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Abstract: The purpose of this study was to determine, for the first time, antioxidant activities of
seven peptides (P1–P7) derived from hydrolysis of oat proteins in a cellular model. In the oxygen
radical absorbance capacity (ORAC) assay, it was found that P2 had the highest radical scavenging
activity (0.67 ± 0.02 µM Trolox equivalent (TE)/µM peptide) followed by P5, P3, P6, P4, P1, and
P7 whose activities were between 0.14–0.61 µM TE/µM). In the hepatic HepG2 cells, none of the
peptides was cytotoxic at 20–300 µM. In addition to having the highest ORAC value, P2 was also
the most protective (29% increase in cell viability) against 2,20 -azobis(2-methylpropionamidine)
dihydrochloride -induced oxidative stress. P1, P6, and P7 protected at a lesser extent, with an 8%–21%
increase viability of cells. The protection of cells was attributed to several factors including reduced
production of intracellular reactive oxygen species, increased cellular glutathione, and increased
activities of three main endogenous antioxidant enzymes.
Keywords: oat peptides; cytoprotection; antioxidant enzymes; HepG2 cells

1. Introduction
Health benefits associated with the consumption of grains are not only linked to the presence
of phytochemicals such as polyphenols but also to their content of fibers and micronutrients [1].
The mechanism of protection can be through the reduction of blood cholesterol/glucose, or the
prevention of oxidative damage to biomolecules [1–3]. Many studies have then focused on the potential
of chemicals in grains to prevent or attenuate oxidative stress. It was found, for example, in men with
coronary artery disease, that the supplementation of their diets with whole grains (brown rice and
barley) resulted in lower oxidation of plasma lipids [1]. Rats fed red and black rice also experienced
less renal tubular lipid oxidative damage caused by ferric nitrilotriacetate [2]. Other studies found that
oats consumed in the form of oatmeal, oat gum, or oat bran reduced blood low-density lipoproteins
cholesterol by 2–23% in both healthy and hypercholesterolemic humans [3,4]. Similarly, high glucan
oat brans lowered postprandial plasma glucose and insulin levels in type 2 diabetic and healthy
individuals [5]. Benefits of consuming oat products have mainly been attributed to the presence of
dietary fibers, phenolic acids and a unique group of amide derivatives known as avenanthramides [6].
Recent studies have, however, shown that, in addition to fibers and polyphenols, hydrolyzed
proteins and peptides also contribute to the health promoting effect of cereals [7,8]. Lunasin, a peptide
originally discovered in soy and later found in oat, wheat, and barley, demonstrated good radical
scavenging and anti-carcinogenic activities in mammalian cells [7]. Protein hydrolysates from oats,
wheat, and rice have all shown antioxidant activities against common reactive oxygen species (ROS) in
various systems [9–11]. The peroxyl radical scavenging activity of oat proteins in the oxygen absorbance
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capacity assay was found to increase from 53 to 243 µM Trolox equivalents/g after hydrolysis with
alcalase [12]. Although major peptides were identified, their activity has not been reported. The aim of
the present work was therefore to investigate the radical scavenging activity of those peptides and to
determine whether they can regulate oxidative stress in a hepatic cell culture model.
2. Materials and Methods
2.1. Reagents
Reduced L-glutathione (GSH), fatty acid free bovine serum albumin (BSA), potassium phosphate,
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), diethylenetriaminepentaacetic acid
(DETAPAC), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), dimethyl-sulfoxide
(DMSO), sodium azide (NaN3 ), glutathione reductase (GR), nicotinamide adenine dinucleotide
phosphate (NADPH), cumene hydroperoxide, catalase, nitroblue tetrazolium chloride (NBT), xanthine
oxidase, 5,50 -dithiobis-(2-nitrobenzoic acid) (DTNB), 5-sulfosalicylic acid dehydrate, and 96-well
and 60-mm tissue culture plates were purchased from Sigma Aldrich (Oakville, ON, Canada).
Hydrogen peroxide (H2 O2 ) and fluorescein were from Fisher Scientific Co., (Nepean, ON, Canada).
Bathocuproine disulfonic acid (BCS) and xanthine were purchased from MP Biomedical (Solon,
OH, USA) while 2,20 -azobis(2-methylpropionamidine) dihydrochloride (AAPH) was from Wako
Chemicals USA Inc., (Richmond, VA, USA). Peptides: FNDRLRQGQLL (P1), GLVYIL (P2), GQTV (P3),
GQTVFNDRLRQGQLL (P4), YHNAP (P5), YHNAPGLVYIL (P6), and DVNNNANQLEPR (P7) were
synthesized by GenScript (Piscataway, NJ, USA) at a purity of more than 95%.
2.2. Oxygen Radical Absorbance Capacity (ORAC)
The ORAC assay was performed as previously described [13,14]. The decay of fluorescein
(0.08 µM) by AAPH (150 mM) at 37 ◦ C was recorded at 1 min intervals over 50 min using a BioTek™
FL × 800™ fluorescent microplate reader (Fisher Scientific, Nepean, ON, Canada) with fluorescence
filters (excitation 485/20 nm, emission 528/20 nm). Potassium phosphate buffer (pH 7.4, 75 mM)
was used to dissolve peptides (100 and 200 µM) and Trolox standards (6.25–100 µM). Data analysis
was done with Gen5TM software (Fisher Scientific, Nepean, ON, Canada), and ORAC values were
expressed as µM Trolox Equivalent (TE)/µM peptide using the standard curve.
2.3. Cell Culture, Cytotoxicity and Cytoprotective Assays
Human hepatocellular carcinoma (HepG2) cells were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). They were cultured at 37 ◦ C in a humidified incubator with
5% CO2 and 95% air. Dulbecco’s Minimal Essential Media (DMEM) supplemented with 10% (v/v)
Fetal Bovine Serum was used for the maintenance of cells. Initial treatment with 20–500 µM of P2
(highest peroxyl radical scavenging activity) showed that 50 and 100 µM were optimum concentrations
and both were used for all peptides. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay, as described in an earlier research, was used for cytotoxicity and cytoprotective
tests [15]. For both assays, HepG2 cells plated at 2 × 104 cells/well in 96-well tissue culture plates
were grown for 24 h, washed with phosphate buffer saline solution (PBS, pH 7.2) followed by 24 h
incubation with peptides and another wash, 200 µL of media were then added to cells intended
for cytotoxicity and 200 µL of media containing 20 mM of AAPH to those used for cytoprotection
evaluation. Following another 24 h incubation, cells were washed twice with 200 µL of PBS. Ten µL
of MTT solution (5 mg/mL in PBS) and 100 µL of media were added to each well. After 1 h, MTT
solution was removed, and 50 µL DMSO were added. Absorbances were recorded at 570 nm with
630 nm background subtraction using a BioTek Epoch™ microplate reader (Fisher Scientific, Nepean,
ON, Canada). Untreated cells were used as negative control (NC) and cells treated with only AAPH
were used as positive control (PC). Four peptides (P1, P2, P6, P7) that displayed cytoprotective effect
were used for further investigation.
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2.4. Preparation of Cells Extracts
Cells were seeded at 1 × 106 cells/plate in 60 mm tissue culture plates and allowed to grow
for 24 h. In each plate, cells were washed twice with 4 mL of PBS (pH 7.2), and treated with 4 mL
peptide samples (P1, P2, P6, P7) dissolved in culture media at 50 or 100 µM for 24 h. After removal of
peptide solutions, cells were washed twice with 4 mL of PBS/plate and treated with 4 mL of 20 µM
AAPH dissolved in culture media and allowed to incubate for 24 h. Cells in each culture plate were
harvested by incubation (5 min) with 0.5 mL of 0.25% trypsin, addition of 1 mL of culture media and
centrifugation at 1000× g for 5 min. Cell pellets were washed with ice cold PBS (500 µL each) until no
pink color was observed, re-suspended in ice cold PBS (300 µL) for the superoxide dismutase (SOD)
assay, 500 µL for glutathione peroxidase (GPx) and catalase (CAT) assays. For total glutathione assay,
300 µL of 5% ice cold sulfosalicylic acid bubbled with 100% nitrogen was used for cell lysis. Cells were
lysed by sonication on ice for 1 min using a probe-type sonicator (Vibra-Cell, Sonics and Materials
Inc., Newtown, CT, USA) pulsing at 15 s on and 10 s off cycles. Following centrifugation of cell lysate
at 13,000× g (4 ◦ C), pellets containing cell debris were discarded, while supernatants were used for
determination of glutathione content. Protein contents were determined using a modified Lowry assay.
2.5. Determination of the Activity of Antioxidant Enzymes
The activity of GPx was determined as previously described in a 96-well plate [16]. Briefly, in each
well, 187.5 µL of potassium phosphate buffer was mixed with 12.5 µL NADPH (4 mM) solution and
25 µL of cell lysates or buffer (blank), and incubated at 30 ◦ C for 5 min. Then, 100 µL of 0.15% cumene
hydroperoxide was added in each well to begin the reaction. The rate of disappearance of NADPH
was followed at 340 nm for 5 min. The activity was expressed as Units of GPx activity/mg protein.
The SOD activity was measured based on the rate of reduction of nitroblue tetrazolium (2.24 mM)
to formazan by xanthine oxidase (13.2 U/mL) at 560 nm [17]. Eight concentrations of each cell
extract (2–500 mg protein/mL) or SOD standard (2–500 ng/mL) were used to obtain inhibition curves.
Specifically, 20 µL of cell sample, or buffer (blank) was mixed with 160 µL of assay solution, and 20 µL
of xanthine oxidase was added to initiate the reaction. The reduction of nitroblue tetrazolium to blue
formazan by O2 −• generated in situ was followed at 560 nm. SOD activities were calculated and
expressed as units per milligram of protein.
To measure the catalase activity, 1790 µL potassium phosphate buffer (50 mM, pH 7.0) was mixed
with 200 µL cell lysate in a UV cuvette. Ten µL of H2 O2 (30%) was added, and removal of H2 O2
by catalase was followed at 240 nm [18] using a Cary 50 Bio UV-Vis spectrophotometer with 18-cell
changer (Varian Inc., Mississauga, ON, Canada). The activity was expressed as a percentage of control.
2.6. Determination of Cellular Glutathione and Reactive Oxygen Species (ROS)
The assay was based on the enzymatic recycling method adjusted for 96-well plates [19]. All
solutions were prepared in sodium phosphate buffer (125 mM, pH 7.5) that contained 6.3 mM EDTA
(ethylenediaminetetraacetic acid). In summary, 60 µL of 0.35 mM NADPH and 10 µL of 6 mM DTNB
were added to wells, this was followed by the addition of 20 µL cell lysate or glutathione (GSH)
standard. To initiate the reaction, 10 µL of glutathione reductase (5 IU/mL) was added and the rate of
reaction between GSH from cell lysate and DTNB was measured at 412 nm. Total glutathione of cell
lysates was calculated based on a standard curve of glutathione.
The measurement of intracellular ROS was determined using a method described by Wolfe and
Rui, with modifications [20]. HepG2 cells were seeded at 4 × 104 cells/well in a 96-well tissue culture
plate and were treated for 24 h with 100 µM of peptide dissolved in media, with the exception of NC
and PC controls. Media was removed, cells washed twice with PBS, incubated (24 h) with 20 mM
AAPH and washed again with PBS. Two hundred µL of 40 µM DCFH2 -DA dissolved in buffer was
added, and fluorescent intensity was immediately recorded at 2 min intervals for a total of 60 min.
The percentage increase in fluorescent intensity was calculated as shown in Equation (1).
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Figure 1. Oxygen radical absorbance capacity (ORAC) values peptides (µmol Trolox equivalent/µmol
Figure 1. Oxygen radical absorbance capacity (ORAC) values peptides (µmol Trolox equivalent/µmol
peptide). FNDRLRQGQLL (P1), GLVYIL (P2), GQTV (P3), GQTVFNDRLRQGQLL (P4), YHNAP (P5),
peptide). FNDRLRQGQLL (P1), GLVYIL (P2), GQTV (P3), GQTVFNDRLRQGQLL (P4), YHNAP
YHNAPGLVYIL (P6), and DVNNNANQLEPR (P7). Each peptide was tested in triplicate. Data are
(P5), YHNAPGLVYIL (P6), and DVNNNANQLEPR (P7). Each peptide was tested in triplicate. Data
means ± STDEV. Different letters indicate significant differences (p < 0.05) in a post-hoc Tukey’s Honest
are means ± STDEV. Different letters indicate significant differences (p < 0.05) in a post-hoc Tukey’s
Significant
Differences test.
Honest Significant Differences test.

but similar findings were reported in hamster ovary cells treated with yeast, soy, and broadbean
hydrolysates [8]. The growth enhancement of P2 might be due to its greater uptake as suggested for
endothelial cells treated with alpha-tocopherol [25].
Cytoprotective effects of peptides against oxidant-induced damages (Figure 2B) showed that
HepG2 cells treated with APPH only (PC) experienced a 40% decrease in viability compared to
negative control (NC, no APPH). Peptides P3 and P4 had no effect on oxidative damages while P1
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Figure 2. Cytotoxicity and cytoprotective effects of the tested peptides on HepG2 cells: NC (negative

Figure 2. Cytotoxicity and cytoprotective effects of the tested peptides on HepG2 cells: NC (negative
control), PC (positive control), FNDRLRQGQLL (P1), GLVYIL (P2), GQTV (P3),
control), GQTVFNDRLRQGQLL
PC (positive control),(P4),
FNDRLRQGQLL
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HepG2 cells treated with APPH only (PC) experienced a 40% decrease in viability compared to
negative control (NC, no APPH). Peptides P3 and P4 had no effect on oxidative damages while P1
and P7 at 100 µM were partly protective (p < 0.05) as they increased the viability of cells by 15.5%
and 8.3%, respectively, compared to PC. Pretreatment of cells with P6 increased the viability of cells
from 58.9% ± 2.7% for PC to 88.2% ± 6.4%. The most cytoprotective peptide was P2, which not only
completely eliminated AAPH damage, but also increased the viability of HepG2 cells, compared to NC.
The protective effect of P2 is partly due to the fact that in the absence of AAPH, it did increased cell
viability (Figure 2A). The cytoprotection P2 > P6 > P1 ≈ P7 was found to correlate with their degree of
hydrophobicity, but not with ORAC values. In addition to hydrophobicity, the positive charge of P1
and P6 may have enhanced their interaction with membrane phosphorus groups. P6 also contains
histidine that can protect cells through its metal binding capability, as suggested for bean protein
hydrolysates in Caco-2 cells [26]. It is possible that the low hydrophobicity of P3 and P4 limited their
interaction with membrane and subsequently their cellular uptake. Although P2 was the most active
peptide in both assays, P5 which was the second most active in the ORAC test, enhanced cytotoxicity in
cells. In fact, some molecules with antioxidant capacity in vitro have been shown to act as pro-oxidants
in vivo, causing apoptosis as a result of mitochondrial dysfunction or DNA damage [27,28].
3.3. Activity of Antioxidant Enzymes
Four of the peptides P1, P2, P6 and P7 showed cytoprotective properties at either 50 or 100 µM.
In order to elucidate the possible mechanism, their ability to regulate the activity of three main
anti-oxidative enzymes, decrease intracellular production of ROS or regulate glutathione were
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determined. AAPH is an oxidation inducer that generates peroxyl radicals by thermal decomposition
at a constant rate and is believed to cause damage primarily to membrane lipids and proteins [29].
The oxidized lipids or proteins in the form of hydroperoxides can be reduced to alcohol derivatives
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superoxide
anion
radical
and GPx
hydroperoxides,
it isactivity
logical
to conclude
damage to
affected
SOD
in comparison
to aon
much
larger effect on the
of GPx.
Since SODthat
acts the
on the
HepG2 issuperoxide
mainly attributed
toand
lipid
oron
protein
hydroperoxides
the
anion radical
GPx
hydroperoxides,
it is logicalgenerated
to concludein
that
thepresence
damage toof AAPH.
is mainly(CAT)
attributed
to lipid
or protein
hydroperoxides
generatedwith
in theAAPH
presence
of AAPH.
Data fromHepG2
the catalase
assay
(Figure
3C) showed
that treatment
alone
increased the
Data from the catalase (CAT) assay (Figure 3C) showed that treatment with AAPH alone increased
CAT activity by almost 2-fold. Pre-treatment with each peptide further upregulated CAT activity level
the CAT activity by almost 2-fold. Pre-treatment with each peptide further upregulated CAT activity
comparedlevel
to PC
cells. Specifically, with 50 µM, the activity was further increased by 60% for P2 and
compared to PC cells. Specifically, with 50 µM, the activity was further increased by 60% for P2
P6; and 90%
forand
P7.90%
Meanwhile,
no change
was was
observed
for
At100
100µM,
µM,
CAT
activity
of P2
and P6;
for P7. Meanwhile,
no change
observed
forP1.
P1. At
thethe
CAT
activity
of
P2 almost
doubled
P1 was
not affected
by peptide
the peptide
concentration.
almost doubled
while
P1 while
was not
affected
by the
concentration.

of pre-treatment
of AAPH-stressed HepG2
with
peptides
P2 andP2
P4–P7
50 or (0, 50 or
Figure 3. Figure
Effect3.ofEffect
pre-treatment
of AAPH-stressed
HepG2cells
cells
with
peptides
and(0,
P4–P7
100 µM) on the activity of glutathione peroxidase (GPx, A), superoxide dismutase (SOD, B), and
100 µM) on the activity of glutathione peroxidase (GPx, A), superoxide dismutase (SOD, B), and catalase
catalase (CAT, C). NC (negative control), PC (positive control). Data are expressed as means
(CAT, C). (n
NC
(negative
control),
PCdifferences
(positive(pcontrol).
Data are
expressed
as means
(n =Honest
3) ± SEM and
= 3)
± SEM and
significant
< 0.05, One-way
ANOVA)
in post-hoc
Tukey’s
significantSignificant
differences
(p
<
0.05,
One-way
ANOVA)
in
post-hoc
Tukey’s
Honest
Significant
Differences
Differences test are indicated by different letters).
test are indicated by different letters).

Compared to SOD and GPx, CAT is resistant to inactivation by peroxyl radicals, due to the
narrowness of its active site which prevents access of large molecules [18]. The increase of CAT activity
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in this work, for APPH treated cells, might be due to an induction by lipid peroxides as reported for
smooth muscle,
and umbilical vein endothelial cells [30]. Oxidants such as7 of
H92 O2 were
Antioxidantsmacrophage
2016, 5, 39
SODactivity
and GPx,
is resistant to
inactivation
by peroxyl radicals,
due to the tripled
also reported Compared
to doubletoCAT
ofCAT
rat hepatoma
cells
while pretreatment
with epicatechin
of its from
activefish
site skin
whichgelatin
prevents
access of large
moleculesSOD,
[18]. The
of CAT
the valuenarrowness
[31]. Peptides
hydrolysate
increased
GPx,increase
and CAT
activities in
activity in this work, for APPH treated cells, might be due to an induction by lipid peroxides as
hepatic Hep3B cells by up to 92.8% [16]. In porcine kidney epithelial cells [32], the decrease in activities
reported for smooth muscle, macrophage and umbilical vein endothelial cells [30]. Oxidants such as
of GPx and
SOD
in the presence of AAPH was attributed to the oxidation of tryptophan and histidine
H 2O
2 were also reported to double CAT activity of rat hepatoma cells while pretreatment with
at their respective
[33,34].
tested
peptides
have protected
those
sites.
epicatechinactive
tripled site
the value
[31].Hence,
Peptidesthe
from
fish skin
gelatin may
hydrolysate
increased SOD,
GPx,
and CAT activities in hepatic Hep3B cells by up to 92.8% [16]. In porcine kidney epithelial
cells [32],Reactive
the decrease
in activities
GPxGlutathione
and SOD in the presence of AAPH was attributed to the
3.4. Intracellular
Oxygen
Speciesofand
oxidation of tryptophan and histidine at their respective active site [33,34]. Hence, the tested peptides

The physiological
rolethose
of GSH
may have protected
sites. has long been of interest, particularly its antioxidant function due
to the unique redox chemistry of its cysteinyl thiol residue [35]. The oxidation of sulfhydryl groups on
3.4. by
Intracellular
Oxygen
Species and Glutathione
amino acids
ROS canReactive
lead to
the formation
of protein disulfide bonds, which can be reduced by GSH
Thesulfhydryl
physiological
role of GSH
hasislong
of interest,used
particularly
its antioxidant
function of
dueperoxides
into individual
groups.
GSH
alsobeen
a substrate
by GPx
in the reduction
to the unique redox
chemistry
its cysteinylstatus
thiol residue
[35].Treatment
The oxidation
of sulfhydryl
groups
and its concentration
often
reflectsofoxidative
of cells.
with
AAPH decreased
GSH
on amino acids by ROS can lead to the formation of protein disulfide bonds, which can be reduced
by 58.1% by
(Figure
4A) which was eliminated by pre-treatment of cells with all four peptides at 50 µM,
GSH into individual sulfhydryl groups. GSH is also a substrate used by GPx in the reduction of
while at 100
µM,
P2
and
further increased
(p < 0.05)
GSHstatus
concentrations
above with
that of
normal cells.
peroxides and
its P6
concentration
often reflects
oxidative
of cells. Treatment
AAPH
decreased
(Figure
4A)reduced
which was
eliminated by
pre-treatment
of cells with all
four higher
It has been
found GSH
thatby
in58.1%
HepG2
cells,
glutathione
(GSH)
is approximately
30-fold
peptides atform
50 µM,GSSG
while at
100 µM,
P2 and
P6 further
increased
(p < 0.05) GSH concentrations
above
than its oxidized
[36].
In the
present
study,
the concentration
of GSSG was
below the
of normal cells. It has been found that in HepG2 cells, reduced glutathione (GSH) is
detectionthat
limit.
The decrease of GSH observed in the present study after AAPH treatment might be
approximately 30-fold higher than its oxidized form GSSG [36]. In the present study, the
due to itsconcentration
direct radical
scavenging
properties
because
of adecrease
concomitant
inthe
intracellular
ROS,
of GSSG
was below
the detection
limit. The
of GSHdecrease
observed in
present
as measured
byafter
theAAPH
Dichlorofluorescin
(Figure
4B). scavenging
In the presence
of excess
GSH
study
treatment might(DCF)
be dueassay
to its direct
radical
properties
becauseoxidant,
of a
decrease
in intracellular
ROS, as
measured
by thefraction
Dichlorofluorescin
(DCF)
assay
can form concomitant
mixed disulfide
bonds
and precipitate
with
the protein
prior to the
assay,
resulting in
(Figure 4B). In as
thewell.
presence
excess peptides,
oxidant, GSH
form as
mixed
disulfide bonds
and precipitate
lower concentrations
Theoftested
bycan
acting
scavengers,
maintained
higher cellular
with the protein fraction prior to the assay, resulting in lower concentrations as well. The tested
GSH concentration. Other studies also found that the increase of ROS due to AAPH was attenuated
peptides, by acting as scavengers, maintained higher cellular GSH concentration. Other studies also
after treatment
with
and
CAAP
from
fish, and
hydrolysate
rat macrophage
found that
thepeptides
increase ofVCSV
ROS due
to AAPH
was
attenuated
after tilapia
treatment
with peptidesin
VCSV
and
RAW 264.7
cellsfrom
[37]fish,
or and
HepG2
[38]. in rat macrophage RAW 264.7 cells [37] or HepG2 cells [38].
CAAP
tilapiacells
hydrolysate

4. Glutathione
A) and
reactiveoxygen
oxygen species
B) levels
of HepG2
cells pre-treated
Figure 4. Figure
Glutathione
(GSH,(GSH,
A) and
reactive
species(ROS,
(ROS,
B) levels
of HepG2
cells pre-treated
with
peptides
P2,
P4–P7
(0,
50,
100
µM)
followed
by
AAPH-induced
stress.
Data
are
means
SEM. ± SEM.
with peptides P2, P4–P7 (0, 50, 100 µM) followed by AAPH-induced stress. Data
are ±means
Significant differences in post-hoc Tukey’s Honest Significant Differences (HSD) test are represented
Significant differences in post-hoc Tukey’s Honest Significant Differences (HSD) test are represented by
by different letters (p < 0.05, One-Way ANOVA).
different letters (p < 0.05, One-Way ANOVA).

4. Conclusions

4. Conclusions
Results from this study showed that peptides had various scavenging activities in the ORAC
assay with P2, P5 and P3 being the most active. Individual peptides alone did not show cytotoxicity

Results
from this study showed that peptides had various scavenging activities in the ORAC
in HepG2 cells. However, when followed by AAPH induced oxidative stress, P5 enhanced cells death
assay with
P2,
P5 P2,
andP6,
P3and
being
the cytoprotective.
most active. Individual
peptides
alone particularly
did not show
cytotoxicity
in
while P1,
P7 were
The mechanism
of protection,
for P2
and
HepG2 cells. However, when followed by AAPH induced oxidative stress, P5 enhanced cells death
while P1, P2, P6, and P7 were cytoprotective. The mechanism of protection, particularly for P2 and
P6, was related to the increased activities of antioxidant enzymes GPx, SOD and CAT; increase in
glutathione synthesis, and reduced production of intracellular reactive oxygen species.
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