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INTRODUCTION
Oxidative stress is the imbalance between

oxidant production and the antioxidant capacity
of the cell that usually inflict cell injury.
Disturbance in the balance can lead to the toxic
effects through the accumulation of peroxyl and
free radicals, within the cell and its components
[1]. Unchecked or increased levels of free
radicals has the potential to cause damage to
various cellular compartments, including lipids,
proteins and nucleic acids [2]. Hydrogen
peroxide is widely regarded as a cytotoxic free
radical whose level must be minimized by the
action of antioxidant defense system. It is stable
and can easily penetrate lipid membrane [3].
The LDsy values and the mode of cell death
depends upon multiple parameters including
the cell type used, its iron content, length of
exposure to hydrogen peroxide and its
concentration used [4]. Antioxidant defence is
primarily contributed by antioxidant enzymes
(AOEs) such as peroxidase (POX, E.C.
1.11.1.7), superoxide dismutase (SOD, E.C.
1.15.1.1) and catalase (CAT, E.C. 1. 11. 1.6)
[5]. GPx reduces hydrogen peroxide and
hydroperoxides, thereby scavenging oxidative
radicals in cell membranes, whereas SOD
converts O, to molecular Oz and hydrogen
peroxide [6, 7]. Hydrogen peroxide is
subsequently scavenged by CAT, resulting in
the production of water and molecular oxygen
[8].

Macromolecular proteins [9], peptides
along with free amino acids [10], sulphur
containing amino acids [11], aromatic amino
acids [12], hydroxyl amino acids [13, 14, 15]
and several naturally occurring
macromolecules [16] are known to be effective
as antioxidants. Silk protein sericin is a natural
polypeptide with a commendable antioxidant
property to combat oxidative stress due to the
presence of polyphenols and flavanoids [17,
18]. Sericin is a water soluble globular protein
which constitutes 20-30% of the silk fibre and
is specifically synthesized in the middle silk
gland of the silkworm. Sericin is sticky layer
that envelopes the filamentous fibroin and
together form silk filament and is often
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discarded as a waste product during silk
processing [19]. It consist of 18 amino acids,
most of which have strong polar side groups
[20] and is especially rich in serine (~32%)
[21]. The oxidative potential of amino acids to
interact with free radical is dictated in large by
its functional R group and also if the of the
radical insult is high [22]. The antioxidant
activity of proteins in radical mediated
oxidation reactions may be due to their ability
to act as radical trapping devices [23].

Sericin is an active biomolecule with several
implications as a therapeutic agent [24, 25, 26,
27] and component of cosmetics [28, 29]. It
also exhibits several pharmacological effects,
such as supressing colon carcinogenesis in mice
[30, 31, 32, 33] cryoprotection [34] and also
acts as an anticoagulant upon sulphonation
[35]. Sericin peptide also exhibited a protective
effect against alcohol induced gastric injury in
mice [26]. Dietary sericin improves lipid
metabolism and ameliorates glucose tolerance
in rats fed on high fat diet [36].

The aim of this study was to assess the effect
of sericin as therapeutic agent in A549 cells
against hydrogen peroxide-induced oxidative
stress. Also, to explore the possible components
of sericin with antioxidant activity that alleviate
oxidative injury caused by transient exposure to
hydrogen peroxide. We have demonstrated that
the sericin and its major amino acids acts as
scavenger of free radicals in hydrogen peroxide
induced oxidative stress.

MATERIALS AND METHODS
Chemicals

Thiobarbituric acid (TBA), glutathione
reductase, horseradish  peroxidase and
dinitrophenylhydrazine (DNPH) were from
Sigma-Aldrich, (St. Louis, MO, USA).
H.DCFDA was from Molecular Probes
(Eugene, USA). Reduced glutathione (GSH),
NADPH, t-butylhydroperoxide, hydrogen
peroxide (H20), Triton X- 100, epinephrine,
sodium dodecyl sulphate (SDS), acetic acid,
butanol, pyridine, tetra methoxy propane
(TMP) and 2,4,6-tripyridyl-S-triazine (TPTZ)

'



were from Sisco Research Laboratory
(Mumbai, India). L-Aspartic acid and L- Serine
from Spectochem, (Mumbai, India).

Cell culture and experimental design

Human lung epithelial cells (A549)
were grown in culture flask in RPMI-1640
medium supplemented with 2 mM glutamine,
100 U/ml penicillin, 100 pg / ml streptomycin
and with or without 10% fetal bovine serum.
The cells were cultured in a humidified
atmosphere at 37°C by passing 5 % CO.. The
90-100 % confluent cells were sub cultured in
6 wells plate (3x10° cells/well) for 24h. The
subcultures were washed with phosphate buffer
pH 7.4 repeatedly to remove the remnants of the
media. Cells were exposed to hydrogen
peroxide (20 uM) for 10 min to induce
oxidative stress. To evaluate the antioxidant
nature of sericin, the cells were incubated with
50 ng/ml sericin for 10 min at RT prior to the
treatment of hydrogen peroxide. The cells were
lifted from the wells with the help of rubber
police man. The cells were homogenized in
cold phosphate buffer and centrifuged at 3000
rpm for 10 minutes.

Extraction of sericin

Sericin was extracted from silk cocoon
according to (Wu et al, 2007) with slight
modification. Briefly, multi-voltine cocoons
were boiled for several hours in distilled water
to extract sericin. The water extract was
condensed further by evaporating the water at
50°C, and the concentrate was spray dried and
collected as a powder. The powder was
dissolved in distilled water in a 10:1 ratio (w/v),
and was chilled overnight at 4°C. Pure chilled
ethanol was added to the sericin solution with
constant stirring to obtain a final ethanol
concentration of 75% (w/v). The obtained
mixture was then kept at 20°C overnight,
followed by centrifugation at 3500 rpm for 20
min. Alcohol evaporation was performed at
40°C and the samples were lyophilized and
stored until use.
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LC-MS analysis of sericin protein

LC-MS analysis was performed according
to Niessen [37] using an APl 3000 LC-MS
system fitted with a turbo ion spray source and
a quadrupole mass spectrometer (Perkin Elmer
Sciex, Thornton, Canada). The instrument was
operated in positive ion mode with a spray
voltage of 5500 V and a source temperature of
475°C using a Phenomenex column (2540 x 6.6
mm) with methanol: water (3:1) as the mobile
phase. Data were analysed with Analyst
software version 1.4.2.

Antioxidant capacity

Antioxidant capacity was analysed by the
modified method of Benzie and Strain [38]
using ascorbic acid as the standard. FRAP
reagent was prepared fresh with acetate buffer
(pH 3.6). 10 mM TPTZ diluted with 40 mM
HCI and 20 mM ferric chloride solution at a
ratio of 10:1:1 (v/v), respectively, were warmed
to 37°C prior to use. 100 ul of cell homogenate
and 3 ml of the FRAP reagent were vortexed
and absorbance was measured at 593 nm at 0
min. The samples were incubated at 37°C and
absorbance was recorded after 30 min. The
antioxidant capacity of the cell homogenate
was expressed in uM Fe?* /100 mg cell mass.

Measurement of intracellular ROS

To assess the intracellular ROS levels A549
cells were loaded with an ROS-sensitive
indicator, CM-H,DCFDA of 20 uM for 10 min
at RT. The excess stain was washed off with
insect Ringer’s solution. In cells, esterase
cleaves CM-H,DCFDA to release CM-
H,DCFH, which is converted to the fluorescent
product CM-H;DCF when exposed to ROS
[39]. CM-H;DCFDA was excited at 520 nm
and the emitted light was collected at 570 nm
using a fluorescent microscope (Olympus IX
71, Japan). ROS was quantified using Image
Pro Express version 6.3 software from stored
images.

Lipid peroxidation level
Malondialdehyde (MDA), a product of
LPO, was determined as described by Ohkawa
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et al, [40]. In brief, 200 pl of cell homogenates
were added to 8.1% SDS, vortexed and
incubated for 10 min. 375 pl of 20% acetic acid
and 0.6% thiobarbituric acid were added to the
reaction mixture and placed in a boiling water
bath for 60 min. The samples were allowed to
cool and 1.25 ml of a butanol: pyridine mixture
(15:1, v/v) was added and centrifuged at 640 g
for 5 min. Absorbance was measured at 532 nm
using 1, 3, 3-tetramethoxy propane (TMP) as
the standard. The MDA concentration was
expressed as nmol/mg protein.

Protein carbonyl level

Protein carbonyl (PrC) was measured
according to the method of Uchida and
Stadtman [41]. 0.1% DNPH in 2 N HCI was
added to 800 pl of cell homogenate. Samples
were kept in the dark for 1 h. The protein was
precipitated with 20% trichloroacetic acid and
centrifuged. The pellets were washed thrice
with ethanol and ethyl acetate (1:1, v/v) and
were dissolved in 2 ml of 8 M guanidine
hydrochloride, and  centrifuged. = The
supernatant was used to measure the
absorbance at 365 nm and the PrC level was
calculated using a molar absorption coefficient
of 22,000 M™*cm™. The results were expressed
as uM/mg protein.

Superoxide dismutase (SOD, E.C. 1.15.1.1)
activity

SOD activity was measured according
to Misra and Fridovich [42] with slight
modifications. Briefly, 100 ul of a 5% cell
homogenate was added to 880 pl of carbonate
buffer (0.5 M, pH 10.2). 20 pl of epinephrine
(30 mM in 0.05% acetic acid) were added to the
mixture and measured spectrophotometrically
(model: Genova MK3, Jenway, UK) at 480 nm
for 4 min. SOD activity was measured as the
amount of enzyme that inhibits oxidation of
epinephrine by 50%, which is equal to 1 unit.

Catalase (CAT, E.C. 1.11.1.6) activity
Catalase was determined by the method

of Aebi [43]. Briefly, 100 pl enzyme samples

with 10 pl of absolute alcohol were incubated
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for 30 min at 0°C followed by the addition of 10
pl Triton X-100. An aliquot of 50 pl was placed
in 1.25 ml of 0.066 M H20- in phosphate buffer
and the decrease in absorbance was measured
at 240 nm for 60 s in a spectrophotometer. An
extinction coefficient of 43.6 M cm™ was used
to determine enzyme activity and was
expressed as one umole of H0;
degraded/min/mg protein.

Glutathione peroxidase enzyme (GPx, E. C.
1.11.1.9) activity

GPx enzyme activity was analysed by
the method of Flohe and Gunzler [44]. 50 pl of
0.1 M phosphate buffer (pH 7.0), 100 ul of the
enzyme sample, 100ul glutathione reductase
(0.24 units) and 100 pl of 10 mM GSH were
mixed. The mixture was pre incubated for 10
min at 37°C followed by the addition of 100 pul
of 1.5 mM NADPH in 0.1% NaHCOs. 50 ul of
12 mM t-butylhydroperoxide was added to
monitor the hydrogen peroxide independent
concentration of NADPH for 3 min. The overall
reaction was started by adding 100 pl of pre-
warmed H,0,, and the decrease in absorption at
340 nm was monitored for 5 min. GPx activity
was expressed as um NADPH
oxidized/min/mg protein.

Statistical analysis

Data are shown as the mean £ SD of six
observations. Changes between the groups
were analysed by MANOVA and further tested
by the Bonferroni post-hoc test using Statistical
Package for Social Sciences (SPSS) software
[45] and p<0.05 was considered significant.
Statistically significant data are presented in the
text.

RESULTS
Composition of silk protein sericin

A flow rate of 0.3 ml/min through the
Phenomenex column was used in the LC-MS
studies to provide information on the retention
times and the endogenous concentrations of
various amino acids in the silk protein sericin.
The retention times from the samples were
compared with synthetic standards. Among the
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amino acids, serine was the most abundant,
followed by glycine, aspartic acid, threonine
and glutamic acid (Table 1).

Amino acids 0/100g sample
Serine 11.18
Aspartic acid 3.27

Glycine 3.21
Threonine 1.04

Glutamic acid 0.23

Table 1. Prominent amino acid Composition of sericin protein in B. mori.

Antioxidant capacity compared to that of the residual antioxidant
A549 cells incubated with sericin and capacity of untreated A549 cells. The hydrogen
also with serine and aspartic acid mixture prior peroxide treated A549 cells were not different
to hydrogen peroxide treatment showed a to control with respect to antioxidant capacity
significant increase in antioxidant capacity (Fig. 1).
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Fig.1 Effect of sericin, amino acid serine and a mixture of serine and aspartic acid on antioxidant capacity in
human lung epithelial cells treated with or without hydrogen peroxide. Data are means + SE (n = 6). P< 0.05
was considered significant. Values between the treatments are represented in lower cases (a, b). Those not
sharing the same letters are significant.

Hydrogen peroxide induced an increase in ROS

H.DCFDA probe was used to study the H.O.-induced change in reactive oxygen species in
A549 cells under a fluorescent microscope. Under phase contrast, blebbing of the plasma membrane
and swelling of the cells were observed in cells treated with H,O, at concentrations above 20 pM.
However, pre-incubation of cells with sericin or amino acid mixture of serine and aspartic acid inhibited
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the hydrogen peroxide induced morphological changes in A549 cells (Fig. 2). H.DCFDA treated cells
revealed a significant increase in the intensity of fluorescence, indicating an increase in ROS upon
exposure to hydrogen peroxide. Incubation of cells with sericin or amino acid mixture prior to the
treatment of hydrogen peroxide did not show any significant difference from control cells (Fig. 3).

a) c) e) )

10 um

Fig. 2 Effect of sericin on the hydrogen peroxide-induced an increase in reactive oxygen species in the human

lung epithelial cells (A549). (a-b) Normal human lung epithelial cells (c-d) hydrogen peroxide treated cells, (e-

f) cells incubated with sericin prior to hydrogen peroxide treatment and (g-h) cells incubated with a mixture of
serine and aspartic acid prior to hydrogen peroxide treatment.
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Control H,0, Sericin + H,O, Ser. + Asp. +
H20,

Fig. 3 Effect of sericin and its amino acids on the hydrogen peroxide-induced increase of ROS in
A549 cells. Data are shown as mean + SE (n=3). p< 0.05 was considered significant. Values between
the treatments are represented by lower case letters (a, b). Those not sharing the same letters are

significant.

Oxidative stress markers

Malondialdehyde, a product of lipid peroxidation was significantly higher in A549 cells on
treatment with hydrogen peroxide. However, cells on pre incubation with silk protein sericin and amino
acid serine or serine/ aspartic acid mixture prevented hydrogen peroxide induced increase of MDA level
in cells (Table 2).
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Nature of the

Protein carbonyl

MDA .

treatment (nmol/ mg protein) (umol/ mg protein)
Control 1.23% 17.45%
+0.23 +2.41
H,0, treatment 2.29° 47.87°
+0.33 +2.10
Incubation with 0.96% 15.87%
sericin +0.16 +4.91
Incubation with Ser. 1.08°2 18.55%
+0.03 +2.32
Incubation with Ser. 1.01°2 16.972
and Asp. +0.04 +2.74

Table 2. MDA and PrC level in human lung epithelial cells (A549) treated with hydrogen peroxide and pre-

incubated with sericin, amino acid serine or amino acid mixture prior to hydrogen peroxide treatment. Data are

means * SE (n = 6). P< 0.05 was considered significant. Values between the treatments are represented in

lower cases (a, b). Those not sharing the same letters are significant.

A significant increase in protein
carbonyl as a result of oxidative stress was
evident following treatment with hydrogen
peroxide in A549 cells. Prior incubation with
sericin or amino acid serine or a mixture of
serine and aspartic acid significantly inhibited
hydrogen peroxide induced protein oxidation in
A549 cells (Table 2).

Antioxidant enzymes

Superoxide dismutase activity was
significantly increased on exposure to hydrogen
peroxide in A549 cells. Incubation of cells with
sericin or serine or serine/aspartic acid mixture
prior to hydrogen peroxide treatment inhibited
the cells from hydrogen peroxide induced
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increase in SOD activity (Fig. 4a). Incubation
with 20 uM hydrogen peroxide significantly
increased CAT activity in A549 cells. Cells
treated with sericin or amino acid serine or
mixture of serine and aspartric acid before the
induction of oxidative stress with hydrogen
peroxide did not elicit a rise in CAT activity
under stress (Fig. 4b). A549 cells exhibited a
significant increase in GPx activity on exposure
to hydrogen peroxide. However, prior
incubation of cells with sericin or serine or
serine and aspartic acid mixture obliterated the
hydrogen peroxide induced increase in GPx
activity (Fig. 4c).
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DISCUSSION

Hydrogen peroxide is cytotoxic to a wide
range of animal cells however, LDs, values and
the mode of cell death depends upon multiple
parameters including the cell type used, length
of exposure and the concentration used [46].
The toxic effect of hydrogen peroxide largely
relates of its conversion to its in-
discriminatively reactive hydroxyl radical
(OH), either by exposure to UV light [47] or an
interaction with metal ions [48]. Indeed our
results suggest that on exposure to 23uM
hydrogen peroxide, caused close to 50%
mortality in human lung epithelial cell (A549)
with a concomitant increase in ROS, as
indicated by fluorescent microscopy studies.
Studies on skin fibroblast cells (AH927)
subjected to hydrogen peroxide, exhibited cell
shrinkage and also revealed nuclear
condensation [49]. Whereas, in mouse gingivial
fibroblast challenged with hydrogen peroxide
induced morphological changes such as
enlarged nuclei and expanded cytoplasm [50].
In the current study a decrease in cell volume
was observed in Ab549 cells subjected to
hydrogen peroxide treatment. Sericin is known
to promote cell viability in mouse fibroblasts
cell (L929) [51]. Amino acids such as glycine
and alanine declined the maitotoxin induced
endothelial cell injury in bovine aorta [52]. In
the present study, we have demonstrated that
A549 cells subjected to hydrogen peroxide
accumulated ROS as indicated by H.DCFDA
fluorescence and prior incubation with sericin
or its constitutive amino acids obliterated the
accumulation of peroxyl radicals. Fan et al, [53]
have also demonstrated antioxidative properties
of sericin against multiple radicals. The ability
of a compound to reduce Fe** and Fe?* serve as
an important indicator of its potential
antioxidant power [38, 54]. Iron sequestering
activity of sericin prevent chronic skin
photoageing in female Skh/HR-1 hairless mice
[55]. In the present study, prior incubation with
sericin and its amino acids showed an increased
ferric reducing capacity in the cells subjected to
oxidative stress.
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Oxidative modification in proteins [56, 57]
and peroxidation of unsaturated lipids in the
cell membrane [58] could occur due to
increased hydrogen peroxide level. Sericin
exert a protective effect against alcohol
mediated hepatic injury in mice by preventing
the peroxidative detioration of structural lipids
in membranous organelles [26]. Several amino
acids have the property of reducing LPO [14,
15] and protecting ability of amino acids
against peroxidation is because of its capacity
to chelate copper [10]. There has been no
evidence of sericin as inhibitor of protein
oxidation. However, protein thiols were found
to inhibit protein hydroperoxide formation [59].
In our study, sericin and its integral amino acids
such as serine alone or in combination with
aspartic acid lessened hydrogen peroxide
induced LPO and protein oxidation. We
presume that amino acid components of sericin
might have functioned as scavengers of ROS
thereby reducing LPO and protein oxidation.

Protection against hydrogen peroxide
induced ROS was afforded by the up-regulation
of antioxidant enzymes [60]. Hydrogen
peroxide induced an increase in the activity of
SOD, CAT and GPx [61, 49, 62] in fibroblast
cells. Role of sericin in reduced SOD and GPx
activity and unaltered CAT activity was
demonstrated in rat mucosal tissue treated with
alcohol [26]. Amino acid glycine also afforded
protection to hepatic tissue against alcohol
induced damage in rats [15]. Sericin has
antioxidative and cytoprotective  effects
through elevation of some crucial antioxidant
factors in human endothelial cells (HUVEC)
[63]. In our study, a significant increase in
AOEs were observed on hydrogen peroxide
treatment while such an elevation of AOEs
were not observed in cells prior treated with
sericin or its amino acids.

CONCLUSION

A possible explanation for the present scenario
is that the hydrogen peroxide induced ROS
would have triggered an increase in the AOEs
as a defense mechanism under stress. The
notable point in our study is that, sericin and its
amino acids protect the cell through scavenging
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the free radicals rather than enhancing the
AOEs.
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