
pharmaceutics

Article

Enhanced Antioxidant and Cytotoxic Potentials of
Lipopolysaccharides-Injected Musca domestica Larvae

Islam El-Garawani 1,* , Hesham El-Seedi 2,3,4,*, Shaden Khalifa 2, Islam H. El Azab 5,6 ,
Marwa Abouhendia 1 and Shaymaa Mahmoud 1

1 Department of Zoology, Faculty of Science, Menoufia University, Menoufia 32511, Egypt;
marwaabohendia@science.menofia.edu.eg (M.A.); dr.shaymaahussein@science.menofia.edu.eg (S.M.)

2 Department of Molecular Biosciences, The Wenner-Gren Institute, Stockholm University, S-10691 Stockholm,
Sweden; shaden.khalifa@su.se

3 Chemistry Department, Faculty of Science, Menoufia University, Menoufia 32511, Egypt
4 International Research Center for Food Nutrition and Safety, Jiangsu University, Zhenjiang 212013, China
5 Chemistry Department, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia;

i.helmy@tu.edu.sa
6 On Leave from Chemistry Department, Faculty of Science, Aswan University, Aswan, P.O. Box 81528,

Aswan 81528, Egypt
* Correspondence: dr.garawani@science.menofia.edu.eg (I.E.-G.); hesham.elseedi@su.se (H.E.-S.);

Tel.: +20-10-64455948 (I.E.-G.); +46-700-434343 (H.E.-S.)

Received: 28 October 2020; Accepted: 16 November 2020; Published: 19 November 2020 ����������
�������

Abstract: The usage of insects as a sustainable and functional natural products resource is a new
promise in complementary and alternative medicine. The present study aimed to investigate the
ability of Musca domestica (housefly) larval hemolymph (insect blood) to display the enhanced
in vitro antioxidant and cytotoxic effects. The oxidative stress (OS) was elicited by inducing
lipopolysaccharides (LPS) treatment as an exogenous stressor. Determination of superoxide
dismutase 1 (SOD1), glutathione (GSH), malondialdehyde (MDA) and total antioxidant capacity
(TAC), and mRNA and protein expressions of SOD1, was investigated as confirmatory markers of
oxidative stress induction. Cytotoxicity on cancerous MCF-7 and normal Vero cells were also evaluated
using an MTT assay at 24 h post-injection. The injection of LPS induced a significant (p < 0.05) increase
in SOD, GSH and TAC, whereas, the MDA was diminished. Hemolymph was collected from normal
and treated larvae after 6, 12 and 24 h. The M. domestica superoxide dismutase (MdSOD1) transcripts
were significantly (p < 0.05) upregulated 6 and 12 h post-treatment, while a significant downregulation
was observed after 24 h. Western blot analysis showed that MdSOD1 was expressed in the hemolymph
of the treated larvae with an increase of 1.2 folds at 6 and 12 h and 1.6 folds at 24 h relative to the
control group. LPS-treated larval hemolymphs exhibited significant cytotoxicity with respect to
the untreated ones against MCF-7 while Vero cells showed no cytotoxicity for both hemolymphs.
The DPPH free radical scavenging activity was examined and a significant antioxidant potential
potency was observed at 6 h (50% maximal inhibitory concentration (IC50): 63.3 ± 3.51 µg/mL) when
compared to the control M. domestica larval hemolymph (IC50: 611.7 ± 10.41 µg/mL). Taken together,
M. domestica larval hemolymph exhibited enhanced antioxidant and consequently increased cytotoxic
capacities under stressed conditions.
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1. Introduction

The biological applications of various natural products were the interest of researchers decades
ago. Natural product extracts can exert chemoprotective [1,2], antigenotoxic [3], antihelminthic [4] and
anticancer potency [5–9]. Similarly, several bioactive compounds were identified from insects and have
elicited significant bioactivities including anticancer [10–12], antihyperlipidemic [13], antiulcer [14],
cardioprotective [15], antidiabetic [16], antimicrobial [17,18] and anti-inflammatory [19–21]. In this
essence, insects are already well-known to represent a valid source of novel proteins, minerals, vitamins,
and fatty acids, however, the role of their bioactive ingredients is scarcely studied [22].

The housefly, Musca domestica is a domestic medical and veterinary pest and the most common
among domestic flies accounting for about 90% of all flies in human habitation [23]. It can cause
serious diseases like typhoid fever and cholera by carrying the pathogenic agent. However, to the
best of our knowledge, few biological studies have reported that the housefly larvae have antiviral
and antitumor [24], antibacterial [25] and antimalarial activity [26]. The housefly larvae have been
used clinically to treat malnutrition, pressure ulcers, osteomyelitis, eczema and herpes simplex viral
infection. The housefly larval extract has been reported as an antitumor agent [27,28], and they are
also used in combination with other drugs against gastric cancer [29]. The chemical composition of
M. domestica hemolymph is very complex, consists mainly of antibacterial proteins and carbohydrates,
such as the antimicrobial peptides, lysozyme and agglutinin [30,31]. There are increasing interests
of investigating the structures and functions of the insects’ active ingredients particularly those with
antioxidant capacities. Insects have evolved a complex and efficient network of enzymatic antioxidant
systems for their self-protection against reactive oxygen species (ROS) [32]. This self-defense cascade
is carried out by free radical scavenging activity and the repair of the damaged biomolecules essential
for life [33]. The considerable protein content of insects supports their nutritional value [34]. Therefore,
bioactive peptides with beneficial biological activity [35] such as anti-inflammatory, antioxidant,
antihypertensive and even hypocholesterolemic can be a good source of nutritional value [36–39]
via stimulation of GST and CAT antioxidant enzymes and DPPH radical scavenging activities such
as Gryllodes sigillatus hydrolysates [35] and the aqueous extract of Calliptamus italicus, Bombyx mori,
Vespa affinis and Acheta domesticus [40,41]. A series of investigations confirmed the potential of
several chemicals; H2O2 [42] and biological compounds [43] including pesticides and prooxidant
allelochemicals to elicit oxidative stress (OS) conditions in the insect models [44], posing a serious
challenge to the insect species.

Lipopolysaccharides (LPS), bacterial endotoxins, are the main component of the outer membrane
of Gram-negative bacteria, which is known to induce oxidative stress in MAC-T cells in vitro [45] and
oxidative damage to the mammary gland in vivo [46]. Moreover, it caused liver and neurological
damage, diabetes and gut chronic inflammation [47,48]. LPS was used to induce oxidative stress in
insects [49–51]. However, it also stimulated anti-inflammatory [52] and immune responses [51,53].

Constantly, normal metabolic processes in the body produce free radicals, but the imbalance
between the generation and the ability of cells to neutralize those results in oxidative stress.
The occurrence of oxidative stress has been implicated in the pathogenesis of chronic diseases,
such as arthritis, diabetes, cancer, stroke, myocardial infarction and the degenerative aliments
associated with aging, including Parkinson’s and Alzheimer’s diseases [54–57]. Consumption of
foods rich in antioxidants plays an essential role in the prevention of these diseases as the dietary
antioxidant and anti-inflammatory peptides have protective effects against ROS and may contribute
to a significant reduction of the level of oxidative stress [35,58–60]. Both clinical and experimental
studies have indicated the advantages of antioxidant supplementation as a therapeutic tool to treat
oxidative stress-related health disorders [61,62] and cancer, its initiation and progression [63]. However,
the antioxidant activities of larval hemolymph have not been examined yet. This study, therefore,
aimed to evaluate the efficacy of the larval hemolymph of M. domestica as a natural antioxidant, for the
first time, introducing it as a potential therapeutic and food supplement under both normal and
activated stressful conditions.



Pharmaceutics 2020, 12, 1111 3 of 15

2. Materials and Methods

2.1. Insect Rearing

M. domestica flies were prepared, colonized, reared to the adult stage and maintained in the
Zoology Department insectary, Faculty of Science, Menoufia University. The laboratory conditions
were kept to 26 ± 1 ◦C; photoperiod: 14 L:10 D and relative humidity: 60% ± 10%. A 10% sucrose
solution was supplied to the adults while bovine meat was the feeding subject for the larvae [64].
This study set-up was designed and planned following the approval of the institutional research
committee, Menoufia University, Shebin El-Kom, Egypt (MUFS-F-GE-7-20) on the ethical standards
and in agreement with the declarations of Helsinki (1964) and the later amendments.

2.2. Oxidative Stress Induction

To assess the antioxidant effect of the larval defense system, the newly molted third instar larvae
with relatively uniform age and weight (40 ± 5 mg) were stressed by injecting 1 µg/larva, into the
hemocoel, of lipopolysaccharides (LPS, Escherichia coli O111:B4, L3012-5MG-PW) purchased from
Sigma Chemical Company (St. Louis, MO, USA) as described by Parusel et al. [50]. The injection was
done to the larvae using a sterile, thin-needled microsyringe.

2.3. Hemolymph Collection

Hemolymph (1 µL/larva) was pooled by cutting off the anterior tip of the larvae with sterile fine
scissors in a prechilled eppendorf containing few crystals of phenylthiourea to prevent melanization [42].
Hemolymph samples were collected at 6, 12 and 24 h post-injection and from untreated larvae as controls.

2.4. Determination of Antioxidant Enzymes Activity

2.4.1. Superoxide Dismutase (SOD)

The activity of SOD was determined by the inhibition of pyrogallol auto-oxidation. The inhibition
is directly proportional to the activity of SOD in the tested samples. Changes in absorbance at 420
nm were recorded every minute for 3 min, using a spectrophotometer (Milton Roy, Spectronic 1201,
Houston, TX, USA) [58,65].

2.4.2. Glutathione (GSH)

The method of Ellman [66] was adopted to test glutathione, where the reduction of Ellman’s
reagent (5,5′-dithio-bis (2-nitrobenzoic acid)) is the indicator. The intense yellow color of the formed
nitromercaptobenzoic acid distinguishes the reduction and can be measured colorimetrically at 412 nm
(Milton Roy spectrophotometer, Spectronic 1201, Houston, TX, USA).

2.4.3. Malondialdehyde (MDA)

MDA colorimetric determination can be measured spectrophotometrically with double wavelength
at 535 and 520 nm (Milton Roy spectrophotometer, Spectronic 1201, Houston, TX, USA). The developed
pink color is a visual sign to highlight the reduction and to avoid interference following the method of
Mihara and Uchiyama [67].

2.5. Protein Electrophoresis (SDS-PAGE)

Total protein concentrations were extracted from the samples using a Tris-buffer system prior to
the colorimetrical control using the Bradford Protein Assay Kit (ab102535, Abcam, Cambridge, UK).
The hemolymph total soluble proteins were qualitatively analyzed of employing sodium dodecyl
sulphate-poly acrylamide gel electrophoresis (SDS-PAGE) as described by Laemmli [68]. Briefly,
protein samples of equal amounts (25 µg) were mixed with SDS sample buffer and boiled for 5 min,
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then ice-cooled for 7 min followed by SDS-polyacrylamide gel (15% resolving gel) and the vertical
electrophoresis unit (Cleaver, UK) for the final ingredients separation. To estimate the molecular
weights of the separated bands, a prestained molecular weight marker of the low range 180–10 kDa
(Sigma, St. Louis, MO, USA) was loaded.

2.6. Western Blot Analysis

Western blot analysis was performed as described by Burnette [69], where the resolved
electrophoresed proteins were subjected to 15% SDS-polyacrylamide gel before being added onto
polyvinylidene fluoride (PVDF) membranes (Bio-Rad, Hercules, CA, USA) for 30 min using a Semi-dry
Electroblotter (Bio-Rad, Hercules, CA, USA) at 2.5 A and 25 V for 30 min. The blocking was done
with the help of 5% nonfat dry milk in TBS-T and kept at room temperature for two hours, in order
to reduce the non-specific protein binding between the membrane and the antibodies. The following
step was the incubation at 4 ◦C with each primary antibody overnight. The primary antibodies against
SOD1 (rabbit polyclonal anti-SOD1, ab183446, Abcam, Cambridge, UK) and β-actin (rabbit polyclonal
anti-β-actin, ab8227, Abcam, Cambridge, UK) proteins were prepared following the supplier’s
instructions. The blots were then washed three times (10 min each) with Tris-Buffered Saline Tween
(TBS)-T, incubated with the corresponding horse-radish peroxidase-linked secondary antibodies
(Dako, Glostrup, Denmark) at room temperature for another hour, followed by three times wash.
The chemiluminescent Western ECL substrate (Perkin Elmer, Waltham, MA, USA) was then added
in accordance to the manufacturer’s recommendation. The chemiluminescent signals were captured
using a Chemi Doc imager (Bio-Rad, Hercules, CA, USA). Protein bands were visualized using a
Bio-Rad Chemi Doc Imager (Bio-Rad, Hercules, CA, USA), the band intensities were then calculated
and normalized to the β-actin and analyzed by Gel Doc Go System (Bio-Rad, Hercules, CA, USA).
The expected molecular weight of SOD1 protein was 18 kDa.

2.7. Quantitative Real-Time PCR (qPCR) for the MdSOD1 Gene

The changes in the expression pattern of M. domestica superoxide dismutase (MdSOD1) were
measured following LPS injection according to the method of Wang et al. [70]. Larvae from the
injected and control groups were separately collected at 6, 12 and 24 h after the injection for RNA
extraction. The mRNA expression of the MdSOD1 at each time point was measured by qRT-PCR
(Applied Biosystems™ 7500 Real-Time PCR System, Foster City, CA, USA). Briefly, total RNA was
extracted using the Trizol reagent (Thermo Fisher Scientific, Austin, TX, USA) and genomic DNA was
digested with RNA-free DNase. The specific primers were designed using primer3 software based on
the sequences deposited on GenBank Database (Table 1). β-actin gene of M. domestica was used as an
endogenous house-keeping gene. The qPCR was performed on Biosystem step one plus instrument
using Maxima SYBR Green/ROX qPCR Master Mix (SABiosciences™, Applied Biosystems, Foster City,
CA, USA). Reaction mixtures were incubated for 10 min at 95 ◦C, followed by 40 cycles of 15 s at 95 ◦C,
60 s at 60 ◦C and finally 60 s at 72 ◦C, melting curve from 70.0 to 95.0 ◦C, read every 0.3 ◦C and held for
10 s in a final volume of 20 µL. The relative expression ratios of MdSOD1 were calibrated against the
control samples.

Table 1. Sequences of the primers used in the experiment.

Primer Accession No. Reverse Forward

MdSOD1 JF919738 5′CCTCGCCCAAAATCATCTGG′3 5′GCCCAATGATGATGCCTCTC′3
β- actin JN969088 5′CGGTGGTGGTGAACGAGTAA′3 5′ACACACCAAAATGTGCGACG′3
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2.8. In Vitro Anticancer Activities

2.8.1. Maintenance of Cell Lines

Human breast adenocarcinoma (MCF-7) and normal African green monkey kidney (Vero) cell
lines were purchased from the Holding Company for Biological Products and Vaccines (VACSERA),
Giza, Egypt.

Cell lines were maintained and cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal calf serum, 100 µg/mL streptomycin and 100 U/mL penicillin. Cells were
incubated at a density of 2 × 104 cells/cm2 in T25 culture flasks in a humidified 5% CO2 incubator
adjusted to 37 ◦C. The medium was changed every 48 h. The cells were allowed to adhere up to 75%
confluence then harvested after trypsinization (0.025% trypsin and 0.02% EDTA) and washed twice
with phosphate-buffered saline (PBS). All experiments were done in triplicates and controlled under
an inverted microscope. All reagents and media were purchased from Lonza supplier, Caioro, Egypt.

2.8.2. Cytotoxicity Assay Using (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide
Dye (MTT)

The hemolymph cytotoxicity towards MCF-7 cells and the Vero normal kidney cells was assessed.
Cells were seeded at a density of 1 × 104 cells/well for 48 h in a 5% CO2 humidified incubator at 37 ◦C
until reaching 70% confluence. A 10 µL of MTT dye was added to each well (final concentration
0.5 mg/mL) at 24 h post-injection and for 4 h, followed by 100 µL of MTT destaining solution
(acidified isopropanol) on a shaker for 15 min. The optical density was measured at 550 nm with
the microplate reader (RADIM SEAC Sirio S, Pomezia, Italy) to determine the number of viable cells.
The percentage of inhibition was calculated in accordance to the following equation:

% Cell inhibition = (1 − OD (absorbance) test/OD Control) × 100 (1)

The inhibition curve was performed and the 50% maximal inhibitory concentration (IC50) was
calculated using Graphpad Prism 8 software (Graphpad Co., San Diego, CA, USA, 2019).

2.9. Determination of Antioxidant Activity In Vitro

2.9.1. DPPH Assay

DPPH (2,2-diphenyl-1-picryl-hydrazil) radical scavenging assay is a standard in vitro antioxidant
test [71]. An aliquot of 100 uL of the control and treated hemolymph samples were added to 1 mL of
the freshly prepared methanol solution of DPPH (0.004%). DPPH solution stored at 10 ◦C in the dark
was aliquoted to different concentrations between 0 and 640 µg/mL. Absorbance values were recorded
immediately with a UV–visible spectrophotometer (Milton Roy, Spectronic 1201, Houston, TX, USA).
The decrease in absorbance was determined and particularly at 515 nm. Ascorbic acid was used as a
reference, and the IC50 was calculated using a logarithmic regression curve. All the experiments were
done in three replicates. The percentage inhibition (PI) of the DPPH radical was calculated according
to the formula:

PI = [(AC − AT)/AC] × 100 (2)

where AC = Absorbance of the control at t = 0 min and AT = absorbance of the sample + DPPH at
t = 16 min.

2.9.2. Total Antioxidant Capacity (TAC)

Total antioxidant capacity (TAC) kit (ab65329, Abcam, Cambridge, UK) was administrated
according to the manufacturer’s instructions, where the Cu2+ ion is converted to Cu+ by antioxidants
(both small molecule and protein). To confirm the total antioxidant capacity of the small molecule
antioxidants solely, protein mask was added and prevented Cu2+ reduction. The reduced Cu+ ion
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is chelated with a colorimetric probe giving a broad absorbance peak around 570 nm, proportional
to the total antioxidant capacity. Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid),
a water-soluble tocopherol analogue, was used as the standard.

2.10. Data Analysis

Results were representing three independent experiments and expressed as the mean ± SD.
A one-way analysis of variance (ANOVA) determined the statistical significance, using IBM SPSS
software version 21.1 (IBM, New York, NY, USA, 2019). The values with p < 0.05 were considered
significant and p < 0.01 high significant.

3. Results

3.1. Antioxidant Enzymes Activity

In order to confirm the activation of the larval antioxidant defense system, SOD, GSH and
MDA were investigated colorimetrically in the control and LPS-treated larvae. Results revealed a
significant increase of SOD and GSH activities (p < 0.05) when compared with control (Figure 1A,B).
The promotion of the antioxidant response was observed in a timely fashion corresponding to 6, 12 and
24 h post-injection and as a response to LPS injection. Whereas, the MDA levels significantly decreased
in a time-dependent pattern (Figure 1C).
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3.2. Altered Levels of MdSOD1 Protein

Changes in MdSOD1 protein levels were detected in hemolymph of control and LPS-treated larvae
at different intervals using Western blot analysis (Figure 2A). Results revealed a significant (p < 0.05)
increase in the protein expression in the larvae hemolymph at all the tested time points with respect to
the control. The increase was estimated to 1.2 folds for 6 and 12 h and 1.6 folds for 24 h relative to the
untreated group (Figure 2B).

3.3. Altered Expression of MdSOD1 mRNA

In order to quantify the transcriptional levels of MdSOD1, mRNA levels were assessed using
qRT-PCR. The LPS-treated larvae showed significant upregulation of MdSOD1 gene (p < 0.05) at 6 and
12 h post-injection (2.7 and 2.6 folds respectively, relative to the control). However, the 24 h interval
showed a significant downregulation (p < 0.05) of the gene expression (Figure 2C).
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3.4. Cytotoxicity of the M. domestica Larval Hemolymph

In order to assess the enhancement of M. domestica larval hemolymph’s anticancer potency,
the cytotoxic effect of control and LPS-treated larval hemolymphs was investigated against MCF-7
and Vero cells using the MTT assay at 24 h post-injection. Figure 3A revealed that untreated larval
hemolymph exhibited less cytotoxicity than the injected ones towards the cancer cells (MCF-7).
About 79.2% ± 0.6% and 17.5% ± 1.68% viable MCF-7 cells were seen when hemolymph was applied up
to 100µg/mL in control and LPS-injected larval hemolymph respectively. The IC50 was 41.2± 2.75µg/mL
for the hemolymph of the injected larvae, while the control larval hemolymph revealed the IC50 at
100 µg/mL. However, no cytotoxicity was observed on Vero normal cells up to a concentration of
100 µg/mL in control and LPS-injected groups (Figure 3B).
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3.5. DPPH Radical Scavenging Assay

The total hemolymph antioxidant activities of control and injected M. domestica larvae were
investigated using the DPPH assay (Figure 4). Results displayed significant radical-scavenging among
all LPS-treated samples with respect to the control larval hemolymph. The maximal activity was
detected at the 6 h interval, however, the effect decreased time-wise from 6 to 24 h. The inhibitory
concentrations (IC50) were 611.7 ± 10.41, 63.3 ± 3.51 and 85.7 ± 4.93, 214.3 ± 8.14 µg/mL for control,
6, 12 and 24 h respectively.
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3.6. Total Antioxidant Capacity

The total antioxidant capacity (TAC) of control and LPS-treated M. domestica larval hemolymph
displayed a significant (p < 0.05) time-dependent elevation in antioxidant activities with 0.18 ± 0.06,
0.29 ± 0.04, 0.44 ± 0.03 and 0.67 ± 0.14 mg TE/g (trolox equivalent) for control, 6, 12 and 24 h
respectively (Figure 5).
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4. Discussion

The antioxidant defense is primarily dependent on the activation of antioxidant enzymes such as
superoxide dismutase (SOD), glutathione peroxidase (GPX), catalase (CAT), glutathione S transferase
(GSH) and glutathione reductase (GR) [32,72]. The efficiency of the antioxidant system is also linked
to the stage of insect ontogenesis meaning that the antioxidant levels are crucial for subsequent
developmental stages in larvae [73]. SODs are the major component of insects’ antioxidant enzyme
system functioning via the reduction of the concentration of highly reactive superoxide radicals [74–76].
The generated free radicals in the body can induce DNA damage [77] and negatively affect other
biomolecules in the cell [78].

The hemolymph of insects is a clear fluid, with or without yellow or greenish pigmentation,
which makes up 16–40 percent of the insect body weight. The volume and constitutes of the hemolymph
differ amongst insect types and their developmental stages. Generally, it contains low molecular weight
compounds, such as amino acids, lipids, sugars, inorganic salts and organic acids [79]. Many proteins
of the hemolymph help in the protection of the insect from invading microorganisms [80].

The present study demonstrated a significant decrease in lipid peroxidation (MDA), while the
antioxidant enzymes, namely SOD and GSH, were increased in the treated larval hemolymph.
The injection of LPS induced oxidative stress and subsequent antioxidant responses. The elevated
activities of SOD and GSH can be attributed to the insects’ antioxidant defense mechanism [81],
which probably validates the early findings showing gradual enzymatic alterations secondary to the
infection [82]. Under oxidative stress, the mobilization of the endogenous SOD was increased [83].
Additionally, the enhancement of SOD gene expression during oxidative stress was previously
reported [84–86]. In this study, the expression of the M. domestica superoxide dismutase (MdSOD1)
gene post-injection with LPS was upregulated relative to the control group of M. domestica larvae at 6
and 12 h. The significant upregulation of SOD after LPS injection suggests that the gene transcription
was inducible due to the increased level of ROS and subsequent enhancement of SODs expression to
balance the effect of ROS [43].

In agreement with Tang et al. [43], the results showed decreased MdSOD1-mRNA expression
at a 24 h interval in comparison to its upregulated protein level, which might be a consequence of
activation of a particular enzymatic pathway at the post-translational level rather than a direct effect
on the regulation of antioxidant genes at the transcriptional stage [87]. The turnover of proteins is
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crucial, whereas, the degradation of mRNA molecules may occur faster than the protein molecules [88],
which have a long half-life. The abundance of translated proteins depends on various biological and
technical factors [89]. Post-transcriptional alterations, protein stability under certain conditions and
mRNA degradation can explain the observed differences in the expression.

The cytotoxic effect of the injected M. domestica larval hemolymph was investigated and the results
suggested higher cytotoxicity against cancerous MCF-7 cells, while no cytotoxicity was detected on Vero
normal cells. The enhanced cytotoxicity may be explained by the activation of internal mechanisms in
insects such as proteolytic cascades [90] and the activation of cellular and humoral defense mechanisms
that led to the increase in secreted proteins, i.e., defense peptides and stress proteins, into the hemolymph
to overcome the induced stress [91]. These peptides displayed many biological activities such as
strong antiviral activity against influenza virus [92], antitumor and immunomodulatory properties [27].
Cytotoxicity against cancer cells was also demonstrated [93–96]. In this work, the enhanced anticancer
activity is linked to the elevated antioxidant status, after challenging, which may be attributed to
the presence of the defense peptides and stress proteins. Likely, antioxidants can inhibit the tumor
formation, its initiation and progression [63], in addition to the induction of apoptosis [97]. The results
are consistent with previous studies on insects and their extracts’ anticancer effect, i.e., M. domestica,
Lucilia sericata and Chrysomya albiceps extracts on Caco-2 cells [98], M. domestica larvae extract on CT26
cells [29] and L. sericata and C. albiceps larval fluids on HepG-2, MCF-7, HCT-116, A-549 and Hela cell
lines [99].

The antioxidant activity of insects has been reported previously in larvae of the blowfly,
Chrysomya megacephala [100], the aqueous extract of Vespa affinis [41]; Allomyrina dichotoma rhinoceros
beetle larval extracts [81], lucanid beetle, Serrognathus platymelus [101] and at various developmental
stages of Protaetia brevitarsis [102]. Similarly, the present study revealed a significant antioxidant
capacity and DPPH radical scavenging of the injected M. domestica larval hemolymph. These may
be associated with the increased antioxidant capacity of the hemolymph over time similarly to
previous reported increase or induction of new proteins to overcome the stress of hydrogen peroxide in
Sarcophaga argyrostoma larvae [103], and antibacterial proteins in larval hemolymph of Spodoptera eridania
after LPS injection [104]. Collectively, based on current results, the further purification of hemolymph
fractions and the separation of certain compounds and proteins should be performed to investigate the
mechanisms of their antioxidant and cytotoxic capacities in vitro and in vivo. Further, the method of
LPS-delivery to the larvae will be improved to enable the large scale production of the hemolymph for
industrial applications.

5. Conclusions

Our study suggests that larval hemolymph of M. domestica possesses antioxidant and cytotoxic
properties, which were enhanced following the LPS injection. These properties could serve as
a promising therapeutic strategy in the management of chronic and degenerative oxidative
stress-mediated diseases including cancers.
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