
ISSN 1608-4101 (Print) Медицинский академический журнал 
ISSN 2687-1378 (Online) Medical Academic Journal

Том Выпуск 
Volume 22 Issue 4 2022

57ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ / ORIGINAL RESEARCH

УДК 576.5+57.021
DOI: https://doi.org/10.17816/MAJ114811

MYTILUS EDULIS HYDROLYSATE ENHANCES PROLIFERATION AND PROTECTS 
ENDOTHELIAL CELLS AGAINST HYPOCHLOROUS ACID-INDUCED OXIDATIVE STRESS
Eleonora A. Starikova1–3, Jennet T. Mammedova1, Olga Ya. Porembskaya1, 4

1 Institute of Experimental Medicine, Saint Petersburg, Russia;
2 Almazov National Medical Research Centre, Saint Petersburg, Russia;
3 Academician I.P. Pavlov First St. Petersburg State Medical University, Saint Petersburg, Russia;
4 North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia

For citation: Starikova EA, Mammedova JT, Porembskaya OYa. Mytilus edulis hydrolysate enhances proliferation and pro-
tects endothelial cells against hypochlorous acid-induced oxidative stress. Medical Academic Journal. 2022;22(4):57–67. 
DOI: https://doi.org/10.17816/MAJ114811

Received: 05.10.2022 Accepted: 26.10.2022 Published: 29.12.2022

BACKGROUND: Endothelial dysfunction underlies the pathogenesis of many socially significant diseases. The search 
for new original drugs for the treatment of this condition remains an important scientific and practical task. Anti-
inflammatory, anticoagulant and antioxidant effects of bivalve mollusks from the family of Mytilidae (Mytilus edulis) 
hydrolysate and its derivatives have been described in different model systems.

AIM: The purpose of this study was to investigate the effect of Mytilus edulis (M. edulis) hydrolysate on the functional 
activity of EA.hy926 endothelial cell line.

MATERIALS AND METHODS: The viability and metabolic activity of endothelial cells were studied in MTT-test. 
To investigate the proliferative activity, a test with staining of cells with crystal violet dye was used. The ability of the 
preparation to neutralize the toxic effect of HOCl and H2O2 was evaluated using fluorescent dyes and flow cytometry.

RESULTS: It was found that the preparation did not have cytotoxicity and significantly increased the proliferation of 
endothelial cells in dilutions from 1:10 to 1:60. The preparation had a neutralizing effect against HOCl, and in all the 
studied dilutions significantly increased the viability of the endothelium. The preparation was not effective against H2O2, 
and increased H2O2 toxic effect in the maximal studied concentration. At the same time, the anti-inflammatory effect 
of M. edulis hydrolysate was not confirmed in this model system. The preparation had no effect on the endothelial cell 
IL-8 production, adhesion molecule CD54 (ICAM-1) and tissue factor CD142 expression.

CONCLUSIONS: The preparation of M. edulis hydrolysate enhances the proliferation of endothelial cells and is able 
to neutralize HOCl toxic effects.
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Обоснование. Эндотелиальная дисфункция лежит в основе патогенеза многих социально значимых забо-
леваний. Поиск новых оригинальных препаратов для терапии этого состояния остается важной научно- 
практической задачей. Для гидролизата двустворчатых моллюсков из семейства мидий Mytilus edulis и его про-
изводных в разных модельных системах описаны противовоспалительные, антикоагулянтные и антиоксидантные 
эффекты. 

Цель исследования — изучение влияния препарата гидролизата M. edulis на функциональную активность эндо-
телиальных клеток линии EA.hy926. 

List of abbreviations
DMEM, Dulbecco’s modified Eagles medium; FBS, fetal bovine serum; HAT, hypoxanthine-aminopterin-thymidine; IL-6, IL-8, interleukins; 
iNOS, inducible nitric oxide synthase; NF-κB, nuclear factor-κB; TNFα, tumor necrosis factor-alpha; MTT, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide.
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Материалы и методы. Жизнеспособность и метаболическую активность эндотелиальных клеток изуча-
ли в МТТ-тесте. Для исследования пролиферативной активности использовали тест с окрашиванием моно-
слоя   клеток кристаллическим фиолетовым. Оценку способности препарата нейтрализовать ток сическое действие 
HOCl и H2O2 проводили с применением флуоресцентных красителей и проточной цитометрии.

Результаты. Было установлено, что гидролизат M. edulis не обладал цитотоксичностью и в разведениях 
от  1 : 10  до 1 : 60 достоверно повышал пролиферацию эндотелиальных клеток, обладал нейтрализующим дей-
ствием в отношении HOCl и во всех исследуемых разведениях достоверно повышал жизнеспособность эндотелия. 
Препарат оказался неэффективным в отношении H2O2, а в присутствии максимальной исследуемой концен-
трации усиливал окислительное действие H2O2. В то же время противовоспалительного действия гидролизата 
M. edulis выявлено не было. Препарат не оказывал влияния на продукцию IL-8 и экспрессию адгезионной 
молекулы  CD54  (ICAM-1) и тканевого фактора CD142 эндотелиальными клетками. 

Заключение. Препарат гидролизата M. edulis усиливает пролиферацию эндотелиальных клеток и способен 
нейтрализовать окислительные эффекты HOCl.

Ключевые слова: гидролизат Mytilus edulis; эндотелиальные клетки; пролиферация; окислительный стресс; 
IL-8; CD54 (ICAM-1); CD142.

Background

Blood vessels permeate all organs and tissues of 
the body; therefore, endothelial dysfunction serves 
as a universal link in the pathogenesis of various so-
cially significant diseases, such as stroke, heart dis-
ease, insulin resistance, and chronic renal failure [1]. 
Systemic endothelial dysfunction, which occurs 
in several infectious diseases, often results in the de-
velopment of severe complications such as acute re-
spiratory distress syndrome, disseminated intravascu-
lar coagulation syndrome, and systemic inflammatory 
response. This conditions are characterized with dis-
rupted endothelial anti-inflammatory, anticoagulant 
and vasodilatory functions [2–4]. Currently, the vas-
cular endothelium is considered a target of thera-
peutic intervention aimed at preventing and treating 
vascular complications in various pathologies [5, 6]. 
The search for new original substances with endothe-
lium-protective action is an urgent problem of experi-
mental and clinical pharmacology [7]. Marine fauna 
is a natural resource that provides great opportuni-
ties for the development of new pharmaceuticals [8]. 
Previous studies have shown that the hydrolyzate of 
bivalve mollusks from the mussel family Mytilus edulis 
(M. edulis) and its components can have angioprotec-
tive properties, a positive effect on the main func-
tions of the endothelium, and anti-inflammatory and 
anticoagulant effects and regulate the vascular tone 
[9–18]. Studies of agents based on M. edulis deriva-
tives are scarce, and the mechanisms of action of such 
drugs are still under-explored. In  this study, we ex-
amined the antioxidant effect of the M. edulis hydro-
lyzate agent and its effect on the viability and func-
tional activity of EA.hy926 human endothelial cells.

Materials and methods

The effects of mollusk derivatives on endothelial 
cells were studied using a previously characterized 
M. edulis hydrolyzate preparation [9].

Cultivation of EA.hy926 endothelial cells. 
Endothelial cells of the EA.hy926 line were cul-
tured in DMEM/F12 medium (Biolot, Russia) 
supplemented with 10% fetal bovine serum (FBS, 
Sigma, USA), 50 μg/mL gentamicin sulfate, and 
2  mmol/L glutamine (Biolot, Russia) and hypo-
xanthine-aminopterin-thymidine (HAT, Sigma, 
USA) at 37°C in a humid atmosphere with 5% CO2 
in 50–250-mL plastic vials (Sarstedt, Austria). To 
disintegrate the monolayer, the cells were incubated 
in Versene solution (Biolot, Russia) for 5–10 min. 
Reinoculation was performed once every 3–4 days.

Evaluation of the effect of M. edulis hydrolyzate 
on cell viability and metabolic activity. The effect of 
the agent on endothelial cell viability was assessed 
based on the activity of mitochondrial dehydroge-
nases using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. For this 
purpose, endothelial cells were placed into the wells 
of a 96-well plate (Sarstedt, Austria) at the rate of 
0.3 × 106  cells per 100 μL of culture medium and 
cultivated until a confluent monolayer was formed, 
which eliminated the possibility of cell proliferation 
because of contact inhibition inherent in this culture. 
Thereafter, the culture medium containing 10% FBS 
was changed to a medium containing 2.5% FBS. 
The cells were cultured in the presence of the test 
substance in a humid atmosphere with 5% CO2 at 
37°C for 24 h; for the last 4 h of incubation, 10  μL 
of MTT was added to each well so that the final 
concentration was 1 μg/mL. After 4 h, 100 μL of 
the lysis buffer [19, 20] was added to each well 
and incubated overnight until complete dissolution. 
The  results were analyzed using an automatic spec-
trophotometer (Bio-Rad, Japan) at a wavelength of 
540 nm. The results were expressed as a percentage, 
taking the optical density in control wells contain-
ing the culture medium without additives as 100%.

Evaluation of the proliferative activity of en-
dothelial cells using crystal violet stain. To assess 
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proliferative activity, endothelial cells were dispensed 
into the wells of a 96-well plate at a concentration 
of 5 × 103 cells per 100 μL of culture medium with 
2.5% FBS, which corresponded to the state of a sparse 
monolayer. The cells were cultured in the presence 
of the test substance in a humid atmosphere with 
5%  CO2 at 37°C for 72 h. Then, the culture medi-
um was removed, and the cell monolayer was fixed/
stained with a 0.2% solution of crystal violet prepared 
in 10%  methanol. Subsequently, washing was per-
formed three times with a 10% acetic acid solution, 
followed by extraction of the stain. The optical den-
sity of the solution was recorded using an automatic 
spectrophotometer (Bio-Rad, Japan) at a wavelength 
of 570 nm. The proliferative activity of the cells 
was determined by comparing the optical density 
in the control and experimental wells. The results 
were presented as a percentage, taking the optical 
density in the control wells containing the culture 
medium without additives as 100%.

Cell survival in the presence of oxidizing agents 
H2O2 and HOCl. The M. edulis hydrolyzate activity 
was assessed by its ability to influence endothelial cell 
viability after their cultivation in the presence of H2O2 
and HOCl oxidizing agents. With the pK of HOCl of 
7.5 and at physiological pH values, approximately half 
of the acid was in the molecular form, and the rest 
was dissociated; hereinafter, by HOCl, we implied 
the mixture of HOCl/OClˉ present in the medium 
under study. Cells were transferred into the wells 
of a 24-well flat-bottomed plate (Sarstedt, Austria) 
at a concentration of 2.5 × 106 cells in 500 μL of 
complete culture medium. H2O2 or HOCl was 
added to each well at a final concentration of 12.5, 
25, 50, and 100 μmol/L, and simultaneously with 
oxidizing agents, the test agent was added at a dilution 
of 1:5 by volume. After 24 h of incubation at 37°C 
in a humid atmosphere with 5% CO2, the monolayer 
was disintegrated with an accutase solution (Sigma, 
USA). The cells were transferred into test tubes for 
analysis, and the cell suspension was stained with 
a YO-PRO® solution (Invitrogen, USA) at a final 
concentration of 100 nmol/L and with a propidium 
iodide solution (Sigma, USA) at a final concentration 
of 2 μg/mL. YO-PRO® is a fluorescent stain that 
freely penetrates the cells in a state of early apoptosis. 
Propidium iodide is a fluorescent stain that freely 
penetrates the cells in a state of necrosis and late 
apoptosis. The cell suspension was resuspended, and 
after 5 min of incubation with stains, the samples 
were analyzed on a Navios flow cytometer (Beckman 
Coulter, CA, USA).

Estimation of the expression levels of surface 
molecules on EA.hy926 endothelial cells. EA.hy926 
endothelial cells were transferred into the wells 

of a 12-well plate (Orange Scientific, Belgium) at 
a concentration of 0.4 × 106 cells per well in 2 mL of 
DMEM/F12 medium (Biolot, Russia) supplemented 
with 10% FBS (Gibco, USA), 50 μg/mL gentamicin 
(Biolot, Russia), 2 mmol/L glutamine (Biolot, Russia), 
and HAT (Flow laboratories, USA). Refnolin, a pro-
inflammatory cytokine TNFα (Sanitas, Lithuania), 
and/or the test agent was added to some wells at 
a concentration of 50 U/mL (1 U = 0.06 ng) and 
incubated for 24 h at 37°C in a humid atmosphere 
with 5% CO2. After incubation, the contents of each 
well were collected by 20-min exposure to Versene 
solution (Biolot, Russia) and placed in microtubes 
(Sarstedt, Austria). The cells were sedimented on 
a centrifuge, and the supernatant was collected 
and frozen at –20°C for subsequent analysis of 
the cytokine concentration. The expression levels 
of surface molecules on endothelial cells were 
assessed using monoclonal antibodies against 
CD54 (intercellular adhesion molecule 1), labeled 
with PE (Cat. No.  PN  IM1239U, Beckman 
Coulter, USA) and CD142, labeled with PE (Cat. 
No. 550312, Becton Dickinson, USA). The cells were 
incubated in the presence of monoclonal antibodies 
of appropriate specificity for 25 min at room 
temperature in the dark. The results were recorded 
after a single wash with physiological saline (Biolot, 
Russia) containing 0.1% NaN3 (Helicon, Russia). 
Fluorescence intensity was assessed using a Navios 
flow cytometer (Beckman Coulter, USA). The results 
were presented as mean fluorescence intensity.

Quantification of cytokine secretion in cell culture 
supernatants. To determine IL-8 concentration 
in biological fluids, commercial test systems from 
Cytokin (Russia) were used. Enzyme immunoassay 
was performed according to the recommendations 
of the manufacturer.

Statistical data processing. Data were tested for 
normal distribution using the Shapiro–Wilk test. 
The significance of differences between the control 
and experimental samples was assessed by the one-
way analysis of variance (ANOVA; p < 0.001), and 
a pairwise comparison of the mean values was 
performed using Dunnett and Tukey’s post hoc 
tests. Data were presented as mean (M) ± standard 
deviation (SD). Analysis was performed using 
Statistica 6.0, Microsoft Office Excel 2010, Navios 
Software 1.0, and GraphPad Prism 8 software.

Results

Effect of M. edulis hydrolyzate on cell viability 
and metabolic activity. The effects of M. edulis 
hydrolyzate on the metabolism of endothelial cells 
have not yet been investigated, and theoretically, 
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the agent could have both inhibitory and stimulating 
effects on cells. Therefore, the experiment was 
performed under conditions of reduced (2.5%) serum 
content in the culture medium so that the effect of 
the serum did not conceal the possible stimulating 
effect of the agent. Cultivation in a medium 
with a high FBS content, i.e., 10%, increased 
significantly the mitochondrial respiration activity of 
endothelial cells (Fig. 1). The study agent did not 
affect the activity of mitochondrial dehydrogenases. 
The results demonstrated that the agent, in a wide 

range of concentrations, did not have toxic effects 
on cells and did not enhance their metabolism.

Effect of the agent on endothelial cell prolif-
eration. Cultivation in the presence of increased 
(10%) serum content caused a significant increase 
in cell proliferation compared with this indicator 
in the control (2.5%  FBS) (Fig. 2). The studied 
agent, in a wide  range of concentrations (dilutions 
from 1:10 to 1:40), also significantly increased 
the proliferative activity of endothelial cells com-
pared with the control.

Effect of M. edulis hydrolyzate on endothelial cell 
viability after incubation in the presence of H2O2 
and HOCl. H2O2, at concentrations of ≥25 μmol/L, 
decreased endothelial cell viability. In this case, 
a significant decrease was noted in the proportion of 
living cells with a simultaneous increase in the pro-
portion of cells in the state of necrosis and early 
apoptosis compared with those in the control (cul-
ture medium) (Fig. 3a). The addition of the study 
agent at a dilution of 1:5 did not significantly af-
fect the studied parameters in all cases, except for 
the sample with the H2O2 maximum concentration 
of 100 μmol/L. Moreover, the proportion of living 

Fig. 1. Effect of M. edulis hydrolyzate on the activity of mi-
tochondrial dehydrogenases in EA.hy926 cells. The effect of 
the agent on endothelial cells was assessed using the MTT 
assay. The results were presented as a percentage, and the 
optical density in the control wells containing the culture 
medium without additives was 100%. Here and below, data 
were tested for normal distribution using the Shapiro–Wilk 
test. The significance of differences between the control and 
experimental samples was assessed by the one-way analysis of 
variance (p < 0.001), and a pairwise comparison of the mean 
values was performed using Dunnett and Tukey’s post hoc 
tests. Data were presented as mean (M) ± standard devia-
tion  (SD). Differences were significant in comparison with 
the control at * p < 0.001 (n = 24)
Рис. 1. Влияние гидролизата M. edulis на активность ми-
тохондриальных дегидрогеназ клеток линии EA.hy926. 
Влияние препарата на эндотелиальные клетки оце-
нивали с помощью МТТ-теста. Результаты выражали 
в процентах, принимая за 100 % оптическую плотность 
в контрольных лунках, содержащих культуральную среду 
без добавок. Здесь и далее полученные данные прове-
ряли на нормальность распределения с помощью теста 
 Шапиро – Уилка. Оценку достоверности различий между 
контрольными и опытными выборками проводили ме-
тодом однофакторного дисперсионного анализа ANOVA 
(p < 0,001), попарное сравнение средних значений про-
изводили при помощи апостериорных тестов Даннет-
та и Тьюки. Данные представляли как среднее значе-
ние (М) ± стандартное отклонение (SD). Различия досто-
верны по сравнению с контролем при: * р < 0,001; n = 24
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Fig. 2. The effect of M. edulis hydrolysate on EA.hy926 cell 
proliferation. Endothelial cell proliferation was assessed using 
crystal violet dye. The results were expressed as a percentage, 
taking the optical density in control wells containing culture 
medium as 100%. Differences were significant in comparison 
with the control at * p < 0.001 (n = 18)
Рис. 2. Влияние гидролизата M. edulis на пролифера-
цию эндотелиальных клеток человека линии EA.hy926. 
Оценка пролиферативной активности эндотелиальных 
клеток с использованием красителя кристаллического 
фиолетового. Результаты выражали в процентах, при-
нимая за 100 % оптическую плотность в контрольных 
лунках, содержащих культуральную среду без добавок. 
Различия достоверны по сравнению с контролем при: 
* р < 0,001, n = 18
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cells was significantly lower, and the proportion of 
cells in necrosis and early apoptosis was significantly 
higher than in these indicators under the same con-

ditions without the agent. HOCl of ≥12.5  μmol/L 
decreased endothelial cell viability (Fig. 3b). In this 
case, a significant decrease in the proportion of 

Fig. 3. The effect of M. edulis hydrolysate on the viability of EA.hy926 cells after incubation in the presence of H2O2 (a) 
and HOCl (b). M. edulis hydrolysate was added in dilution of 1:5 (v/v). Cell viability was assessed by cell staining with 
fluorescent dyes YO-PRO® and propidium iodide, which freely penetrate into cells in state of early apoptosis and necrosis/
late apoptosis, respectively. The samples were analyzed using flow cytometry. The differences are significant for living cells: 
* р < 0.001, ** р < 0.05; for necrotic cells: & p < 0.001, && p < 0.01; for apoptotic cells: ●●● p < 0.001, ●● p < 0.01, ● p < 0.05; n = 3
Рис. 3. Влияние гидролизата M. edulis на жизнеспособность эндотелиальных клеток EA.hy926 после инкубации в при-
сутствии H2O2 (a) и HOCl (b). Гидролизат M. edulis вносили в разведении 1 : 5 по объему. Жизнеспособность клеток 
оценивали путем окрашивания флуоресцентными красителями Yo-Pro и йодидом пропидия, которые свободно 
проникают в клетки, находящиеся в состоянии раннего апоптоза и некроза/позднего апоптоза соответственно. 
Образ цы анализировали с помощью проточной цитометрии. Отличия достоверны для живых клеток: * р < 0,001, 
** р < 0,05; для клеток в состоянии некроза: & p < 0,001, && p < 0,01; для клеток в состоянии апоптоза: ●●● p < 0,001, 
●● p < 0,01, ● p < 0,05; n = 3
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living cells and an increase in the proportion of 
necrotic cells were also recorded, whereas the pro-
portion of cells in a state of early apoptosis did 
not change significantly. With a further increase 
in the concentration of HOCl, the proportion of liv-
ing cells decreased significantly compared with that 
in the control. The addition of M. edulis hydrolyzate 
at a dilution of 1:5 in this case significantly increased 
endothelial cell viability so that the proportion of 
living cells did not decrease below the control level. 

In the presence of the M. edulis hydrolyzate, only at 
an HOCl concentration of 100 μmol/L, the propor-
tion of living cells became significantly lower than 
that in the control. Thus, studies have shown that 
the agent had a neutralizing effect on HOCl, but 
was ineffective against H2O2.

Effect of M. edulis hydrolyzate on endothelial 
cell activation. Further, the effect of the M.  edulis 
preparation on spontaneous and induced activation 
of endothelial cells was analyzed. Thus, we studied 

Fig. 4. The effect of M. edulis hydrolysate on the IL-8 secretion (a) and level of activation markers: adhesion molecule CD54 
(ICAM-1) (b) and tissue factor CD142 (c) on EA.hy926 cells. The concentration of IL-8 in cell culture supernatants was 
determined using ELISA. The expression of CD54 and CD142 molecules on endothelial cells was evaluated using monoclonal 
antibodies and flow cytometry. Differences were significant in comparison with the control at * р < 0,001; n = 8  (a), 4 (b, c)
Рис. 4. Влияние гидролизата M. edulis на секрецию IL-8 (a) и экспрессию активационных маркеров: адгезионной 
молекулы CD54 (ICAM-1) (b) и тканевого фактора CD142 (c) эндотелиальными клетками EA.hy926. Определение 
концентрации IL-8 в супернатантах клеточных культур проводили с помощью иммуноферментного анализа. Экс-
прессию поверхностных молекул CD54 и СD142 на эндотелиальных клетках оценивали с использованием моно-
клональных антител и проточной цитометрии. Различия достоверны по сравнению с контролем при: * р < 0,001; 
n = 8 (a), 4 (b, c)
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the effect of the agent on spontaneous and induced 
production of the pro-inflammatory cytokine IL-8 
and the expressions of activation markers CD54 
and CD142. The pro-inflammatory cytokine TNFα 
was used as a standard inducer. As expected, TNFα 
significantly increased the production of IL-8 and 
the expression of the activation marker CD54, but did 
not influence the expression of CD142 by endothelial 
cells (Fig. 4). The studied agent, in a wide range of 
concentrations (dilutions from 1:20 to 1:400), did not 
significantly affect the spontaneous secretion of IL-8 
(Fig. 4a). The effect of the agent on IL-8 secretion 
induced by TNFα was also not significant; however, 
there was a tendency to suppress the cytokine 
production, which was most pronounced at the agent 
dilution of 1:200. The agent had no significant effects 
on spontaneous and induced expressions of CD54 
and CD142 activation markers by endothelial cells 
(Fig. 4b, Fig. 4c).

Discussion

This study revealed that the M. edulis hy-
drolyzate at the analyzed concentrations did not 
have a toxic effect on endothelial cells (Fig. 1). 
Moreover, a positive effect of the agent on cells 
was revealed, consisting in an increase in their 
proliferative activity (Fig. 2). Previously, the ef-
fect of the agent on endothelial proliferation has 
not been studied. However, in general, our data 
are consistent with the results of previous studies 
of the effect of M. edulis hydrolyzate on the bar-
rier function of the endothelium. Thus, the agent 
reduced significantly vascular permeability in mice, 
induced by substance  48/80 [9]. In addition, in vi-
tro studies by continuous recording of changes using 
the ECIS system showed that the agent significantly 
reduced the permeability of the monolayer of brain 
microvessels-derived endothelial cell, activated by 
the lipopolysaccharide [9].

M. edulis derivatives contain biologically active 
substances that can effectively regulate inflammation 
[21, 22]. Specifically, the consumption of M. edulis 
reduced the symptoms of rheumatoid arthritis 
in women and improved their health [22]. Fatty acids 
of M. edulis had preventive and therapeutic effects 
on a model of adjuvant-induced arthritis in male 
Wistar rats [23]. The peptide fraction of the M. edulis 
hydrolyzate with a molecular weight of >5 kDa 
suppressed the production of NO, prostaglandin E2, 
and pro-inflammatory cytokines (TNFα, IL-6, and 
IL-1b) induced by lipopolysaccharides by RAW264.7 
murine macrophages. These effects were associated 
with the inhibition of NF-kB and mitogen-activated 
protein kinase signaling cascades and the expression 

of iNOS and cyclooxygenase-2 [21, 24]. The anti-
inflammatory effect of the agent in relation to 
endothelial cells of the human umbilical cord vein 
was also confirmed. The M. edulis hydrolyzate 
enhanced the production of the vasoprotective 
NO molecule and reduced, vascular cell adhesion 
molecule 1 expression and IL-6 secretion induced 
by inflammatory mediators in endothelial cells [9].

The previously established antioxidant effect of 
the M. edulis hydrolyzate [24] can be considered 
one of the mechanisms of the anti-inflammatory 
effect of the agent. Specifically, one antioxidant 
peptide (Tyr-Pro-Pro-Ala-Lys) was isolated and 
identified in the composition of M. edulis hydro-
lyzate proteins, which demonstrated a high activ-
ity of neutralizing free radicals and the ability to 
inhibit oxidative stress in a model system with lin-
oleic acid  [25]. In M. edulis hydrolysates, bioactive 
peptides were also found, which can inhibit the an-
giotensin-converting enzyme and have chelating and 
antioxidant properties [26–28]. The results of our 
study indirectly confirmed the antioxidant properties 
of the agent. The agent can neutralize the toxic ef-
fect of HOCl and increase the survival of endothelial 
cells in the presence of this oxidizing agent (Fig. 3). 
However, the anti-inflammatory effect of M.  edulis 
hydrolyzate on EA.hy926 endothelial cells was not 
revealed, and the agent did not affect TNFα-induced 
IL-8 production and expression of the CD54 ac-
tivation marker (Fig. 4). This is probably due to 
the phenotypic aspects of the EA.hy cell line, which 
are transformed cells that differ from the primary 
cultures of endothelial cells used in previous studies 
of the M. edulis hydrolyzate [9].

Conclusions

The results of this study revealed that M. edulis 
hydrolyzate has a beneficial effect on the EA.hy926 
endothelial cells, enhances their proliferation, and 
improves survival in the presence of the oxidizing 
agent HOCl. Our data confirm that the M. edulis 
hydrolyzate can be used to develop new agents with 
vasoprotective action.
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