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The development of novel, more efficient antioxidants is one of the most perspective approaches for the treatment
of diseases related to oxidative stress. Due to their numerous beneficial health effects, antioxidant peptides draw
significant research attention. The aim of this study was to investigate the antioxidant potential of the peptides
derived from the Antarctic hydrobionts and the effect of the peptides on key factors of blood clotting. The peptide
fractions were isolated from the tissue of the Antarctic hydrobionts by sequential precipitation with perchloric acid
and ethanol. All hydrobionts have peptides with antioxidant activity, but their effectiveness is different for different
species. The peptides of Antarctic krill are effective at scavenging 1,1-diphenyl-2-picrylhydrazyl radicals, superoxide
anion radicals, and nitric oxide radicals, while the peptides of Antarctic jellyfish exhibit metal-chelating ability and
hydrogen peroxide scavenging activity. The peptides of Antarctic limpet possess hydroxyl radical scavenging activity
and provide a slight membrane-protective activity. In addition, the peptides derived from the Antarctic hydrobionts
decreased the amidolytic activity of thrombin and increased the ability of thrombin to polymerize the fibrinogen.
Obtained results showed that natural peptides of the Antarctic hydrobionts possess various types of biological activities
and can be used as antioxidants or molecules affecting blood coagulation.

INTRODUCTION

Free radicals are fundamental to living organisms and
represent an essential part of metabolism. At the physiological
level, free radicals are important as signaling or defense molecules
(Droge, 2002; Silva and Coutinho, 2010). An imbalance between
the formation and elimination of free radicals potentially leads
to cellular damage, resulting in the development of pathologies
associated with oxidative and nitrosative stresses (Bahorun et al.,
2006; Christen, 2000). Therefore, the decrease of free radical level
is probably one of the most effective ways to protect cells against
oxidative damage. In this case, the timely intake of antioxidant
supplements or food containing antioxidants may reduce the risk
of oxidative damage and prevent disease progression. According
to recent research, synthetic antioxidants can induce DNA

“Corresponding Author
Nataliia Raksha, Department of Biochemistry, Taras Shevchenko National
University, Kyiv, Ukraine. E-mail: nkudina @ ukr.net

damage and toxicity, and therefore their usage should be strictly
limited (Ju et al., 2019). Additionally, the increase of consumers’
awareness about the direct link between diet and health has
raised the demand for functional food enriched in antioxidants
and nutraceuticals. Therefore, there is research interest in the
discovery of natural antioxidants with little or no side effects as
alternatives to synthetic products.

Antioxidant peptides draw significant research attention
because of their numerous beneficial health effects. They are safe,
quite stable, and easily absorbed, and their low molecular weight
excludes the development of immune response. Antioxidant
peptides may serve as functional ingredients to enhance food
safety and increase the shelf-life of food, thereby reducing the
need for synthetic antioxidants. The common approaches to
obtain bioactive peptides include acid, alkaline hydrolysis, or
enzymatic hydrolysis with appropriate proteolytic enzymes.
Peptides with antioxidant activity have been produced from
various protein sources such as milk protein (Pihlanto, 2006),
porcine hemoglobin (Chang et al., 2007), egg yolk protein
(Davalos et al., 2004), soybean protein (Beermann ez al., 2009),
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and rice bran protein (Adebiyi et al., 2007). Marine organisms
tend to be a promising material for peptide production. Peptides
obtained as a result of hydrolysis of the tissue of hydrobionts
have many activities, including antibacterial, anticoagulant,
antitumor, and immunomodulatory (Donia and Hamann, 2003;
Martins et al., 2014). However, only a few reports have been
dedicated to the investigation of naturally occurring antioxidant
peptides (Liu et al., 2015). In recent years, special attention is paid
to the hydrobionts from the Antarctic region, which are poorly
explored and potentially can be a valuable source of new bioactive
compounds. These organisms live in quite extreme conditions in
adapting to that they produce a wide variety of biologically active
substances. In our previous studies (Raksha ez al., 2019), we found
that the peptides obtained by enzymatic hydrolysis of the tissue of
the Antarctic hydrobiont Adamussium colbecki exert a protective
effect on the activity of antioxidant enzymes, reduce the level of
oxidative modification of proteins and lipid peroxidation products,
and preserve the level of protein and nonprotein sulthydryl groups.
So, the current research aimed to isolate the natural peptides from
the tissue of the Antarctic hydrobionts and to test the peptide
fractions for antioxidant activity. The additional task was to
investigate the influence of peptide fractions on some coagulation
factors. Our interest in the search for peptides able to influence
hemostasis arose from the fact that thromboembolic diseases
are recognized as the leading cause of mortality in the world.
Maintaining an appropriate ratio between bleeding and clotting is
undoubtedly important as a derangement of coagulation is typical
for many pathological conditions. Although several anticoagulants
are actively used to treat thrombotic conditions, most of them have
some undesirable side effects. Therefore, there is an urgent need
to search for natural compounds with fewer side effects that could
affect the coagulation factors.

MATERIALS AND METHODS

Reagents

Phenazinemethosulfate, nitrobluetetrazolium, 1,1-diphenyl-
2-picrylhydrazyl radical, ascorbic acid, nicotinamide adenine
dinucleotide reduced (NADH), 2-deoxyribose, ferrous ammonium
sulfate, ethylenediaminetetraacetic acid (EDTA), thiobarbituric acid,
trichloroacetic acid, sodium nitroprusside, 1,10-phenanthroline,
Griess reagent, tris(hydroxymethyl)aminomethane, sodium azide,
and hydrogen peroxide were purchased from Sigma-Aldrich (St.
Louis, MO). Thrombin and chromogenic substrate H-D-Phe-Pip-
Arg-pNA were purchased from Renam (Moscow, Russia). All other
chemicals and reagents used in this study were of analytical grade
quality and available commercially.

Hydrobionts collection

The specimens of hydrobionts Antarctic limpet
(Nacella concinna), Antarctic krill (Euphausia superba), and
Antarctic jellyfish (Diplulmaris antarctica) (n = 35 for each
species) were collected near the island Galindez (geographical
coordinates: 65°15" south latitude and 64°15" west longitude)
of Argentine Islands. The materials were collected by the XVII
(March 2012—April 2013) and XVII (March 2013—April 2014)
Ukrainian Antarctic expeditions. After collection, the hydrobionts
were immediately frozen in liquid nitrogen to prevent enzyme
deterioration and stored at —80°C. The samples were transported

to the laboratory frozen. The hydrobionts were authenticated
by the Department of Zoology and Ecology (ESC “Institute of
Biology and Medicine” of Taras Shevchenko National University
of Kyiv, Ukraine).

Isolation of the peptide fraction

The frozen mass of the soft tissues of the hydrobionts
was weighed and then was powdered with the addition of liquid
nitrogen. The powder was suspended in the extraction buffer (Tris-
buffered saline, pH 7.4, 1 mM EDTA, 0.25% sucrose, and 0.5%
Triton X-100) at the ratio of 1:2, w/v, and was stirred continuously
at 4°C for 30 minutes. Afterwards, the sample was centrifuged
(Allegra 64 R Centrifuge, Beckman Coulter, Fullerton, CA) at
10,000 g for 30 minutes at 4°C. The peptide fraction was isolated
according to the method described by Nikolajchik e al. (1991).

Estimation of antioxidant activity of the peptides derived from
the Antarctic hydrobiont

Samples of the lyophilized peptides were dissolved in
20% ethanol at a concentration of 2 mg per ml.

Ascorbic acid at the concentration of 0.1 mM was used
as the positive control in the determination of hydrogen peroxide
scavenging activity, nitric oxide scavenging activity, metal-
chelating ability, and reducing power. About 5 mM of ascorbic
acid and 0.5 mM of ascorbic acid were used as the positive
control in the determination of I,l-diphenyl-2-picrylhydrazyl
radical (DPPH) scavenging activity and superoxide anion radical
scavenging activity of the peptide fraction.

DPPH scavenging activity assay

The free radical scavenging activity of the peptides was
tested by their ability to scavenge the stable DPPH (Rice-Evans
et al., 1995). The peptide fraction (100 pg) was mixed with DPPH
(0.15 mM). The mixture was kept in the dark at room temperature
for 30 minutes and the absorbance of the sample was measured at
517 nm.

Hydrogen peroxide scavenging activity assay

The hydrogen peroxide scavenging activity of the
peptide fraction was measured according to the method reported
by Hadwan and Abed (2016). The peptide fraction (100 pg) was
mixed with hydrogen peroxide (0.05%) and incubated for 10
minutes at room temperature. After adding ammonium molybdate
(1.5%), the absorbance of the samples was measured at 410 nm.

Superoxide anion radical scavenging activity assay

The superoxide anion radical scavenging activity of
peptides was assessed as described by Liu et al. (1997). The
superoxide anion radicals are generated in 0.1 M Tris-HCl buffer,
pH 8.0, containing NADH (0.8 mM), phenazine methosulfate
(0.02 mM), and the peptide fraction (100 pg). The reaction was
started by the addition of nitroblue tetrazolium (0.1 mM). After
5 minutes incubation at room temperature, the absorbance of the
samples was read at 560 nm.

Hydroxyl radical scavenging activity assay

The hydroxyl radical scavenging activity of peptides
was determined according to the method described by Siddhuraju
and Becker (2007). The peptide fraction (100 pg) was mixed
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with 2-deoxyribose (3 mM), ferrous ammonium sulfate (0.1
mM), and EDTA (0.1 mM). The reaction was initiated by the
addition of hydrogen peroxide (0.5 mM) and ascorbic acid (0.1
mM); the samples were incubated at 37°C for 15 minutes. Then,
thiobarbituric acid solution (0.3%) and trichloroacetic acid (5%)
were added to the samples. The mixture was boiled in a water bath
for 15 minutes and cooled in ice; the absorbance of the samples
was measured at 532 nm.

Nitric oxide radical scavenging activity assay

Nitric oxide radical scavenging activity of peptides
was determined according to the method reported by Royer ef al.
(2011). The reaction mixture contained sodium nitroprusside (5
MM) in 0.1 M phosphate-buffered saline, pH 7.4, and the peptide
fraction (100 pg). After incubation at room temperature for 120
minutes, Griess reagent (5%) was added and the absorbance of
the samples was measured at 546 nm.The percentage of DPPH
scavenging activity, hydrogen peroxide scavenging activity,
superoxide anion radical scavenging activity, hydroxyl radical
scavenging activity, and nitric oxide radical scavenging was
calculated as follows:

S—KS5%100%

where K is the absorbance of the control sample. The
control sample contains 20% alcohol instead of the peptide
fraction. S is the absorbance of the peptide sample.

Reducing power assay

The reducing power of the peptides was evaluated by
the method described by Rice-Evans ef al. (1995). The reaction
mixture contained the peptide fraction (100 pg), potassium
ferricyanide (0.5%), and 0.2 M sodium phosphate buffer, pH
6.6. The mixture was incubated at 50°C for 30 minutes and the
reaction was terminated by the addition of trichloroacetic acid
(5%). After centrifugation at 5,000 g for 10 minutes, the upper
layer was mixed with an equal volume of distilled water and ferric
chloride (0.1%). The absorbance of the sample was measured at
700 nm.The reducing power was calculated as follows:

S—KS$%100%

where K is the absorbance of the control sample. The
control sample contains 20% alcohol instead of the peptide
fraction. S is the absorbance of the peptide sample.

Metal-chelating ability assay

The metal-chelating ability of peptides was measured
according to the method reported by Wang er al. (2013) with
minor modification. The reaction mixture consisted of the peptide
fraction (100 pg), ferrous sulfate (0.2 mM), hydrogen peroxide
(0.01%), and 0.2 M sodium phosphate buffer, pH 7.8. After 15
minutes incubation, 1,10-phenanthroline (0.2 mM) was added to
the sample solution. The absorbance of the sample was read at
560 nm.The percentage of metal-chelating ability was calculated
as follows:

S—KB—-5%100%

where K is the absorbance of the control sample. The
control sample contains 20% alcohol instead of the peptide

fraction. S is the absorbance of the peptide sample. B is the
absorbance of the blank sample. The blank sample contains 20%
alcohol and distilled water instead of the peptide fraction and
hydrogen peroxide, respectively.

Estimation of membrane-protective activity of the peptides
derived from the Antarctic hydrobiont

Suspension of rabbit erythrocytes was prepared to
evaluate the membrane-protective activity of peptides. All
experiments on animals were performed in compliance with
international principles of the European Convention for the
protection of vertebrate animals used for experimental and other
scientific purposes (available at: https://www.coe.int/en/web/
conventions/full-list/-/conventions/treaty/123). The study was
approved by the Ethical Committee of the Taras Shevchenko
National University of Kyiv. Blood was collected from the
rabbit ear artery in the tubes containing 3.8% sodium citrate to
prevent coagulation and centrifuged at 500 g for 10 minutes at
4°C. Plasma was removed carefully and erythrocytes were then
washed for additional three times in phosphate-buffered saline, pH
7.2. The membrane-protective activity was evaluated according
to the method reported by Mendanha et al. (2012). To evaluate
the protective effect of peptides, erythrocytes were incubated for
30 minutes at 37°C with the peptide fractions at concentrations
of 100 pg per ml of the erythrocyte suspension. Oxidative stress
was then induced in the erythrocyte suspension (2%, v/v) with
5 mM hydrogen peroxide. The samples were incubated at 37°C
for 3 hours. Sodium azide (I mM) was added to the samples to
prevent the destruction of hydrogen peroxide by catalase. After
incubation, the samples were centrifuged for 6 minutes at 2,500
¢ and the supernatants were used to measure the absorbance of
the liberated hemoglobin at 541 nm. Untreated erythrocytes were
taken as the negative control. Erythrocytes incubated with 5 mM
hydrogen peroxide were taken as the positive control. Assays were
performed in triplicates using red blood cells from three different
rabbits.

Estimation of the effect of Antarctic hydrobiont peptides on
thrombin activity and fibrinogen polymerization

Lyophilized peptide samples were dissolved in Tris-
buffered saline, pH 7.4, at a concentration of 2 mg per ml of buffer.
Thrombin was diluted in 0.9% sodium chloride to a concentration
of 0.1 U. Fibrinogen was diluted in Tris-buffered saline, pH 7.4, to
a concentration of 1 mg per ml of buffer.

Determination of the amidolytic activity of thrombin

To evaluate the effect of peptides on the amidolytic
activity of thrombin, the active thrombin was preincubated in Tris-
buffered saline, pH 7.4 at the presence of peptide fraction (10 or
0.1 pg) (Halenova et al., 2020). After 15 minutes of incubation at
room temperature, the chromogenic substrate H-D-Phe-Pip-Arg-
pNA (0.3 mM) was added to the reaction mixture. The change in
the absorbance was recorded for 1 hours at a 405 nm wavelength.

The measurement of thrombin-induced fibrinogen
polymerization

Fibrinogen was obtained from blood plasma by
precipitation with 16% ammonium sulfate followed by
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cryofibrinogen separation according to the method (Varetskaya,
1960). In the first case, the fibrinogen (100 pg) in 50 mM Tris-
buffered saline, pH 7.4, was preincubated with the peptides (100
pg) in the wells of a 96-well plate. After 15 minutes of incubation
at room temperature, the thrombin was added to the reaction
mixture. In the second case, thrombin in 50 mM Tris-buffered
saline, pH 7.4, was preincubated with the peptides (100 pg) in a
96-well plate. After 15 minutes of incubation at room temperature,
the fibrinogen (100 pg) was added to the reaction mixture. The
change in the absorbance was recorded for 1 hours at a 595 nm
wavelength.

Statistical analysis

The statistical analysis was carried out by using the
Statistical Package for Social Sciences (11.0, 2001) software. The
data were expressed as mean = SD (n = 5).

RESULTS AND DISCUSSION

The antioxidant activity of peptides derived from the Antarctic
hydrobionts

Considering the complexity of oxidative processes taking
place in biological systems, as well as the different mechanisms
by which compounds may realize their activities, using a single
method to evaluate the antioxidant potential of a compound is not
a suitable approach. Therefore, in the current study, various types
of assays have been used to assess the antioxidant activity of the
peptides derived from hydrobionts of the Antarctic region.

At first, the total antioxidant activity of peptides was
assessed. Obtained data revealed that the peptides from the tissue
of the Antarctic hydrobionts can scavenge DPPH radicals but
with different efficiency (Table 1). The peptides from the tissue
of Antarctic krill had the most pronounced ability to scavenge the
DPPH radical (36%), which may indicate that krill peptides are
potential antioxidant compounds. Our results are similar to those
reported by Safari and Yaghoubzadeh (2020); Yu et al. (2018)
who evaluated the DPPH scavenging activity of the peptides
extracted from sea cucumber (Holothuria leucospilota) and
mollusk (Ruditapes philippinarum), respectively. The percentage
of inhibition of DPPH by the peptides from Antarctic jellyfish
and Antarctic limpet was 10% and 7.5%, respectively. It should
be noted that the scavenging activity of ascorbic acid, which was
used as the positive control, was significantly more pronounced
(98%) than those of the tested peptide fractions.

There are several reports (Jayaprakash er al., 2001;
Spiegel et al., 2020) that have demonstrated that the degree of
reducing the activity of a substance is strongly associated with
its antioxidant potential. Compound with high reducing activity
is considered to have a better ability to donate electrons and,
therefore, can act as powerful antioxidants. According to the
obtained data, Antarctic krill peptides showed the highest reducing
activity among the tested peptide fractions (Table 1). The reducing
activity of the peptides derived from krill was 64%, while
the reducing power of ascorbic acid was found to be only 3%.
These values for Antarctic jellyfish peptides and Antarctic limpet
peptides were 2.5% and 6%, respectively. In general, the obtained
results were in agreement with the results of the DPPH assay.

Despite the essential role of iron for vital activity, namely
its participation in oxygen transport, respiration, and maintaining
the activity and stability of many enzymes, an increase in the
level of this metal can provoke oxidative stress (Puntarulo, 2005).
Therefore, removing ferrous ions may be one possible way to
reduce oxidative stress and protect cells from damage caused by
free radicals. Given the above, the metal-chelating ability of the
peptide fractions was investigated. All peptide samples were found
to have a low ability to chelate ferrous ions. The peptides derived
from Antarctic jellyfish had a higher ferrous ion chelating ability
(13%) compared with peptides from other hydrobionts (1.5% for
the peptides from Antarctic limpet and 3% for the peptides from
Antarctic krill). Ascorbic acid that was used as the positive control
showed a significant effect (89%).

The antioxidant potential of peptides was also assessed
by their hydrogen peroxide scavenging ability. Although hydrogen
peroxide is a weak oxidizing agent, it can be quite hazardous
(Halliwell et al., 2000). Being a nonreactive molecule, hydrogen
peroxide can move on considerable distances, cross biological
membranes leading to the distribution and generalization of
oxidative stress. The obtained results indicated that peptides
derived from the tissue of the Antarctic hydrobionts may act as
scavengers of hydrogen peroxide. The peptides from Antarctic
jellyfish showed higher scavenging activity (14%) than other
peptide fractions; no significant difference was found between the
effect of the peptides from Antarctic limpet (8.3%) and Antarctic
krill (10.5%).

Due to high reactivity, hydroxyl radicals are the most
dangerous radicals (Davies, 2000). They cause severe oxidative
damage to nucleic acids, lipids, and proteins. Therefore, the
removal of hydroxyl radicals is of great importance in preventing

Table 1. Antioxidant activity (%) of the peptide fraction derived from the Antarctic hydrobionts.

Hydrobiont

Type of activity Ascorbic acid
Antarctic limpet Antarctic krill Antarctic jellyfish

DPPH radical scavenging activity 98.0 +4.90 7.5+£0.33 36.0+1.67 10.0+0.5
Reducing activity 3.0£0.15 6.0+0.25 64.0+3.10 2.5+0.12
Metal-chelating ability 89.0 £4.20 1.5+0.07 3.0+0.18 13.0 £ 0.63
Hydrogen peroxide scavenging activity 57.0+2.80 8.3+0.25 10.5+0.51 14.8+0.72
Superoxide anion radical scavenging activity 55.0+2.73 3.0+0.11 20.0+0.98 2.3+0.11
Hydroxyl radical scavenging activity 80.0 £4.10 12.0 £ 0.60 0.8+0.04 1.0+0.04
Nitric oxide radical scavenging activity 4.6+0.21 16.0 +0.75 34.0 £ 1.65 1.2+£0.07

Values are expressed as the mean + SD (n = 5).
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pathological conditions associated with the accumulation of free
radicals. Current research has shown that only the peptides derived
from Antarctic limpet have hydroxyl radical scavenging activity.
Hydroxyl radical scavenging activity of limpet peptides was 15%
in contrast to 80% for ascorbic acid.

In addition, the scavenging effect of peptides on
superoxide radicals was estimated. These radicals are not only
highly reactive but also can be precursors of the more reactive
oxygen species especially hydroxyl radicals. According to the
results, only peptides derived from Antarctic krill showed the
scavenger potential on superoxide anion radicals. The superoxide
anion radical scavenging activity of krill peptides reached 20%
compared with 55% in the case of ascorbic acid. The ability of the
peptides from Antarctic limpet and Antarctic jellyfish to scavenge
superoxide radicals was about 3%.

In general, the ability of the peptides from the Antarctic
hydrobionts to scavenge hydroxyl radical and superoxide radicals
was lower than that of the protein hydrolysates obtained from
other species, such as flying squid (Ommastrephes bartramii)
(Chen et al., 2010), tuna (Thunnus spp.) (Aleman et al., 2011),
horse mackerel (Megalaspis cordyla) (Kumar et al., 2011), and
jellyfish (Rhopilema esculentum) (Zhuang et al., 2009).

Nitric oxide is an effector molecule produced in
mammalian cells and involved in the regulation of various
physiological processes (Antosova et al., 2017). However, excess
production of NO leads to serious complications (Costa et al.,
2016). The toxic effect of NO is enhanced in the reaction with
superoxide radical through the formation of a second reactive
compound peroxynitrite anion. In our study, Antarctic krill
peptides effectively reduced the generation of nitric oxide from
sodium nitroprusside. They showed stronger activity (33%) than
other peptide fractions (16% for Antarctic limpet peptides and
near 2% for Antarctic jellyfish peptides).

The membrane-protective properties of the peptides derived
from the Antarctic hydrobionts

The integrity of erythrocytes was measured by the
level of erythrocytes hemolysis. The effects of peptides on the
hemolysis of erythrocytes were shown in Figure 1. Oxidative
stress induced by hydrogen peroxide caused significant hemolysis
of erythrocytes, which was 1.03 £ 0.05 versus 0.05 + 0.0025 in the
nontreated erythrocytes. Even though peptides from Antarctic krill
were more effective in scavenging free radicals, these peptides
did not show the ability to protect erythrocytes against oxidative
damage. According to the data, only Antarctic limpet peptides had
a slight protective effect against chemically induced hemolysis
of erythrocytes. They reduce the level of erythrocytes hemolysis
by 27% (p < 0.05), while peptides from other hydrobionts were
ineffective. It was also found that the Antarctic hydrobiont
peptides did not show hemolytic activity that indirectly indicates
their safety.

The antithrombotic potential of the peptides derived from the
Antarctic hydrobionts

Given that the percentage of people suffering from
thrombotic disorders is growing continuously, the search for
effective anticoagulants is very relevant. Considering our previous
results (Raksha et al., 2016a, 2016b) on the presence in the tissue
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Figure 1. Effect of the peptides on the level of erythrocytes’ hemolysis: K(-):
untreated erythrocytes; K(+): erythrocytes incubated with 5 mM hydrogen
peroxide; 1: Antarctic limpet; 2: Antarctic krill; 3: Antarctic jellyfish. The
peptides were tested at the concentration of 100 pg per 1 mL of erythrocyte
suspension. Data expressed as the optical density of samples at 541 nm. Values
are expressed as the mean + SD (n = 5). *p < 0.05, significantly different from
K(-); #p < 0.05, significantly different from K(+).
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Figure 2. Effect of the peptides on the ability of fibrinogen to polymerize
by thrombin: K: the control sample; 1: Antarctic limpet peptides (*p < 0.05,
significantly different from the control); 2: Antarctic krill peptides; 3: Antarctic
jellyfish peptides. Data expressed as the optical density of samples at 595
nm. The process of fibrinogen polymerization was initiated by the addition of
thrombin (0.1 U). Values are expressed as the mean + SD (n = 5).

of the Antarctic hydrobionts the molecules that affect the main
factors of hemostasis, we evaluated the antithrombotic potential
of the peptides derived from the Antarctic hydrobionts.At first,
the influence of peptides from the tissues of Antarctic hydrobionts
on the ability of fibrinogen to polymerize was investigated. As
can be seen from Figure 2, the preincubation of fibrinogen with
the peptides before the addition of thrombin did not affect the



Raksha et al. / Journal of Applied Pharmaceutical Science 11 (08); 2021: 126-133 131

polymerization; both the dynamic of the process and the extinction
value were within the control level. A slight increase (by 23%, p <
0.05) in the sample’s absorbance was found only after 10 minutes
of the experiment in the case of preincubation of fibrinogen with
Antarctic limpet peptides.

At the same time, our result indicated that incubation of
the peptides with plasma before the addition of thrombin resulted
in the enhancement of polymerization and formation of stronger
thrombi. In the control sample, the curve reached a plateau after
20 minutes of the experiment, while in the samples containing
peptides, after 10 minutes of the experiment. The effect of Antarctic
krill peptides on thrombin-induced plasma polymerization was
much more pronounced than the effect of the peptides derived
from other hydrobionts (Fig. 3).

Taking into account the fact that thrombin is an ideal
target for pharmacological correction, we analyzed the ability of
the peptide fractions to affect the thrombin activity. Analyzing
the literature, we found only a few reports on the study of the
effect of peptides on thrombin activity (Cappello et al., 1996;
Tanaka-Azevedo et al., 2010). It should be noted that there are no
comprehensive studies regarding the effect of the peptides of the
Antarctic hydrobionts on hemostasis parameters.

At the first stage of the study, we investigated whether
the preincubation of the peptides with thrombin affected its ability
to catalyze fibrinogen polymerization. According to obtained data
(Fig. 4), the polymerization of fibrinogen was enhanced after the
addition of thrombin that was preincubated for 15 minutes with
the tested peptide fraction. The effects were similar for all peptide
samples; the level of fibrinogen polymerization was increased
compared with the controls. The absorbance of the sample after 10
minutes of the experiment was increased by 33% (p < 0.05) in the
case of incubation of thrombin with Antarctic limpet peptides and
by 26% in the case of its incubation with the peptides derived from
Antarctic krill or Antarctic jellyfish. It should be highlighted that
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Figure 3. Effect of the peptides on the polymerization of blood plasma,
preincubated with the peptides from the Antarctic hydrobionts: K: the control
sample; 1: Antarctic limpet peptides (*p < 0.05, significantly different from the
control); 2: Antarctic krill peptides (+p<0.05, significantly different from the
control); 3: Antarctic jellyfish peptides (#p < 0.05, significantly different from
the control). Data expressed as the optical density of samples at 595 nm. The
process of polymerization was initiated by the addition of thrombin (0.1 U).

we used peptide fractions that potentially consist of structurally
different molecules. It is conceivable that peptides may bind to
thrombin not only at the active site but also at other sites. Based
on this fact we suggest that the binding of peptides to thrombin
provokes some alterations in thrombin secondary structure
facilitating the interaction of fibrinogen with the enzyme.

Next, the effect of the peptides on the amidolytic activity
of'thrombin was analyzed. It was found that peptides derived from
the tissues of Antarctic jellyfish (Fig. 5) and Antarctic krill (Fig. 6)
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Figure 4. Effect of the peptides on the ability of thrombin to polymerize the
fibrinogen: K: the control sample; 1: Antarctic limpet peptides (*p < 0.05,
significantly different from the control); 2: Antarctic krill peptides (=p < 0.05,
significantly different from the control); 3: Antarctic jellyfish peptides (#p <
0.05, significantly different from the control). Data expressed as the optical
density of samples at 595 nm. The process of polymerization was initiated by
the addition of fibrinogen (100 pg). Values are expressed as the mean + SD (n =
5). *p <0.05, significantly different from the control.
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Figure 5. Effect of the peptides derived from Antarctic jellyfish on the amidolytic
activity of thrombin: K: the control sample; 1: the peptides at the concentration
of 10 ng; 2: the peptides at the concentration of 0.1 pg (+p < 0.05, significantly
different from the control). Data expressed as the optical density of samples at
405 nm. Values are expressed as the mean + SD (n =5).
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Figure 6. Effect of the peptides derived from Antarctic krill on the amidolytic
activity of thrombin: K: the control sample; 1: the peptides at the concentration
of 10 ng; 2: the peptides at the concentration of 0.1 pg. Data expressed as the
optical density of samples at 405 nm. Values are expressed as the mean + SD
(n=75).
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Figure 7. Effect of the peptides derived from Antarctic limpet on the amidolytic
activity of thrombin: K: the control sample; 1: the peptides at the concentration
of 10 pg (*p < 0.05, significantly different from the control by 5 and 10 minutes
of the experiment); 2: the peptides at the concentration of 0.1 pg (<p < 0.05,
significantly different from the control). Data expressed as the optical density of
samples at 405 nm. Values are expressed as the mean + SD (n = 5).

did not exert a significant effect on the amidolytic activity of
thrombin. In contrast, preincubation of thrombin with the
peptides from Antarctic limpet led to a decrease in the amidolytic
activity of thrombin in a concentration-dependent manner
(Fig. 7). We revealed that the lowest concentration of peptides
contributed to more pronounced inhibition of thrombin activity.
Antarctic limpet peptides at the concentration of 0.1 and 10
pg caused a decrease in the amidolytic activity of thrombin by
10% (p < 0.05) and 20% (p < 0.05), respectively. This allows us
to consider Antarctic limpet as a promising source of possible

thrombin inhibitors. The obtained results could be explained
by the fact that some of the peptides may consist of arginine
or lysine residues and therefore can compete with a synthetic
substrate H-D-Phe-Pip-Arg-pNA for binding to the active site
of thrombin. On the other hand, some peptides could form
complexes with a chromogenic substrate, thus excluding its
participation in the enzymatic reaction. It seems that the fraction
of peptides derived from Antarctic limpet consists of molecules,
some of which inhibit the amidolytic activity of thrombin, while
others increase the ability of thrombin to catalyze fibrinogen
polymerization. Marine-derived anticoagulant peptides have
been isolated from a variety of sources, including yellowfin sole
(Rajapakse et al., 2005), marine echiuroid worm (Jo et al., 2008),
blue mussel (Jung et al., 2009), and ark shell (Jung et al., 2001).
However, there are no reports of natural marine peptides that
directly inhibit the amidolytic activity of thrombin by binding to
its active site and blocking its enzymatic activity.

CONCLUSION

To the authors’ knowledge, this is the first study
dedicated to the comprehensive analysis of the biological activity
of peptides derived from the Antarctic hydrobionts. Taken together,
the findings from this study indicate that peptides of the Antarctic
hydrobionts might be used as natural antioxidant supplements in the
treatment of oxidative stress or/and in the prevention of oxidative
damage of food products. The study showed that Antarctic limpet
peptides possess antithrombotic activity, namely, inhibit the
amidolytic activity of thrombin. It can be used in the development
of the novel anticoagulant drug. Considering the obtained results,
further experiments are required to obtain individual peptides and
elucidate the mechanisms of their influence on thrombin activity.
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