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Abstract

Marine organisms are great resources for discovering bioactive compounds with new antioxidant

properties. The aim of this work was to purify and isolate the protein fractions of Artemia urmiana and
to evaluate antioxidant activities of them on human peripheral blood neutrophils response. For these
purposes, crude extracts protein was extracted from napulii of A. urmiana and sequentially fraction-
ated by ion exchange. The antioxidant activities of the samples were determined by DPPH free radical
scavenging, reducing power ability assays in comparison with ascorbic acid. In the second phase, the
human peripheral blood neutrophils (HPBN) were separated and cultured. The cells were treated with
increasing concentrations of crude and partially purified fractions for 24 hrs. After that, the pellet and
supernatant of treated cells were separately collected and assayed for Nitro Blue Tetrazolium (NBT)
reduction, the activity of Super Oxide Dismutase (SOD) and Nitric oxide content. The results showed
that the IC, values of ascorbic acid, crude extracts, partially purified protein fractions(F1-F8) were
150, 126, 141, 295, 299, 114, 164 and 132 ug/ml respectively in the DPPH radical scavenging activity.
The reducing power activity at the highest concentration (200 ug/ml) based on the optical density of
the sample listed, were 2.8, 1.4, 0.13, 0.14, 0.17, 0.14, 0.13, 0.66, 0.18 and 0.35 respectively. In NBT
reduction and production of Nitric oxide, treated cells did not show significant difference between dif-
ferent concentrations of protein extract and untreated control cells. The activity of SOD was increased
in presence of 50-100 pg/ml of crud extract and fractions 1, 2, 3, 4 and 5 in comparison to untreated
control cells (p<0.05).

Keywords: Artemia urmiana extract; Antioxidant; Anti-inflammatory; Neutrophils; Super oxide dis-
mutase.

Introduction

Antioxidants are compounds that protect the body against
damage caused by oxidative stress that induce by free radi-
cals. Reactive oxygen species (ROS), including free radicals, are
formed by exogenous chemicals and endogenous metabolic
processes in the human body. It is well known ROS such as 0,
(superoxide anion), H,0, (hydrogen peroxide), and ¢OH (hy-
droxyl radical) are closely involved in various human diseases
such as Alzheimer’s disease, aging, cancer, inflammation, rheu-
matoid arthritis and atherosclerosis [1,2]. There is a balance
between the production of free radicals and the body’s antioxi-
dant system, and if the production of free radicals increases or
the antioxidant system weakens, nitrous or oxidative stress is

created. Damage to macromolecules in the cell can include DNA
strand breakage, peroxidation of cell membrane lipids, damage
to transporter proteins in the membrane, and damage to intra-
cellular enzymes [3,4].

Because oxidative stress is defined as an increase in the pro-
duction of free radicals that lead to tissue damage. There are
many potential sources of free radical production in the body,
and one of these sources is activated neutrophils [5]. Neutro-
phils produce reactive oxygen species (ROS) and reactive nitro-
gen species (RNS), a key component of the neutrophil’s defense
mechanism against invasion by foreign pathogens and parts of
damaged host tissue [6].
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For several years, many researchers have been searching for
powerful but non-toxic antioxidants from natural sources, espe-
cially medicinal plants and marine organisms [7]. Furthermore,
marine organisms are great resources for discovering bioactive
compounds with new antioxidant properties. Also, antioxidants
play an important role in nutritional by lengthening the shelf life
of food and reducing nutritional losses and formation of harm-
ful substances [8]. Thus, attention is now increasingly paid to
the development and utilization of more effective and non-toxic
antioxidants of natural origin. A great number of natural medici-
nal plants and marines have been tested for their antioxidant
activities and results have shown that the raw extracts or iso-
lated pure compounds from them were more effective antioxi-
dants in vitro than BHT or vitamin E and C [9,10].

Artemia found in a wide variety of hyper saline habitats rang-
ing from desert to, tropic to, mountains [11]. Artemia encysted
and diapause exhibits a level of stress tolerance such as hyper
salinity, very low oxygen tensions and extreme of temperature
[12]. Species of this genus are found in a variety of very harsh
environments in all continents, except Antractica. One of this
species lives in Urmia lake in Iran. Lake Urmia (or Orumiyeh),
is one of the largest permanent hypersaline lakes in the world
and resembles the Great Salt Lake in the western USA in many
respects of morphology, chemistry and sediments [13]. Histori-
cal overview of Artemia population from Iran was discussed in
detail by Abatzopoulos et al. [14].

In nature their encysted embryos (Cysts), encounters sever
hyper salinity and air desiccation; high dose of ultraviolet radia-
tion; varying degree of hypoxia, inducing anoxia and extremes of
temperatures [15]. Information’s related to varied uses of sev-
eral species of the genus Artemia were existed. Nauplii (newly
Artemia hatched) nutritional properties make it most widely
used in aquaculture as food item [16]. This organism used as
remedies in folk medicine in Iran. Also, it has been reported
that Artemia proteins confer the anti-aging activity in human
fibroblast cells and induce differentiation and apoptosis in hu-
man leukemic HL-60 cells [17,18]. Artemia proteins affected on
the cells under stress, but the molecular mechanism of these
proteins has not been studied clearly in human cells in normal
condition. The sea water and mud of Urmia lake have been used
by Iranians for treatment of some diseases from many ancients
ago. The source and origin of effective materials of them were
not clear and did not study to now. As mention about one of the
most living organism in that lake is Artemia Urmiana.

For this purpose, crude extracts of protein were extracted
after separation of napulii from cysts of Artemia urmiana. Then
the crude extracts were sequentially fractionated by ion ex-
change chromatography and the total protein of each fraction
was determined by the Bradford method. Then the antioxidant
activities of the samples were determined by two different test
systems, namely, DPPH free radical scavenging and its reducing
power ability assays and the results were compared with anti-
oxidant ascorbic acid. In the second phase, after the separation
of human peripheral blood neutrophils, the cells were treated
with increasing concentrations of protein extracts (containing
crude extract and all of protein Fractions isolated by column
chromatography) of Artemia for up to 24 hours, then the cells
and supernatant of protein extracts treated cells were collected
separately. The effect of protein extract of Artemia on ability of
Nitro Blue Tetrazolium (NBT) reduction, the activity of the en-
zyme Super Oxide Dismutase (SOD) and content of Nitric oxide
were evaluated.

Material and methods

Cyst hatching: Artemia urmiana cysts were provided from
Urmia lake (West-North of Iran). 10 gr of cysts were hydrated
in tap and sea water at room temperature for one hour. Then
the cysts were encapsulated by Sodium Hypochlorite (NaOCl 5%
W/V) until the cysts color was changed from brown to orange
(Approximately 2-3 minutes). Then the cysts were washed by
500 ml of cold distilled water. For hatching, the encapsulated
cysts were feeded in 2 liters of artificial sea water (0.4 M NaCL,
0.009 M KCL, 0.05 M MgCL,, 0.009M CaCL, and 0.028 M Na,S0,,
pH=8) that reported by Liu and Mclennan [19]. The cysts were
separately incubated at room temperature and 37 C° for 24 hrs
under light chamber in a shaking incubator. Freshly hatched
naupliies are phototropism, the napauliies were collected by at-
traction to light. The collected napuliies were washed with 400
ml of cold distilled water. Embryos were suspended in 50 ml of
stock solution A (8) pH=7.4 and centrifuged at 3000 rpm for 20
minutes. The protein content of napuliies were extracted by dif-
ferent methods such as: sonication, 3 times freezing and thaw-
ing and homogenization.

Protein extraction and purification: 1 gr of freshly isolated
naupuliies was dissolved in 5 ml of extraction buffer Tris- HCI
(50 mM, pH 6.8). Liquid homogenization, high frequency sound
waves sonication and 3 times freeze/thaw cycles in liquid nitro-
gen were used for protein extraction. The homogenate was fil-
tered through two layers of Mira cloth into a 50 mL Falcon tube
at room temperature. The filtered homogenate was keep at -20
C for protein purification. In all of experiments total protein
concentration was measured by modified Bradford methods.

The proteins content of crude extracts was precipitated with
salt extraction by using Ammonium Sulfate 40% (W/V) at 4°C by
shaking for 2hr. The precipitate was centrifuged at 5000 rpm for
20 minutes for 20 min at 4°C. Then the pellet was dissolved in
dialysis buffer (Tris-HCI 50 mM, NaCl 20 mM, pH 6.5) and dia-
lyzed against the same buffer for 24 hr at 4°C by 2 times change
of the buffer.

A 25x3 ¢cm DE-52 column (Whatman) was used for chroma-
tography. First, for equilibration, the column was extensively
washed by binding Tris buffer (Tris-HCl 50 mM, NaCl 20 mM pH
6.5). Subsequently, protein was eluted applying elution buffer
(100 ml of Tris-HCI 50 mM, NaCl 20 mM pH 6.5). Then salt gra-
dient was applied by adding 400 ml of 0.1 to 1.0 M of NaCl in
Tris-HCl 50 mM buffer pH 6.5. The samples were collected as
2.0 ml fraction by flow rate about 0.5 ml/min. The samples were
monitored at 280 nm continuously. The samples of each frac-
tion were collected and dialyzed. The final total protein concen-
tration was measured by modified Bradford methods. Finally,
the fractions were concentrated and sterilized by 0.2 um filter
papers (whatman) to use for further analysis in cell culture sys-
tem.

SDS-PAGE electrophoresis was done for analyses the protein
profile of purified fractions. For analysis, crude extract and dif-
ferent fractions of chromatography were electrophoresed on
13% resolving SDS-PAGE gel. The electrophoresis was done by
LKB-Pharmacia electrophoresis system (LKB Pharmacia, Uppsa-
la, Sweden). After running; the gels were stained by coomassie
blue.

DPPH anti-oxidant activity assay: The percentage of anti-
oxidant activity (AA%) of each substance was assessed by DPPH
free radical assay. The measurement of the DPPH radical scav-




MedDiscoveries LLC

enging activity was performed according to methodology de-
scribed by Mensor et al [20]. The samples were reacted with
the stable DPPH radical in an ethanol solution. The reaction
mixture consisted of adding 0.5 mL of sample, 3 mL of absolute
ethanol and 0.3 mL of DPPH radical solution 0.5 mM in etha-
nol. When DPPH reacts with an antioxidant compound, which
can donate hydrogen, it is reduced. The changes in color (from
deep violet to light yellow) were read [Absorbance (Abs)] at 517
nm after 100 min of reaction using a UV-VIS spectrophotometer
(Shimadzu Inc. Kawasaki, Japan), The mixture of ethanol (3.3
mL) and sample (0.5 mL) serve as blank. The control solution
was prepared by mixing ethanol (3.5 mL) and DPPH radical so-
lution (0.3 mL). The scavenging activity percentage (AA%) was
determined by using the formula:
(ADS e = ADS 1 )X100
AbS ol

Measurement of reducing power: The reducing capacity
of compounds generally depends on reductants, which, as a
potential antioxidant by breaking down a free radical chain by
hydrogen atoms, delay the lipid peroxidation process. In this
method substances that have regenerative potential, they con-
vert potassium ferric cyanide (Fe3+) to potassium Ferro cyanide
(Fe2+) and then, in reaction with ferric chloride, form the ferric
ferrous complex, which causes the formation of this complex.
The color change of the solution from yellow is associated with
varying degrees of green and blue, and the intensity of the color
depends on the potential for antioxidant activity. This dye has
the highest absorption at a wavelength of 700 nm. The reducing
power of compounds is measured by the amount of light they
absorb at the same wavelength. The reducing power of crude
extract and purified fractions was determined using the method
described previously by Zou [21]. A serial dilution of the extract
was performed (200, 100, 50, 25 and 12.5 pg/mL) in 0.2 M
phosphate buffer pH, 6.6 containing 1% ferrocyanate. The mix-
ture was incubated at 50°C for 20 minutes. 10% trichloroacetic
acid (TCA, 2.5 mL) was added to a portion of this mixture (5 mL)
and centrifuged at 3,000 g for 10 minutes. The supernatant was
separated and mixed with distilled water (2.5 mL) containing
1% ferric chloride (0.5 mL). The absorbance of this mixture was
measured at 700 nm. The intensity in absorbance could be the
measurement of antioxidant activity of the extract.

AA% =100 -

Clotting limulus amoebocyte lysate (LAL) assay: Determina-
tion of endotoxin contamination in all samples were conducted
by LAL assay kit (sigma, St. Louis, MO, U.S.A.) according to the
manufacture’s instruction. The samples were initially pretreat-
ed by boiling. The samples with lower than <0.1 ng/ml of endo-
toxin were used for human neutrophils treatment.

Isolation of human blood neutrophils: Human peripheral
blood was obtained from healthy donors with informed consent.
Blood was drawn into citrate-dextrose buffer (1:9; 100 mM so-
dium Citrate, 130 mM glucose, pH 6.5). hpPMN and hpMN cells
were prepared by using a polymorpho-nuclear isolation kit ac-
cording to the manufacturer’s instruction (Polymorphoprep-Ny-
codenz). In brief 5 ml of freshly prepared anti-coagulated whole
blood was layered over 3.5 ml of polymorphoprep solution in
a 12 ml centrifugal tube. The layered sample over polymor-
phoprep was centrifuged at 500xg for 30 minutes in swing out
rotor at 22°c. After centrifugation the 2 leukocyte bands were
separated carefully. The top band at the sample/medium inter-
face would consist of mononuclear cells and the lower band of
polymorphonuclear cells. The cells were diluted by addition of
one volume of culture medium at 0.5 normal concentration of
medium in order to restore normal osmolality. The cells were

spun down (at 22°c'400xg, 10 min). They were resuspend in the
medium, spun down again and then were resuspended in cul-
ture medium. Monolayer cells slides were prepared by Cytospin
(Shandow) and stained by Geimsa staining method. The purity
of neutrophils was >95%. The cells were counted and assessed
for viability by trypan blue.

Treatment of cells: The human blood neutrophils (2x10°cells/
mL in RPMI 1640) were separately treated by increasing con-
centration (0,1,5,10,50 and 100 ug/ml) of sterile Artemia urm-
iana crude extract and/or partially purified fractions contents
in 5 mL of RPMI-1640 medium and 10% of FCS in 6-wells plates
(NUNC, Denmark). The cells were incubated at 37°C for 24 hr.
Then the cells and supernatant of the treated neutrophils were
collected separately. The effect of protein extract of Artemia on
ability of Nitro Blue Tetrazolium (NBT) reduction was assessed
in neutrophils in pellet. The activity of the enzyme Super Oxide
Dismutase (SOD) and content of Nitric oxide were evaluated in
supernatants as describe below.

NBT reduction assay and spectrophotometric determina-
tion of solubilized formazan deposits: NBT test is a simple
method to examine the reduction potential of neutrophils.
As neutrophils sterilize consumption of the energy increases,
the power of hexosephosphate shunt glucose metabolism
strengthens. Glucose-6-phosphate decomposed from glucose is
oxidized and produce pentose. The hydrogen released from the
reaction is accepted by NBT stain in the phagosome. Then the
NBT stains reduce to granule or spot black formazan, deposit in
neutrophils plasma. Colorimetric NBT reduction assay was done
as the method which described by Rice-Evans C.A. [22]. Briefly,
200 pl of the treated cell suspensions were transferred to cor-
responding wells in a 96 microwells, centrifuged at 3000 RPM
for 15 min and washed once with 250 ul PBS. The cells were
resuspended in 100 ul of RPMI+20% FCS then 100 pl of freshly
prepared NBT solution (1 mg/mlin PBS) was added to each well
and incubated 45 min at 37°C. The microwells were placed on
ice for 5 min. The reaction mixtures were then spun for 15 min
at 3000 rpm, and supernatant discarded. The cells were washed
in PBS and resulting cell pellets were resuspended, fixed and
washed in 70% (V/V) methanol for 5 min. The methanol in addi-
tion to fixing the cells removes any unreduced NBT which may
have adsorbed onto the microwells. The cell pellets were re-
suspended in 100 pl 2 M potassium hydroxide, with the aid of
vigorous vortexing, the cells rapidly lyse, realizing the forma-
zan into the potassium hydroxide. 125 pl DMSO was added to
each sample, which results in the development of an intense
turquoise color in positive samples. After 30 min the tray was
placed in the plate reader and the absorbance of each sample
was read at 620 nm.

Superoxide dismutase (SOD) activity: Superoxide Dismutase
(SOD) catalyzes the dismutation of the superoxide radical (O,
-) into hydrogen peroxide (H202) and elemental oxygen (O,)
and as such provides an important defense against the toxicity
of the superoxide radical. In fact, over expression of SOD pro-
tects human neutrophils. The assay is based on the ability of
superoxide dismutase to inhibit the reduction of nitro-blue tet-
razolium by superoxide. Conversion of NBT to NBT-diformazan,
which absorbs light at 560 nm. SOD reduces the superoxide ion
concentration and thereby lowers the rate of NBT-diformazan
formation. The extent of reduction in the appearance of NBT-
diformazan is a measure of SOD activity present in an experi-
mental sample. The assay is free of interference by other cata-
lytic activities and is ideal for assaying SOD in mammalian cell
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lysates. This method is based on the method which described
by Cheng et al. [23]. Briefly, 50 pl of cell suspension (with densi-
ty 20,000 cell/well) was added in 96 flat-bottomed wells. These
cells were treated with increasing concentrations of crude ex-
tract and Artemia protein components (0-100 pg/ml). After 24
hours of incubation, the cells were centrifuged and the cell pel-
let was washed with potassium phosphate buffer. The cell pre-
cipitate is suspended in 250 ul of potassium phosphate buffer
and then these cells are freeze-thawed three times and then
20 pl of solution and 10 pl of NBT solution were added to each
well. The plate was placed on a special white light lamp box for
5-8 minutes. Then 5 pl of Riboflavin was added and absorbance
was measured at 540 nm (Zero time). The plate was re-incubat-
ed on the lamp box for 12 minutes and the absorbance of the
samples was measured at 540 nm after 12 minutes by ELIZA
plate reader. Zero-time absorbance is deducted from 12-minute
absorbance for kinetic assay of SOD.

Measurement of the nitric oxide generation: Human pe-
ripheral neutrophils were treated by Artemia extracted and/
or partially purified fractions as described above. Cell-free su-
pernatants were recovered after incubation. Produced NO was
quantitatively measured as NO, (Nitrate: a stable metabolite of
NO) and NO, (Nitrite) concentrations by using enzymatic and
colorimetric NO assays according the methods described by
Schmidt [24] and Granger et al [25]. In this method, we used
reduction of nitrate by commercially Aspergillus Niger nitrate
reductase and measurement of the product (Nitrite) by Griess
reagent in micro titer plate. In brief, 50 ul of cells condition me-
dium or standards were added to each well. Just prior to each
assay freshly made solutions of NADPH (0.02 M) (Sigma, St.
Louis, MO, USA) 10ul, mixed solution of Glucose-6- Phosphate
50mM (Sigma, St. Louis, MO, USA) and Glucose-6- Phosphate
Dehydrogenase (100 U/ml) 23 ul (Sigma, St. Louis, MO, USA),
Nitrate Reductase 0.1 U/ml, 10 pl (Sigma, St. Louis, MO, USA)
and 7 ul of Tris buffer 1.0 M pH 7.5 were prepared separate
and added to related wells. Reactant were mixed finely and in-
cubated at room temperature for 30 min. After that 100ul of
freshly prepared Greiss reagent, (1% Sulfanilamide (Sigma, St.
Louis, MO, USA) and 0.1% Naphtylenediamine (Sigma, St. Louis,
MO, USA) in 2.8% of ortho-phosphoric acid) was added to each
well and incubated at room temperature for 10 min Finally the
absorbance was measured at 550 nm by ELISA reader (Labsys-
tems Multiskan, Roden, Netherlands).

Statistical analysis: Each experiment was minimally per-
formed three times for all data, each carried out in duplicated
sequences. Data were analyzed using a One-Way Analysis of
variance (ANOVA) Values were given as the mean * Standard
Deviation (SD) and analytical variables were compared by us-
ing the students’ t-Test. By convention, a a-level of p<0.05 was
considered to be statistically significant.

Results

Protein extraction and purification and SDS-PAGE: Marine
organisms are great resources for discovering bioactive com-
pounds with new antioxidant properties. The aim of present
work was to purify and isolate the protein fractions of Artemia
urmiana and to evaluate antioxidant activities of its samples on
human peripheral blood neutrophils. For these purposes, crude
extracts of protein were extracted from napulii of A. urmiana by
Homogenization and grinding. Then the total protein of extract
was determined by the Bradford method. The crude extracts
were sequentially fractionated by ion exchange chromatogra-
phy and the total protein of each fraction was determined by

the Bradford method. DE52 resin has been used to purifying
and fractionation of extract. Figure 1A shows the chromatogram
according optical density at 280 nm of the collected samples. As
shown after load of sample, initially the column was washed
with Tris-base buffer) until tube 55 and collected as fraction
1(F1). After that the NaCL gradient was applied from 0.1 to 1.0
M in Tris buffer sequentially which resulted 7 fractions (F2-F8).
The total protein of each fraction was determined by the Brad-
ford method and electrophoresis was done by using SDS-PAGE
method. Figure 1B shows SDS-PAGE electrophoresis of Artemia
crude protein extract and its protein fractions. In order to deter-
mine the quality and purity of fractions, equal amount (about
100 pg protein content) from each fraction in Tris-base buffer
was mixed by sample buffer and boiled and was electrophoresis
on Acrylamide-13% after cooling. The crude extract contains all
the contact proteins of A. Urmiana. Protein groups with mo-
lecular weights of 15 and 55 kDa at peak F1, protein groups
with molecular weights of 10 and between 15 and 70 kDa at
peak F2 were removed from the chromatographic column, and
at peak F3 protein groups with Molecular weights between 15
to 70 kDa, at peak F4 protein groups with molecular weight be-
tween 15 to 35 and 40 to 70 kDa, at peak F5 protein groups
with molecular weight between 25 to 35 and 55 to 70 KDa, at
peak F6 protein groups between 25 and 35 and 55 to 70 kDa,
at peak F7 protein groups with a molecular weight between 55
and 70 kDa, at peak F8 protein groups with a molecular weight
between 10 Up to 15 and 55 to 70 kDa were isolated.

Anti-oxidant and reducing capacity: The crude extract and
collected fraction samples were dialyzed against Tris buffer and
equilibrated for removing of excess NaCl content. As described in
material and methods, in DPPH assay, the results are expressed
in terms of the percentage reduction in the rate of absorption
of DPPH solutions in the presence of sample tests compared
to DPPH solution alonely. Figure 2a compares the free radical
scavenging activity of DPPH by Artemia umiana crude extract
with ascorbic acid and shows that ascorbic acid has higher anti-
radical activity. Also, statistical analysis of these results under
One-way ANOVA showed that increasing the concentration has
a significant effect on free radical scavenging activity in a dose
dependent manner. All of fractions were assayed for DPPH as-
say for dose response as crude extract (Data were not shown).
In general, one-way analysis of variance of results from all frac-
tion showed that the increasing of concentration has a signifi-
cant effect on free radical inhibition activity. The linear equation
for calculating the amount of IC50 for crude extract, fractions
and ascorbic acid were done used and IC50 was calculated for
each sample (Figure 2b). As shown in Figure 2b, the IC50 for the
standard ascorbic acid and crude artemia extract in free radical
scavenging is 62.9 and 21.6 pug/ml respectively. IC50 number for
protein fractions F1, F2, F3, F4, F5, F6, F7 and F8, was 150, 126,
141, 295, 299, 114, 164 and 132 pg/ml respectively. In compar-
ing, F6 showed the highest (114) and F5 the lowest (299) anti-
radical properties, respectively.

The reducing capacity of compounds generally depends on
reductants, which, as a potential antioxidant by breaking down
a free radical chain by hydrogen atoms, delay the lipid peroxi-
dation process. The color change of the solution from yellow
is associated with varying degrees of green and blue, and the
intensity of the color depends on the potential for antioxidant
activity. This dye has the highest absorption at a wavelength of
700 nm. The reducing power of compounds is measured by the
amount of light they absorb at the same wavelength.
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Figure 3a shows the regenerative capacity of Artemia umi-
ana crude extract and ascorbic acid. The standard antioxidant
ascorbic acid showed a higher regenerative capacity than the
crude extract. Statistical analysis of these results under ANOVA
shows that increasing the concentration of ascorbic acid and
crude extract has a significant effect on regenerative power and
with increasing concentration, increasing regenerative power
is observed. Based on experiments performed to evaluate the
reducing power of all fractions, concentrations less than 100
pg/ml showed low reduction power compared to the control.
Therefore, we were only evaluating the reduction capacity of all
protein fractions at a selective concentration of 200 pug/ml with
three replications (Figure 3b). The result shows the reduction
capacity of Artemia crude extract and its fractions, respectively.
The reducing power of crude extract and ascorbic acid at the
highest concentration (200 pg/ml) is 80.2 and 39.1, respective-
ly. Reducing power of protein fractions F1, F2, F3, F4, F5, F6,
F7 and F8 in the same concentration of 0/130, 0/136, 0/169,
0/139, 0/133, 0/654, respectively, 183 and 0/342. Therefore,
the results show that Artemia crude extract has more regenera-
tive power than its own fractions. In comparing the reducing
capacity of all fractions at a concentration of 200 g/ml, from
lowest to highest are F4, F1, F5, F2, F3, F7, F8 and F6, respec-
tively. Therefore, F6 and F4 showed the highest and lowest re-
generative properties, respectively.

NBT reduction potential of neutrophils: After treatment of
neutrophils by Artemia Urmian extract fractions, the potential
of NBT reduction was assayed as described in methods. The
soluble NBT dye which was reduced to un-soluble diformazan
(NBD) solubilized by KOH and DMSO. The absorbance was mea-
sured at 620 nm and diagram was drawn. The effects of crude
extract and protein fractions is shown in Figure 4a. The result
indicates that the ability of cells in reduction of NBT in presence
of crude extract and fractions (F1, F5, F6, F7 and F8) was de-
creased with increasing concentration. The reduction of NBT in
neutrophil cells which treated with protein fractions F2, F3, F4
was increased with increasing concentration (p<0.05).

In order to study more accurately the effect of different
concentrations as well as different components isolated from
the column on the ability to reduce NBT in neutrophil cells,
absorption diagrams based on concentration were calculated
as a control percentage and the corresponding diagram was
drawn. The amount of light absorption of the control sample
cells (sample with zero concentration of Artemia extract) was
calculated as 100% and the control percentage (by dividing the
amount of light absorption of each sample by the amount of
light absorption of the control sample). In (Figure 4b) each of
the concentrations tested, different effects of each component
were observed, at a concentration of 5 ug / ml F3 fraction, at a
concentration of 25 pg/ml F2 fraction, at a concentration of 50
pg/ml and 100 pg/ml crude extract is more effective than other
components in reducing the ability to reduce NBT.

Nitric oxide production by neutrophils: In order to evaluate
the amount of NO released in cell culture medium, standard
curves are needed for the final nitric oxide products, which in-
clude nitrite and nitrate. To draw a standard curve (Figure 5a),
the amount of Sodium Nitrite and Sodium Nitrate were mea-
sured as described in methods. Neutrophils were incubated

with increasing concentrations of Artemia crude extract and
fractions for 24 hours and then the concentration of NO was
measured. The results are shown in Figure 5b. The results indi-
cate that in stress-free conditions the cells which treated with
different concentrations of crude extract and protein fractions
F1, F2, F3, F4, F5, F6, F7 and F8 did not show significant dif-
ferences with control cells. The cells which treated with higher
concentrations, the production of NO was very low.

Super-oxide dismutase activity of neutrophils: To inves-
tigate the effects of Artemia protein extract on the activity of
SOD, the cells were treated with Artemia extract for 24 hrs and
then the cells were collected and the pellets were homogenized
by 3 times freeze-thawing. Finally, the activity of SOD was mea-
sured in supernatants (Figure 6a). It should be noted that by
considering the mechanism of the SOD reaction in this method,
the decrease in absorbance indicates more substrate consump-
tion and high enzyme activity. Results indicated that, the en-
zyme activity in these cells was increased in response to protein
extracts and increasing of concentration and also the statistical
analysis of the results with One-Way ANOVA software showed
that in cell treatment with crude extract and isolated fractions
show significant difference at 100 pg/ml in comparison to the
untreated control cells (P<0.05. In order to investigate the effect
of each component and crude protein extract of Artemia urm-
iana on superoxide dismutase activity in human neutrophil cells
after 0-24 hours of incubation, the percentage of controls were
calculated (Figure 6b). 5 pug/ml of F2 fraction, 25 and 50 pg/ml
of F5 and crud extract and 100 pg/ml of F3 showed more effec-
tive than other components in increasing the activity of SOD.
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Figure 1: DEAE anion exchange chromatography of Artemia extract
and the chromatogram and SDS-PAGE of the purified fractions. a)
In chromatogram of the chromatography; fractions 1 and 2 belong
to the cationic proteins, fractions 3, 4, 5, 6, 7 and 8 resulted to the
salt gradient elution of 0.1, 0.2, 0.3, 0.4,0.5 and 1 M of NaCl. b) Dif-
ferent fractions of chromatography were electrophoresed on 13%
resolving SDS-PAGE gel. Linel-7 is 1-7, line8 is pre-stained protein
ladder SM0671 fermentase.
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Figure 2: Anti-oxidant activity of crude extract and partially puri-
fied fractions. The crude extract and collected fraction samples
were dialyzed against Tris buffer and equilibrated for removing of
excess NaCl content and were assayed by DPPH as described in ma-
terial and methods. (a) The free radical scavenging activity of DPPH
by Artemia umiana crude extract in comparison by ascorbic acid in
a dose dependent manner. (b) The linear equation for calculating
the amount of EC50 for crude extract, all fractions and ascorbic
acid were done and were calculated for each sample and fraction.
All experiments were repeated 3 times in duplicates. The results
are mean + 1.0 SD for three separate experiments.
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Figure 3: Reducing capacity of crude extract and partially purified
fractions. The crude extract and collected fraction samples were
dialyzed against Tris buffer and equilibrated for removing of excess
NaCl content and were assayed for reducing capacity as described
in material and methods. (a) The reducing capacity of Artemia umi-
ana crude extract and ascorbic acid in a dose dependent manner.
(b) Reduction capacity of all protein fractions at a selective con-
centration of 200 pg/ml. All experiments were repeated 3 times
in duplicates. The results are mean + 1.0 SD for three separate ex-
periments.
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Figure 4: The effects of Artemia Urmiana extract on the NBT re-
duction potential of neutrophils. After treatment of neutrophils by
Artemia Urmian extract fractions, the potential of NBT reduction
was assayed as described in methods. (a) The absorbance which
measured at 620 nm for all fractions in different concentrations.
(b) The percent of reduction in comparison to untreated control
cells. All experiments were repeated 3 times in duplicates. The re-
sults are mean + 1.0 SD for three separate experiments.
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Figure 5: The effects of Artemia Urmiana extract and partially pu-
rified fractions on the production of Nitric Oxide by Neutrophils.
After treatment of neutrophils by Artemia Urmian extract and frac-
tions, the content of produced NO was measured as described in
methods. (a) The calibration standard curve of Sodium Nitrite and
Sodium Nitrate. (b) Neutrophils were incubated with increasing
concentrations of Artemia crude extract and fractions for 24 hours
and then the concentration of NO was measured. All experiments
were repeated 3 times in duplicates. The results are mean + 1.0 SD
for three separate experiments.
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Figure 6: The effects of Artemia Urmiana extract and partially pu-
rified fractions on the super Oxide Dismutase activity of Neutro-
phils. After treatment of neutrophils by Artemia Urmian extract
and fractions, the activity of SOD was assayed as described in
methods. (a) The absorbance of SOD assay after treatment of hu-
man neutrophils by increasing concentration of crude extract and
partially purified fractions. (b) The percentage of calculated SOD
activity in comparison to untreated control cells. All experiments
were repeated 3 times in duplicates. The results are mean + 1.0 SD
for three separate experiments.

Discussion

Artemia Umiana is a species of aquatic crustacean, native to
Lake Urmia of Iran. Artemia is a unique species due to its good
adaptation to environmental stresses (including temperature,
salinity and ambient oxygen content) and its ability to produce
dormant cysts to live in such conditions [26]. In 2004, Choline
and Clegg isolated Artemia franciscana protein P26, which pro-
tects the RNA and DNA of COS-1 cells from the damaging ef-
fects of UV light and heat [27]. Studies in mammalian cells have
shown that these cells show effective resistance to the oxidative
effects of oxygen free radicals (ROS) by receiving P26 and Triha-
lose) a sugar abundant in Artemia (although the mechanism of
action is anti-inflammatory.

In the SDS-PAGE analysis, our result show that, the crude ex-
tract contains all the proteins of an organism. The pattern of F2
and F3 contain a protein band in the region of 26-27 kDa, which
can be in accordance with the protein bands P26. In fractions 2,
3 and 4 a protein band in the range of 32 kDa is observed which
probably belong to Artimin. All protein fractions have a protein
band in the range of 65 kDa, which can be consistent with Super
Oxide Dismutase (SOD) protein bands (16 kDa subunits and nor-
mal molecular weight of 65 kDa [28]. The results of SDS-PAGE
gel also show that fractions 2, 3 and 4 have a higher number of
protein bands and are more colorful, and fractions 6, 7 and 8
have a lower number of protein bands and less color.

The body's antioxidant defense system is comprised of
antioxidant enzymes such as superoxide dismutase and
glutathione peroxidase, transition metal binding proteins such
as ferritin and ceruloplasmin, and hormones such as estrogen
and melatonin [29]. Other antioxidants of dietary origin include
vitamins, polyphenols, and carotenoids. Oxidative stress occurs
when the body's antioxidant defenses are overwhelmed.
Cellular and extracellular macromolecules (i.e., proteins,
lipids, and nucleic acids) can suffer oxidative damage, which
may initiate or promote the development of atherosclerosis,
inflammation, neoplasia, and possibly the aging process itself.

In free radical scavenger and anti-oxidant activity, despite the
widespread use of 2 and 2 diphenyl-1-picryl hydrazyl (DPPH),
this test in some cases gives incorrect results [30]. Therefore, if
this test is used, it is better to have a reference standard for this
test as an antioxidant. For this purpose, we used Ascorbic Acid
as a reference standard. The results obtained from two meth-
ods of stable radical inhibition of DPPH and evaluation of regen-
erative power showed that the crude extract and each of the
protein components and fractions of Artemia Urmiana have an-
ti-radical activity. However, its anti-radical activity is lower com-
pared to ascorbic acid. Comparison of anti-radical activity and
reduction power of fractions shows that fractions 6 and 8 have
lower IC50 than other components and therefore have higher
anti-radical power as well as higher reduction power. Fractions
4 and 5 have higher IC50 than other components and therefore
have lower anti-radical power as well as lower reducing pow-
ers. Fractions 2 and 3 have less anti-radical power and reduction
power than fractions 6 and 8, but have more anti-radical power
and reduction power than fractions 4 and 5.

Also, the results obtained from two cellular tests, namely the
evaluation of NBT reduction ability and superoxide dismutase
activity, showed that the crude extract and the above compo-
nents may have antioxidant activity on neutrophil cells, but due
to the above tests only in conditions Normal (without stimula-
tion) results obtained have high absorption power and there-
fore no significant difference. However, the common results of
these two tests indicate better effects of crude extract, fractions
2, 3 and 5 on neutrophil cells and lack of effect of fractions 6
and 8, which can be due to low protein content. Tom it’s. The
main oxygen radicals produced in neutrophil respiration are su-
peroxide anions (O2e-). These superoxide anions are converted
to other reactive oxygen species including hydrogen peroxide
(H,0,), hypochlorite acid (HOCI), hydroxyl radicals (OH), and
single oxygen [31]. The UVA and UVB protective ability of the
total protein and its purified components will also be examined
by the in-vivo methods.

Conclusion

In general, crude extract, fractions 6 and 8 showed the best
anti-radical activity in the DPPH test and regenerative power,
while in the cell test, these fractions showed the lowest antioxi-
dant activity. The highest antioxidant activity in the cell test be-
longed to crude extract, fractions 2, 3 and 5. Therefore, based
on the results obtained from this design, it can be said that the
crude extract and each of the protein components of Artemia
Urmiana have antioxidant compounds and also have antioxi-
dant activity on neutrophil cells.
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