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Abstract— Superoxide radical (Oy) is one type of reactive oxygen species (ROS) that play important role in pathogenesis of
various inflammatory diseases. The main source of ROS is inflammatory cell neutrophil, that will produce a large amount of
ROS to response against antigen. This study purposed to analyze antioxidant activity of the hydrolyzed melinjo (Gnetum
gnemon) seeds protein (Gg-PH) against superoxide radical produced by neutrophil. This in vitro study used neutrophil
isolated from human peripheral blood vein using Histopaque Gradient Centrifugation method. Briefly, neutrophil were
incubated with antigen and antioxidant for 1 hour and 18 hours. Antioxidant activity were demonstrated by reduction of
superoxide production. Experiments were divided into three groups, (1) neutrophil + antigen + Gg-PH, (2) neutrophil +
antigen + glutathion (GSH), (3) neutrophil + antigen. The antigen is formyl-methionyl-leucyl-phenylalanine (fMLP).
Superoxide production was analyzed by means of Nitro Blue Tetrazolium (NBT) assay. Intracellular superoxide were
demonstrated microscopically, whereas extracellular superoxide spectrophotometrically. Result showed that incubation of
Gg-PH for 1 hour reduced intracellular superoxide production significantly (p<0,05), but not for extracellular superoxide
(p>0.05). Incubation for 18 hours could not prevent superoxide production, both intracellular and extracellular. Inconclusion
Gg-PH had antioxidant activity against intracellular superoxide radical for 1 hour incubation but not in extracellular. Effect
of dosis and duration of incubation need to be analyzed further.
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I. INTRODUCTION been developed its activity against radicals produced
by human cell. This study purposed to analyze

Free radicals are atoms or molecules that have  antioxidant activity of Gg-PH against human

unpaired electrons in its outer layer [1]. The most ~ Neutrophil superoxide radicalin vitro.

important free radicals in the body is reactive oxygen

species (ROS)[2].0ne of them is superoxide radical !l DETAILS EXPERIMENTAL

(G2) [3]. .

Neutrophil is the first line cell that play a role in body ~ 2.1. Materials and Procedures

defense mechanism [4] In doing S0, neutroph” Human neutrophllS were isolated from venous blood

develope microbisidal mechanism,mainly oxidative ~ obtained from healthy adult donor after compliting
mechanism (respiratory burst) which is performed by informed consent and in accordance with ethical
ROS[5] Respiratory burst accompany by production apprOVal fromMedicaI Faculty, UniVerSity Of Jember,
of a large amounts of superoxide radical that occured ~ Indonesia. G. gnemon seeds were collected from the
when neutrophilstimulated by antigen through the collection of Center for Development of Advanced
reduction of oxygen (O,) by Nicotinamide Adenine  Sciences and Technology (CDAST), University of
Dinucleotide Phosphate (NADPH) oxidase[6]. Jember, East Java, Indonesia. Glutathione (GSH) was
Free radical is important to destroy antigen, but if it is ~ purchased from Sigma, Pyrogallol was purchased
produced more excessivethan cellular antioxidant, it ~ from  Sigma,2,2-Azino-bis(3-ethylbenzothiazoline-
will damage the cell itself[7]. Reactivity of free  6sulfonic Acid)(ABTS) was purchased from Wako,
radical and tendency to form a new radical if it meets ~ Histopaque 1119 was purchased from Sigma,
other molecules causes chain reaction. Cell damage  Lymphocyte Separation Medium was purchased from
and chain reaction are dangerous because it can cause ~ MP, N-Formyl-Met-Leu-Phe (fMLP) was purchased
avariety Ofinﬂamma‘tory diseases[g], [9] from Sigma, Nitro Blue Tetrazolium (NBT)WaS
Free radicals can scavenge using antioxidants.  Purchased from ScyTek, Penicillin-Streptomycin was
Antioxidants are Compounds that in low pUrChaSEd from Sigma, FUngiZOﬂe-AmphOteriCin B
concentrations can stabilize free radicals by donating ~ Was purchased from Gibco, and Hanks’Balanced Salt
electrons and inhibiting the chain reaction without ~ Solution (HBSS) was purchased from Gibco.

change its function[10].One of natural source of  This study consisted of two stages. The first stage
antioxidants that have been studied is melinjo aimedto obtain Gg-PH protein that have antioxidant
(Gnetum gnemon) SEEdS[ll]. activity against 2,2-Azino-bis(3-
Previous research showed that hydrolyzed melinjo  €thylbenzothiazoline-6 sulfonic Acid) (ABTS) radical
(G.gnemon) seeds protein (Gg-PH) has a potential (general antioxidant activity)and furthermore we
active as an antioxidant[12], however no studies have  testagainst superoxide radical using Pyrogallol
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method. The concentration of Gg-PH protein which
had the highest antioxidant activity against
superoxide radical Pyrogallol then applied as an
antioxidant protein in the next stage. The second
stage aimed to examine the activity of Gg-PH protein
against neutrophil superoxide radical using Nitro
Blue Tetrazolium (NBT) assay.

Melinjo Seeds Extraction. Extraction of G.
Gnemon seeds was done by method described by
Siswoyo[11]. After washing and peeling, 123 g of
sample seed then was grounded in a blender, and the
resulting meal was extracted with distilled water (1:3)
for 30 minutes. The homogenate result filtered with
filter paper to remove larger particulate and then
centrifued (10000 rpm for 10 min at 15 °C).
Supernatant obtained called Gnetum gnemon crude
protein (Gg-CP).

Melinjo Seeds Protein Isolation.The pH of Gg-
CP was set to 8, then centrifued 10000 rpm for 10
min at 15 °C. pH of resulting supernatant was then
regulated to obtain pH 4 and incubatedfor 30 minutes.
After that, the solution was centrifued (10000 rpm for
10 min at 15 °C). Protein precipitate was then
dissolved in distilled water and the pH was set to 8
[11]. Result of isolation called Gnetum gnemon
protein isolates (Gg-PlI).

Melinjo Seed Protein Hidrolysis. Gg-Pl was
hydrolyzed using alcalase enzyme for 5 hours at 50
OC. Termination of enzymes actually was done by
heating at 95 °C for 10 min and then centrifuged
(5000 rpm for 1 min at 27 °C) [13]. Supernatant was
analyzed as Gnetum gnemon protein hydrolysates or
hydrolyzed melinjo seed protein (Gg-PH).

Determination of Soluble Protein. Total protein
soluble was measured by the method of Bradford
[14], used 5 pl protein sample, 45 ul distilled water,
and 950 pl Bradford. The absorbance was measured
with a spectrophotometer A 595 nm. The results
obtained compared with standard Bovine Serum
Albumin (BSA).

Degree of Hydrolysis. Measurement degree of
hydrolysis by the method of trinitro-benzene-
sulfonic-acid (TNBS) [13], 10ul Gg-PH was added to
415 pul Na phosphate buffer 0.2 M pH 8, and 200 pl
0.1% TNBS. The mixture then was dark incubated for
30 min at 50°C, after that added 400 pl sodium sulfite
(Na;SOz) 0.1 M, and incubated for 15 minutes.
Degree of absorbance was measured using
spectrophotometer A 420 nm. A solution of 1.5 L-
Leucine was used as a standard. The percentage of
the degree of hydrolysis (DH) was determined by
equation DH= h/hy; X 100%, h is the number of
hydrolyzed peptide bonds and hyy is the number of
peptide bonds per equivalent protein.

ABTS Radical Scavenging Activity. ABTS
radical scavenging activitiy of Gg-PH as described by
You [15] with slight modification. ABTS solution
was prepared by mixed of 7 mM ABTS and 2.45 mM
potassium persulfate. The mixture then dark
incubated for 16 h at room temperaturebefore use.
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Working stockmade by diluted ABTS solution with
0.2 M sodium phosphate buffered saline (pH 7.4)
until absorbance of 0.70 + 0.02(A734 nm).
Absorbance of solution measured at A734 nm. ABTS
scavenging activity calculated as [(Ac: — Ag)/Ac] X
100%, where A.is absorbance of control and A is
absorbance of sample.

Superoxide Radical Scavenging Activity.
Superoxide radical scavenging activityused method
of autooxidation of pyrogallol described by Tang [16]
with slight modification. Gg-PH 0.1 mL was mixed
with 1.8 mL of Tris-HCI buffer 50 mM (pH 8.2).
Mixture incubated for 10 min, then 0.1 mL of
pyrogallol 10 mM (dissoluble in 10 mM HCI) added.
Absorbance of solution measured for 4 min (A 320
nm). Oxidation rate was calculated as the slope of the
absorbance line (As). Autooxidation rate pyrogallol
for control measured with 1.0 mL of double distilled
water (Ag). The superoxide radical scavenging
activity calculated as [(Ao — As)/Ag] x 100%.

Neutrophil Superoxide Radical Scavenging
Activity. Neutrophil superoxide radical scavenging
activities of Gg-PH were determined using NitroBlue
Tetrazolium (NBT) method [17].This assay is
conducted by observe neutrophil containing blue
NBT formasan deposit. Neutrophilswere prepared
fromheparinized whole blood. Neutrophil isolation
was done by method of double Ficoll Hypaque
centrifugation using Ficoll Hypaque (d=1.119 g/mL)
and Lymphocyte Separation Medium (LSM). Speed
of centrifugation was 1900 rpm for 30 min at
temperature 21 °C. The neutrophil pellet obtained was
then added by HBSS to final volume 1200 pl and it
was further divided into 12 chambers (@100 pl).
Antimicrobial agents were 114 pl Peniciline-
Streptomycine and 36 ul Fungizone Amphotericin
that diluted in 7200 pl HBSS.

This experiment was divided into 3 groups, there
were Gg-PH, GSH, and FMLP groups. Each group
was further divided into two subgroups, 1 hour group
and 18 hours group. Each group consisted of two
chambers. Gg-PH group was exposed to 30 pg Gg-
PH, 10" M fMLP & 250 ul NBT, GSH group was
exposed to 10 ug GSH, 107 fMLP & 250 pl NBT,
whereas the FMLP group was induced by 107 fMLP
& 250 ul NBT. Control group was used HBSS. The
mixture was incubatedin an incubator shaker at 37 °C.
Intracellular superoxide production was observed
microscopically (light microscope) used safranin as
counter strain. Visualization used Opti Lab
magnetization 10°. Percentage of neutrophil cell that
containing formazan blue particle was determined by
evaluating 100 cells randomly under a microscope.
Extracellular superoxide production was observed
spectrophotometrically using microplate readerd 630
nm. HBSS was used as a standard solution.

Data Analysis. The intracellular  and
extracellular production of superoxide radical were
analyzed by Two Way Annova and Post Hoc LSD.
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I11. RESULTS AND DISCUSSION

Isolationof melinjo seed protein was done by method
of isoelectric precipitation. This isolation was
produced Gg-Pl at concentration 5.919 pg/ul.
Isoelectric precipitation is a method of deposition
protein based on isoelectric point. The solubility of
protein becomes minimal when it approached
isoelectric point (pH 4) as a result of an increase in
electrostatic interaction between protein molecules so
that electrostatic interaction with water being
minimal. This isolation aimed to separate antioxidant
protein from other substance contained in melinjo
seeds that have antioxidant activity, so that the
antioxidant activity in this study pure from protein
melinjo [18].

Hydrolisis of melinjo seed protein produced
Gg-PH at concentration 3.187 pg/ul. This hydrolysis
process was produced a mixture of small peptides and
amino acids (Gg-PH) by solving of complex peptide
bond. Hydrolisis aims to disrupt the primary structure
or protein denaturation, which increase the
accessibility of soluble oxidative amino acid [19],
[20].Increase exposure to soluble amino acid peptide
causes reaction of peptide and free radical increase,
so that the antioxidant activity of Gg-PH also
increaseand higher than Gg-Pl dan Gg-CP[21],
[22].Degree of hydrolysis was 38% means that
decomposition of complex peptide bonds into simple
peptide bonds and various amino acids was about
38% (from 100% hydrolisis total value)[13].

ABTS assay showed Gg-PH had scavenging
activity80%, it washigher than Gg-PI dan Gg-CP at
the same concentration (6 pg) that used. Gg-PH
peptide size that aresmaller and simpler enhance
bonding between peptide and free radical thus
increasing itsantioxidant activity[23].Gg-PH
scavenging activity against ABTS radical shown the
ability of Gg-PH donates electron or hydrogen atom
so that free radical compounds being more stable[24].
This ABTS assay was conducted as general screening
of antioxidant potential Gg-PHand determine stage of
purification protein with highest scavenging activity,
that in this study was Gg-PH so it was used as an
antioxidant protein in superoxide neutrophil assay
[25], [26].

Pyrogallol assay showed Gg-PH at
concentration 30 pg had the highest antioxidant
activity (30,38%). This indicated Gg-PH 30 pg
waseffective to scavenge production of superoxide
radicals Pyrogallol and this concentration was used in
superoxide neutrophil assay. Concentration above 30
ug showed stasioiner condition, it may occured
because Gg-PH binding ability of superoxide radical
in this Pyrogallol assay maximum at concentration 30
ng. Gg-PH scavenging activity against superoxide
radical Pyrogallol demonstrate the ability of Gg-PH
donates electrons or hydrogen atoms[27].Gg-PH that
had been tested the antioxidant activity against ABTS
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radical and superoxide radical Pyrogallol applied as
an antioxidant protein in superoxide neutrophil assay.
Gg-PH has antioxidant activity because it is
contains of cysteine amino acid withthiol/sulfhydryl
group (-SH) that can react with free radicals or
electron deficient compound, and stabilize free
radical by donating electron along H atom. Thiol (-
SH) that oxidized will form a stable covalent
disulfide bond/cystine (R-S-S-R) with reaction as
follow 2RSH=RS-SR + 2H" + 2e7[11], [28], [29].
The average numbers of neutrophil that
produce intracellular superoxide radical is presented
in Fig. 1, whereas the average of extracellular
superoxide radical production is presented in Fig. 2.
Microscopic pictures of neutrophil intracellular
superoxide radical assay are presented in Fig. 3.
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Fig 1. The average number of neutrophil that produce
superoxide radical intracellularly in percent (per 100 cells)
(NBT assay). Gg-PH can scavenge superoxide radical
production in 1 hour incubation.
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Fig 2. Extracellular superoxide radical production (NBT
assay). The average of spectrophotometric absorbance values
using a microplate reader at A 630 nm. Gg-PH has absorbance
value higher than FMLP in 1 hour incubation.
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Fig 3. Intracellular superoxide radical production of neutrophil
after 1 hour and 18 hours incubation (NBT assay).
Magnetization (10%). Arrow pointed neutrophil cells that do not
produce superoxide radicals. Fig. A is 1 hour incubation; Fig. B
is 18 hours incubation. Fig. A1 and Bl are Gg-PH group
(neutrophil exposed by Gg-PH & fMLP); Fig. A2 and B2 are
GSH group (neutrophil exposed by GSH & fMLP); Fig. A3 and
B3 are FMLP group (neutrophil induced by fMLP).

Production of intracellular superoxide in Gg-PH
group was significantly lower than (p<0.05) FMLP
and GSH groups at 1 hour incubation. This
demonstrates the ability of antioxidant protein Gg-PH
donate electron to free radical so it becomes more
stable and the chain reaction can be stopped [9].
Oxidative stress cell occurs in 18 hours incubation
because concentration of Gg-PH and cellular
antioxidant such as superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH)are no longer
able to scavenge superoxide radical that produced
continously. This excessive activation of neutrophil
causes oxidative stress that triggers degranulation and
lysis of neutrophil as shown in this study (Fig. 3).
When neutrophil lysis, ROS [superoxide radicals (O
), hydrogen peroxide (H,O), hydroxyl radicals (OH
)], myeloperoxidase enzyme (MPO), hydrolytic and
proteolyticenzymes of neutrophil granula will spill
into tissue then cause damage to variety of organic
molecules around this [5], [7].

There was no differed significantyl (p>0.05) of
extracellular superoxide production. Production of
extracellular superoxide radical as in Fig. 2, the
absorbance values of Gg-PH and GSH arehigher than
FMLP at 1 hour incubation, whereas in 18 hours
incubation absorbance of Gg-PH is almost same as
FMLP. Absorbance value of Gg-PH should be lower
than FMLP. This phenomenon may occured because
many of superoxide radicals neutrophil released
intracellularly, so that superoxide radical that released
in extracellular slightly. Other factors that may
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caused are the use of different type of solvent,
neutrophil cell that probably detached from cover
glass become readable thereby disrupting the
spectrophotometric analysis, and limitationof this
study that did not count pH of each group.
Superoxide radical produced by neutrophil in its
oxidative antimicrobial activity. This activity through
a system of Nicotinamide Adenine Dinucleotide
Phosphate (NADPH) oxidase [6]. NADPH oxidase is
activated when antigen FMLP activate G protein-
coupled receptorsuch as FPR (Formyl Peptide
Receptor) and FPR-L1 (Formylpeptide Receptor-Like
1) at the plasma membrane of neutrophil [30],
[31].This activation causes translocation of cytosolic
proteins (p47phox, p67 phox, Racl/Rac2, p40phox)
to the membrane bound cytochrome bssg (gp91phox,
p22phox) that catalyzed by the flavocytochrome
enzyme [3], [9]. This complex function as an electron
transport system, which transport electrons from
cytosolic NADPH to molecular oxygen (O;) to
reduce it to superoxide radical (O,") together with the
subsequent reactive products such as hydrogen
peroxide (H,0,) and hydroxyl radicals (OH") which
are bactericidal and cytotoxic [32], [33]. Superoxide
radicalthat formed intracellular and extracellular will
reduce Y-NBT to form water insoluble blue formasan
particles (NBT) that was measured microscopically
and spectrophotometrically in this study [17].
Production of superoxide radical in neutrophil is
higher than monocytes and macrophages because
amount of oxidase componentsof neutrophil such as
p22phox, p67phox, and p47phox more than
monocytes and macrophages. Content of these
functional proteins have positive interrelationship
with their function to produce superoxide radical
[34].

CONCLUSIONS

In conclusion hydrolyzed melinjo (G. Gnemon) seed
protein  (Gg-PH) can scavengeproduction  of
neutrophil intracellular superoxide radical for 1 hour
incubation but not in extracellular. Cell oxidative
stress occuredin 18 hours incubation because
concentration of Gg-PH that used was not able to
scavenge superoxide radical that continued to be
produce for 18 hours. Further studies are needed to
analyze effect of dosis and duration of incubation.
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