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ABSTRACT
Objective: The protecting influence of methanolic extract of seaweed (Lobophora variegata) on cognitive as well as biochemical indices in NNitrosodiethylamine (NDEA, a potent carcinogen) treated Drosophila melanogaster is evaluated.

Methods: In this study, Flies are divided into four groups; group 1–(control), group 2-flies were treated with 0.01% NDEA in food medium, group
3–with 0.01% NDEA and 0.01% Lobophora variegata methanolic extract (LVME) and group 4-with 0.01% LVME alone.

Results: Behavioural abnormalities (negative geotaxis, phototaxis, smell and taste chemotaxis, hygrotaxis and thermotaxis) were quantitatively
deviated in NDEA treated flies compared to control but were tend to be normalized in LVME treated flies. The contents of protein carbonyl,
thiobarbituric acid reactive substance (TBARS), protein thiol and lipid peroxides were noticeably augmented in NDEA treated flies than control flies
and correspondingly tend to normalize in LVME treated groups. Further, superoxide dismutase (SOD), catalase (CAT), glutathione-S-transferase
(GST), glutathione peroxidase (GPX) and reduced glutathione (GSH) were decreased in NDEA treated group and were significantly increased
(p<0.05) in LVME treated groups.

Conclusion: It is well known that seaweed extracts contain numerous beneficial phytochemicals in abundantly. From our investigation, we found
that the 0.01% LVME is efficient in reverting the abnormal behaviours and restoring the redox homeostasis of NDEA induced carcinogenesis in
Drosophila melanogaster. Our investigation indicates that these phytochemicals could prevent the abnormalities in behaviour and redox
homeostasis during carcinogenesis in D. melanogaster.
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INTRODUCTION
The term cancer designates the disease that results when cellular
changes cause the uncontrolled growth and division of cells.
Mutations in genes can lead to cancer by quickening cell division
frequencies or suppressing normal regulations on the system, for
instance, cell cycle arrest or programmed cell death. Carcinogenesis
is determined by the activation of precise oncogenic pathways
concurrently with the loss of activity of tumour suppressor genes
that regulate cell growth and division [1]. Most of the signalling
cascades control cell growth and development in mammalian
systems and have conserved functions in flies mimicking the biology
of tumours in a simple model organism like Drosophila melanogaster
[2]. The combinations of genetic screens with the availability of main
recombination techniques enable precise characterization of the key
functions of conserved oncogenes and tumour suppressor genes in
D. melanogaster [3]. While the development of diagnostic
techniques, advanced treatment strategies, and cancer awareness
programs lead to a notable drop in cancer mortality [4], still an
effective strategy for cancer management is unattainable currently.
It is in this context; more studies are necessary.
The fruit fly, Drosophila melanogaster, is frequently as a model
organism to study research areas varying from genetics, circadian
biology and developmental biology. Drosophila genome is 60%
homologous to that of human beings, less redundant, and around
75% of the genes accountable for human disease have homologs in
flies [5]. D. melanogaster genome-specific BLAST indicates that the
fruit fly protein sequences which exhibit identical or more than 20%
sequence identity, covers equal or more than 15% of target (human)
sequence and comprise identical functional domain(s) were
considered as encouraging hit for the homology of respective human
genes [6]. These characteristics, along with a short multiplication

time, low maintenance costs, and the availability of authoritative
genetic tools, permit the fruit fly a competent model organism to
investigate complex pathways appropriate in biomedical research,
including cancer [1]. Reasonable investigations between the fly and
human genomes have recognized robust evolutionary conservation
in between Drosophila to mammals at sequence and pathway levels
[5]. Flies respond behaviourally to numerous stimuli in an
environment for instance, light, temperature, humidity, gravity,
sound and chemicals. The sensing of these stimuli is carried out,
respectively, by vision, the smell of volatile chemicals, non-volatile
chemicals, thermosensors and sensors of humidity, gravity and
hearing in the fly. The response to stimuli can be attraction or
repulsion, reliant of the nature and strength of the stimulus [7].
Further, tumorigenesis is known to cause neurochemical, endocrine,
immune and behavioural modulations signifying stress and immune
impairment in rodent model systems [8]. Rodents and humans
bearing tumor are known to suffer from cognitive disturbances. Few
studies have already indicated that oxidative stress could induce
abnormalities in behaviour [9, 10]. However, a systematic
investigation on cognitive behavioural functions is lacking in an
important experimental model system, viz. D. melanogaster.
Methanolic extract of seaweed (Lobophora variegata). In addition,
indices of redox homeostasis have also been investigated in the
present study.
N-nitrosodiethylamine (NDEA) belongs to the nitrosamine family
and is well established as an effective carcinogen [11] and it could
promote tumour primarily in the liver and in several organs of
numerous animal model systems [12]. This carcinogen is found in a
wide range of foods such as soya beans, fish (smoked, dried and
salted), cheese, meat and alcoholic beverages [13]. NDEA is also
found in cigarette smoke, buns, rolls, muffins, ham and oysters [14].
NDEA is known to cause oxidative and cellular damages by
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promoting the synthesis of free radicals [15]. The metabolic
conversion of NDEA by cytochrome P450 enzymes leads to the
formation of ethyl-acetoxyethyl-nitrosamine, which is further
conjugated by the phase II enzymes [16] to non-toxic compound.
This activation of NDEA by P450-catalyzed-hydroxylation, is known
to produce unstable metabolites that could alkylate the DNA and
therefore cause tumour formation [17].

Oxidative stress is a key step involved in almost all aspects of cancer,
from carcinogenesis to the tumour-bearing state and from treatment
to prevention [18]. Many reactive oxygen species (ROS) defence
systems have evolved in organisms to control intracellular and
extracellular ROS levels The Drosophila ROS defence system
comprises of several subsystems consisting of enzymatic and nonenzymatic antioxidants. Cancer and oxidative stress form a vicious
cycle; when oxidative stress surpasses the capacity of the oxidationreduction system of the body, gene mutations could result and
intracellular signal transduction and transcription factors could be
affected directly or through antioxidants, leading to carcinogenesis
[19]. The tumor-bearing state is under oxidative stress tightly linked
with active oxygen synthesis by tumour cells and irregular
oxidation-reduction regulation [20]. Though tumour-bearing tissues
bear reduced free radical load due to uncontrolled and higher
number of cell division, the oxidative stress is elevated [21]
systemically in the tumor bearing host.
The marine algae (sea weeds) are rich natural resources of various
biologically active compounds, for instance, polyunsaturated fatty
acids (PUFAs), proteins, sterols, antioxidants, bioactive
polysaccharides and pigments. They possess more than 65 trace
elements at a noticeably higher concentration than terrestrial plants,
[22, 23]. They also contain protein, iodide, bromide, several
vitamins, and substances of antibiotic nature, [22, 23]. As many sea
weed algae live in habitats in extreme conditions and, as a
consequence of in adaption to these adverse environmental
surroundings, they synthesize a wide range of secondary
metabolites having significant pharmacological properties [22-24]
which cannot be found in other organisms. Lobophora variegata is a
common brown alga that is widely distributed in shallow water
ecosystems of tropical and subtropical areas, including coral reefs of
the Caribbean, the Indian Ocean, and the Red Sea. In coral reefs,
Lobophora variegata is an abundant organism of the marine
ecosystem and contains rich concentration of phenolic compounds,
chiefly bromophenols [22-24].

Secondary metabolites like phlorotannis are produced by the
polymerization of phloroglucinol and they are abundantly present in
marine brown algae, including Lobophora variegata which are
known to exhibit numerous biological activities such as, antidiabetic,
anti-inflammatory,
antimicrobial,
antihypertensive
and
radioprotective properties [25, 26] Bioactive peptides are
synthesized as a consequence of enzymatic hydrolysis in sea
weeds[22]. These bioactive peptides predominantly have
antimicrobial, antioxidant and anticoagulant properties and in
addition, they play a key role in the amelioration of several
cardiovascular diseases [22-27].

The phytochemical constituents of L. variegata, such as phenolics,
tannins, glycosides, saponins, terpenoids, anthraquinones, flavonoids,
and alkaloids play a vital role against pathogens [22]. These
compounds also have noteworthy potential as antioxidant, antitumor
and anticoagulant properties due to their cytoprotective, antiproliferative and other activities [28, 29]. Brown algae or
Phaeophyceae are the main sources of fucoxanthin since, the
predominant pigment of brown seaweeds is fucoxanthin and gives the
seaweeds brown colour. Fucoxanthin contains an allenoic moiety and
some other functional groups containing oxygen like epoxy, alcohol
and ester. Further, carotenoids, polysaccharides, namely alginates,
laminarins, fucans, and cellulose are present. The bioactive substances
of brown seaweeds stop the uncontrolled division of blood cells [30,
31]. It is observed that phlorotannins such as fucodipholoroethol G
and phlorofucofuroethol A of phlorotannins are active against allergic
pathway on basophilic leukaemia cell lines [22-31].

Drosophila has been employed for nearly a decade to investigate
cognition and intellectual disability, which has provided a significant
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amount of disease-relevant information [32]. An assortment of assays
has been standardized to evaluate cognitive behaviour in D.
melanogaster, for instance, negative geotaxis, phototaxis, smell and
taste chemotaxis, thermotaxis and hygrotaxis. Several types of cancer
are known to damage cognitive functions [33]. In D. melanogaster ageassociated impairment in cognitive functions has also been
documented [34]. However, as the behavioral abnormality and
oxidative stress indices during carcinogenesis/treatment with LVME
in D. melanogaster have not been performed earlier, the present study
has been done to throw light on these lines.

MATERIALS AND METHODS

Fly maintenance and chemicals
D. melanogaster flies, Wild type (WT) was obtained from Centre for
cellular and Molecular biology (CCMB), Hyderabad, India. The flies
were maintained in a normal culture medium at room temperature
(21-23 °C) in 12:12 h light: dark cycle [10]. Both types flies were
divided into four groups: (1) control, (2) 0.01% NDEA alone, (3)
0.01% NDEA with 0.01% LVME and (4) 0.01% LVME. The dose of
LVME is selected based on a dose-dependent study conducted in our
laboratory (unpublished observations). Chemicals and biochemicals
used in the present investigation were purchased from Genei
Laboratories Pvt. Ltd. (Bangalore, India), S. D Fine-chem Ltd.
(Mumbai, India) and Sigma Chemical (St. Louis, USA). NDEA and
LVME were administrated in food medium for 12 d.
Collection of haemolymph and tissue homogenate

Suitable holes in a 0.5 ml eppendorf tube were made and placed into
1.5 ml eppendorf tube with removed lid. Flies (30 nos.) were
dissected by removing legs and wings. The tubes (1.5 ml containing
0.5 ml tube) were centrifuged for 2500 rpm for 15 min. The
hemolymph was collected in the bottom of 1.5 ml tube and was
mixed with ice-cold PBS (phosphate buffered saline) and stored in
freezer [35]. The dissected head and intestine tissues using 0.1 M
sodium phosphate buffer (pH 7.4) and centrifuged (2500 rpm for 15
min) at 5 °C and used for biochemical assays.
Cognitive behavioural functions of Drosophila melanogaster

The cognitive behavioural functions including negative geotaxis,
phototaxis, smell chemotaxis, taste chemotaxis, thermotaxis and
hygrotaxis were assessed in all groups of flies by the methods of [35]
and [36] with minor modifications.
Negative geotaxis

About 30 flies from WT were anesthetised and positioned in a
vertical glass column (12 cm X 1.5 cm) sealed at one end with cotton.
After a short recovery period of five minutes, flies were softly
trapped to the bottom of the column. Following one minute, flies that
touched the top of the column and flies that continued to remain in
the bottom were counted separately. Data was expressed as percent
flies crossed beyond the distance of 13 cm in 60 s of interval [10-37].
Each assay was repeated for all the four groups of flies and mean±SD
was calculated (fig. 1a).

Fig. 1a: Negative geotaxis
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Phototaxis
The vial was segmented into 3 compartments, in a dark room vial
containing about 30 flies plugged by cotton and the test tube were
left separately for 30 min. And hence flies were allowed to adapt to
darkness. The vial with flies was softly pounded down to keep the
flies at the away from the cotton, then the cotton was detached, and
the vial was attached to the test tube by a connector. This set-up was
horizontal and perpendicular to the horizontal light source kept at
15 cm distance. The light was then turned on. The flies were counted
every minute for each quarter of the apparatus. In a control set-up,
the apparatus was kept 15 cm away from and parallel to the light
source. Each assay was repeated in all four groups and mean±SD
was calculated (fig. 1b).
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expressed as a percentage. The test was repeated for three separate
sets of flies (fig. 1d).

Fig. 1d: Taste chemotaxis
Thermotaxis

Fig. 1b: Phototaxis

Smell chemotaxis

Two vials (15 × 1.5 cm) were used in the study. One vial was heated
to a temperature of 45 ° C and was instantly connected to a vial by
means of transparent tape comprising of 20-25 flies. The connected
vials were compartmentalized into three equal zones (I, II and III–
compartment III heated zone). After one minute, the number of flies
present in each compartment was counted and the result was
expressed in the percentage of total flies present. The test was
repeated for three separate sets of flies (fig. 1e).

Volatile repellent benzaldehyde has been used in the study. About 20
flies were placed into two vials (15 × 1 cm) connected together with a
transparent tape and is divided into 3 equal compartments (I, II and III).
The cotton plug was drenched in 1 ml of benzaldehyde (100 mmol) and
was plugged in the test tube (compartment III adjacent to cotton plug).
After one minute, the number of flies, present in each compartment was
counted and the result was expressed as percentage. The test was
repeated for three separate sets of flies (fig. 1c).

Fig. 1e: Thermotaxis

Fig. 1c: Smell chemotaxis

Taste chemotaxis
Sucrose (a non-volatile compound standardly used in taste
chemotaxis) has been used in this assay. About 20-25 flies were
placed in a test tube (18 cm × 1 cm) and are divided into 3 equal
compartments. The cotton plug was soaked in 1 ml of 0.1% sucrose
and plugged in the test tube. After one minute, the number of flies
present in each compartment was counted and the result was

Fig. 1f: Hygrotaxis
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Hygrotaxis
A vial (15 × 1.5 cm) was filled with 1 ml of distilled water, covered
with parafilm and was kept overnight. After about 12 h, another vial
(15 × 1.5 cm) with 20-25 flies was taken. After removing parafilm
and water from the first vial, two vials were connected with the help
of transparent tape. The connected vials were compartmentalized
into three equal zones (I, II and III and compartment I moisturized
zone). After one minute, the number of flies present in each
compartment was counted and the result was expressed in
percentage of total flies present. The test was repeated for separate
three sets of flies and mean±SD was calculated (fig. 1f).
Biochemical parameters

Indices of redox homeostasis
The protein carbonyl content was assayed [38]. The sample
(haemolymph/tissue homogenate) was divided into 2 portions
containing 1-2 mg protein each. To one portion, an equal volume of 2
N HCl was added and incubated at 36 °C for 60 min at room
temperature. After incubation, the mixture was precipitated with
10% TCA and centrifuged. Precipitate was mixed with ethanol ethyl
acetate (1:1) and 1 ml of 6 M guanidine HCl was added. Centrifuged
at 1000 rpm for 5 min and the supernatant was taken. The
difference in absorbance between the DNPH treated and HCl treated
sample was determined at 366 nm and the results were expressed as
µ moles, of carbonyl groups/mg of protein. The levels of TBARS in
hemolymph/tissue
homogenate
were
estimated
[39].
Malondialdehyde and other thiobarbituric acid reactive substances
(TBARS) were measured by their reactivity with thiobarbituric acid
(TBA) in acidic condition to produce a pink coloured chromophore,
which was read at 530 nm.

Assay of free protein thiol groups is carried out by derivatization
with 5,5′dithiobis (2-nitrobenzoic acid) (DTNB) [39]. The
measurement is based on the formation of a coloured thiolate ion
complex that can be detected spectrophotometrically at 410 nm. The
thiol group assay is often performed on soluble protein fractions, by
homogenization in a buffer containing a detergent such as sodium
dodecyl sulfate (SDS) [39]. This lipid peroxidation assay is based on
the reaction of a chromogenic reagent, N-methyl-2-phenylindole
(R1), with malondialdehyde (MDA) and 4-hydroxy-2-nonenal (4HNE) at 40 °C. MDA or 4-HNE reacts with R1 to produce a stable
chromophore with an absorbance at 580 nm [40].
Glutathione-S-transferase (GST) was assayed in hemolymph/tissue
homogenate by an increase in absorbance at 350 nm using CDNB as
substrate [41]. Phosphate buffer, reduced glutathione and CDNB (30
mmol) were prepared in 95% ethanol. The level of GST was
expressed as µmoles of CDNB-GSH conjugate formed/min/mg
protein. Superoxide dismutase in hemolymph/tissue homogenate
was measured [42]. The measurement is based on the inhibition of
the synthesis of NADH-phenazinemethosulphate, a nitroblue
tetrazolium formazon. The reaction was initiated by the addition of
NADH. After incubation for 90 sec, the addition of glacial acetic acid
ceases the reaction. The color developed was extracted into nbutanol layer and measured at 520 nm.
The activity of catalase in haemolymph/tissue homogenate was
measured [43]. To 0.9 ml of phosphate buffer, 0.1 ml of tissue
homogenate/haemolymph and 0.4 ml of hydrogen peroxide were
added. The reaction was stopped after 15, 30, 45 and 60 s by adding
2.0 ml of dichromate-acetic acid mixture. The mixture was kept in a
boiling water bath for 10 min, cooled and the colour developed was
read at 610 nm. The specific activity was expressed as µmol of H2O2
consumed/min/mg of protein for tissues or µmol. The activity of
GPx in hemolymph/tissue homogenate was assayed [44]. To 0.2 ml
of tris buffer, 0.2 ml of EDTA, 0.1 ml of sodium azide, 0.5 ml of tissue
homogenate/haemolymph was added. To this, 0.2 ml of GSH and 0.1
ml of H2O2 were added. The contents were incubated at 37 °C for 10
min, along with a control containing all reagents except
homogenate/haemolymph. After 10 min, the reaction was stopped
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by the addition of 0.5 ml of 10% TCA. The contents were centrifuged
and the supernatant was assayed for GSH [39]. The activity was
expressed as µmol of GSH consumed/min/mg of protein. The
amount of glutathione was expressed as mg/dl haemolymph and
mg/100g tissue.
RESULTS

Behavioural assays
The negative geotaxis value 89.1±12.7 % is decreased significantly
after NDEA treated (74.2±12.4) compared to control flies (p<0.05).
In NDEA+LVME treated group the value is increased 79.7±11.1
compared to NDEA treated group. In group 4 (LVME only) the value
is more or less similar (92.2±14.3 %) to control group. More
percentage of flies tends to move closer to the light source
(phototaxis) (compartment I, table 1). However, this response was
noticeably decreased (p<0.05) in group 2 (compartment I).
NDEA+LVME group showed higher percentage of flies (p<0.05)
compared to group 2.

Larger number of control flies were seen to move away from the
pungent chemical benzaldehyde from compartment I to
compartment III compared to NDEA treated flies (p>0.05 table 1).
Significantly augmented movement was noticed in LVME+NDEA
treated flies to compartment III (p>0.05). Higher percentage of
control flies were found to move nearer to cotton-plug soaked with
sucrose solution (compartment I) compared to movement of NDEA
treated flies towards compartment I (p<0.05). The LVME treated
flies is closer to movement of control flies (p>0.05, table 1).

As for the thermotaxis assay a higher number of control flies tend to
move away from the warm surface (compartment III) to a relatively
cool surface (compartment I) as compared to NDEA treated flies
(p<0.05). The trend appeared to be followed in NDEA+LVME treated
flies when compared with group 2 flies (p<0.05). At the same time
an insignificant percentage of LVME alone treated flies were
observed in compartment III similar to control flies (p>0.05).
Hygrotaxis assay showed a higher percentage of movement of
control flies to compartment I compared to NDEA treated flies
(p<0.05, table 1). Significantly higher percentage of NDEA+LVME
treated flies were move to compartment I as compared to NDEA
treated flies (p<0.05). Invariably, LVME treated flies demonstrated
behavioural responses of negative geotaxis, photo, smell and taste
chemotaxis, thermotaxis and hygrotaxis similar to the control group
(p>0.05, table 1).

Negative geotaxis, phototaxis, smell chemotaxis, taste chemotaxis,
thermotaxis and hygrotaxis in D. melanogaster. Percentage of flies in
control, NDEA treated, NDEA+LMVE treated and only LVME treated
were shown. Values were mean±SD of triplicate experiments (n=30
in each group and in each triplicate). Values not sharing a common
superscript alphabet vary significantly at p<0.05 by Duncans
Multiple Range Test (DMRT). Abbreviation: Wild type (WT), Nnitrosodiethylamine (NDEA).
Biochemical assays

The levels of protein carbonylation, TBARS, protein thiols and lipid
peroxides were predomitly elevated in haemolymph significantly
(p<0.05), whereas these values were significantly decreased in head
and intestine tissues in NDEA treated flies as compared to controls
(table 2). In NDEA+LVME treated groups, the values were decreased
in haemolymph and elevated in tissues (head and intestine)
compared to NDEA treated flies. Group 4 flies (LVME treated)
showed more or less closer values to control flies. The levels of SOD,
CAT, GST, GPx and GSH were predominantly decreased in
haemolymph significantly (p<0.05), whereas these values were
significantly increased in head and intestine tissues in NDEA treated
flies as compared to controls (table 2). In NDEA+LVME treated
groups, the values were increased in haemolymph as well as in
tissues (head and intestine) compared to NDEA treated flies. Group 4
flies (LVME treated) showed more or less closer values to control
flies.
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Table 1: Behavioural response in WT D. melanogaster
Negative geotaxis (%±SD) (WT-control)
89.1±12.7
% of flies present in compartment
Behavioral assay
Phototaxis
WT (control)
NDEA treated
NDEA+LVME
LVME only
Smell chemotaxis
WT (control)
NDEA treated
NDEA+LVME
LVME only
Taste chemotaxis
WT (control)
NDEA treated
NDEA+LVME
LVME only
Thermotaxis
WT (control)
NDEA treated
NDEA+LVME
LVME only
Hygrotaxis
WT (control)
NDEA treated
NDEA+LVME
LVME only

NDEA treated
74.2±12.4
Compartment I
(mean±SD)

NDEA+LVME
79.7±11.1
Compartment II
(mean±SD)

LVME only
92.2±14.3
Compartment III
(mean±SD)

2.8±1.2a
9.8±2.2b
2.6±1.7a
2.2±1.3a

12.1±3.7a
26.2±3.8b
15.4±4.1a
11.1±4.1a

88.2±3.6a
69.7±4.5b
86.1±3.2a
85.7±2.5a

85.2±3.1a
71.2±3.5b
80.7±2.9a
83.6±2.7a

85.2±7.9a
67.3±7.1b
83.4±5.2a
83.2±5.6a
83.1±5.9a
67.2±4.7b
79.1±5.1a
81.9±6.7a
91±7.3a
74.3±5.2b
89.2±6.2a
91.3±6.9a

23.3±3.9a
27.6±3.6b
24.9±4.2a
22.1±4.9a

22.8±4.5a
27.5±4.6b
21.4±5.1a
20.2±4.7a
12.5±1.9a
25.1±4.4b
11.5±2.2a
13.1±1.8a
20.2±5.1a
26.2±4.2b
22.3±3.8a
19.1±4.3a

8.2±1.9a
12.1±2.8b
8.1±2.1a
7.9±3.1a

12.3±4.9a
17.9±4.6b
11.2±4.3a
11.2±4.7a
3.7±1.2a
12.3±2.8b
4.1±1.6a
4.1±1.2a
6.2±2.9a
9.2±1.9b
5.1±3.1a
5.9±2.5a

Table 2: Parameters of redox homeostasis
Biochemical parameter
Protein carbonyl (mmole/mg protein)
Thiobarbituricacid reactive substance
(TBARS) (nmole/mg protein)
Superoxide dismutase (SOD) (UnitA/min/mg
protein)
Catalase (CAT) (UnitB/min/mg protein)
Glutathione-S-transferase (Unit/100 mg
protein)
Glutathione peroxidase(gpx) (UnitB/mg
protein)
Reduced glutathione (GSH)
Protein thiol
(mmol/mg protein)
Lipid peroxides
(nmol/mg lipids)

Group
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only
WT (control)
NDEA treated
NDEA+LVME
LVME only

Hemolymph
3.5±1.2a
6.4±.1b
3.4±0.1a
3.5±1.1a
9.3±1.92a
13.2±3.11b
8.5±1.14a
16.5±3.12a
16.4±3.51a
8.7±1.21b
15.2±2.07a
17.5±2.37a
140.8±19.12a
104.5±10.52b
134.6±15.05a
144.2±20.81a
9.5±0.81a
4.6±0.01b
7.3±0.75a
6.6±0.17a
16.4±2.32a
12.3±1.21b
15.6±2.32a
14.4±1.99a
11.7±6.88a
7.1±2.05b
10.2±3.66a
11.8±5.19a
31.5±4.31a
42.1±2.36b
29.5±3.61a
27.2±3.311a
32.5±4.22a
41.1±2.71b
31.4±2.18a
32.5±0.56a

Head
2.3±0.5a
0.9±0.4b
1.5±0.51a
1.4±0.92a
5.1±1.2a
2.1±0.6b
5.3±1.2a
12.4±2.71a
10.2±2.12a
7.7±1.92b
9.9±2.2a
10.2±1.5a
126.9±7.892a
87.6±9.41b
124.7±17.91a
122.3±10.41a
5.8±0.81a
2.9±0.38b
4.7±0.87a
4.4±0.58a
9.1±1.21a
5.3±0.2b
7.3±1.52a
8.1±1.21a
8.7±2.11a
5.6±1.22b
6.9±0.33a
8.3±1.66a
24.5±3.87a
15.5±3.01b
22.1±1.82a
19.8±2.18a
28.3±4.47a
16.7±1.76b
26.6±3.84a
22.4±0.89a

Intestine
1.4±0.01a
0.9±0.2b
1.1±0.01a
1.6±0.07a
4.8±1.42a
3.2±1.3b
4.5±1.31a
8.2±2.41a
7.2±2.31a
5.6±2.21b
6.5±0.91a
8.6±1.21a
87.4±9.93a
64.5±4.91b
82.3±8.41a
96.8±12.88a
5.1±0.24a
2.8±0.48b
4.2±0.37a
4.8±0.22a
4.7±0.81a
2.6±0.41b
2.6±0.71a
4.6±0.99a
7.6±1.55a
4.7±0.71b
6.3±1.11a
7.1±2.11a
25.3±2.15a
12.1±1.31b
18.7±2.55a
17.4±2.16a
25.9±2.74a
17.1±2.71b
23.6±2.23a
21.7±1.02a
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Experimental values of protein carbonylation, thiobarbituric acid
reactive substances, protein thiol, lipid peroxides, superoxide
dismutase,
catalase,
glutothione-S-transferase,
glutathione
peroxidise and reduced glutathione. Percentage of flies in control,
NDEA treated, NDEA+LMVE treated and LMVE only treated are
shown. Values were mean±SD of triplicate experiments (n=30 in
each group and in each triplicate). Values not sharing a common
superscript alphabet vary significantly at p<0.05 by Duncans
Multiple Range Test (DMRT). Abbreviation: Wild type (WT), Nnitrosodiethylamine (NDEA). Abbreviation: Wild type (WT), Nnitrosodiethylamine (NDEA).
DISCUSSION

Flies treated with NDEA that to develop oxidative stress during
tumorigenesis [45]. This, in turn, could inhibit normal negative
geotaxis behaviour [46] and to shorten sleep duration [47].
However, possibly, this is the first study showing the improvement
of cognitive function by LVME in NDEA treated D. melanogaster. The
physiological, molecular and signalling mechanisms underlying for
the abnormalities in behavioural indices are to be investigated.
However, the normalization of ROS levels and inhibition of
carcinogenesis under LVME treatment could normalize the
behaviour in flies.

Our results clearly suggested that during tumorigenesis the
behaviours (negative geotaxis, phototaxis, smell chemotaxis, taste
chemotaxis, thermotaxis and hygrotaxis) are clearly altered. Defects
in cognition are reported widely in a wide range of cancers [33]. Our
findings also added additional evidences that the cognitive
behaviours could have been affected owing to carcinogenesis in flies.
Our results also indicted that Lobophora variegata could nullify the
harmful effects of NDEA and thus tend to bring back the flies’
behaviours to near normal. The antitumor effects of LVME could be
mediated by modulating different signalling pathways in diverse
frameworks [25, 26].

Our findings are consistent with the report on alleviating oxidative
stress by LVME in cell lines of Drosophila [48], signifying that
elevation of TBARS level in NDEA induced flies could be attenuated
by antioxidants such as those present in LVME. This could be owing
to excessive generation of ROS and with an early event associated
with hypoxia [49]. This level was decreased in LVME treated flies
which is owing to the presence of several bioactive phytochemicals
present in LVME, which have a strong ROS scavenging activity [2531] To prevent cellular damage induced by ROS, there is a lot of
antioxidative defense system in D. melanogaster. The antioxidative
defense system could scavenge ROS and play a key role in the
inhibition of lipid peroxidation and therefore, play a protective role
in cancer development [50]. SOD and CAT comprise an equally
protective set of enzymes against ROS [51]. This defence mechanism
functions via enzymatic (including SOD, GPx, GST and CAT), and nonenzymatic components [52] Enzymatic and non-enzymatic
antioxidants levels were decreased in NDEA exposed flies.

The augmented levels of TBARS and lipid hydroperoxides in
haemolymph and tissues (intestine and brain) noticed in this study
might be owing to NDEA induced free radical synthesis, membrane
damage, and cell lysis; improvement of lipid peroxidation is
observed in LVME treated flies due to enhanced antioxidant activity
[30, 31]. The antioxidant nature of the polyphenolic compounds
could sustain the fly’s defences against NDEA mediated free radical
damages. The chemical structure, position and degree of
hydroxylation are the important factors to exhibit the biological and
pharmacological properties of flavonoids [22-31]. The noteworthy
elevation in GSH level in LVME treated flies implies the ability of
LVME to sustain GSH level by preventing glutamate toxicity and
stimulating cystine (GSH precursor and excellent source for thiol
group) uptake into brain by its free radical scavenging and
cytoprotective properties [30, 31]. The plausible mechanism by
which LVME caused its protective effect could be by its free radical
scavenging properties and by maintaining the cellular integrity of
cells in D. melanogaster.
The contents of protein carbonyl, TBARS, protein thiols and lipid
peroxides (the products of excessive oxidative stress) were higher in
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haemolymph (p>0.01), although they are noticeably lesser in the
tissues of the head and intestine of flies. The regulation of reactive
oxygen species (ROS) levels is a key factor during tumorigenesis as
higher levels of ROS can be damaging to cells. Therefore, the tumour
cells exhibit mechanism of actions such as peroxide scavenging
system to maintain the balance of ROS to ascertain cells proliferative
state [50]. Furthermore, the rapidly dividing tumour cells in head
and intestinal tissues were previously reported to utilise high levels
of ROS [53]. Together, these could have resulted in the curtailment
in the end-products of oxidative stress in these tissues in this study,
as the ROS levels were decreased by the tumour cells. In contrast,
the above-said indices (protein carbonyl, TBARS, protein thiols and
lipid peroxides) may possibly have augmented in the haemolymph
of flies, due to the overall tumour load in their system. There is also
consistent decrement in the levels of antioxidants–SOD, CAT, GST,
GPx and GSH in haemolymph and the tissues; this could be due to
the rapid utilisation of antioxidants by the tumor-bearing host [54]
Substances with potent antioxidant activity, such as, ascorbic acid is
known to prevent hepatocarcinogenesis [55]. As stated earlier,
LVME is well known for its antioxidative actions, which includes
direct detoxication of reactive oxygen and reactive nitrogen species
and indirectly by stimulating antioxidant enzymes while
suppressing the activity of pro-oxidant enzymes [22-31]. The
administered dose of LVME could have alleviated the oxidative
stress, thus, reversing the pro-oxidative effects of fly by representing
a significant upregulation in most of the indices of the redox
homeostasis. In particular, the noticeable decrement of lipid
peroxides in haemolymph of LVME-treated flies denotes a decrease
in lipid peroxidation of lipids. Similar observation has also been
reported earlier about the antioxidant activities of vanillic acid (a
phytochemical antioxidant) against oxidative stress [48].

Numerous studies afford evidences that LVME could increase the
liver/disease marker enzymes in serum during hepatotoxicity
(induced by chemicals) by diminishing free radicals and lipid
peroxidation and promoting antioxidants [56]. There are many studies
on the flavonolic contents of seaweeds [25-31]. Some investigations
documented those seaweeds are a rich source of catechins and other
flavonoids. Flavonoids such as rutin, quercitin and hesperidin, among
others, were detected in species of Rhodophyta, Chlorophyta and
Phaeophyceae [26-31] and diverse bioactive phytochemicals have
been identified, for instance, hesperidin, kaempferol, catechin and
quercetin [30, 31, 57] including in L. variegata.

The impact of LVME on modulation on xenobiotic-metabolizing
enzymes is obvious from our observation. It also increases the
antioxidant status and decreases the deleterious lipid peroxidation
due to NDEA ethyl radical metabolites by decreasing toxic products
like malondialdehyde (MDA). The abovementioned factors play a
significant role in reacting with cellular targets like DNA, thus
persuading mutagenicity and carcinogenicity. The reduced activities
of antioxidants (enzymatic and non-enzymatic) in NDEA–triggered
hepatocellular carcinoma could be owing to over-utilization of the
antioxidants to scavenge the lipid peroxidation products, which
ultimately leading to the distraction of antioxidant defence
mechanisms in hepatic tissue. Our observations corroborate the
results of other studies [25-31]. LVME inhibits lipid peroxidation
and synthesis of free radicals by promoting antioxidant status as
observed by the augmented levels of SOD, catalase and GPx and nonenzymatic antioxidants, such as vitamin E and C, and GSH. LVME was
reported to possess rich levels of flavonoids, alkaloids, phenolics,
tannins, glycosides, saponins, terpenoids, anthraquinones etc, [23,
30, 31] and natural phytochemicals are found to have significant
antioxidant properties as cited by various sources.

Our results suggest that the modulation of the subtle balance between
oxidant and antioxidants by numerous natural phytochemicals in
LVME is a rational approach to prevent tumour progression.
Antioxidant activities of seaweeds have also been demonstrated in
cadmium-induced liver toxicity and MNNG-induced gastric
carcinogens [23-26, 30]. Treatment with LVME efficiently repressed
the NDEA-initiated carcinogenesis by normalizing xenobioticmetabolizing enzymes (XMEs) and weakened lipid peroxidation
through scavenging of free radicals and promoting antioxidant status
and normalizing disturbed redox status in the flies.
59

A. Ajitha & P. Subramanian

ACKNOWLEDGEMENT
UGC Mid-Career Award Grant sanctioned to PS (F.19-221/2018
(BSR) dt.28.03.2018) is gratefully acknowledged. The authors also
thank UGC-SAP and DST-FIST grants sanctioned to Department of
Biochemistry and Biotechnology, Annamalai University.
FUNDING
Nil

AUTHORS CONTRIBUTIONS
All the authors have contributed equally.
CONFLICT OF INTERESTS
Declared none
REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.

Mirzoyan Z, Sollazzo M, Allocca M, Valenza AM, Grifoni D,
Bellosta P. Drosophila melanogaster: A model organism to
study
cancer.
Front
Genet.
2019;10:51.
doi:
10.3389/fgene.2019.00051. PMID 30881374.
Millburn GH, Crosby MA, Gramates LS, Tweedie S, FlyBase
Consortium. Fly base portals to human disease research using
Drosophila models. Dis Model Mech. 2016;9(3):245-52. doi:
10.1242/dmm.023317, PMID 26935103.
Sonoshita M, Cagan RL. Modeling human cancers in Drosophila.
Curr
Top
Dev
Biol.
2017;121:287-309.
doi:
10.1016/bs.ctdb.2016.07.008, PMID 28057303.
Adnan H, Adnan SM, Deng K, Yang C, Zhao W, Li K. Variation in
insurance-mortality relationship amid macroeconomic shifts: a
study of SEER female-specific cancer patients in USA. Public
Health. 2020;185:130-8. doi: 10.1016/j.puhe.2020.03.006,
PMID 32622220.
Hoskins RA. Drosophila genome sequence, a model for the
human. Biomed Pharmacother. 2000;54(7):415-6. doi:
10.1016/S0753-3322(01)80012-3.
Hussain M, Jabeen N, Shabbir S, Udin N, Aziz B, Amanullah A,
Raza F, Baig AA. Dataset for homologous proteins in Drosophila
melanogaster for SARS-CoV-2/human interactome. Data Brief.
2020;32. doi: 10.1016/j.dib.2020.106082, PMID 106082.
Vang LL, Medvedev AV, Adler J. Simple ways to measure
behavioral responses of Drosophila to stimuli and use of these
methods to characterize a novel mutant. PLOS One.
2012;7(5):e37495. doi: 10.1371/journal.pone.0037495. PMID
22649531.
Antoni MH, Lutgendorf SK, Cole SW, Dhabhar FS, Sephton SE,
McDonald PG, Stefanek M, Sood AK. The influence of biobehavioral factors on tumour biology: pathways and
mechanisms. Nat Rev Cancer. 2006;6(3):240-8. doi:
10.1038/nrc1820, PMID 16498446.
Bonilla E, Contreras R, Medina Leendertz S, Mora M, Villalobos
V, Bravo Y. Minocycline increases the life span and motor
activity and decreases lipid peroxidation in manganese treated
Drosophila melanogaster. Toxicology. 2012;294(1):50-3. doi:
10.1016/j.tox.2012.01.016, PMID 22330257.
Subramanian P, Prasanna V, Jayapalan JJ, Abdul Rahman PS,
Hashim OH. Role of Bacopa monnieri in the temporal
regulation of oxidative stress in clock mutant (cryb) of
Drosophila melanogaster. J Insect Physiol. 2014;65:37-44. doi:
10.1016/j.jinsphys.2014.04.005, PMID 24780191.
Hebels DGAJ, Jennen DGJ, Kleinjans JCS, de Kok TMCM.
Molecular signatures of N-nitroso compounds in Caco-2 cells:
implications for colon carcinogenesis. Toxicol Sci.
2009;108(2):290-300. doi: 10.1093/toxsci/kfp035.
El-Din NKB, Ali DA, Othman R, French W, Ghoneum M.
Chemopreventive role of arabinoxylan rice-bran M GN3/Biobran on liver carcinogenesis in rats. Biomed
Pharmacother. 2020;126. doi: 10.1016/biopha.2020.110064,
PMID 110064.
Lu S, Wu D, Li G, Lv Z, Gong P, Xia L, Sun Z, Chen G, Chen X, You
J, Wu Y. Facile and sensitive determination of N-nitrosamines in
food samples by high-performance liquid chromatography via
combining fluorescent labeling with dispersive liquid-liquid

14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Int J Curr Pharm Res, Vol 14, Issue 2, 54-61

microextraction. Food Chem. 2017;234:408-15. doi: 10.1016/
j.foodchem.2017.05.032. PMID 28551254.
Stuff JE, Goh ET, Barrera SL, Bondy ML, Forman MR.
Construction of an N-nitroso database for assessing dietary
intake. J Food Compost Anal. 2009;22(Suppl 1):S42-7. doi:
10.1016/j.jfca.2009.01.008, PMID 20161416.
Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free
radicals, metals and antioxidants in oxidative stress-induced
cancer. Chem Biol Interact. 2006;160(1):1-40. doi:
10.1016/j.cbi.2005.12.009, PMID 16430879.
Aiub CAF, Gadermaier G, Oliveira I, Felzenszwalb I, Ferreira F,
Ribeiro Pinto LF, Eckl PR. N-Nitrosodiethylamine genotoxicity
in primary rat hepatocytes: effects of cytochrome P450
induction by phenobarbital. Toxicol Lett. 2011;206(2):139-43.
doi: 10.1016/j.toxlet.2011.07.002, PMID 21763762.
Ribeiro Pinto LF. Differences between isoamylalcohol and
ethanol on the metabolism and DNA ethylation of Nnitrosodiethylamine in the rat. Toxicology. 2000;151(1-3):739. doi: 10.1016/s0300-483x(00)00297-3, PMID 11074302.
Muller FL, Lustgarten MS, Jang Y, Richardson A, Van Remmen
H. Trends in oxidative aging theories. Free Radic Biol Med.
2007;43(4):477-503.
doi:
10.1016/j.freeradbiomed.2007.03.034, PMID 17640558.
Lin Y, Jiang M, Chen W, Zhao T, Wei Y. Cancer and ER stress:
mutual crosstalk between autophagy, oxidative stress and
inflammatory
response.
Biomed
Pharmacother.
2019;118:109249. doi: 10.1016/j.biopha.2019.109249.
Wong KC, Sankaran S, Jayapalan JJ, Subramanian P, AbdulRahman PS. Melatonin improves cognitive behavior, oxidative
stress, and metabolism in tumor-prone lethal giant larvae
mutant of Drosophila melanogaster. Arch Insect Biochem
Physiol. 2021;107(1):e21785. doi: 10.1002/arch.21785, PMID
33818826.
Donohoe C, Senge MO, Arnaut LG, Gomes-da-Silva LC. Cell death
in photodynamic therapy: from oxidative stress to anti-tumor
immunity. Biochimica et Biophysica Acta (BBA)-Reviews on
Cancer. 2019;1872(2). doi: 10.1016/j.bbcan.2019.07.003.
Li Y, Wijesekara I, Li Y, Kim S. Phlorotannins as bioactive agents
from brown algae. Process Biochem. 2011;46(12):2219-24. doi:
10.1016/j.procbio.2011.09.015.
Meenakshi S, Gnanambigai MD, Tamil Mozhi S, Arumugam M,
Balasubrmaninam T. Total flavonoid and in vitro antioxidant
activity of two seaweeds of Rameshwaram coast. Glob J
Pharmacol. 2009;3:59-62.
Fricke A, Titlyanova TV, Nugues MM, Bischof K. Depth-related
variation in epiphytic communities growing on the brown alga
Lobophora variegata in a caribbean coral reef. Coral Reefs.
2011;30(4):967-73. doi: 10.1007/s00338-011-0772-0.
Freile Pelegrin Y, Tasdemir D. Seaweeds to the rescue of
forgotten diseases: a review. Bot Marina. 2019;62(3):211-26.
doi: 10.1515/bot-2018-0071.
Santos SAO, Felix R, Pais ACS, Rocha SM, Silvestre AJD. The
quest for phenolic compounds from macroalgae: a review of
extraction and identification methodologies. Biomolecules.
2019;9(12):847. doi: 10.3390/biom9120847, PMID 31835386.
Erdmann K, Cheung BWY, Schröder H. The possible roles of
food-derived bioactive peptides in reducing the risk of
cardiovascular disease. J Nutr Biochem. 2008;19(10):643-54.
doi: 10.1016/j.jnutbio.2007.11.010, PMID 18495464.
Mittler R. Oxidative stress, antioxidants and stress tolerance.
Trends Plant Sci. 2002;7(9):405-10. doi: 10.1016/s13601385(02)02312-9, PMID 12234732.
Amado NG, Cerqueira DM, Menezes FS, da Silva JF, Neto VM,
Abreu JG. Isoquercitrin isolated from Hyptis fasciculata reduces
glioblastoma cell proliferation and changes beta-catenin
cellular localization. Anticancer Drugs. 2009;20(7):543-52. doi:
10.1097/CAD.0b013e32832d1149. PMID 19491660.
Akremi N, Cappoen D, Anthonissen R, Verschaeve L, Bouraoui
A. Phytochemical and in vitro antimicrobial and genotoxic
activity in the brown algae Dictyopteris membranacea. S Afr J
Bot. 2017;108:308-14. doi: 10.1016/j.sajb.2016.08.009.
Paiva AA, Castro AJG, Nascimento MS, Will LS, Santos ND,
Araujo RM, Xavier CAC, Rocha FA, Leite EL. Antioxidant and
anti-inflammatory effect of polysaccharides from Lobophora
60

A. Ajitha & P. Subramanian

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

variegata on zymosan-induced arthritis in rats. Int
Immunopharmacol.
2011;11(9):1241-50.
doi:
10.1016/j.intimp.2011.04.003, PMID 21504801.
Coll Tane M, Krebbers A, Castells Nobau A, Zweier C, Schenck A.
Intellectual disability and autism spectrum disorders ’on the
fly’: insights from Drosophila. Dis Model Mech. 2019;12(5). doi:
10.1242/dmm.039180, PMID 31088981.
Pendergrass JC, Targum SD, Harrison JE. Cognitive impairment
associated with cancer: A brief review. Innov Clin Neurosci.
2018;15(1-2):36-44. PMID 29497579.
Haddadi M, Jahromi SR, Sagar BK, Patil RK, Shivanandappa T,
Ramesh SR. Brain aging, memory impairment and oxidative stress:
a study in Drosophila melanogaster. Behav Brain Res.
2014;259:60-9. doi: 10.1016/j.bbr.2013.10.036, PMID 24183945.
Macmillan HA, Hughson BN. A high-throughput method of
hemolymph collection from adult Drosophila without
anesthesia. J Insect Physiol. 2017;63:27-31.
Neckameyer WS, Bhatt P. Protocols to study behaviour in
Drosophila. In: Dahmann C, editor Drosophila: methods and
protocols. New York: Springer; 2016. p. 303-20.
Feany MB, Bender WW. A Drosophila model of Parkinson’s
disease.
Nature.
2000;404(6776):394-8.
doi:
10.1038/35006074, PMID 10746727.
Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz AG, Ahn
BW, Shaltiel S, Stadtman ER. Determination of carbonyl content in
oxidatively modified proteins. Methods Enzymol. 1990;186:46478. doi: 10.1016/0076-6879(90)86141-h, PMID 1978225.
Niehaus WG, Samuelsson B. Formation of malonaldehyde from
phospholipid
arachidonate
during
microsomal
lipid
peroxidation. Eur J Biochem. 1968;6(1):126-30. doi:
10.1111/j.1432-1033.1968.tb00428.x, PMID 4387188.
Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem.
1979;95(2):351-8. doi: 10.1016/0003-2697(79)90738-3, PMID
36810.
Habig WH, Pabst MJ, Jakoby WB. Glutathione S-Transferases. J
Biol Chem. 1974;249(22):7130-9. doi: 10.1016/S00219258(19)42083-8.
Kakkar P, Das B, Viswanathan PN. A modified
spectrophotometric assay of superoxide dismutase (SOD).
Indian J Biochem Biophys. 1984;21(2):130-2. PMID 6490072.
Sinha AK. Colorimetric assay of catalase. Anal Biochem.
1972;47(2):389-94. doi: 10.1016/0003-2697(72)90132-7,
PMID 4556490.
Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG,
Hoekstra WG. Selenium: biochemical role as a component of
glutathione peroxidase. Science. 1973;179(4073):588-90. doi:
10.1126/science.179.4073.588, PMID 4686466.
Takahashi E, Marczylo TH, Watanabe T, Nagai S, Hayatsu H,
Negishi T. Preventive effects of anthraquinone food pigments
on the DNA damage induced by carcinogens in Drosophila.
Mutal Res. 2001;1:139-45. doi: 10.1016/s0027-5107(01)00177-4.
Hosamani R, Muralidhara. Neuroprotective efficacy of Bacopa
monnieri against rotenone-induced oxidative stress and

47.
48.
49.
50.
51.
52.
53.

54.

55.
56.
57.

Int J Curr Pharm Res, Vol 14, Issue 2, 54-61

neurotoxicity in Drosophila melanogaster. Neurotoxicology.
2009;30(6):977-85. doi: 10.1016/j.neuro.2009.08.012, PMID
19744517.
Hill VM, O’Connor RM, Sissoko GB, Irobunda IS, Leong S,
Canman JC, Stavropoulos N, Shirasu-Hiza M. A bidirectional
relationship between sleep and oxidative stress in Drosophila.
PLOS
Biol.
2018;16(7):e2005206.
doi:
10.1371/journal.pbio.2005206. PMID 30001323.
Taqvi S, Ahmed Bhat EA, Sajjad N, Sabir JSM, Qureshi A, Rather
IA, Rehman S. Protective effect of vanillic acid in hydrogen
peroxide-induced oxidative stress in D.Mel-2 cell line. Saudi J
Biol
Sci.
2021;28(3):1795-800.
doi:
10.1016/
j.sjbs.2020.12.023, PMID 33732064.
Yang Y, Zhang G, Guo F, Li Q, Luo H, Shu Y, Shen Y, Gan J, Xu L,
Yang H. Mitochondrial UQCC3 modulates hypoxia adaptation
by orchestrating OXPHOS and glycolysis in hepatocellular
carcinoma. Cell Rep. 2020;33(5):108340. doi: 10.1016/
j.celrep.2020.108340. PMID 33147459.
Weinberg F, Ramnath N, Nagrath D. Reactive oxygen species in
the tumor microenvironment: an overview. Cancers.
2019;11(8):1191. doi: 10.3390/cancers11081191, PMID
31426364.
Kasapoglu M, Ozben T. Alterations of antioxidant enzymes and
oxidative stress markers in aging. Exp Gerontol.
2001;36(2):209-20. doi: 10.1016/s0531-5565(00)00198-4,
PMID 11226737.
Aguiar LM, Figueira FH, Gottschalk MS, Rosa CE. Glyphosphatebased herbicide exposure causes antioxidant defense
responses in the fruit fly Drosophila melanogaster. Comp
Biochem Physiol C Toxicol Pharmacol. 2016;185-186:94-101.
Kuo CL, Chou HY, Chiu YC, Cheng AN, Fan CC, Chang YN, Chen
CH, Jiang SS, Chen NJ, Lee AY. Mitochondrial oxidative stress by
Lon-PYCR1 maintains an immunosuppressive tumor
microenvironment that promotes cancer progression and
metastasis.
Cancer
Lett.
2020;474:138-50.
doi:
10.1016/j.canlet.2020.01.019, PMID 31987921.
Gaya Bover A, Hernandez Lopez R, Alorda Clara M, Ibarra de la
Rosa JM, Falco E, Fernandez T, Company MM, Torrens Mas M,
Roca P, Oliver J, Sastre Serra J, Pons DG. Antioxidant enzymes
change in different non-metastatic stages in tumoral and
peritumoral tissues of colorectal cancer. Int J Biochem Cell Biol.
2020;120. doi: 10.1016/j.biocel.2020.105698.
Ishii N, Homma T, Guo X, Yamada KI, Yamada S, Fujii J. Ascorbic
acid prevents N-nitrosodiethylamine-induced hepatic injury
and hepatocarcinogenesis in Akr1a-knockout mice. Toxicol
Lett. 2020;333:192-201. doi: 10.1016/j.toxlet.2020.08.005,
PMID 32805337.
Bagchi D, Swaroop A, Preuss HG, Bagchi M. Free radical
scavenging, antioxidant and cancer chemoprevention by grape
seed pro anthocyanidin: an overview. Mutat Res. 2014;768:6973. doi: 10.1016/j.mrfmmm.2014.04.004, PMID 24751946.
Stark YY, Hsieh Y. Distribution of flavonoids and related
compounds from seaweeds in Japan. Vol. 89. Tokyo
Universidad Fish; 2003. p. 1-6.

61

