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Oxidative stress causes disruption of cell macromolecules and resulting neurodegeneration when the
antioxidant defense mechanism is inhibited. Oxidative stress is emerging as a key therapeutic target
for nerve agent toxicity. Therefore, antioxidant treatment methods are a novel and effective approach
to attenuate oxidative stress and neurodegeneration. This study evaluated the neuroprotective and
antioxidant ability of a short peptide, RW20 derived from histone acetyltransferases (HATs).
Using bioinformatics tools, the short amino acid sequence of RF13 peptide with antioxidant activity

was predicted from HAT of Channa striatus transcriptome. The synthesized antioxidant peptide at various
concentrations (10–50 lM) was analyzed in in vitro and in vivo antioxidant assay. The neuroprotective
effect of RF13 peptide was evaluated in H2O2 stressed zebrafish larvae.
The results showed the neuroprotective effect by restoring antioxidant enzymes including SOD, CAT,

GPx, GSH, and GST treated with RW20. In addition, the oxidative stress indicator of lipid peroxidation
was gradually declined with an increase in the concentration of peptides. It was also shown to attenuate
neuronal damage by inhibiting nitric oxide overproduction, thus increasing AChE activity. Further, to val-
idate the neuroprotective effect of RW20, the intracellular ROS level and apoptosis in the zebrafish larvae
were analyzed by incubating the larvae along with RW20, which decreased intracellular ROS level and
reduced the cell death.
Overall, the study demonstrated that RW20 possessed prominent antioxidant activity. Hence, we con-

clude that RW20 can be developed as a potent therapeutic agent against oxidative stress-induced neu-
rodegenerative diseases.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Central nervous system cells were considered more vulnerable
to ROS due to their intrinsic higher oxidative metabolism and
lower antioxidant enzymes such as catalase (CAT) and superoxide
dismutase (SOD) (Olmez and Ozyurt, 2012). Accumulated evidence
that elevated ROS levels could cause serious cell damage due to
oxidative stress has shown in most prevalent many neurodegener-
ative disorders such as Alzheimer’s disease, multiple sclerosis,
Parkinson’s disease and Huntington’s disease (Nabavi et al., 2013;
Si et al., 2013). Hydrogen peroxide (H2O2) in the central nervous
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system is a ubiquitous neuronal signaling substance that affects
transcription factors, phosphatases, kinases and ion channels
(Kishida and Klann, 2007). In the presence of H2O2, divalent metals
can produce ROS and pro-inflammatory mediators, resulting in
oxidative stress, mitochondrial dysfunction, inflammation and
apoptosis, which can promote neurodegeneration. Accumulation
of H2O2 can also raise the risk of various neurodegenerative dis-
eases significantly. Extensive studies of oxidative stress-induced
neuronal death have been documented using H2O2 as a method
to build in vitro neurodegeneration models to screen potential neu-
roprotective agents (Shalgum et al., 2019).

Bioactive peptides from natural bio-resources produce a large
number of potent and unique bioactive molecules (Arasu et al.,
2017). These peptides are residues of 3–20 amino acids, and their
sequence composition demonstrates their ability (Elias et al.,
2008). Histone acetyltransferases (HATs) are a diverse class of
enzymes involved in acetylation where an acetyl group transfers
acetyl-CoA to e-amino group of a lysine residue. HATs play an
essential role in the post-translational modification of histones
(Cress and Seto, 2000). HATs complex can control gene expression
by responding to external signals and altering the chromatin struc-
ture (Kim et al., 2018). Accordingly, in the present study, a full
length HATs cDNA was obtained from the transcriptome dataset
of stripped murrel, Channa striatus constructed previously (Arasu
et al., 2013; Arockiaraj et al., 2014; Kumaresan et al., 2015) and
was characterized by in silico analysis. The RW20 peptide amino
acid sequence composition was found in the HATs protein of
Channa striatus; the multiple sequence analysis validates that
RW20 amino acid segment was also present in the histone acetyl
transferase of the other species. This evidence suggests that
RW20 peptide is a highly conserved region of HAT. The recognized
peptide region was synthesized and investigated its potential in
vitro, in vivo antioxidant and neuroprotection on H2O2 induced
neurotoxicity in zebrafish larvae by analyzing the changes in the
biomarkers of neurodegeneration.
2. Materials and methods

2.1. In silico analysis of HATs and identification of antioxidant peptide

HATs sequence was obtained from the previously constructed
transcriptome library of a teleost Channa striatus (Arockiaraj
et al., 2014). The Expasy translate tool was used to translate the
cDNA of HATs into protein sequences (Arasu et al., 2013). The
physicochemical parameters of HATs were determined by the
Prot-Param tool (Arockiaraj et al., 2015). The BLAST program was
used to identify the homologous sequence of HATs
(Sathyamoorthi et al., 2017). Domains and motif analysis for HATs
were performed by Prosite analysis (Arockiaraj et al., 2014). The
multiple sequence alignment was run using Bioedit (ver 7.1.3.0)
(Arasu et al., 2014). The 3D structure was recognized using the I-
TASSER program and visualized over Pymol.

The RW20 peptide (1RPVKRKKGWPKGVKRGPPKW20) from HATs
was identified using in silico analysis. The antioxidant property of
RW20 was identified by its molecular weight, hydrophobicity
and amino acid composition using the Expasy Prot-Param tool
(https://web.expasy.org/protparam). The hydrophobic nature of
the RW20 was studied using a peptide program (https://www.pep-
tide2.com/). The helical wheel of RW20 was identified using an
online server (http://www.bioinformatics.nl/cgi-bin/emboss/pep-
wheel). The primary structure of the peptide RW20 was predicted
using pep draw (www.pepdraw.com). The predicted RW20 peptide
was synthesized at Zhengzhou Peptides Pharmaceutical Technol-
ogy Co. Ltd., China.
2

2.2. In vitro antioxidant activity of RW20

To determine the antioxidant activity of RW20, the assays such
as DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,20-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid), superoxide anion radical
scavenging activity and H2O2 scavenging assay were performed
using UV–Vis spectrophotometer (UV 1800, SHIMADZU, Kyoto,
Japan) as reported in our earlier study (Velayutham et al., 2021).
Trolox was used as a positive control for the assays.
2.3. Toxicity studies

2.3.1. Cytotoxicity assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-

mide (MTT) assay procedure was performed as mentioned earlier
(Guru et al., 2021a; Kumar et al., 2020). The N9 murine microglial
cell lines were seeded (5 � 105 cell/well) with different concentra-
tions of RW20 peptide and incubated for 24 h. After incubation,
5 mg/mL MTT solution was added to the incubated cells, and it
was further incubated in the dark for 4 h at 37 �C. The formazan
crystal was formed during the addition of 100 mL of dimethyl sul-
foxide (DMSO), and the resulting absorbance was measured at
570 nm with a microplate reader.
2.3.2. Hemolytic assay
The hemolytic effect of RW20 on human erythrocytes was per-

formed as described earlier (Gopinath et al., 2021). The RW20 pep-
tide was treated to human erythrocytes (Ethical Clearance No. 885/
IEC/2015) with various concentrations (10–50 mM). The mixture
was allowed to incubate at room temperature for 1 h. After incuba-
tion, the sample was centrifuged for nearly 5 min at 4000 rpm.
Then, 100 mL of the supernatant was diluted with 1 mL of PBS,
and the absorbance was measured at 560 nm.
2.4. Zebrafiah larvae maintenance and treatment

Male and female zebrafish were purchased from SB aquarium,
Guduvanchery, Tamilnadu, India. After acclimating for one month,
the fishes were used for breeding and the embryos were collected
for the study (Guru et al., 2021c). The fertilized embryos are
observed under the microscope and unfertilized embryos are dis-
carded. For further assay, the fertilized zebrafish embryos are
placed in a six well plate with embryo medium. The zebrafish
embryo or larvae were randomly divided into seven groups
(n = 30 each) as control group (I), in which zebrafish embryo or lar-
vae are untreated and kept in embryo medium, H2O2 group (II), in
which zebrafish embryo or larvae are exposed to H2O2 (1 mM), and
RW20 peptide pre-treated group (III, IV, V, VI, and VII) with differ-
ent concentration before H2O2 exposure. The overall exposure
paradigm used in the current study is illustrated in E-Suppl. Fig. 3.
2.5. Developmental toxicity test on zebrafish embryos

In a 4 h post fertilized (hpf) zebrafish embryo, the toxicity test
was assayed using six well plate containing RW20 peptide at dif-
ferent concentrations. H2O2 (1 mM) was used as a positive control,
and the untreated embryos in the embryo mediumwere used as an
experimental control. Around 15 embryos were allowed in each
well containing embryo medium (3 mL). During the period
between 4 hpf and 72 hpf, the embryo was examined carefully to
monitor the mortality, hatching, heart rate, and morphological
abnormalities (Ramachandran et al., 2017).

https://web.expasy.org/protparam
https://www.peptide2.com/
https://www.peptide2.com/
http://www.bioinformatics.nl/cgi-bin/emboss/pepwheel
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2.6. Assessment of protective effect on developmental toxicity

In a 48 hpf zebrafish embryo, the protective effect of RW20 in
H2O2 induced developmental toxicity was analyzed. Initially, the
RW20 was pre-treated to the zebrafish embryo (48 hpf) before
being treated with the H2O2 (1 mM) and the larvae were exposed
to H2O2 for a period lasting upto to 6 dpf. For image analysis of
the protective effect on developmental toxicity at 6 dpf after
H2O2 exposure, lateral view of larvae was imaged using a stereo-
graphic microscope (Na et al., 2009).
2.7. Behavioural test

The zebrafish larvae of 48 hpf are used for the behavioural test
to analyze the neurocognitive function. The partition preference
test and horizontal compartment test was performed as described
previously by Dubey et al. (2015).
2.7.1. Partition preference test
At 48 hpf, the larvae were pretreated with RW20, and then lar-

vae were exposed to H2O2 till 6 dpf. Once the larvae reached 6 dpf,
the partition preference test was performed. In brief, in a glass
chamber water level was maintained up to 3 cm; the chamber
was divided into two equal parts with a glass plate which allowed
for vertical operation to divide or undivide the chamber. The RW20
pretreated zebrafish larvae exposed to H2O2 (6 dpf) (n = 30) were
allowed to the one side (right) of the chamber, which was consid-
ered as ‘home chamber’. In the home chamber, the larvae were left
undisturbed for 45 min as acclimatization period. Then, the verti-
cally partitioned glass plate was lifted to 1 cm, so that the larvae
can move from the home chamber to the other side (left) of the
tank, which was considered as ‘target chamber’. The assay was per-
formed by counting the number of larval entries from home cham-
ber to target chamber, thus cognitive function was examined. The
partition preference test was estimated based on the number of
larvae moved from home to target chamber, which was calculated
and reported as ‘‘percentage of entry to the target chamber” (%
ETC) and it was also calculated the time that larvae spent in the
target chamber, that was expressed as sec in ‘‘Time spent in the
target chamber” (TSTC).’
2.7.2. Horizontal compartment test
At 48 hpf, the larvae were pretreated with RW20 and then lar-

vae were exposed to H2O2 till 6 dpf. Once the larvae reached 6 dpf,
the horizontal compartment test was performed. In brief, a glass
chamber was filled with water until a height of 21 cm. Then, the
water height in the chamber was divided into three horizontal seg-
ments as lower, middle and upper with an equal height of 7 cm. For
each group, 30 larvae (6 dpf) were allowed into the chamber and
left undisturbed for a day as acclimatization, and they were freely
swimming. For the assay, the ‘‘time spent in the upper segment”
(TSUS) and ‘‘time spent in the lower segment” (TSLS) of the larvae
was calculated based on their healthy and neurodegenerative sta-
tus. Thus cognitive impairment of zebrafish larvae was examined.
2.8. Mobility test

Once the larvae reached 6 dpf, the mobility test was performed.
In a 2 L tank filled with 1 L water system, the locomotor activity of
RW20 pre-treated zebrafish larvae (6 dpf) was measured. The loco-
motor activity was calculated by taking the total number of lines
crossed by the zebrafish, dividing it by the time, and expressing
it as the number of crossed lines/5 min.
3

2.9. Enzyme assay

Random zebrafish larvae from each group were anesthetized
with tricaine, and the head portion without eyes and yolk sac
regions were homogenized with 0.1 M ice-cold phosphate buffer
(pH 7.4). The homogenate was then centrifuged at 5000 rpm for
15 min. The supernatant was collected, and the Bradford method
was used to determine the protein content in the sample
(Braford, 1976). The antioxidant enzyme assays of SOD, CAT, lipid
peroxidation, reduced glutathione (GSH), glutathione peroxidase
(GPx), Glutathione S-transferase (GSH), acetylcholinesterase, and
nitric oxide assay was performed as reported in our previous study
(Issac et al., 2021a).

2.10. Quantification of ROS and apoptosis level in zebrafish larvae

DCFDA and acridine orange staining dye were used to study
intracellular ROS and apoptosis (Issac et al., 2021b). The untreated
control and RW20 pre-treated larvae (96 hpf) for 1 h were trans-
ferred to 6 well plates containing 3 mL of embryo medium and
then incubated for 3 h with H2O2 (1 mM). The larvae were stained
with 20 mg/mL of DCFDA and acridine orange (7 mg/ml) for 30 min.
Then, the larvae were washed with PBS after incubation, and the
intracellular ROS level and apoptosis were analyzed by the fluores-
cence intensity of different exposure groups. The fluorescence
image was captured using Leica DM6 fluorescent microscope.
Image J software was used to quantify the fluorescence intensity.

2.11. Statistical analysis

The values reported in this study are the average of three inde-
pendent experiments, and the data were expressed as
mean ± standard deviation. The significance of data is analyzed
using One-way analysis of variance (ANOVA) and Tukey multiple
range test using GraphPad Prism (ver. 5.0). Statistically significant
was determined by p value less than 0.05.
3. Results

3.1. Bioinformatic characterization of HAT

RW20 was obtained from the cDNA sequence of the previously
constructed transcriptome library of C. striatus (Cs). The recognized
CsHAT sequence was submitted to The European Molecular Biology
Laboratory (EMBL) nucleotide sequence database under the acces-
sion number LS999894. The CsHAT cDNA sequence length was 441
base pairs, which encodes a protein sequence of 200 amino acids
with a molecular mass of 23225.54 Da and the theoretical isoelec-
tric point (pI) 9.66. The putative protein sequence has 35 nega-
tively charged residues (Asp + Glu) and 45 positively charged
residues (Arg + Lys). The aliphatic index of the protein is 52.20,
and the instability index is estimated to be 58.17. The multiple
sequence alignment of HATs and other homologous sequences of
fishes was highly conserved (E-Suppl. Fig. 1A). I-Tasser server pre-
dicted a 3D structure of HATs with arginine and glycine rich pep-
tide region (E-Suppl. Fig. 1B).

3.2. Identification of peptide sequence

RW20 peptide identified from HAT cDNA sequence of C. striatus
contained 20 amino acids (1RPVKRKKGWPKGVKRGPPKW20). The
RW20 peptide had amino acids such as arginine, lysine, glycine,
proline, valine and tryptophan, which naturally reveal a strong
antioxidant character. The RW20 peptide includes a net charge of
+9, a molecular weight of 1.4 kDa and the sequence composition
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is predicted based on the peptide property calculator (ver 3.1). The
basic (45%) and neutral (20%) residues in the sequence are identi-
fied by the helical wheel prediction, which also predicted the pep-
tide’s polar and non-polar regions (E-Suppl. Fig. 1C).
3.3. Antioxidant activity of RW20

DPPH radical scavenging activity of RW20 increased in a
concentration-dependent manner. RW20 showed significant
(p < 0.05) radical scavenging activity at the minimum concentra-
tion of 10 lM (33.6%) and maximum radical scavenging activity
at 40 lM (76.33%), whereas Trolox maximum activity 88.3% was
observed at 50 lM (E-Suppl. Fig. 2A).

In the ABTS radical scavenging assay, the maximum radical
scavenging activity of trolox was observed with 83% at 50 mM,
and the minimum activity of 53% was found in 10 mM. The RW20
peptide exhibited 71% of maximum activity at 40 mM concentra-
tion, and the lower concentration (10 mM) showed 34% of radical
scavenging activity. A dose-dependent increase in the concentra-
tion of RW20 intensified the activity significantly (p < 0.05) (E-
Suppl. Fig. 2B).
Fig. 1. (A) Effect of RW20 peptide on the viability of N9 murine microglial cells, evaluated
for the experiment, respectively. The peptide treatment for 24 h did not alter the cell v
peptide against human erythrocytes. Data were expressed as mean ± SD. * denotes p <

4

The superoxide scavenging activity of RW20 increased remark-
ably with an increase in concentration. Thus, the inhibitory activity
of RW20 on superoxide anion formation at lower concentration
was 31.6% (10 lM), whereas maximum activity was observed in
40 mM of concentration, 69.6% compared to the corresponding Tro-
lox activity, 76.3% (E-Suppl. Fig. 2C).

Endogenous ROS such as H2O2 has been recognized as destruc-
tive molecules. Our results showed a strong H2O2 scavenging activ-
ity at the concentration 40 mM (60%), and Trolox showed an
increase in activity of 82% at 50 mM. The values were differed sig-
nificantly (p < 0.05) between control and experimental (E-Suppl.
Fig. 2D).
3.4. Cytotoxic and hemolytic effect of RW20

The cytotoxic effect of the RW20 peptide was determined in N9
murine microglial cells (Fig. 1A). RW20 at 50 mM showed a signif-
icant (p < 0.05) effect on cell viability after 24 h treatment. The
study was also conducted on the human blood cells. The result
indicates that RW20 had no hemolytic activity at concentrations
between 10 mM and 40 mM (Fig. 1B).
by MTT assay. Triton X-100 (0.01%) and PBS are used as positive control and control
iability, except higher concentration (50 mM). (B) Hemolytic activity of the RW20
0.05 as compared to the control.
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3.5. Toxicity assay in zebrafish larvae

3.5.1. Mortality, hatching, and heart rate
The larvae of zebrafish treated with RW20 peptide (10–40 lM)

showed no significant mortality at 96 hpf compared to H2O2 treat-
ment. With a peptide concentration of 50 lM, a moderate mortal-
ity rate was observed (E-Suppl. Fig. 4A). The hatching rate from 48
hpf to 72 hpf was estimated in the zebrafish embryo; our results
showed that more than 90% of the embryos had hatched from 48
hpf to 72 hpf in the RW20 peptide treatment (10–40 lM). Even
at a higher concentration of 50 lM, only a slight reduction in the
hatching rate and heart rate was observed (E-Suppl. Fig. 4B & C).
3.5.2. Morphological analysis
E-Suppl. Fig. 4D shows the developmental toxicity of zebrafish

larvae exposed to H2O2 from 4 hpf to 72 hpf. Many malformations,
including bent spine (46%) and yolk sac edema (66%) were
observed in the H2O2 treated group at 72 hpf. Additionally, we
found that RW20 peptide treatment (10–40 mM) showed no mal-
formation in larvae. However, the larvae treated with the higher
Fig. 2. Representative photomicrographs of morphological malformation observed durin
concentrations (10–50 mM). RW20 at 50 mM concentration showed a bent spine (BS), w
(YSE) and BS. Scale bar = 500 mm.

5

concentration (50 mM) of RW20 developmental abnormalities of
the bent spine (21%) became more apparent(Fig. 2).
3.6. Effect of RW20 in H2O2 induced developmental toxicity

The image analysis revealed that RW20 prevented the morpho-
logical abnormalities caused by H2O2 (Fig. 3). The size of the yolk
sac region in the H2O2 treatment group was almost four times that
of the control group. RW20, on the other hand, clearly protected
zebrafish larvae from H2O2. The zebrafish larvae exposed to H2O2

showed a shortening of the body length due to a bent spine at 6
dpf, but no growth arrest occurred when the larvae were pre-
treated with RW20.
3.7. Effect of RW20 in H2O2 induced cognitive impairment

In the partition preference and horizontal compartment test,
exposure to H2O2 (1 mM) causes cognitive impairment, and it
was detected based on the decrease in the percentage of ETC and
TSTC values and a reduction in TSUS and increase in TSLS values
g the exposure period. Control with PBS treatment and RW20 peptide at different
hereas H2O2 treatment group showed with malformations such as yolk sac edema



Fig. 3. Effect of RW20 on the H2O2 induced malformation of increased in size of (A) YSE and (B) decrease in body length due to bent spine in zebrafish larvae. (C) Lateral view
of zebrafish larvae was photographed, and data were quantitated by image J analysis. N = 30 zebrafish larvae per group. Data were expressed as mean ± SD. * denotes p < 0.05
as compared to the control. Scale bar = 500 mm.
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compared to the control group (Figs. 4 and 5). Pre-treatment of
RW20 has been shown to produce important (p < 0.05) dose-
dependent neuroprotective activity against cognitive impairment
caused by H2O2.

3.8. Effect of RW20 on zebrafish larvae mobility

To determine the effect of RW20 on locomotor activity, we eval-
uated zebrafish motility for 5 min. The pre-treatment of RW20
resulted in significant changes in the mobility of H2O2 exposed
zebrafish larvae (Fig. 6). The results demonstrated that H2O2

reduced motility when compared to the control. Pre-treatment
with RW20 administration significantly (p < 0.05) improved zebra-
fish motility in a dose-dependent manner.

3.9. Antioxidant enzyme activity OF RW20

SOD catalyzes the dismutation of the superoxide radical into
H2O2; and CAT catalyzes H2O2 to water and oxygen. The SOD (5
U/mg of protein) and CAT (4 mmol/mg of protein) activity were
remarkably decreased in the H2O2 treated group. Meanwhile, the
RW20 peptide at 40 lM showed a higher level of SOD (19 U/mg
of protein) and CAT (18 mmol/mg of protein) activity compared
to the control. The total SOD and CAT activity of RW20 against
the H2O2 stressed zebrafish larvae were shown in E-Suppl.
Fig. 5A & B.

The lipid peroxidation disrupts the cell membrane assembly
and resulting in severe cellular dysfunction. The H2O2 (1 mM) trea-
ted group showed an increased level of lipid peroxidation levels
(31 nmol/L) than the control group (E-Suppl. Fig. 5C). However, a
dramatic reduction in lipid peroxidation level was observed in
the RW20 peptide treated group. A higher level of lipid peroxida-
tion inhibition was observed in 40 mM (13 nmol/L).
6

The RW20 peptide treatment showed maximum activity of GSH
(6 nmol/mg of protein), GPx (15.2 U/mg of protein) and GST (6.3 U/
mg of protein) at 40 mM concentration. There was a significant
(p < 0.05) increase in enzyme activity compared with the control.
This indicates that RW20 is a potent antioxidant peptide by induc-
ing enzyme activity, which plays a crucial role in protecting cells
from oxidative damage (E-Suppl. Fig. 6A, B & C).

3.10. Estimation of acetylcholinesterase and nitric oxide

The H2O2 induced zebrafish larvae showed decreased acetyl-
cholinesterase activity of 2.3 lmoles/mL. Treatment with RW20
peptide resulted in significant (p < 0.05) restoration of acetyl-
cholinesterase activity at dose-dependent concentrations. The
maximum acetylcholinesterase activity was observed in 40 mM
(6.3 lmoles/mL) compared to control (Fig. 7).

NO is produced at a high concentration under pathological con-
ditions such as aging and inflammation. The Griess reagent assay
was used to determine the NO levels in the supernatants of zebra-
fish larvae. As shown in E-Suppl. Fig. 7, H2O2 increased NO produc-
tion level compared to the normal NO level in a control group,
whereas RW20 treatment was shown to suppress H2O2 induced
NO production in a concentration dependent manner. In particular,
treatment with 40 mM of RW20 substantially inhibited NO
overproduction.

3.11. Potential of RW20 to protect H2O2 induced zebrafish larvae in
ROS accumulation

The intracellular ROS scavenging activity of RW20 peptide
against H2O2 induced zebrafish larvae was investigated by DCFDA
and acridine orange. The results were observed based on fluores-
cence intensity. The H2O2 treated larvae showed an increase in flu-



Fig. 4. Effect of RW20 peptide in H2O2 induced cognitive impairment of partition test. N = 30 zebrafish larvae per group. Data were expressed as mean ± SD. * denotes p < 0.05
as compared to the control.
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orescence intensity in DCFDA (97%) and acridine orange (83%),
indicating an increase in ROS and apoptosis (Figs. 8 and 9). In the
RW20 peptide treated group (40 mM), there was a decrease in
ROS (39%) and apoptosis (43%), which implies RW20 peptide exhi-
bit as a protective antioxidant agent against neuroinflammation
caused by oxidative stress.
4. Discussion

The present study reported the neuroprotective effect of RW20
peptide from C. striatus in terms of oxidative stress markers and
apoptosis in zebrafish larvae. We found that RW20 peptide pre-
vents zebrafish larvae from neurotoxicity induced by H2O2, as indi-
cated by the improved recovery of neurological function, decreases
in oxidative stress, increases in antioxidant enzyme activities and
reduction in apoptosis. RW20 peptide from HATs contains a high
percentage of positively charged basic amino acids such as arginine
and lysine and hydrophobic residues like glycine, valine and pro-
line; altogether, the hydrophobic amino acids produced the potent
radical scavenging and lipid peroxidation activity (Rajapakse et al.,
2005). Accordingly, in our study, the synthesized peptide RW20
contains hydrophobic amino acids (glycine, proline, valine), basic
amino acids (lysine, arginine) and aromatic amino acid (trypto-
phan), which are all exhibited a high level of scavenging efficacy
(Wang et al., 2014).
7

In vitro antioxidant activity of RW20 exhibits radical scaveng-
ing activity in a dose-dependent manner. The hydrophobic, basic
and aromatic amino acid sequence of the RW20 peptide strength-
ens its free radical scavenging activity with an increase in concen-
tration from 10 mM to 40 mM when compared with Trolox. The
hemolytic and cytotoxic effect of RW20 peptide was analyzed to
confirm the non-toxic nature of the peptide towards the brain cell
line (N9 murine microglial cells) and human blood cells. The result
proved that RW20 had no cytotoxic effect against N9 murine
microglial cells and was non-hemolytic to human blood cells until
the concentration of 40 mM concentration. To act as a therapeutic
agent, the peptide should be non-toxic (Comegna et al., 2010); thus
RW20 peptide can act as a safe and efficient therapeutic agent.

The zebrafish is a versatile and easy to breed vertebrate model
that provides major benefits for investigating in vivo drug screen-
ing and developmental neurotoxicity (Brenet et al., 2020). Zebra-
fish embryos and larvae were used to evaluate the effect of H2O2

and different concentrations of RW20 peptide. The results showed
that RW20 peptide treated zebrafish larvae at various concentra-
tions (10–40 mM) did not indicate any adverse effect in the mor-
phology of the larvae, whereas the H2O2 (1 mM) and 50 mM of
RW20 peptide treated group showedmortality, decreased hatching
rate, reduced heart rate and malformation like yolk sac edema and
bent spine. In zebrafish larvae, the RW20 has a protective effect
against the morphological alterations caused by H2O2 exposure.



Fig. 5. Effect of RW20 peptide in H2O2 induced cognitive impairment of partition test. N = 30 zebrafish larvae per group. Data were expressed as mean ± SD. * denotes p < 0.05
as compared to the control.

Fig. 6. Effect of RW20 peptide on mobility of zebrafish larvae. Values are presented as mean ± SD (n = 30/group). * Symbol indicated the values are statistically significant at
p < 0.05.
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The pre-treated larvae with RW20 showed the protective effect
against morphological disruption, such as yolk sac edema and body
axis shortening due to a bent spine. There are various basic and
complex behavioural programs for zebrafish larvae, including
8

spontaneous swimming, responses to multiple stimuli and cogni-
tive behaviour (Nishimura et al., 2015) were observed. The treat-
ment with H2O2 induced cognitive impairment in zebrafish
larvae; different neurocognitive behavioural changes were



Fig. 7. Estimation of AChE activity in oxidative stressed zebrafish larvae head portion at 96 hpf of control and RW20 peptide treated group. Values are presented as mean ± SD
(n = 30/group). * Symbol indicated the values are statistically significant at p < 0.05.

Fig. 8. (A) Quantitative analysis of in vivo ROS generation in the head of zebrafish larvae. The fluorescence intensity was quantified using ImageJ. (B) Representative
photomicrographs of 96 hpf zebrafish fish larvae by an oxidation-sensitive DCFDA fluorescent probe. The fluorescence image was captured using a fluorescence microscope.
Experiments were performed in triplicate, and the data were expressed as mean ± S (n = 30/group). * represents the statistical significance at p < 0.05. Scale bar = 250 mm.
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expressed, such as decreased ETC and TSTC in the partition test, a
decrease in TSUS and an increase in TSLS in the horizontal com-
partment test. In addition, pre-treatment with RW20 demon-
strated a substantial ameliorative effect against cognitive
dysfunction caused by H2O2. Interestingly, pre-treatment with
RW20 resulted in marked improvement in the mobility of zebra-
fish larvae and the effect was dose-dependent suggesting neuro-
protective activity.

Oxidative stress is considered a toxic condition for the normal
functioning of the brain. The brain is vulnerable to oxidative stress
since it uses chemically diverse reactive species for signal trans-
mission (Lee et al., 2020). Enzymatic and non-enzymatic antioxi-
dant systems play a crucial role in maintaining the balance
between the pro-oxidant and antioxidant agents in the brain and
minimizing oxidative stress (Guru et al., 2021b; Jiang et al.,
2016). In this study, the SOD and CAT antioxidant activity after
exposure to H2O2 (1 mM) declined considerably in the head of zeb-
rafish larvae, but the pre-treatment of RW20 enhanced the SOD
and CAT activity in a dose-dependent manner (10–40 mM). A high
9

level of ROS interacts with polyunsaturated fatty acid and triggers
the release of reactive aldehyde metabolites (MDA) and other toxic
substances. RW20 peptide treatment reduced lipid peroxidation
level in the H2O2 induced supernatant of zebrafish larvae head
compared with the control group. GPx reduces H2O2 to hydroxyl
group with GSH as substrate and detoxifies ROS by oxidizing
GSH to GSSG (Borutova et al., 2008). The RW20 peptide proved that
it is the potent activator of the GPx, GST, and GSH antioxidant
enzyme and acts as an inducer in the antioxidant defense system.

AChE was found to play an important role in the conduction of
nerve impulses at the neuromuscular junction. AChE inhibition
was associated with exposure to toxins, resulting in a harmful
effect on the body (Rodríguez-Fuentes et al., 2015). In our analysis,
AChE activity was significantly reduced in the head of H2O2-treated
zebrafish larvae. The AChE activity level was restored close to the
control group when the larvae sample were treated with RW20
peptide. NO may inhibit key energy metabolism enzymes, damage
DNA, deplete intracellular glutathione, and respond to the forma-
tion of peroxynitrite with superoxide. Under conditions of exces-



Fig. 9. (A) Quantitative analysis of apoptosis activity in the head of zebrafish larvae. The fluorescence intensity was quantified using ImageJ. (B) Representative
photomicrographs of 96 hpf zebrafish fish larvae stained with acridine orange. The fluorescence image was captured using a fluorescence microscope. Experiments were
performed in triplicate, and the data were expressed as mean ± SD (n = 30/group). * represents the statistical significance at p < 0.05. Scale bar = 250 mm.
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sive production, NO appears to be a neurotoxin, suggesting that NO
has a role in neurodegenerative diseases (Schulz et al., 1995). The
present study demonstrates that exposure to H2O2 increased NO
production, and the RW20 peptide reduced the NO overproduction
in the head of zebrafish larvae. Based on the result, it shows that
RW20 provides the neuroprotective activity against the H2O2

induced toxicity.
At a concentration of 40 lM, the RW20 peptide demonstrated

better activity with no toxicity effect. The optimal concentration
(40 lM) was therefore selected for further study. We further inves-
tigate the effect of RW20 peptide on H2O2 induced intracellular
oxidative stress in the head of zebrafish larvae. In our results, the
zebrafish larvae treated with RW20 prior to the H2O2 treatment
showed a significant reduction in the intracellular ROS level in
the head of zebrafish larvae, indicating the strong neuroprotective
and antioxidant potential of RW20. ROS production is also well
known to be closely associated with cell apoptosis in fish in
response to contamination (Deng et al., 2009). In our results, the
control larvae had intact cells, while H2O2 treatment caused cell
death in the head of zebrafish larvae. However, a substantial reduc-
tion in cell death was observed when the larvae were treated with
RW20 prior to H2O2 treatment. This study showed that RW20 pep-
tides have a prominent neuroprotective effect and antioxidant
activity against neuroinflammation and neuron apoptosis in the
head of zebrafish larvae.
5. Conclusion

We have validated the evidence that RW20 can restore beha-
vioural phenotypes by suppressing H2O2 induced oxidative stress
and neurotoxicity in zebrafish larvae. Furthermore, the neuropro-
tective effect of RW20 in this study is mediated by reducing the
generation of intracellular ROS, inhibiting cellular apoptosis and
restoring the level of antioxidants in the head of zebrafish larvae.
Further investigations are required to show the mechanism by
which RW20 demonstrates its neuroprotection against the Alzhei-
mer’s disease model. Therefore, we conclude that RW20 derived
from CsHAT protein might help treat the neurodegenerative
disorder.
10
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