted ascitic fluid (1:100 0.9%
saline) was manually determined using hemocytometer
Neubauer’s counting chamber. Percentage of tumor cell
growth inhibition (CGI %) was carried out using the fol-
lowing equation: CGI% = 1 - (tumor cell count of treated/
tumor cell count in control) x 100 (Sur and Ganguly
1994). Trypan blue exclusion assay of cell viability was
conducted through mixing 10 pL of the diluted cell sus-
pension with Trypan blue solution (1:1) (Lazarus et al.
1966). Percentage of increased body weight (IBW %) was
calculated according to the following formula described
by Bhatnagar, Pant, Shukla, Panda, and Gupta (2016):
IBW% = (wt. of each animal at the 18th day — wt. of the
animal at Oth day) x 100.

Survival study

The effect of A. australis venom on tumor growth was
daily monitored by recording the mortality during the
period of the experiment for doing the survival study by
measuring the mean survival time (MST), the percentage
of MST ratio (T/C %), and percentage of increased life
span (ILS %). The MST for each group was calculated
according to the following formula (MST = X survival
days of each mouse/total number of mice) described by
(Agrawal et al. 2011a). The percentage of MST ratio (T/C
%) was calculated using the formula (T/C % = MST of
treated group/MST of control x 100) described by Badr
et al. (2011). ILS % was calculated according to the fol-
lowing formula: ILS% = (MST of treated group/MST of
control — 1) x 100 (Pandya et al. 2013).

Hematological, biochemical, and histopathological assays

Complete blood count (CBC) was estimated using
Abbott CELL-DYN°® 1800 automated hematology
analyzer (USA) with ready-made kits (Abbott Laborator-
ies, Abbott Park, IL, USA). The levels of glucose (Triner
et al. 1970), cholesterol (Richmond 1973), creatinine
(Larsen 1972), and urea (Coulombe and Favreau 1963)
were measured in serum using commercial kits (Instru-
mentation Laboratory SpA, Inova diagnostics, Milano,
Italy). Antioxidant assays were evaluated in liver tissue
homogenate prepared in phosphate buffer (state the buf-
fer and its concentration). The level of reduced glutathi-
one (GSH; (Beutler et al. 1963)) and the activity of both
catalase (CAT; (Aebi 1984)) and superoxide dismutase
(SOD; (Nishikimi et al. 1972)) were measured using
standard commercial kits (Bio-diagnostic, Cairo, Egypt).
For microscopic histopathological examination, pieces of
the peritoneal membrane and kidney were kept in 10%
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formalin, dehydrated in graded alcohol, embedded in
paraffin  section, and stained with E&H stains
hematoxylin (Banchroft and Stevens 1996).

Statistical analysis

Data were statistically analyzed using SPSS software (Statis-
tical Package for Social Science, version 21 for windows)
(Nie et al. 1975) and expressed as mean + standard error.
Unpaired ¢ test was used to find out if there is a significant
difference between every two groups. One-way ANOVA
followed by the post hoc Duncan test was carried out to
find if there was any significant difference between control
and treated groups (P < 0.05).

Results

In vitro cytotoxicity of A. australis venom

The cytotoxic effects of different concentrations of A. aus-
tralis venom (0.01, 0.1, 1, 10, and 100 pg/mL) on human
cancer cell lines (MCF-7, HepG2, PC-3, and HCT116)
and normal WISH cells were assessed (Table 1). Interest-
ingly the venom showed a promising selective cytotoxic
effect against MCF-7 cell line (IC59 = 19.71 pg/mL), with
no detectable cytotoxicity against other cancer and normal
cell lines.

In vivo anticancer activity of A. australis venom on EAC-
bearing mice

Efficacy of scorpion venom on the ascetic peritoneal fluid of
EAC-bearing mice

The effects of A. australis venom and cisplatin treatment
on the ascetic peritoneal fluid of EAC-bearing mice are
represented in Fig. 1. The best parameters for gauging the
effectiveness of any anticancer agents are the reduction of
tumor volume, packed cell volume (PCV), and viable and
total tumor cell count of EAC bearing mice. Treatment
with the venom induced a significant (P < 0.05) decrease
in ascetic fluid tumor volume, PCV, total tumor cell
count, and percentage of viable tumor cells by 61.80%,
98.93%, 32.88%, and 87.62%, respectively, with a signifi-
cant increase in the percentage of non-viable tumor cells
by 203.75%. Moreover, it induced a significant increase in
the percentage of cell growth inhibition (CGI %), while
cisplatin treatment induced a significant decrease in
ascetic fluid tumor volume, PCV, total tumor cell count,
and percentage of viable tumor cells by 50.73%, 63.32%,
34.87%, and 57.11%, respectively, with a significant in-
crease in non-viable tumor cells by 469.89% compared to
the EAC control.

Effect of A. australis venom treatment on survival and body
weight of EAC-bearing mice

The treatment of EAC-bearing mice with A. australis
venom was found to be more potent against the EAC-
induced tumor cell growth, which was indicated by the
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Table 1 IC; values of A. australis venom against different cancer and normal cell lines
Cell lines ICso (ng/mL)
Treatment Colon Liver Breast Prostate Normal
HCT116 HEPG-2 MCEF-7 PC-3 WISH
ND ND 19.71 ND ND
1
100+
-+ MCF-7

80+

[<2]
o
1

A. australis venom

...... Standard curve
Sigmoidal, 4PL, X is log [conc.]
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LoglC50
HillSlope
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-0.4739

1IC50
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19.71

o
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3
N

log[concentration](pg/ml)

0 1 2 3

ND: Not Determined

increase in mean survival time from 15.25 to 16.8 days,
as well as increase in the percentage of lifespan from 0
to 10.16% and decrease in the percentage of increased
body weight from 29.28 to 18.10%. Mice treated with
known standard drug cisplatin showed the maximum in-
crease in mean survival time 17.9 days, increase in life-
span to be 17.38%, and the least percentage of increased
body weight 22.03% as shown in Fig. 2.

Effect of A. australis venom treatment on hematological
parameters of EAC-bearing mice

The effects of A. australis venom and cisplatin treatment
on hematological parameters of EAC-bearing mice are
shown in Table 2. In EAC-bearing mice, all the CBC pa-
rameters except granulocytes, monocytes, and platelets
counts were found to be significantly changed as com-
pared to those of the normal mice. Treatment with the
venom induced a significant increase in hemoglobin
content by 133.66%, a significant increase in RBC count
by 124.51%, a significant increase in WBC count by
158.26% [a non-significant increase in granulocytes and
monocyte’s counts with a significant increase in lympho-
cytes by 177.39% ], and a significant increase in platelet’s
count by 210.42%, while cisplatin treatment induced a
non-significant decrease in hemoglobin content, a non-
significant increase in RBC count, a significant increase
in WBC count by 175.63% [a significant increase in
granulocytes and lymphocytes by 200% and 200.76%, re-
spectively, with a non-significant increase in monocytes],
and a significant increase in platelet count by 235% com-
pared to the EAC control.

Effect of A. australis venom treatment on biochemical and
antioxidant parameters of EAC-bearing mice

The effects of A. australis venom and cisplatin treatments
on both biochemical and antioxidant parameters of the
EAC-bearing mice are summarized in Table 3. Regarding,
the biochemical assays. In EAC-bearing mice, all biochem-
ical parameters were found to be significantly increased as
compared to normal mice. Treatment with the venom,
similar to cisplatin, induced a significant decrease in urea,
glucose, and cholesterol, while it caused a non-significant
decrease in the creatinine level. Regarding the antioxidant
parameters, in EAC-bearing mice, antioxidants (CAT,
SOD, and GSH) were non-significantly decreased as com-
pared to normal mice. Treatment with the venom induced
a non-significant increase in CAT, SOD, and GSH levels,
while cisplatin treatment induced a significant increase in
SOD levels 362.48%, a non-significant increase in CAT
and GSH levels compared to EAC control.

Histopathological results

The histopathological changes of peritoneal and kidney
tissues in untreated and treated EAC-bearing mice com-
pared to that of normal control mice are shown in Figs. 3
and 4. It was noticed that the normal control peritoneal
membrane is formed of a single layer of flattened meso-
thelial cells (Fig. 3a), while the EAC control peritoneal
membrane was replaced by the proliferation of multiple
layers of pleomorphic large cancer cells (Fig. 3b). Venom-
treated EAC bearing mice showed improvement in the
form of decreased cancer cell proliferation compared to
EAC, but scattered cancer cells are still present (Fig. 3c).



Nafie et al. The Journal of Basic and Applied Zoology (2020) 81:8

Page 5 of 10

Ha

16
14
12

HH
| I I

Tumor volume (ml) E
3

O N & O ®

-
®

#H

un
14
12
10
T T

Tumor cell count (x1077 cells/ml)lg
S o0 ™

(=]

EAC control EAC+0.025 mgKg BW EAC+ Cisplatin

Treatments

EAC control  EAC+0.025 mg/Kg EAC+ Cisplatin EAC control  EAC+0.025 mg/Kg EAC+ Cisplatin
BW BW
Treatments Treatments
c™ BPCV%  mCGI% i : .
o D o —_ u ® Viable cells %
70
%0 HH @ Non-viable cells %
-~ o0 80
S _—
T %0 9 0
4 o 60
-E s S0
30 v
& 4 40 4
20 b &~
10 20
10 m
0 - - - i |
0

EAC control EAC+0.025 mg/Kg BW EACs Cisplatin

Treatments

way ANOVA followed by the post hoc Duncan test

Fig. 1 Effect of A. australis venom treatment (0.025 mg/kg BW) on a proliferation of ascites in EAC tumor, b tumor cell count, ¢ percentage of
packed cell volume (PCV %) and tumor cell growth inhibition (CGl %), and d percentage of viable and non-viable tumor cells. Data are expressed
as mean + SE (n = 9). #Signiﬂcant (P < 0.05), MhIgth significant (P < 0.001) difference between the EAC control and treated groups using one-

Cisplatin-treated EAC-bearing mice showed marked im-
provement as one layer of cells that resemble normal cells
but with the appearance of a few scattered large cancer
cells (Fig. 3d). The normal control group shows the nor-
mal architecture of the cortical tissue of the kidney that
shows renal corpuscles, renal tubes, proximal convoluted
tubules, distal convoluted tubules, glomerulus, and urinary
space (Fig. 4a). The EAC control group shows inflamma-
tory infiltration in the interstitial spaces, and the renal cor-
puscles show congestion and hypercellularity (Fig. 4b),
while the renal corpuscles and tubules of venom-treated
EAC-bearing mice appear like normal structure (Fig. 4c).
Cisplatin-treated EAC-bearing mice show mild toxicity
appearing as degeneration of tubes and congestion of cor-
puscles (Fig. 4d).

Discussion

Scorpion venoms are a huge variety of lipids, inorganic
salts, neurotoxins, biogenic amines, peptides, proteins,
and mucoproteins, which might cause biochemical and
toxicological effects and may provide good templates for

drug design and development (Lewis and Garcia 2003).
A. australis venom is mainly involved in scorpion enve-
nomations in North Africa and constitutes a significant
public health problem in this region. It has been elabo-
rated that scorpion venom has toxicological, pharmaco-
logical, and biochemical activities. Among these, they
possess potential cytotoxic, antiproliferative, and apopto-
genic effects against various cancer lines like human
lung adenocarcinomas, breast, melanoma, prostate can-
cer, brain tumor, glioma, leukemia, and human neuro-
blastoma (Almaaytah and Albalas 2014).

In this study, in vitro anticancer efficacy of A. australis
venom against a panel of human cancer cell lines was
determined. In vitro results revealed that the A. australis
venom had a selective promising activity against MCF-7
breast cancer cell line (IC5y = 19.71 ug/mL). This could
be due to the ability of scorpion venoms to resist cancer
growth, inhibit cancer progression and metastasis, and
induce apoptosis in vitro and in vivo. Several potent
molecules that have been isolated from the scorpion
venoms possess anticancer efficacies, ranging from
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inhibition of proliferation and cell cycle arrest to induc-
tion of apoptosis and decreasing cell migration and inva-
sion (Ding et al. 2014). These results matched with
Zargan who reported that Androctonus crassicauda scor-
pion venom inhibited the growth of breast cancer cells,
MCE-7 by exposure to different concentrations (10, 25,
50, 100, and 200 mg/mL) of the venom. The anti-
proliferative activity of A. crassicauda venom for the
MCE-7 cells could be due to arresting S-phase of the cell
cycle (Zargan et al. 2011).

Ascites are the nutrient tools for the survival and
growth of tumor cells (Gupta et al. 2004). The in vivo
results showed that A. australis venom exhibited a

highly significant (P < 0.001) decrease in tumor volume,
tumor cell count, and viable tumor cells. The anti-
proliferative activity of EAC cells by the A. australis
venom may be due to the reduction in body weight,
tumor volume, and tumor cell counts. Therefore, the
MST and ILS for the A. australis venom treatment were
increased significantly in comparison with the EAC con-
trol group. Extending the life span is an essential criter-
ion to prevent cancer and is directly associated with
decreasing viable tumor cells and accumulation of
ascetic fluids (Agrawal et al. 2011b).

Myelosuppression and anemia are the major problems
with cancer chemotherapy. Anemia in tumor-bearing

Table 2 Effect of A. qustralis venom on hematological parameters of EAC-bearing mice

Parameter treatment Hemoglobin RBC count ~ WBC count (x 10°%/uL) Granulocytes Lymphocytes Monocytes Platelet count
(g/dL) (x 10%/uL) (x 10°/uL) (x 10°/uL) (x 10%/ul) (X 10°/uL)
Normal control 972+015 622+007 508+0.13 020 +002 464+023 041 + 004 24844 +11.56
EAC control 6.18* £ 053 4.12*+027 627" + 069 042* £ 008 524* £ 063 077 +0.14 25489 + 1633
EAC + 1/10 LDsg (0.025 mg/kg BW)  826% +028 513* +029 357% + 037 0214003 261*+030 031+009 53633*+ 2388
EAC + cisplatin (2 mg/kg BW) 598+ 056 433+025 565%+049 026 +004 463" +042 045+003 599.00% + 3092

Results are expressed as mean + SE (n = 9)

*Significant difference between the normal control and EAC control using unpaired t test (P < 0.05)
*Significant difference between EAC control and treated groups using one-way ANOVA followed by the post hoc Duncan test (P < 0.05).
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Table 3 Effect of A australis venom on biochemical and antioxidant parameters of EAC-bearing mice

Parameter treatment Urea Creatinine Glucose Cholesterol CAT SOD GSH

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (Urg tissue)  (U/g tissue) (mg/g tissue)
Normal control 2960+ 106 010+0 14100 £216 7420+ 130 08+ 003 149.76 + 244 036 + 004
EAC control 8490* £378 027*+003 23867*+376 8127*+279 074+002 1305+ 282 032+ 001
EAC + 1/10 LDsg (0025 mg/kg BW) — 4855% 378 026+ 003  22105% + 468 7382 £212 082+002 165766 + 464 038 + 005
EAC + cisplatin (2 mg/Kg BW) 3068% £293  023+£002 25630+345 7658 +297 08+ 007 47304" £49 038 +002

Results are expressed as mean + SE (n = 7)

*Significant difference between normal control and EAC control using unpaired t test (P < 0.05)
#Significant difference between EAC control and treated groups using one-way ANOVA followed by the post hoc Duncan test (P < 0.05).

mice is caused mainly by reduced RBC counts or
hemoglobin levels, either because of hemolytic or myelo-
pathic conditions (Mitsuaki et al. 1981). In the current
study, hemoglobin level reduction, RBC count, was ob-
served while the WBC count increased in the EAC con-
trol mice where A. australis venom treatment increased
the amount of hemoglobin and maintained RBCs and
WBCs normal values. The result of total differential
leucocyte count revealed that granulocyte increased in
EAC-bearing mice may be due to acute inflammatory

reaction or pressure due to the proliferation of EAC cells
(Hogland 1982). Treatment with the A. australis venom
might decrease granulocytes as a result of the immunos-
timulating effect of scorpion venom against tumor cells.
Hematological parameters are established to suggest that
the venom may protect the hematopoietic system.
Hyperglycemia (increased glucose level) and increased
cholesterol levels were noticed in the EAC-bearing mice
compared to normal control, which agrees with Brenne-
man, Mathur, and Spector (1975). Treatment with A.

.

Fig. 3 Effect of A. australis venom on the peritoneal membrane of EAC bearing mice. a Normal control, b EAC control, ¢ 0.025 mg/kg BW venom-
treated EAC-bearing mice, and d cisplatin-treated EAC-bearing mice (H&E scale bar, 100 um)
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Fig. 4 Effect of A. australis venom on the kidney cortical tissue of EAC bearing mice. a Normal control, b EAC control, ¢ 0.025 mg/kg BW venom-

treated EAC-bearing mice, and d cisplatin-treated EAC-bearing mice. The proximal convoluted tubules (short arrows), distal convoluted tubules
(long arrows), glomerulus (asterisk), and urinary space (arrowhead) are indicated (H&E scale bar, 100 um)

A\

australis venom tended to ameliorate these high levels.
Increased urea level in EAC control compared to normal
control might be attributed to the catabolic effect of the
tumor and the elevation in urea production. In the
meantime, increased creatinine level in the EAC control
might be due to muscle necrosis (Weinberg et al. 1990).
Treatment with A. australis venom gradually returned
the increased levels of urea and creatinine to the more
or less the normal values.

Antioxidant enzymes SOD and CAT are crucial en-
zymes in scavenging, which cleans the H,O, formed
during incomplete oxidation. As a whole, these antioxi-
dant enzymes play an essential role in the body defense
mechanism against the side effects of free radicals and
the reactive oxygen species (ROS) in biological systems
(Halliwell and Gutteridge 1999). The depletion of CAT
and SOD activities as a result of tumor propagation was
also reported (Marklund et al. 1982). Similar results were
noticed in the present study with EAC-bearing mice.
The treatment with A. australis venom raised the levels
of SOD, CAT, and GSH in the liver homogenate of mice

as compared to those of the EAC control group. So,
treatment with A. australis venom resulted in a signifi-
cant amelioration in the activities of CAT, SOD, and
GSH, and this indicates the effective antioxidant therapy
and free radical scavenging function of A. australis
venom.

Histopathological findings of the peritoneum and kidney
tissues of the venom-treated EAC-bearing mice agreed
with the improvement of their hematological, biochemical,
and antioxidants parameters. In which, treatment with A.
australis venom reduced the multi-layers of cancer prolif-
eration cells and restored the normal architecture of the
kidney nearly as the normal control mice.

Conclusion

In conclusion, treatment with the A. australis venom
caused a promising selective cytotoxic activity against
breast cancer line in vitro. Additionally, in vivo, it
showed anticancer potential by causing a substantial en-
hancement of the antioxidant properties through eleva-
tion of antioxidant enzymes levels, resisting tumor cell
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proliferation, reducing the tumor burden, and causing
prolongation of the lifespan of the tumor hosts. Further
venomics studies are needed to functionally characterize
the active molecules from this scorpion venom and study
their mode of action on cancer cells. It can be concluded
that scorpion venom offers a safe treatment of cancer hav-
ing less toxicity than traditional chemotherapy.
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