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in L6 myotubes and attenuates caspase 3—dependent
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Abstract This study reports the antioxidant property
and molecular mechanism of a tryptophan-tagged pep-
tide derived from a teleost fish Channa striatus of serine
threonine-protein kinase (STPK). The peptide was
tagged with tryptophan to enhance the antioxidant prop-
erty of STPK and named as IW13. The antioxidant
activity of IW13 peptide was investigated using
in vitro methods such as DPPH, ABTS, superoxide
anion radical scavenging and hydrogen peroxide scav-
enging assay. Furthermore, to investigate the toxicity
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and dose response of IW13 peptide on antioxidant de-
fence in vitro, L6 myotubes were induced with generic
oxidative stress due to exposure of hydrogen peroxide
(H,0,). IW13 peptide exposure was found to be non-
cytotoxic to L6 cells in the tested concentration (10, 20,
30, 40 and 50 uM). Also, the pre-treatment of IW13
peptide decreased the lipid peroxidation level and in-
creased glutathione enzyme activity. IW13 peptide
treatment upregulated the antioxidant enzyme genes:
GPx (glutathione peroxidase), GST (glutathione S
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transferase) and GCS (glutamine cysteine synthase),
in vitro in L6 myotubes and in vivo in zebrafish larvae
against the H,O,-induced oxidative stress. The results
demonstrated that IW13 renders protection against the
H,0,-induced oxidative stress through a cellular anti-
oxidant defence mechanism by upregulating the gene
expression, thus enhancing the antioxidant activity in
the cellular or organismal level. The findings exhibited
that the tryptophan-tagged IW13 peptide from STPK of
C. striatus could be a promising candidate for the treat-
ment of oxidative stress—associated diseases.

Keywords Serine threonine-protein kinase -
Antioxidant peptide - Channa striatus - Tryptophan -
Oxidative stress - Zebrafish larvae

Abbreviations

A549 cells Human lung cancer cells

ABTS 2, 2'-Azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid

BSA Bovine serum albumin

CAT Catalase

DCFDA Dichlorofluorescin diacetate

DMEM Dulbecco’s modified eagle’s medium

DPPH 2,2-Diphenyl-1-picrylhydrazyl

FBS Fetal bovine serum

GPx Glutathione peroxidase

GST Glutathione S transferase

GCS Glutamyl cysteine synthetase

HeLa cells Human cervical carcinoma cells

LPO Lipid peroxidation

MCEF cells Breast cancer cell line

MDA Malondialdehyde

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

NBT Nitro blue tetrazolium

NCCS National Centre for Cell Science

PMS/NADH Phenazine methosulphate

nicotinamide adenine dinucleotide
SOD Superoxide dismutase
STPK Serine threonine-protein kinase

Introduction
Protein kinases are a family of enzymes that catalyze the

phosphorylation of tyrosine, threonine and serine of
target proteins, altering their activity and biological
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function. Among the protein kinases, serine threonine-
protein kinase (STPK) has been involved in regulating
various and diverse cellular functions such as differentia-
tion, proliferation, tumorigenesis and antioxidant defence
(Gopalakrishna and Jaken 2000). Even though STPK
regulates the process of cellular antioxidant defence, STPK
itself is a molecule that is susceptible to oxidative stress—
induced modifications in their redox-sensitive regions,
alteration of such regions hinder their activity and biolog-
ical effects (Zarubin and Han 2005).

Tryptophan is a vital amino acid with an aromatic
side chain and an indole ring. It has an important role,
serving as a precursor for serotonin and melatonin bio-
synthesis and also comprises as one of the building
blocks of protein. Besides this essential role as a bio-
molecule, the metabolites of tryptophan, such as indole
and tryptamine, play a vital role in various biological
processes within the body (Gostner et al. 2020). Indole
compounds are potent hydroxyl radical scavengers, fa-
cilitated through the aromatic side chain present in them,
which react freely with the uncoupled electrons (Lii
et al. 2010). Two catabolic products known as
kynurenine and N-formylkynurenine are formed from
the tryptophan by the cleavage of its indole ring by a
hydroxyl radical or single-electron attack. Further met-
abolic events yield two strong antioxidant molecules, 3-
hydroxy kynurenine, 3-hydroxy anthranilic acid, niacin
and serotonin from kynurenine and N-formyl-kynurenin
(Perez-Gonzalez et al. 2014; Nayak et al. 2019; Gostner
et al. 2020). Considering its antioxidant capabilities,
tryptophan-fortified supplements are recommended in
infant foods (Friedman 2018). Adequate intake of es-
sential amino acid tryptophan has been vital for child
growth and development (Nayak et al. 2019). When
considering the physiological role of tryptophan, espe-
cially in fish, it accounts for an array of functional roles
such as nutrition source and regulation of stress and
immune response, and reported for maintaining antiox-
idant balance in the system (Moosmann and Behl 2000;
Hoseini et al. 2019). In recent times, it has been reported
that fishes use the regulation of oxidative defence mech-
anism in responding and coping to the environmental
stresses such as low oxygen availability, temperature,
salinity and drought (Birnie-Gauvin et al. 2017). There-
fore, fish genome has been evolutionarily adapted to
harness the effect of oxidative stress through key sig-
naling molecules and genes involved in oxidant and
antioxidant homeostasis to prevent oxidative stress—
induced damage. Fish has been considered a promising
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source for bioactive compounds in recent years
(Najafian and Babji 2012; Siauciunaite et al. 2019).

A practical approach towards bioactive peptide de-
velopment with antioxidant property has important im-
plications in therapeutic agents’ production. To achieve
this goal, properties such as molecular weight, isoelec-
tric point, the composition of amino acids, the concen-
tration of hydrogen ions, hydrophobic characteristics
and structural factors were taken into consideration for
designing a peptide with antioxidant potential
(Arockiaraj et al. 2012, 2013; Bhatt et al. 2014;
Kumaresan et al. 2017; Tao et al. 2018).

In our previous study, we have developed a cationic
peptide IE13 from serine threonine-protein kinase (STPK)
of the teleost fish Channa striatus, which was further
modified by replacing tryptophan in glutamic acid present
in the C-terminal region at the thirteenth position as IW13
peptide. The IW13 peptide was tagged with tryptophan to
enhance the antioxidant property of STPK. From our
previous study (Prabha et al. 2020), the in vitro treatment
of cationic peptide IW13 in human cervical carcinoma
cells (HeLa), human lung cancer cells (A549) and breast
cancer cells (MCF-7) found to exhibit anti-cancerous ac-
tivity by bringing about cycle inhibition. When consider-
ing the known role of tryptophan for its antioxidant prop-
erty and the involvement of serine/threonine in the process
of antioxidant response (Mata-Cabana et al. 2012), there-
fore it has been hypothesized that the IW13 peptide may
also exhibit antioxidant property. Hence, in this study, we
have evaluated the antioxidant property, mechanism and
toxicity of the tryptophan-tagged IW13 peptide by
performing various antioxidant assays due to the pre-
treatment of the peptide in vitro using L6 myotubes and
in vivo with zebrafish larval model, after inducing generic
oxidative stress due to H,O, exposure. Furthermore, we
have also studied the expression of antioxidant enzymes
genes such as GPx (glutathione peroxidase), GST (gluta-
thione S transferase) and GCS (glutamine cysteine syn-
thase), and protein expression of active caspase 3 in
zebrafish larvae to elucidate the molecular mechanism of
IW13 peptide for findings its antioxidant ability.

Materials and method

Chemicals and reagents

L6 myoblast was procured from the National Centre for
Cell Science (NCCS, Pune, India) (Passage number:

16). Dulbecco’s modified eagle’s medium (DMEM)
(containing 4.5 g glucose, 4.0 mM L-Glutamine,
1 mM sodium pyruvate and 1.5 g/L of sodium bicar-
bonate) and antibiotic and antimycotic solutions were
procured from Himedia, Mumbai, India. Fetal bovine
serum (FBS) was procured from GIBCO Life Technol-
ogies, USA. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide), DPPH (2,2-diphenyl-1-
picrylhydrazyl) and ABTS 2, (2'-azino-bis-3-ethylben-
zothiazoline-6-sulfonic acid) were purchased from Sig-
ma-Aldrich. DCFDA (2, 2'-azino-bis (3-ethylbenzo-
thiazoline-6-sulfonic acid)) fluorescent dye obtained
from Merk-Millipore. Light Cycler 480 SYBR Green I
RT-PCR Master mix was obtained from Roche. Caspase
3 antibody was purchased from R&D Systems, Minne-
sota, USA, and secondary antibody (anti-Rabbit)
Dylight 488 was purchased from the Rockland antibod-
ies & assays, Pennsylvania, USA. All other chemicals
and reagents were of cell culture and molecular grade.

Determination of the in vitro antioxidant activity
of IW13 peptide

The following in vitro experiments were performed to
determine the antioxidant efficacy of the IW13 peptide:
DPPH, ABTS, superoxide anion radical scavenging and
hydroxyl radical scavenging activity.

DPPH radical scavenging activity assay

DPPH assay was performed as previously defined by
Sarkar et al. (2020) with minor modifications. IW13
peptide was used in the concentrations ranging from
10, 20, 30, 40 and 50 uM, or Trolox has been combined
with 0.5 mL of DPPH (25 ug/mL). Later, this mixture
was incubated for about 30 min in a dark place; ethanol
was used as a positive control. Absorption was mea-
sured at 517 nm using a UV-Vis spectrophotometer
(UV1800, SHIMADZU, Kyoto, Japan). All experi-
ments were conducted in triplicates. The percentage of
DPPH radical scavenging activity was calculated using
the following equation:

DPPH radical scavenging activity (%)

A —
_ control—A sample < 100
Acontrol
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ABTS assay

ABTS assay was performed according to the protocol
mentioned by Guru et al. (2021), with minor modifica-
tions. The peptide’s antioxidant activity was compared
to Trolox, which served as a positive control in this
experiment. The ABTS assay was carried out by dis-
solving the ABTS (7 mM) in freshly prepared potassium
persulphate (2.45 mM) solution. Furthermore, the reac-
tion mixture was diluted using 0.2 M PBS (pH 7.4) at 30
°C to an absorbance of 0.70 £+ 0.02 at 734 nm. IW13
peptide was used in the concentrations ranging from 10,
20, 30, 40 and 50 uM, or Trolox was added to the
above-mentioned reaction mixture and maintained at
30 °C for 60 min. A decrease in absorption was moni-
tored using a UV-Vis spectrophotometer (UV1800,
SHIMADZU, Kyoto, Japan) at a wavelength of 734
nm. All experiments were conducted in triplicates.
Trolox’s antioxidant equivalent was calculated from
the standard Trolox curve and expressed as Trolox
equivalents (in mM).

ABTS radical scavenging activity (%)

A —
_ control—A sample « 100
A control

Superoxide radical scavenging assay

The non-enzyme phenazine methosulphate nicotin-
amide adenine dinucleotide (PMS/NADH) reduces su-
peroxide radicals to nitro blue tetrazolium (NBT) to
purple colour formazan; this principle is exploited for
determining the superoxide radical scavenging activity
of IW13 peptide, and the assay was performed using a
standard protocol (Sannasimuthu et al. 2018). Phosphate
buffer (20 mM, pH 7.4), NBT (50 uM), NADH (73
uM) and PMS (15 uM), along with IW13 peptide (10,
20, 30, 40 and 50 uM), were mixed to a volume of 200
pL. The absorption of the chemical reaction was mea-
sured (UV-Vis spectrophotometer, UV 1800,
SHIMADZU, Kioto, Japan) against a blank, following
5-min incubation at room temperature to determine the
amount of formazan formation by measuring the ab-
sorption at 562 nm. Superoxide anion radical scaveng-
ing activity has been calculated using the following
equation and expressed in percentage.

@ Springer

Superoxide anion radical scavenging activity (%)

A —
_ control—A sample < 100
A control

Hydrogen peroxide scavenging assay

The H,0, scavenging activity was estimated according
to the protocol mentioned by Alam et al. (2013). In
brief, 40 mM H,O, solution was prepared in a 50 mM
PBS with pH 7.4. Different concentrations (10 to 50
uM) of IW13 peptide were prepared using PBS, added
to H,O,. The absorbance of the resulting chemical re-
action was measured at 230 nm (UV-Vis spectropho-
tometer, UV1800, SHIMADZU, Kyoto, Japan). The
absorbance was measured after 10 min against a blank
solution without H,O,-containing PBS. Trolox was
used as a positive control. The equation used for deriv-
ing the percentage of H,O, scavenging activity is as
follows:

H202 scavenging activity (%)

A control—A 1
_ |Acontrol~A sample|

Acontrol

In vitro study using L6 myotubes
Development of in vitro insulin-resistant model

L6 myoblast was maintained in DMEM with high glu-
cose (25 mM/L) and 10% FBS and supplemented with
the antibiotic-antimycotic solution with 10,000 U peni-
cillin, 10 mg streptomycin and 25 pg amphotericin B
per mL in 0.9% normal saline. Cells were maintained in
a 5% CO, environment at 37 °C (Anandharajan et al.
20006). In vitro insulin-resistant model was established
by inducing the differentiation of L6 myoblast to
myotubes by the method mentioned by Tang et al.
(2017). For differentiation, the L6 cells were transferred
to DMEM medium with 2% FBS for 4 days. The
differentiation was confirmed by the extent of the
multinucleation of cells. After differentiation, the cells
were incubated for 24 h with DMEM containing high
glucose (25 mM/L) (Sujatha et al. 2010; Kamaraj et al.
2017; Issac et al. 2020).
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MTT-cytotoxicity assay

L6 cells’ viability was assessed on treatment with IW13
peptide using MTT assay (Issac et al. 2020). Approxi-
mately 3.6 x 10° myoblast cells/well were seeded in a
96-well plate and differentiate into myotubes. The
subconfluent cells were treated with IW13 peptide with
varying concentrations ranging from 10 pM, 20 uM, 30
uM, 40 uM and 50 uM or 0.01% Triton X-100 as a
positive control and incubated for 24 h. After the incu-
bation period, to each well, 5 mg/mL concentration of
MTT solution was added and further incubated for 4 h.
The formazan crystals which are formed during the
reaction were dissolved in 100 puL of 0.01% dimethyl
sulphoxide (DMSO), and the resulting absorbance was
measured at 570 nm using an ELISA plate reader
(Multiskan Go ELISA reader, Thermo Scientific, Fin-
land). Percentage of cell viability was calculated using
the following formula.

OD of treated cells
Ycell viability = 100
ocel VIEDIY OD of untreated control X

Estimation of SOD activity

SOD activity was estimated using the epinephrine meth-
od Hara and Fridovich (1972) with slight modifications.
In a six-well plate, approximately 3 x 10> L6 myoblast
cells were seeded and induced to differentiate into
myotubes, following which IW13 peptide was treated
(10 to 50 uM) and incubated for 24 h. After the incu-
bation period, the treated cells were detached with 1 mL
of lysis buffer, comprising HEPES 50 mM, NaCl 150
mM, EDTA 10 mM, NayP,07; 10 mM, sodium
orthovanate 1 mM, NaF 50 mM, aprotinin 10 pg/ml,
leupeptin 10 pg/ml and Triton X-100 (1%). Cell lysates
were homogenized using a Dounce homogenizer with
20 strokes, 0.5 cycles, 10 pulses, 2 min each and lag
time of 1 min for each pulse. Later the lysate was
centrifuged at 12000 rpm for 20 min at 4 °C (Kanaujia
etal. 2010). Stock solutions containing 0.1 M carbonate
buffer, 1.3 mM epinephrine and 0.6 mM EDTA were
prepared. Cell lysates were diluted using 0.1 M carbon-
ate buffer, and the prepared EDTA and epinephrine
were added in equal proportion. This mixture was thor-
oughly mixed, and absorbance was read at 480 nm.

Estimation of CAT activity in L6 cell lysate

CAT activity was evaluated by the H,O, decomposition
method with a slight modification (Goth 1991). Around
3 x 10° L6 myoblast cells were seeded and maintained
in culture conditions and induced to differentiate into
myotubes. Furthermore, the cells were treated with
IW13 peptide (10 to 50 uM) and incubated for 24 h. A
stock solution of 65 uM H,0, was prepared in 60 mM
phosphate buffer (pH 7.4) containing 32.4 mM ammo-
nium molybdate. The cell lysate was prepared as de-
scribed earlier elsewhere. To the cell lysate, H,O, was
added and incubated at 37 °C for 60 s, then followed by
the addition of ammonium molybdate to stop the enzy-
matic reaction with less time delay. The yellow complex
formed by the reaction of ammonium molybdate and
H,0, is measured at 405 nm against the blank reagent
using spectrophotometric measurement.

DCFDA intracellular fluorescent assay

The assay was done as described previously (Bernini
etal. 2018; Sannasimuthu et al. 2019). Briefly, 3.6 x 10°
myoblast (cells/well) were seeded in a 96-well plate and
induced to differentiate into myotubes. The myotubes
were incubated with 10 uM DCFDA and different con-
centrations (10 to 50 uM) of IW13 peptide for 30 min.
The reaction mixture containing 20 puL of 30% H,0,
was used as the positive control for inducing generic
oxidative stress. After a 1-h incubation with the DCFDA
solution, the absorbance of the resulting chemical reac-
tion was measured using a multimode microplate reader
(Thermo Scientific) with excitation A = 498 nm and
emission A = 530 nm and also the images were captured
using a fluorescence microscope (Leica, Germany).
Fluorescence signal from the DCFDA-stained L6
myotubes was quantified using Image J (V.1.49, NIH,
USA) software.

In vivo study using zebrafish larvae model
Maintenance of the zebrafish and egg collection

Adult zebrafishes were purchased from a commercial
dealer NSK aquarium, Kolathur, Tamilnadu, India.
Fishes were kept under the following condition in a 3-
L glass tank: 28.5 °C, with a 14/10-h light/dark cycle as
described (Luzeena Raja et al. 2019). The fishes have
been fed with live brine shrimp (Artemia salina) three
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times a day. After the acclimatization period (1 month)
in lab conditions, the fishes were kept for breeding. For
gaining embryos, four breeding groups were placed
separately in a specific spawning tank with a male to
female ratio of 2:1, equipped with a mesh at the bottom
to prevent the eggs from being consumed by the adult
fish. Spawning was induced at the onset of the light
cycle. After 30 min, eggs were collected, rinsed with
embryo medium and incubated in 12-well plates at 26 +
1 °C until chemical treatment (Dambal et al. 2017);
embryos were collected on a subsequent day after
spawning, triggered by turning on the light. The collect-
ed embryos were observed under the microscope for
differentiating the fertilized and unfertilized embryos;
the embryos, which are fertilized and showing normal
morphology, were utilized for the further experiments.

Embryo-toxicity assay

The embryos were collected from the breeding tank
within 2 h of spawning, then incubated in 6-well plates
(30 embryos/well) either with IW13 peptide dissolved
in embryo medium or the embryo medium alone as the
control. The following IW13 peptide exposure groups
contained the following concentrations: 10 uM, 20 uM,
30 uM, 40 uM and 50 uM were maintained in a semi-
static condition in which the fresh peptide solutions
were replaced once in every 24 h until 96 hpf. The
parameters such as mortality, heart rate and develop-
mental malformation were recorded (Dambal et al.
2017). Embryos without any treatment were maintained
as control, and H,O, (1 mM) treatment served as a
positive control for the induction of oxidative stress.
All the experiments were performed in triplicate.

SOD and CAT enzyme assays

At the end of the exposure studies (96 hpf), zebrafish
larvae (n = 30) were collected and homogenized in a
100 mM Tris buffer (pH 7.8 at 4 °C) containing 150 mM
KCL and 1 mM EDTA. The homogenate was centri-
fuged at 10000 rpm, 15 min at 4 °C. The resulting
supernatant was used for total protein estimation,
CAT, SOD and TBA assay. All the experiments were
carried out in triplicates.

The protein content was measured against bovine
serum albumin (BSA) as standard using the Bradford
method (Bradford 1976). The absorbance was recorded
at 595 nm. The SOD activity was measured by
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performing the standard assay mentioned by Han et al.
(2016) with slight modification. The quantity of enzyme
consumed to inhibit 50% of the nitroblue tetrazolium
chloride photoreduction rate was considered equivalent
to one unit of SOD activity (U). The lysate supernatant
(50 uL) was mixed with 3 mL reaction buffer (containing
100 uM ethylenediaminetetraacetic acid, 50 mM pH 7.8
phosphate buffer, 750 uM nitroblue tetrazolium chloride,
130 mM methionine and 20 uM Riboflavin). The mix-
ture was shaken and illuminated for 20 min with a
4000 Ix fluorescent lamp. Immediately after illumination,
the absorbance of the chemical mixture was measured at
560 nm. The activity was expressed as U/g protein.
CAT assay was performed according to the method
mentioned by Techer et al. (2015) with 10 mM H,O, as
a substrate. The reduction in the absorption at 240 nm
following H,O, consumption was monitored and re-
corded for 2 min with a 15-s interval. One unit of
CAT activity was defined micromoles of H,O,
decomposed per min at pH 7.0 and 25 °C.

Thiobarbituric acid reactive substances assay

Malondialdehyde (MDA) is a by-product of lipid per-
oxidation (LPO) reaction that results during oxidative
stress. MDA content was measured using the standard
TBA assay (Han et al. 2016). MDA is used as the final
product of LPO as an indicator of the LPO level. Reac-
tion mixture containing supernatant (50 pL) with,
0.37% SDS, 6.8% acetic acid (pH 3.5) and 1% TBA
was incubated for 1 h in a boiling water bath at 80-90
°C. Furthermore, the mixture has been centrifuged for
15 min at 3000 rpm. The mixture was cooled at room
temperature, and the absorbance was read at 532 nm
spectrophotometrically. The MDA content is expressed
as nM/mg protein.

Estimation of ROS levels in zebrafish larvae

The generation of ROS levels in zebrafish larvae was
analyzed using the method described by Kang et al.
(2013) with minor modifications. Intracellular ROS
generation in zebrafish larvae was detected using an
oxidation-sensitive fluorescent probe DCFDA. The em-
bryos were treated with the following concentrations: 10
uM, 20 uM, 30 uM, 40 uM and 50 uM of ITW13
peptide from 2 to 96 hpf; at the end of the exposure
(96 hpf), the larvae were incubated with 1 mM of H,O,.
After treatment with H,O, for 1 h, the embryo medium
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was changed. The larvae were then treated with DCFDA
solution (20 png/mL) and incubated at 28.5 °C in the
dark for 1 h. After the incubation, the embryos were
rinsed with fresh embryonic medium and anesthetized
before visualization. The representative larval fluores-
cent intensity from different exposure groups was cap-
tured using a fluorescence microscope equipped with a
Cool SNAP-Pro colour digital camera (Olympus, To-
kyo, Japan). Whole-body fluorescence was quantified
using Image J (V.1.49, NIH, USA) software.

Whole-mount immunofluorescence

After the exposure study, 96 hpf zebrafish larvae were
transferred to 1.5-mL tube and rinsed twice times with 1
mL of 1 x PBST (1x PBS, containing Tween-20). Para-
formaldehyde (4%) was used for fixing the specimen by
overnight incubation at 4 °C. Methanol was used for
permeabilizing larvae. After permeabilization, 1 mL of
PDT made up of 1 x PDST, 0.3% Triton X and 1%
DMSO was added. After half an hour, PDT was
discarded, and 500 pL blocking buffer was added. After
the blocking procedure, 1 pL of rabbit anti-activated
caspase 3 antibody (R&D Systems, Minnesota, USA)
was used for incubation, then followed by the secondary
antibody (anti-Rabbit, Dylight 488, Rockland
antibodies & assays, Pennsylvania, USA) incubation
step, which lasted for 8 h. Finally, the processed larvae
were washed in 1 x PDT, and images were captured
using a fluorescence microscope (Sorrells et al. 2013).

Real-time PCR

To study the influence of IW13 peptide on the antioxi-
dant system, the expression of antioxidant enzyme
genes were studied (Zhao et al. 2016). After the end of
the exposure studies, the 96 hpf zebrafish larvae (n = 40)
were homogenized, and total RNA isolation was per-
formed (Lite et al. 2019; Raja et al. 2020). After total
RNA isolation, cDNA synthesis was carried out, and
quantitative real-time PCR was performed using the
specific primers (Table 1) for the genes: GCS, GPx
and GST; [3-actin is considered the internal housekeep-
ing gene (Lite et al. 2019). The fold expression was
calculated using the 2722C method; the data was pre-
sented as the fold change normalized to the housekeep-
ing gene (Livak and Schmittgen 2001).

Statistical analysis

All data were presented as mean =+ standard deviation (SD)
of three independent experiments. One-way ANOVA per-
formed for the data set, followed by a Tukey multiple
range test using GraphPad Prism 5.0; the statistical signif-
icance level was set at p < 0.05 and p < 0.001.

Results
Antioxidant activity of IW13 peptide in vitro assays
DPPH assay

To evaluate the antioxidant capacity of IW13 peptide, the
DPPH assay was performed. The peptide IW13 showed
enhanced antioxidant activity based on its concentrations
used in the experiment. The IW13 peptide showed signif-
icant (p < 0.05) radical scavenging activity at 10 uM
concentration (12.67%); in contrast, the higher concentra-
tion (50 uM) exhibited maximum radical scavenging ac-
tivity (54.33%) when compared with the standard antiox-
idant Trolox (64.33%) (E-Suppl. Fig. 1A).

ABTS radical cation decolourization assay

This method utilizes a diode spectrophotometer to esti-
mate the colour loss when an antioxidant is added with
blue-green chromophore ABTS + (2,2-azino-bis (3-eth-
ylbenzene-thiazolin-6-sulfonic acid). ABTS+ is
decolourized and reduced into ABTS by antioxidants.
Results showed that (E-Suppl. Fig. 1B) treatment with
IW13 peptide at low concentration (10 uM) exhibited
antioxidant activity (25.3%) in the ABTS assay. An
increase in IW13 peptide concentration significantly (p
< 0.05) enhanced the ABTS radical scavenging activity.
The TW13 peptide was found to have an activity of
64.0% at 50 uM, while the positive control Trolox at
50 uM concentration showed activity of 74.6%.

SOD activity

The radical superoxide anion is a free radical which is toxic
to different cellular reactions by acting as a potent oxidiz-
ing agent. Higher concentrations of peptide treatment sig-
nificantly (p < 0.05) enhanced the superoxide radical scav-
enging activity of the IW13 peptide. The positive control
(ascorbic acid) group exhibited a superoxide radical
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Table 1 Oligomeric primers used for quantitative real-time PCR

Gene Primer

Reference

GST Forward: 5'-TCTGTCTGGACCTGTGTACCTG-3'

Choi et al. (2008)

Reverse: 5'-GTTGGGAAAGTCTGAGAGGATGC-3’

GPx Forward: 5-CCTCAAGTACGTCCGACCTG-3’

El Mouatassim et al. (1999)

Reverse: 5'-CAATGTCGTTGCGGCACACC-3'

GCS Forward: 5'-CCTTCTGGCACAGCACGTTG-3'

El Mouatassim et al. (1999)

Reverse: 5'-TAAGACGGCATCTCGCTCCT-3'

[3-actin

Forward: 5'- TCTTCCAGCCTTCCTTCCTTGGTA -3’

El Mouatassim et al. (1999)

Reverse: 5'- GACGTCGCACTTCATGATGCTGTT -3'

scavenging activity of 23.3% at 10 uM, whereas the IW13
peptide at 10 uM was recorded with an activity of 15.3%.
In the higher IW13 peptide concentration of 50 puM, the
activity was 54.0%, and the same concentration (50 uM)
of ascorbic acid measured the activity of 64.3% (E-Suppl.
Fig. 1C).

Hydrogen peroxide scavenging activity

To evaluate the effects of IW13 on hydroxyl trapping
potential, a hydroxyl radical scavenging test was per-
formed. The positive control Trolox at 50 uM concen-
tration showed hydrogen peroxide scavenging activity
of 77.3%, whereas the H,O, scavenging activity of
IW13 peptide was observed to be 61.0% in 50 pM
treatment concentration (E-Suppl. Fig. 1D).

Cell viability

The cell viability was studied by performing an
MTT assay in rat skeletal muscle cell line (L6 cells).
Cell viability was determined after the 24-h treat-
ment with IW13 peptide with various concentrations
ranging from 10, 20, 30, 40 and 50 uM. Untreated
cells were used as the control, whereas the cells
treated with Triton X-100 (0.01%) were considered
a positive control for assessing the cytotoxicity,
which showed maximum cell lysis (17.5%). More-
over, IW13 peptide treatment (10 to 50 uM) in L6
cells observed with more than 80% cell viability,
thus highlighting that IW13 peptide had low cyto-
toxicity effects in the treated concentrations (10 to
50 uM), since the viability percentages of cells were
found to be similar to the control group (E-Suppl.
Fig. 2).

@ Springer

SOD activity in L6 cells

SOD activity was observed to be significantly (p <
0.05) increased (0.43 units/10 pL ROS generation)
in the 50 uM IW13 peptide treatment group, where-
as insulin (100 nM), which was used as a positive
control for this experiment, exhibited SOD activity
of 0.55 units/10 uL (Fig. 1a). This data indicates the
activation of the SOD by the IW13 peptide against
the ROS generation.

CAT activity in L6 cells

CAT activity was observed to be significantly (p <
0.05) increased (0.40 units/10 uL ROS generation) in
the 50 uM IW13 peptide treatment group, while the
untreated control cells (L6 myoblast) showed an ac-
tivity of 0.3 units/10 pL. Positive control (100 nM
Insulin) exhibited higher CAT activity (0.49 units/10
uL) (Fig. 1b).

ROS levels in L6 myotube

The fluorescent intensity studied using the DCFDA
stain directly proportional to the intracellular ROS
levels. In the 10 uM IW13 peptide treatment, the con-
centration was observed to have a fluorescent intensity
of 97.5%, whereas the 50 pM W13 peptide exposure
group measured a drop in their fluorescent intensity
(48%) (Fig. 2). Since the fluorescence intensity is di-
rectly proportional to the intracellular ROS levels, it has
been demonstrated that the treatment of IW13 peptide
attenuated the intracellular ROS production induced by
H,0, exposure.
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Fig.1 Effect of IW13 peptide on a SOD and b CAT activity in L6
myotubes. L6 myoblast were used as untreated control and 100
nM insulin was served as a positive control. The peptide treatment

In vivo exposure studies with zebrafish
Mortality and hatching rate

The mortality rate calculated during the exposure of
IW13 peptide was from 2 to 96 hpf, and IW13 peptide
concentrations were from 10 to 50 uM or 1 mM H,O,
served as a positive control. As shown in E-Suppl. Fig.
3, the mortality rate was over 67.5% for a 1 mM H,O,
treatment group. IW13 peptide treatment groups (30 and
40 uM concentrations) showed 2 and 11% mortality but
not statistically significant compared to the control
group.

The hatching rate was calculated at 48 hpf. Even the
highest IW13 peptide exposure concentration (50 uM)
did not alter the hatching rate. In comparison, the hatch-
ing rate was significantly (p < 0.05) reduced in H,O; (1
mM)—treated group (E-Suppl. Fig. 4). This ascertains
that the embryonic exposure to IW13 peptide in the
experimental concentration found to exhibit no signs
of developmental toxicity, which was evident in the
developmental parameters such as mortality and hatch-
ing rate.

Heart rate

The heart rate of zebrafish embryos was calculated
at 72 hpf to assess the cardio-toxicity of the IW13
peptide. Atrial and ventricular contractions were
counted and recorded for 1 min in a microscope.

units/10 pl

0.0-

«
&
S & N ® o

w13

for 24 h in L6 myotubes showed dose-dependent increase in
enzyme activity. Data were expressed as mean + SD (n = 3). The
asterisk denotes p < 0.05 as compared to the positive control

The average heart rate is calculated measured per
minute and presented in the graph. The results
showed that the heart rate was found to be signifi-
cantly (p < 0.01) reduced in H,O, (1 mM) treated
zebrafish larvae, whereas the IW13 peptide exposure
groups (10-50 uM) did not show significant alter-
ation in heart rate when compared to the embryos
from the control (untreated) group (E-Suppl. Fig. 5).

Morphological malformations

Zebrafish embryos were treated with IW13 peptide and
were found to have standard morphological architecture.
However, 40 pM IW13 peptide concentration group
larvae displayed bend spine deformity, and 50 pM
IW13 peptide exposure group larvae were observed
with yolk sac edema (E-Suppl. Fig. 6). In the positive
control H,O, (1 mM) group, larvae were observed with
malformations such as the bent tail, yolk sac edema and
bend spine. Thus, it is evident in the exposure of IW13
peptide above 40 uM induced, non-lethal deformities. A
dose-specific outcome on the morphological parameters
was observed in IW13 peptide concentration above 40
puM, showing the signs of sub-lethal effects (Fig. 3).

Antioxidant enzyme activity in the zebrafish model
Results showed substantial increases in total SOD and

CAT activity in 96 hpf zebrafish larva exposed to dif-
ferent concentrations of IW13 peptide when compared
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Fig. 2 Measurement of intracellular ROS by DCFDA staining in
L6 myotube. a Control, b H,O, induced cells, ¢ H,O, + 10 pM
W13, d H,0, + 20 uM IW13, e H,O, + 30 uM IW13, fH,0, +

@ Springer

Fluoresconco intenuity (%)

=
2

g

g

~—

=3

T T
Control Ha, Ha, HO, B9,

=

K,
. + +

+ +
W3 10pM (W13 20uM  IWI330:M IW1340:M W13 S0uM

40 uM IW13, g H,0, + 50 uM IW13, h Percentage fluorescent
intensity of experimental groups. Data represents the means + SD
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Fig. 3 Representative
photomicrographs of
morphological malformation
observed during the exposure

A . Control

period. Control and IW13 peptide

treatment 10 uM, 20 uM and

30 uM did not show any

malformation whereas 40 uM

peptide concentration showed

bend spine (BS) and 50 uM pep- H,0, 1ImM

tide concentration showed yolk

sac edema (YE). The H,0, treat-

ment group observed with

malformations such as YE and BS
IW13 10 pM
IW13 20 pM
IW13 30 pM
IW13 40 pM
W13 50 pM

to control (E-Suppl. Fig. 7A and B). The IW13 peptide
at 50 uM concentration shown to enhance (p < 0.05) the
SOD (22 U/mg protein) and CAT (17 mmol/mg protein)
activity. The SOD (6.6 U/mg protein) and CAT (5.3
mmol/mg protein) activity were significantly (p < 0.05)
decreased in the H,O, (1 mM) treated group.

Levels of lipid peroxidation

The 1 mM H,O, treatment group showed significantly
(p < 0.05) higher lipid peroxidation level (32 mmol/min/
mg protein) when compared to the control group, which
showed 8.3 mmol/min/mg protein (E-Suppl. Fig. 8).
The TW13 peptide pre-treatment groups shown reduced
lipid peroxidation. A maximum decrease (8.3

mmol/min/mg protein) in the lipid peroxidation level
was observed at 50 pM IW13 peptide concentration
compared with the untreated control group.

H>05-induced ROS level in zebrafish larvae

DCFDA fluorescent staining detection was performed
in 96 hpf zebrafish larvae treated with H,O, to evaluate
the effect of IW13 peptide for its in vivo ROS inhibition
efficacy. In contrast to the group treated with H,O, (1
mM), zebrafish larvae pre-treated with IW13 peptide
significantly (p < 0.05) decreased the ROS levels, as
shown in Fig. 4. ROS levels were increased up to 98%
in zebrafish larvae treated with H,O,. However, a dose-
dependent decrease in H,O,-induced ROS levels were
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Fig.4 a Quantitative analysis of in vivo ROS generation in whole
zebrafish larvae measured by image J. b Representative photomi-
crographs of 96 hpf zebrafish fish larvae stained with DCFDA.

observed in IW13 peptide pre-treated groups. The ROS
level in 10 uM IW13 peptide exposure group was
observed to be 83%; in contrast, the ROS level in the
50 uM peptide IW13 peptide exposure group dropped
down to 38%. This shows that the ROS production in
zebrafish larvae induced by the H,O, can be effectively
normalized by the IW13 peptide treatment. This further
confirms the antioxidant activity of IW13 peptide,
which showed a concentration-dependent reduction in
intracellular ROS levels, even after the induction of
generic oxidative stress by H,O, treatment.

Effect of IW13 peptide treatment on activated caspase 3
expression

The effect of IW13 peptide treatment on the expression
of activated caspase 3 (Casp3 assay), produced from the
apoptotic cells of zebrafish larvae, was studied by
whole-mount immunofluorescence. The fluorescence
intensity was increased in larvae treated with H,O, (1
mM), signifying a higher population of apoptotic cells
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Experiments were performed in triplicate, and the data were
expressed as mean + SD. The asterisk represents the statistical
significance at p < 0.05

expressing activated caspase 3, while in the high peptide
exposure (50 uM) group, the fluorescence intensity was
reduced, similar to the untreated control group larvae
(Fig. 5). The fluorescence intensity was 11.5% in 50 uM
peptide exposure group, whereas in the H,O, treatment
group, larvae stained for activated caspase 3 was record-
ed with 19% fluorescent intensity.

Effect of IWI13 peptide on the expression of antioxidant
genes

The antioxidant enzymes such as GST, GPx and GCS
were studied to understand the impact of IW13 peptide
on the antioxidant enzyme genes’ transcriptional activ-
ity. The gene expression was as studied in 96 hpf
zebrafish larvae pre-treated with IW13 peptide/H,O,.
The 1 mM H,0, treatment group showed a considerable
downregulation in mRNA expression of genes:
GST (0.5 fold), GPx (0.45 fold) and GCS (0.4 fold)
respectively compared to the control group. IW13 pre-
treated group showed significant (p < 0.05) upregulation
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Fig. 5 a Quantitative graph of active caspase 3 expressions in 96
hpf zebrafish larvae calculated using Image J. b Representative
fluorescence photomicrographs of zebrafish larvae. The untreated

in the expression of genes: GTS (1.9 fold), GPx (2.4
fold) and GCS (1.7 fold), respectively when compared
to the control (untreated) group, demonstrating the abil-
ity of IW13 peptide to impact the expression of antiox-
idant genes: GST, GPx and GCS, thus rendering an
enhanced antioxidant environment inside the cells help-
ing to ameliorate ROS-induced effects even at an organ-
ismal level (Fig. 6).

Discussion

Free radicals are comprised of one or more unpaired
electrons that are incredibly reactive towards the cellular
molecules and result in adverse effects due to the dis-
ruption of the cellular process by accumulation of ROS
(Mukwevho et al. 2014). Results from the current study

Fig. 6 Effect of IW13 peptide on
the mRNA expression of GST, 31
GPx and GCS genes normalized
to (3-actin. Experiments were
performed in triplicate and the
values are presented as mean +
SD. The asterisk indicates
significant difference (p < 0.05)
compared with a control group
(untreated)

mRNA expression

*
*
24
14
: ﬂ *
0-
GST GPX

Control

H,0, + IW13 50uM

zebrafish larvae used as the control. Experiments are performed in
triplicate and data are expressed as mean + SD, *p < 0.05 indicates
the fluorescence intensity was significantly higher than the control

demonstrate the antioxidant activity of IW13 peptide,
which showed potent free radical scavenging activity in
various in vitro as well as in vivo experiments per-
formed in this study. DPPH radical scavenging activity
of IW13 peptide at 50 uM showed an activity of 54%,
while the positive control Trolox demonstrated a slight-
ly higher percentage of activity (64%) at 50 uM con-
centration. The free radical scavenging rate gradually
increased as the IW13 peptide concentration was in-
creased from 10 to 50 pM concentration, thus highlight-
ing the potential as well as the dose-dependent efficacy
of the synthesized peptide. Similar to our results, Nayak
and Buttar (2016) reported that L-tryptophan-isolated
human milk showed extremely high radical scavenging
capacity (7986 + 468 um Trolox equivalent (TE)/g).
ABTS assay has been used for determining the antiox-
idant capability of the IW13 peptide. The results from

B3 Control
B 1mMH,0,
3 1mM Hy0,+IW13 50uM

A
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the current study showed a maximum antioxidant activ-
ity for the IW13 peptide at 50 uM (64.0%). Similar to
our results, in a study in which the synthesized antiox-
idant peptide: YFCLT (Tyr-Phe-Cys-Leu-Thr), derived
from corn gluten hydrolysate, demonstrated with ABTS
radical scavenging activity with an ECsy value of
37.63 uM (Wang et al. 2015). Superoxide anion radical
is a well-known free radical. Even though not highly
reactive, it can produce hydrogen peroxide and hydrox-
yl radicals by dismutation and other reactions in vivo.
Superoxide anion radicals and their derivatives are toxic
to cells by disrupting the DNA and cell membranes.
Hence, in a healthy cellular environment, superoxide
anion radicals need to be scavenged with indigenous
antioxidants (Luo et al. 2013). The superoxide radical
scavenging activity was studied to be enhanced by
IW13 peptide treatment. The maximum superoxide rad-
ical scavenging activity was recorded at 50 uM (54%)
IW13 peptide concentration. H,O, is a reactive mole-
cule that can damage the cells by producing hydroxyl
radicals inside the cellular environment (Sasikumar
2015). In the current study, the antioxidant activity of
Trolox has been estimated to be 77% (50 uM), whereas
the IW13 peptide’s activity was estimated to be 61% at
50 uM concentration, thus highlighting its strong anti-
oxidant efficacy of the IW13 peptide. Melatonin is an
endogenous hormone derived from tryptophan, which
has significantly increased the superoxide anion radical
scavenging and H,O, scavenging activity (Anwar et al.
2015). The high scavenging capacity of tryptophan-
tagged IW13 peptide may be due to tryptophan, which
consists of the aromatic side chain and the indole ring.
Amino acids with aromatic side chains are known to
react rapidly with hydroxyl radicals. Tryptophan is also
readily converted to kynurenine and N-
formylkynurenine through cleavage of indole ring by
hydroxyl radical or one-electron oxidation. Thus, it can
be conceived that the presence of tryptophan in our
peptide could not only be directly involved in rendering
antioxidant property but may also act as a source for the
production of intermediate molecules such as melatonin,
which in turn can act as a potent antioxidant
biomolecule.

Extensive research has been conducted in aquacul-
ture to optimize the tryptophan levels in commercial
feeds for fishes. Sufficient levels of this amino acid have
been reported to be essential for fish growth and repro-
duction; tryptophan showed to modulate fish behaviour,
stress response and immune and antioxidant balance,
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thus accounting for the fish’s overall health. Tryptophan
has been found to have the antioxidant activity on its
own since it was highly reactive to free radicals such as
hydroxyl radicals and renders antioxidant defence (Del
Angel-Meza et al. 2011). This can be reflected results of
the experimental studies conducted in animal’s models
like rodents and fishes. Narin et al. (2010) reported that
tryptophan was effective in protecting rabbits by reduc-
ing the generation of free radicals and lipid peroxidation
resulting from hypoxic myocardial injury. Liu et al.
(2015) in their experimental studies in ducks observed
that the antioxidant levels were increased due to the
tryptophan supplement. However, the antioxidant
mechanisms activated by tryptophan were not clear
and must be studied in detail to reveal the underlying
molecular interaction.

Some of the oxidative products of tryptophan are also
known to act as potent antioxidants such as 3-
hydroxykynurenine, 3-hydroxy anthranilic acid and
melatonin (Nayak and Buttar 2016). Tsopmo et al.
(2009) studied the enzymatic hydrolysates of human
milk peptides for their antioxidant activity, and have
found tryptophan-containing fragment to have the
highest oxygen radical absorbance capacity value as
compared to the human milk peptides without
tryptophan.

The impaired secretion of insulin and glucose in
peripheral tissues reported oxidative stress in diabetic
animal models (Zatalia and Sanusi 2013). Hyperglyce-
mia has been shown to prevent diabetic complications
by inhibiting ROS generation or its neutralization (Otero
et al. 2005; Vincent et al. 2007; Issac et al. 2017, 2018).
Evans et al. (2003) also proposed the role of oxidative
stress to initiate insulin resistance through the modifica-
tion of intracellular signaling pathways. Several clinical
trials have proved that increased insulin sensitivity in
insulin-resistant individuals is facilitated by antioxi-
dants, such as vitamin E and C, or glutathione (Jia
et al. 2009). The present study was carried out to test
that the addition of tryptophan to the peptide (IW13)
could make the tryptophan-tagged IW13 peptide to be
more effective in reducing the oxidative stress. Insulin is
an effective inhibitor of ROS; we were interested in
studying the effects of the antioxidant treatment condi-
tions by keeping the 100 nM insulin treatment as a
comparative reference (positive control) for SOD and
CAT assays. Our 24-h treatment with IW13 peptide in
L6 myotubes proved significantly to enhance the anti-
oxidant defence against the H,O,-induced generic
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oxidative stress. Similar to our current study results,
Sannasimuthu et al. (2018) reported the scavenging
activity of a peptide derived from Spirulina, even at a
lower concentration of 12.5 uM, but did not show a
dose-dependent efficacy. However, in our case, the
tryptophan-tagged IW13 peptide showed enhanced ac-
tivity with higher dose concentration.

In this study, zebrafish embryos/larvae were used as a
vertebrate model to study the effects of IW13 peptide
during development phases and determine its toxicity.
Zebrafishes have been extensively used in eco-
toxicological experiments and many toxicity assessment
studies to examine the influence of the toxicant (Huang
et al. 2018). The parameters such as mortality, heartbeat
rate and developmental malformation were used as the
endpoints for evaluating the developmental toxicity of
IW13 peptide during the embryo-larval stages of
zebrafish. The heart is one of the organs that form first
in the zebrafish embryo and function throughout
development. Our study results showed that
exposure to IW13 peptide had not shown lethal to
zebrafish larvae even at a higher concentration (50
uM). However, 40 and 50 uM developed non-lethal
malformation, which are the signs for impact at the
sub-lethal dose. Overall, IW13 exposure assessment
in zebrafish larvae reveals that IW13 exhibits less
toxicity or teratogenic impact even during the early
developmental window, which is the most susceptible
period for a toxicant effect.

As with many other species, fish can compete for
ROS with antioxidant enzymes, such as SOD and CAT,
which can minimize and restore harmful effects of ROS
and turn superoxide anion O, to H,O, and then to H,O
and O, (Parlak 2018). Antioxidant enzyme’s SOD and
CAT in the zebrafish larvae decreased after exposure to
H,0, (1 mM). However, IW13 peptide treatment sig-
nificantly reduced the activity of the antioxidant enzyme
in a dose-dependent manner. Measurement of MDA is a
key parameter for the determination of oxidative stress
levels. The lipid peroxidation levels were decreased
significantly in IW13 peptide pre-treated zebrafish lar-
vae. This displays that IW13 peptide can ease oxidative
damage to zebrafish larvae.

Intracellular ROS generation can be detected using
the DCFDA, an oxidation-sensitive dye. DCFDA does
not exhibit fluorescence without ROS; however, it pro-
duces fluorescence when coming in contact with the
ROS (Lee etal. 2013). In the present study, the untreated
control group, which is not treated with IW13 peptide,

showed very minimal fluorescence signal. In contrast,
the positive control larvae exposed H,O,, observed with
an intense fluorescent signal highlighting the increased
ROS levels. However, the groups pre-treated with IW13
peptide were found to attenuate the increased ROS
levels. Earlier studies have shown that high ROS levels
can cause a wide range of biochemical and physiologi-
cal lesions due to oxidative stress, and also reported to
affect the metabolic processes contributing to cell death
and inflammation (Finkel and Holbrook 2000). Since
the IW13 peptide showed optimum antioxidant activity
at a concentration of 50 uM. Therefore, we are interest-
ed in studying the activated caspase 3 expression in
50 uM IW13 peptide exposure.

Apoptosis is known to be a process of programmed
cell death, particularly in response to environmental
toxicants in multicellular organisms. Caspase 3 has been
described as one of the key molecules involved in the
execution of apoptosis (Shi et al. 2011). Results from
our study showed that in increased caspase 3 expression
in zebrafish larvae treated with H,O, (1 mM), when
compared to control, cell death was induced by H,O,
exposure in zebrafish larvae; however, the strength of
the fluorescent signal was reduced by the pre-treatment
with IW13 peptide, which indicates that the H,O, ex-
posure leads to increased oxidative stress in the cellular
environment further contributing to caspase 3—
dependent apoptotic response. The current study find-
ings demonstrated that treatment of IW13 peptide could
effectively ameliorate the caspase 3—dependent apopto-
sis induced by reducing the free radical levels inside the
cellular environment.

We also examined the effects of IW13 peptides on
antioxidant enzyme genes such as GPx, GST and GCS.
GSH-related enzymes such as GST, GPx and GCS were
the key players in the intracellular antioxidant defence
system (Li et al. 2015). This study showed H,O, expo-
sure to downregulate the expression of genes: GST, GPx
and GCS in zebrafish larvae, whereas the IW13 peptide
pre-treatment groups showed upregulation in the ex-
pression of antioxidant genes GST, GPx and GCS.

Conclusion
The result of this study indicated that the tryptophan-
tagged IW13 peptide substantially reduced the ROS

levels concomitant with the enhanced antioxidant en-
zyme activity levels both in vitro and in vivo. The

@ Springer



308

Fish Physiol Biochem (2021) 47:293-311

administration of IW13 peptide decreased the lipid per-
oxidation level both in vitro and in vivo, and also
increased the activity of glutathione enzyme. The ex-
pression of antioxidant enzyme genes: GST, GPx and
GCS was found to be upregulated in the experimental
groups pre-treated with the IW13 peptide. IW13 peptide
was found to be non-cytotoxic and did not exhibit toxic
effect on the zebrafish larvae model, in parallel to en-
hance antioxidant enzyme activity in the in vitro and
in vivo experiments. Therefore, it can be conceived that
IW13 peptide tagged with tryptophan can be a promis-
ing candidate for treating both diabetes and its related
complications since disruption of the antioxidant bal-
ance in peripheral tissues are reported with insulin re-
sistance and aberrant insulin signaling. Hence, this pep-
tide’s therapeutic potential must be further explored for
the treatment of oxidative stress—associated diseases.
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