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Seaweeds are a source of important biologically active substances: lipids, amino acids, phenolic com-
pounds, polycarbohydrates, etc. Polyphenolic compounds are one of the perspective groups of con-
stituents of marine origin with high antioxidant activity; those play a key role in the life of marine
macrophytes, allowing them to quickly respond to external stress and to perform protective functions.
At the same time, the multicomponent composition of the phenolic fraction of the seaweed extract
provides a wide spectrum of its pharmacological activity, inter alia a regulatory effect on numer-
ous homeostasis disorders occurring during pathological processes in humans and animals. Wherein,
the available opportunities for the practical use of seaweed extracts have not yet been depleted,
and this is of undoubted interest for modern science. The aim of the work was to carry out a com-
parative assessment of the antioxidant activity of hydroalcoholic extracts isolated from the thalli
of three classes of algae [brown (Sargassum pallidum), green (Ulva lactuca), and red (Ahnfeltia fasti-
giata var. tobuchiensis)] and to analyze their effect on indices of the endogenous antioxidant system
of liver and blood in mice under experimental stress. Seaweeds were sampled in summer in the coastal
waters of the Peter the Great Bay (the Sea of Japan). Sampled seaweeds were dried at a temperature
of about +50 °C, grinded in a laboratory mill to particles 0.5–1 mm in size, and extracted with 70%
ethanol via repercolation. In the extract of the brown alga S. pallidum, the highest content of polyphe-
nols was recorded – (218.2 ± 20.3) mg-Eq GA·g⁻¹ dry weight. In the extract of the green algaU. lactuca,
the value was (16.2 ± 1.8) mg-Eq GA·g⁻¹ dry weight; in the extract of the red alga A. fastigiata var. to-
buchiensis, (9.1 ± 1.6) mg-Eq GA·g⁻¹ dry weight. Accordingly, the antiradical activity of S. pallidum
extract towards the cation radical ABTS⁺ and the alkyl peroxyl radical was significantly higher than that
of U. lactuca and A. fastigiata var. tobuchiensis extracts. The effect of these seaweed extracts on the an-
tioxidant defense indices of liver and plasma in mice under acute stress was studied experimentally.
Weight indicators (weight of animals and weight coefficients of their internal organs) and biochemical
indices (level of antiradical activity, malondialdehyde and reduced glutathione content, and activity
of antioxidant enzymes) were established. The experiment was carried out on white outbred male
mice (weight of 20–30 g). To model conditions of acute stress, mice were fixed vertically by the dorsal
neck crease for 24 h. Alcohol-free seaweed extracts were injected into mice stomachs as an aqueous sus-
pension (a dose of 100mg of total polyphenols per kg of body weight) through a tube twice: right before
vertical fixation and in 6 h. Into stomachs of the animals of the control and the “stress” groups, distilled
water was injected in a volume equal to that of the injected extracts. In this model, all the attributes
of stress manifested themselves: adrenal hypertrophy, involution of the thymus and spleen, and ulcera-
tion of the gastric and intestinal mucosa.Moreover, disturbances of the antioxidant defense systemwere
recorded: a decrease of antioxidant enzymes activity in blood plasma, a drop in reduced glutathione
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content in liver, and an increase of the malondialdehyde level. Under the effect of the extracts, in all
the groups of animals under stress, a tendency to stabilization of the studied antioxidant defense indices
was observed. Interestingly, the values in mice receiving U. lactuca and A. fastigiata var. tobuchiensis
extracts were inferior to those in the group of animals receiving S. pallidum extract. In the latter group
of mice, there were no significant differences from the control values in terms of antioxidant defense
indices. This is due to the fact the main components of the polyphenolic fractions of green and red algae
are monomeric flavonoids, while brown algae contain high molecular weight phlorotannins. The latter
ones are characterized by higher antioxidant activity than low molecular weight polyphenolic fractions
of green and red algae.
Keywords: seaweeds, polyphenols, antioxidant activity, stress, mice

An important component of marine ecosystems and a key link in food chains of many species
of marine organisms are seaweeds serving as a source of organic matter and energy. Due to their di-
verse composition, they are used as a raw material for production of several substances with beneficial
properties. Specifically, seaweeds contain easily digestible proteins, amino acids, lipids, polysaccharides,
carotenoids, minerals, polyphenolic compounds, etc. [Michalak, Chojnacka, 2015].

Among secondary metabolites that make up seaweeds, an important group of substances are polyphe-
nolic compounds with pronounced antioxidant properties. These compounds are produced by seaweeds
and seagrasses to perform protective, structural, and reproductive functions [Pradhan et al., 2021].
Polyphenols are involved in growth and reproduction processes of seaweed cells and in formation
and early development of cell walls, forming a complex with alginic acid, a structural polysaccharide
of a cell wall [Imbs, Zvyagintseva, 2018]. Polyphenols are capable of protecting macrophytes from dam-
age by pathogenic bacteria, grazing by herbivores, and UV exposure. According to international clas-
sification, polyphenolic compounds include various subclasses: phenolic acids, flavonoids, lignans, stil-
benes, and so on [Zhong et al., 2020]. In composition of brown algae and some species of red algae,
a special group of phenolic compounds was found – phlorotannins, which are oligomers of phlorogluci-
nol (1,3,5-trihydroxybenzene) [Ragan, Glombitza, 1986]. Phlorotannins are the main cytoplasmic com-
ponents of seaweeds; those are contained in specific organelles – physodes [Ragan, Glombitza, 1986]. Un-
like other polyphenolic compounds, phlorotannins are characterized by the fact that about 90% of their
total amount is in free form [Bogolitsyn et al., 2018]. These compounds are accumulated mainly in outer
layers of the epidermis and in cortical layer of the thallus [Shibata et al., 2004], which allows them
to quickly respond to external stress and to perform protective functions.

A rising interest in seaweeds is due to the content of bioactive components in them, which can be used
as pharmaceuticals, nutraceuticals, and food additives. As known, preparations derived from seaweeds
exhibit a wide range of pharmacological properties: antibacterial, antiviral, antitumor, antimicrobial,
hepatoprotective, etc. [Cotas et al., 2020; Manach et al., 2004].

Health benefits of seaweeds for humans and animals are largely due to the ability of their polyphe-
nolic compounds to scavenge free radicals, which may help in reducing oxidative stress [Zhong
et al., 2020]. The mechanism of active binding of free radicals involved in the development of sev-
eral pathological processes in the body is based on the presence of a branched structure of con-
jugated double bonds of high mobility and a large number of free hydroxyl groups in macrophyte
polyphenols.

In previous studies, we found that extracts isolated from a number of marine macrophytes rep-
resenting different classes [brown, Sargassum pallidum (Turner) C. Agardh, 1820; green, Ulva lac-
tuca Linnaeus, 1753; and red, Ahnfeltia fastigiata var. tobuchiensis (Kanno & Matsubara) Skriptsova
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& Zhigadlova, 2022] have shown a pronounced protective effect in various experimental models. Thus,
an extract from the brown alga S. pallidum, enriched with polyphenolic compounds, had a hepatopro-
tective effect in modelling hepatosis in rats [Sprygin et al., 2017]. The lipid fraction of an extract
from the green alga U. lactuca showed a preventive effect under acute stress, which manifested itself
in the preservation of carbohydrate–lipid metabolism in liver and a decrease in the level of lipid per-
oxidation [Fomenko et al., 2019]. The pharmacological effect of an extract from the red alga A. fasti-
giata var. tobuchiensis was expressed in the ability to restore the lipid composition of blood and the ra-
tio of phospholipid fractions in erythrocyte membranes [Kushnerova et al., 2020]. As a continua-
tion of the studies carried out, it seems relevant to acquire new knowledge on the biological activity
of the investigated seaweed extracts and to clarify the prospects for their use as antioxidant agents.

The aim of the work is to compare antioxidant activity of hydroalcoholic extracts isolated from thalli
of the brown alga Sargassum pallidum, green alga Ulva lactuca, and red alga Ahnfeltia fastigiata var. to-
buchiensis and to determine their effect on antioxidant defense indices of liver and blood plasma of mice
under experimental stress.

MATERIAL AND METHODS
The objects of the study were seaweeds:

• Ulva lactuca [= Ulva fenestrata], division Chlorophyta, class Ulvophyceae, order Ulvales,
family Ulvaceae;

• Sargassum pallidum, division Phaeophyta, class Cyclosporophyceae, order Fucales, family
Sargassaceae;

• Ahnfeltia fastigiata var. tobuchiensis [= Ahnfeltia tobuchiensis], division Rhodophyta, class
Florideophyceae, order Ahnfeltiales, family Ahnfeltiaceae [Skriptsova, Zhigadlova, 2022].
The selected seaweeds are the most widespread in the seas of the Far East and are the main,

mass species.
Seaweeds were sampled in August–September 2021 in the Peter the Great Bay coastal wa-

ters (the Sea of Japan). A sample included 20 thalli of each species. All thalli were cleaned of epiphytes
and zoobenthos, washed with seawater and then distilled water, and dried. A thallus in the air-dried state
was grinded using a laboratory mill to 0.5–1-mm particles and extracted with 70% ethanol via reperco-
lation. The extract yield was 1 L per 1 kg of dry raw material. Extraction with ethanol is an effective
method of seaweed processing: during it, most mineral and organic substances exhibiting biological activ-
ity are extracted, and ethanol, due to its low toxicity, is the most preferable for the extraction of phenolic
compounds among all solvents [Cotas et al., 2020].

Seaweed extracts were evaporated in a vacuum until ethanol was completely removed; then, those
were extracted with chloroform to scavenge lipophilic substances and pigments – in accordance
with the technique described earlier [Sprygin et al., 2013]. The resulting aqueous fraction contain-
ing polyphenols was evaporated to dryness in a vacuum and resuspended in water to obtain stock
solutions (10 mg·mL⁻¹), in which total polyphenols (hereinafter PP) and antiradical activity (here-
inafter ARA) were preliminarily determined. All biochemical studies were carried out on a Shimadzu
UV-2550 spectrophotometer (Japan). Total PP were determined using the Folin–Ciocalteu reagent
at a wavelength of 765 nm [Parys et al., 2007]. Gallic acid (GA) was used as a reference standard;
total PP were expressed in mg-Eq GA·g⁻¹ dry extract. The level of ARA was also assessed spectropho-
tometrically towards the cation radical ABTS⁺ (λ = 734 nm) [Re et al., 1999] and the alkyl peroxyl
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radical (λ = 414 nm) [Bartosz et al., 1998]. When determining ARA, Trolox (a water-soluble analog
of vitamin E) was used as a reference standard. ARA was expressed in µmol Trolox·mg⁻¹ PP. The re-
sults were statistically processed with Instat 3.0 software package and GraphPad Prism program, with
the second one including the function of checking a sample compliance with the normal distribution
law. To determine the statistical significance of differences depending on the distribution parameters,
the parametric Student’s t-test or the nonparametric Mann–Whitney U-test were used.

The experiment was carried out on white outbred male mice (weight of 20–30 g). Animals were kept
under vivarium conditions in cages of 5 individuals on a standard diet, with natural light, and at a constant
air temperature of +20…+22 °C.

Tomodel conditions of acute stress, mice were fixed vertically by the dorsal neck crease for 24 h. This
stress model is used in laboratory animals in experimental studies [Kushnerova et al., 2005]. Alcohol-
free seaweed extracts were injected into mice stomachs as an aqueous suspension (a dose of 100 mg
of total PP per kg of body weight) through a tube twice: right before vertical fixation and in 6 h. This
concentration corresponds to a known therapeutic dose for polyphenolic hepatoprotectors [Vengerovsky
et al., 1999]. Into stomachs of the animals of control and “stress” groups, distilled water was injected
in a volume equal to that of the injected extracts.

In the course of the study, there were five groups of animals, 10 mice each: 1, control (intact);
2, “stress” (vertical fixation by the dorsal neck crease); 3, “stress + Sargassum extract”; 4, “stress + Ulva
extract”; and 5, “stress + Ahnfeltia extract.” Animals were taken out of the experiment by decapitation
under light ether anesthesia in compliance with the rules and international recommendations of the Euro-
pean Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes [1986].

After exposure to acute stress, weight of animal, the mass index of internal organs (mg of organ
weight per 100 g of body weight), and the number of ulcerations of the gastric mucosa were determined.
The latter ones were counted visually: we determined the number of formed ulcerative lesions. The de-
sign of the study was approved by the ethics committee of V. I. Il’ichev Pacific Oceanological Institute
FEB RAS.

Blood for research was sampled from neck vein of animals into vacuettes with 1% heparin so-
lution. To separate plasma, blood was centrifuged for 10 min at 3,000 rpm. Then, plasma samples
were frozen at a temperature of −80 °C for further determination of biochemical parameters. After
extraction, liver was washed in physiological saline and frozen in a refrigerator at −80 °C as well.
The state of the antioxidant system was assessed in blood plasma of animals by a spectrophotomet-
ric method by the value of total ARA (λ = 734 nm) [Re et al., 1999], the level of malonic dialde-
hyde (hereinafter MDA) (λ = 532 nm) [Buege, Aust, 1978], activity of superoxide dismutase (herein-
after SOD) (λ = 550 nm) [Paoletti et al., 1986], and glutathione enzymes – glutathione reductase (here-
inafter GR) [Goldberg, Spoone, 1983] and glutathione peroxidase (hereinafter GPx) (λ = 340 nm) [Burk
et al., 1980], as well as by the value of the level of reduced glutathione (hereinafter G-SH) in liver
tissue (λ = 412 nm) [Ellman, 1959].

RESULTS
Prior to conducting the experiment aimed at analyzing the state of the antioxidant defense system

of an animal body under stress, total PP and ARA were determined in samples of extracts of the macro-
phytes studied. Evaluation of the quantitative composition of PP in them showed that their content
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varies significantly in different macrophyte species (Table 1). The highest amount of PP was registered
in the extract of the brown alga S. pallidum, and the value was 13.5 times higher than in U. lactuca
and 24 times higher than in A. fastigiata var. tobuchiensis.

Table 1. Polyphenol content and antiradical activity of the seaweed extracts (M ± m)

Seaweed Total polyphenols,
mg-Eq GA·g−1 dry extract

Antiradical activity
towards ABTS+,

µmol Trolox·mg−1 PP

Antiradical activity towards
alkyl peroxyl radicals,
µmol Trolox·mg−1 PP

Sargassum pallidum 218.2 ± 20.3 1.62 ± 0.04 0.64 ± 0.02

Ulva lactuca 16.2 ± 1.8 0.32 ± 0.03 0.15 ± 0.02

Ahnfeltia fastigiata
var. tobuchiensis 9.1 ± 1.6 0.13 ± 0.03 0.06 ± 0.01

An important aspect of investigating the antioxidant potential of the studied seaweed extracts
is the assessment of their ARA towards the cation radical ABTS⁺ and the alkyl peroxyl radical. The level
of ARA in the extracts of the macrophytes varied significantly, as well as PP content. Specifically, S. pal-
lidum extract was characterized by a higher level of ARA towards ABTS⁺: the value was 5 times higher
than the corresponding value in U. lactuca and 12.5 times higher than in A. fastigiata var. tobuchiensis.
A similar trend was observed for ARA indices towards the alkyl peroxyl radical. Alkyl peroxyl rad-
icals are formed in the body during lipid peroxidation and are one of the main initiators of free
radical reactions. In S. pallidum extract, this index was 4 times higher than the corresponding value
for U. lactuca. An even lower level of APA towards the alkyl peroxyl radical was recorded in A. fasti-
giata var. tobuchiensis: its value was 2.5 times less than that for U. lactuca and 10 times less than that
for S. pallidum.

The next stage of the experimental studies was the investigation of the effect of the seaweed extracts
on the state of the antioxidant defense system in animals under stress. Their vertical fixation by the dor-
sal neck crease for 24 h was accompanied by the manifestation of all known attributes of stress, such
as adrenal hypertrophy, involution of the thymus and spleen, and ulceration of the gastric and intesti-
nal mucosa. These alterations were recorded in all animals subjected to stress (the groups 2–5). How-
ever, there were significant differences between the groups in terms of severity. Thus, in the group
2 (“stress”), weight of animals decreased by 23% (p < 0.01) with a simultaneous decrease in the mass
index of internal organs (liver and spleen) by an average of 19–23% (p < 0.05) (Fig. 1). In the group 2,
under stress, the number of recorded ulcerations of the gastric mucosa was (2.6 ± 0.1) pcs per animal;
in the control, it was 0.

When assessing the state of the antioxidant system of animals under stress, a drop in ARA value
of blood plasma by 46% was revealed (p < 0.001) compared to the value in the control. At the same
time, there was a decrease in the activity of one of key enzymes of the antioxidant defense system, SOD,
by 40% (p < 0.001) (Fig. 2). The level of G-SH in liver dropped by almost 2 times (Fig. 3), while
the activity of GR, an enzyme which plays the main role in maintaining a certain concentration of G-SH
inside the cell, decreased by 26% (p < 0.001). The activity of another key enzyme of the glutathione unit,
GPx, which catalyzes the reduction of hydrogen peroxide (H₂O₂) and organic peroxides in the presence
of G-SH, was reduced by 35% (p < 0.001). Such changes in the antioxidant defense indices can be
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defined as its weakening. Disturbances in the functioning of the antioxidant defense system under stress
conditions also manifested themselves in an increase in MDA content by 68% (p < 0.001) (Fig. 3), which
is a biomarker of oxidative stress.

Fig. 1. The effect of the seaweed extracts on the total weight of mice and weight coefficients of their
internal organs under stress. Differences are statistically significant compared to the control: p < 0.05 (*);
p < 0.01 (**); p < 0.001 (***)

Fig. 2. The effect of the seaweed extracts on the antioxidant defense indices of mice under stress. MDA,
malondialdehyde; ARA, antiradical activity; SOD, superoxide dismutase. Differences are statistically
significant compared to the control: p < 0.05 (*); p < 0.01 (**); p < 0.001 (***)
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Fig. 3. The effect of the seaweed extracts on the glutathione system indices in mice under stress. GPx,
glutathione peroxidase; GR, glutathione reductase; G-SH, reduced glutathione. Differences are statistically
significant compared to the control: p < 0.05 (*); p < 0.01 (**); p < 0.001 (***)

The administration of the seaweed extracts against the backdrop of acute stress (the groups 3–5)
was accompanied by a tendency to reduce the severity of involutional alterations in internal or-
gans compared with their severity in the group 2 (“stress”). Specifically, in the groups of mice
treated with U. lactuca and S. pallidum extracts, the relative mass of liver increased by an average
of 6–8% (p < 0.05), while in the group 5, under the effect of A. fastigiata var. tobuchiensis extract,
the value was 15% higher (p < 0.05). Moreover, in mice receiving the seaweed extracts, the relative
mass of spleen increased by an average of 12–24% (p < 0.001). As noted, the injection of the seaweed
extracts did not lead to the complete restoration of the relative mass of internal organs, but contributed
to a significant increase in these indicators compared to the group 2 (see Fig. 1). In terms of the body
weight parameters of mice in the groups 3–5, these indicators significantly differed from the control.
Importantly, these animals had no ulcerations of the gastric mucosa.

In all groups of animals treated with the seaweed extracts, against the backdrop of stress, there was
a tendency to stabilize the studied antioxidant defense indices (Figs 2, 3). Thus, in the group 3 (S. pal-
lidum extract), the values corresponded to the control ones. The comparison with the group 2 (“stress”)
revealed as follows: in these mice, the level of MDA in blood plasma decreased by 33% (p < 0.001),
ARA value increased by 1.8 times (p < 0.001), and the activity of SOD rose by 46% (p < 0.001). Un-
der the effect of S. pallidum extract, there was also an increase in the level of G-SH in liver tissue
by 40% (p < 0.001), while the activity of antioxidant enzymes, GPx and GR, in blood plasma rose
by an average of 38–54% (p < 0.001).

The state of the antioxidant system in animals of the groups 4 and 5 (mice treated with U. lac-
tuca and A. fastigiata var. tobuchiensis extracts under acute stress) was characterized by positive dynam-
ics as well. However, the studied biochemical parameters still differed significantly from the control.
At the same time, when compared with the group 2 (“stress”), it was recorded as follows: in blood
plasma of mice of the groups 4 and 5, there was an increase in the level of ARA by 37% (p < 0.001)
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and 54% (p < 0.001), respectively. The activity of SOD in animals of the group 4 (U. lactuca) rose
by 51% (p < 0.001); in mice of the group 5 (A. fastigiata var. tobuchiensis), it rose by 36% (p < 0.001).
Meanwhile, MDA in blood plasma of these animals decreased on average by 14–16% (p < 0.001).
In terms of the level of G-SH in liver tissue and the activity of glutathione enzymes, there was posi-
tive dynamics as well. Specifically, the use of U. lactuca and A. fastigiata var. tobuchiensis extracts was
accompanied by an increase in G-SH content by 27 and 32%, respectively (p < 0.05). In its turn, the ac-
tivity of GPx in animals in these groups rose on average by 22–27% (p < 0.05), and the activity of GR,
by 12–20% (p < 0.05).

DISCUSSION

From the results obtained, it follows that under conditions of acute stress, the complex functional bal-
ance of organs and systems of the whole organism is disturbed. This is evidenced by a drop in the relative
mass of internal organs (liver and spleen). Interestingly, a significant decrease in the spleen mass index re-
sults from the involution of the lymphatic system, which is associated with increased secretion of steroid
hormones by the adrenal cortex causing the breakdown of lymphocytes and inhibition of metabolic pro-
cesses in cells [Chrousos, 2009]. The antioxidant defense system is stressed due to overproduction of free
radicals under certain exposure [Şahın, Gümüşlü, 2007]. As a result, the antioxidant system of the body
is incapable of coping with their excessive production, while the activity of antioxidant enzymes (SOD,
GPx, and GR) and G-SH content decrease. This phenomenon underlies the violations of many metabolic
reactions in the body. Evidence of increased generation of free radicals is a significant decrease in ARA
value along with a rise in the level of MDA in blood plasma of mice; it is characterized by high activity
of peroxidation of fatty acids making up membrane lipids and is accompanied by a rise in the permeabil-
ity of cell membranes in various tissues [Şahın, Gümüşlü, 2007]. Subsequently, the lack of antioxidant
defense factors leads to an uncontrolled increase in lipid peroxidation processes and to development
of oxidative stress.

The administration of the seaweed extracts against the backdrop of stress was accompanied by a rise
in the activity of antioxidant enzymes and G-SH content with a simultaneous drop in the level of MDA.
However, in the groups 4 and 5, as it was noted earlier, the values of the antioxidant defense in-
dices (MDA, G-SH, GPx, and GR) still differed from the control ones. At the same time, the values
of the antioxidant defense indices in mice treated with U. lactuca and A. fastigiata var. tobuchiensis ex-
tracts were inferior to those in animals of the group 3 (S. pallidum). This fact is confirmed by the calcula-
tion of statistical significance between the values of the studied biochemical parameters in blood plasma
and liver tissue of mice of the groups 3–5. Thus, the values of the activity of GPx and GR for blood
plasma in animals treated with U. lactuca and A. fastigiata var. tobuchiensis extracts (the groups 4 and 5,
respectively) were lower on average by 17–21% (p < 0.05) comparedwith the values in the group 3 (S. pal-
lidum extract). Significant differences between these groups were also revealed for other indices: the level
of MDA was higher by 27–28% (p < 0.01); G-SH content was lower by 7–9% (p < 0.05); and ARA
was lower by 13–23% (p < 0.001).

In our opinion, this effect is driven by the fact that metabolic activity of polyphenols in the extract
of the brown alga S. pallidum is noticeably higher than in the extracts ofU. lactuca andA. fastigiata var. to-
buchiensis. Accordingly, S. pallidum extract has a higher level of ARA, and this is confirmed by the data
obtained (see Table 1). As known, the main components of the polyphenolic fractions of green and red al-
gae are monomeric flavonoids [Alagan et al., 2017; de Quirós et al., 2010]. In turn, high molecular weight
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phlorotannins of brown algae and their extracts enriched with phlorotannins exhibit high antioxidant
activity [Ferreres et al., 2012; Wang et al., 2012], in contrast to low molecular weight polyphenolic frac-
tions of green and red algae. According to the researchers [Agregán et al., 2018], seaweed extracts with
high content of polyphenolic compounds have a pronounced antioxidant potential.

Based on the data obtained, it can be concluded as follows: under stress, the administration of seaweed
extracts contributed to the restoration of the indices of the antioxidant defense system, which plays a key
role in the course of most vital processes.

Conclusions:
1. In mice, under conditions of experimental acute stress, a violation of metabolic reactions of the body

was registered, which was accompanied by involution of the lymphatic system, appearance of ulcera-
tions of the gastric mucosa, decrease in the weight of internal organs, stress in the antioxidant defense
system, and activation of lipid peroxidation reactions.

2. The administration of seaweed extracts contributed to the stabilization of the antioxidant defense
system, which is involved in the course of most vital processes.

3. A prophylactic use of seaweed extracts enriched with polyphenolic compounds under stress con-
ditions contributed to the restoration of weight coefficients of internal organs of animals (liver
and spleen) and the absence of ulcerations of the gastric mucosa.

4. Seaweeds Sargassum pallidum, Ulva lactuca, and Ahnfeltia fastigiata var. tobuchiensis are a promis-
ing raw material for the production of drugs capable of increasing the potential of the endogenous
antioxidant defense system of the body under conditions of stress-induced disorders.

5. The predominant effect of the extract of the brown alga S. pallidum under stress is deter-
mined by the high-molecular structure of phlorotannins, which provides higher antioxidant activity
compared to that of monomeric flavonoids in U. lactuca and A. fastigiata var. tobuchiensis extracts.
This work was carried out within the framework of the state research assignment of V. I. Il’ichev Pacific

Oceanological Institute FEB RAS “Ecological and biogeochemical processes in marine ecosystems: The role of natural
and anthropogenic factors” (0211-2021-0014, registration number 121-21500052-9).
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Морские водоросли являются источником важных биологически активных соединений— липи-
дов, аминокислот, фенолов, полисахаридов и др. Перспективную группу веществ морского про-
исхождения составляют полифенольные соединения, обладающие высокой антиоксидантной ак-
тивностью, которые играют ключевую роль в жизнедеятельности морских макрофитов, что поз-
воляет им быстро реагировать на внешний стресс и выполнять защитные функции. В то же
время многокомпонентный состав фенольной фракции экстракта из водорослей обусловлива-
ет широкий спектр её фармакологической активности, включающей регулирующее влияние
на многочисленные нарушения гомеостаза при патологических процессах в организме живот-
ных и человека. При этом имеющиеся возможности практического использования экстрактов
из водорослей ещё не исчерпаны, что представляет несомненный интерес для современной
науки. Цель работы — выполнить сравнительную оценку антиоксидантной активности водно-
спиртовых экстрактов, выделенных из талломов представителей трёх классов водорослей [бу-
рых (Sargassum pallidum), зелёных (Ulva lactuca) и красных (Ahnfeltia fastigiata var. tobuchiensis)],
а также проанализировать их влияние на показатели антиоксидантной защиты печени и плазмы
крови мышей при экспериментальном стрессе. Водоросли собирали в летние месяцы в прибреж-
ных водах залива Петра Великого Японского моря, затем сушили при температуре около +50 °C,
измельчали на лабораторноймельнице до частиц размером 0,5–1 мм и экстрагировали 70%-ным
этиловым спиртом методом реперколяции. Наибольшее количество полифенолов отмечено
в экстракте бурой водоросли S. pallidum— (218,2 ± 20,3) мг-экв ГК·г−1 сухого веса. В экстракте
зелёной водорослиU. lactuca значение этого показателя составляло (16,2 ± 1,8) мг-экв ГК·г−1 су-
хого веса, в экстракте красной водорослиA. fastigiata var. tobuchiensis—(9,1 ± 1,6) мг-экв ГК·г−1
сухого веса. Соответственно, антирадикальная активность экстракта S. pallidum по отноше-
нию к катион-радикалу 2,2’-азино-бис(3-этилбензотиазолин-6-сульфоновой кислоты) (ABTS+)
и алкилпероксильному радикалу была существенно выше, чем таковая экстрактов U. lactuca
и A. fastigiata var. tobuchiensis. Проведена экспериментальная проверка с целью определить
влияние исследуемых экстрактов водорослей на показатели антиоксидантной защиты печени
и плазмы мышей в условиях острого стресса. В задачи эксперимента входило установление
весовых показателей (вес животных, индекс массы внутренних органов) и биохимических па-
раметров (уровень антирадикальной активности, содержание малонового диальдегида и вос-
становленного глутатиона, активность антиоксидантных ферментов). Эксперимент по стрессо-
вому воздействию проводили на белых беспородных мышах-самцах массой 20–30 г. Острый
стресс моделировали путём вертикальной фиксации животных за дорсальную шейную складку
на 24 ч. Освобождённые от спирта экстракты водорослей вводили в виде водной взвеси в дозе
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100 мг общих полифенолов на кг массы тела в желудок мышам через зонд дважды— непосред-
ственно перед вертикальной фиксацией и спустя 6 ч. Животным контрольной группы и груп-
пы «стресс» вводили дистиллированную воду в объёме, равном объёму вводимых препаратов.
В данной модели проявились все атрибуты стресса: гипертрофия надпочечников, инволюция
тимуса и селезёнки, изъязвления слизистой желудка и кишечника. Также были отмечены нару-
шения системы антиоксидантной защиты, которые выражались в снижении активности антиок-
сидантных ферментов в плазме крови, уменьшении содержания восстановленного глутатиона
в печени и увеличении уровня малонового диальдегида. Под действием экстрактов во всех груп-
пах животных на фоне стресса прослежена тенденция к стабилизации исследуемых показателей
антиоксидантной защиты. При этом показатели у мышей, получавших экстракты из U. lactuca
и A. fastigiata var. tobuchiensis, уступали аналогичным параметрам в группе животных, получав-
ших экстракт S. pallidum. В группе животных, получавших экстракт S. pallidum, в показателях
антиоксидантной защиты не было выявлено достоверных отличий от контрольных значений.
Данный факт обусловлен тем, что основными компонентами полифенольных фракций зелё-
ных и красных водорослей являются мономерные флавоноиды, тогда как в бурых водорослях
присутствуют высокомолекулярные флоротаннины, которые проявляют более высокую антиок-
сидантную активность, чем низкомолекулярные полифенольные фракции зелёных и красных
водорослей.
Ключевые слова: морские водоросли, полифенолы, антиоксидантная активность, стресс,
мыши
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