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ABSTRACT. In the context of the rapid development of Russian aquaculture for bivalve mollusks in
the 21st century, it has become crucial to develop technologies that aim to minimize stress levels and
enhance the resistance of oysters against diseases and parasitic infections in hatcheries. This research
investigated the effect of an aqueous extract of phycobiliproteins (CBP), derived from the blue-green alga
Spirulina platensis, at concentrations ranging from 2 to 200 ug/mL on adult Pacific oysters (Magallana
gigas) for 24-48 hours. Using flow cytometry, we assessed the cellular composition of oyster hemo-
lymph, apoptosis induction in hemocytes, and their metabolic activity. Furthermore, oyster mortality
and respiratory activity have been evaluated throughout the experiment. The findings revealed that the
highest extract concentration (200 pg/ml) decreased hemocyte metabolic activity and reduced the rela-
tive proportion of granulocytes within the oyster hemolymph. At the same time, there was no significant
difference in the proportion of apoptotic hemocytes between the experimental and control groups. The
survival rate of mollusks in the experiment was 100%, indicating that the extract may be relatively safe
for these organisms. These findings suggest that the extract could be used as a basis for the development
of functional feeds based on spirulina derivatives, which could increase resistance and reduce stress in
oysters during cultivation in aquaculture nurseries.
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1. Introduction duced into the Black Sea for farming purposes (FAO,

2020; Lisitskaya and Shchurov, 2024). However, local
production of oyster spat in Russia remains limited and
largely dependent on imports. With the emphasis on
the development of bivalve aquaculture, it is crucial to
optimize broodstock conditioning techniques in hatch-
eries in order to address significant issues related to
health, survival, disease vulnerability, and reproduc-
tive performance.

Efforts to improve bivalve breeding and spawn-

Global and Russian aquaculture have demon-
strated rapid growth in the 21st century (FAO, 2024).
Given that Russian territory is surrounded by 13 seas
and encompasses approximately 523 000 km of rivers
and over 170 000 hectares of marine and freshwater
lakes, aquaculture is essential component of sustain-
able development and a key element of food security
(Kolonchin et al., 2023). Between 2002 and 2021, the

total annual growth rate of fish and shellfish produc- ing in hatcheries typically involve the implementation
tion in Russia was 58.2% (Kolonchin et al., 2023). The of feeding and conditioning strategies (Citarasu, 2010;
Pacific oyster (Magallana gigas (Thunberg, 1793)), a Ringg, 2020; Elumalai et al., 2020). Current trends in
commercially important bivalve species, has been intro- health-promoting tools for aquaculture focus on envi-
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ronmentally friendly alternatives to traditional antibac-
terial and antifungal chemicals (Vijayaram et al., 2022;
Ahmed et al., 2025). Microalgae are a significant source
of biologically active substances that are extensively used
in fish and shellfish farming. The inclusion of microal-
gae-derived products as feed additives has been shown
to exhibit antimicrobial activity, enhance antioxidant
and immune system functions in commercially valu-
able species (Vijayaram et al., 2022). Phycobiliproteins
(CBPs) extracted from the cyanobacterium spirulina
(Arthrospira (Spirulina) platensis Gomont, 1892) exhibit
a wide range of health-promoting characteristics and
has significantly contributed to the development of the
aquaculture feed industry (Chen et al., 2014; Finamore
et al., 2017; Cardoso et al., 2022; Prates, 2025). Biabani
Asrami et al. (2019) demonstrated that the addition of
0.15% phycocyanin to the diet improved the growth
rate, weight, and length of the guppy (Poecilia reticulata
Peters, 1859). The addition of phycocyanin at a concen-
tration of 150 mg/kg was found to enhance the survival
and non-specific immune response of carp (Cyprinus
carpio Linnaeus, 1758) infected with Aeromonas
hydrophila (Chester, 1901) Stanier, 1943 (Muchtar et
al., 2019; Yusoff et al., 2020). Similarly, phycocyanin
has been shown to improve the immune and antioxi-
dant response of whiteleg shrimp (Litopenaeus vannamei
(Boone, 1931)), demonstrating its potential to regen-
erate tissues and reduce mortality caused by disease
(Ahmed et al., 2025). Considering the bivalves, biolog-
ically active compounds derived from spirulina have
been tested successfully in laboratory settings and seem
to be an attractive option for preventing disease out-
breaks and improving the health on farms (Arney et al.,
2015; Willer et al., 2020). However, further research
is needed to determine the potential and explore toxic
effects of bioactive compounds derived from spirulina
including CPBs on commercially important bivalve
species. Therefore, the purpose of this research was to
assess the functional responses of adult Pacific oysters
(M. gigas), when exposed to a potential feed additive —
aqueous extract of phycobiliproteins derived from A.
platensis.

2. Material and methods
2.1. Test substance

Aqueous extract of CBP was prepared from bio-
mass of A. platensis. Spirulina was cultivated on Zarukk
medium in open tanks. To rapidly extract pigments,
distilled water was added to the biomass and the freez-
ing-thawing cycle was repeated twice. The pigments
were then extracted in cold distilled water (5°C) for 24
h. The extract was separated from the biomass by cen-
trifugation (Eppendorf 5430R, Germany, at 6000 rpm
for 10 min) and stored at -18°C in the dark. The con-
centration of pigments in the extract was determined
spectrophotometrically (UV-2600i spectrophotometer,
Shimadzu Corporation, Japan) at wavelengths 400-800
nm. Optical density was measured at the absorption
maxima of R-phycocyanin (615 nm), C-phycocyanin
(620 nm) and allophycocyanin (650 nm), and at 750
nm for estimating nonspecific absorption of the solu-
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tion. The concentration of the pigments was calculated
using the following formula (Stadnichuk, 1990):
C-CBP = 0.166 XD, -0.091 XD,
where D is the optical density values for the corre-
sponding wavelengths.
The concentration range of CBPs in the extract

was 4000 to 4500 pg/mL.

2.2. Animals

For the acute toxicity study, adult Pacific oysters
M. gigas (5 years old, weighing 72.1 + 6.2 g, with shell
lengths of 10.8 = 1.9 cm, n 140), obtained from
a commercial shellfish farm located near Sevastopol
(44.616014, 33.502248), were used. The oysters
were kept in 50-70 L plastic tanks at a temperature
of 18-20 °C, pH 8.2, oxygen concentration 7-8 mg/L,
salinity 17-18 psu and 12 h light/dark cycle. The oys-
ters were fed with microalgae feed daily (Tetraselmis
viridis Rouchijajnen, R.E. Norris, Hori, and Chihara
(1980), strain IBSS-25, which was provided with the
Biotechnology and Phytoresource Department at the
Federal Research Center IBSS). The feed was offered in
equal proportions (10° microalgae cells per day per ani-
mal). The oysters were acclimated for one week prior
to the start of experiments. Throughout the acclimation
period and experimental stages, two-thirds of the water
in the tanks was refreshed daily to ensure complete
metabolic waste removal.

2.3. Treatment

In an experiment to determine the safe range of
concentrations for CBPs, aqueous extract was added to
tanks containing oysters (n=70). The final concentra-
tions of the extract used were 2 ug/mL, 20 pg/mL, and
200 pg/mL. The range of concentrations used in this
experiment was based on previous studies that did not
find any adverse effects from the extract up to a con-
centration of 200 000 ppm (Soni et al., 2010). Oysters
were observed for signs of death for 24-48 h, and their
functional parameters were also assessed. A control
group was maintained in a tank without any extract.

2.4. Parameters investigated

Oysters were observed twice daily for mortal-
ity during the course of the experiment. At the end of
the 24-h and 48-h periods, respiratory rate, hemocyte
parameters, and cellular composition of hemolymph
were assessed for each experimental group. Hemocyte
suspensions were prepared using the method described
previously by Andreyeva et al. (2021a). Approximately
1.0-2.0 mL of hemolymph was collected from each oys-
ter’s cardiac sinus using a sterile syringe. Two oysters’
hemolymph samples were pooled, resulting in a total
of 10 samples, which were centrifuged at 500 x g for 5
min at (410 °C). The resulting cell pellets were resus-
pended in sterilized filtered seawater to obtain a hemo-
cyte concentration between 2-4x107 cells/mL. As
hemocytes are adhesive cells (Chen and Bayne, 1995),
the samples were kept at +4°C to prevent clumping



Podolskaya M.S. et al. / Limnology and Freshwater Biology 2025 (4): 713-728

SI: “The VIII-th Vereshchagin Baikal Conference”

before analysis. Microscopic observations of the hemo-
cytes were performed using a light microscope Olympus
CX-43 (Japan).

2.4.1. Flow cytometry

The functional characteristics of hemocytes and
the cellular composition of hemolymph were evaluated
using flow cytometry. The measurements were car-
ried out using a MACS Quant flow cytometer (Miltenyi
Biotech, Germany), and the data were processed using
the manufacturer’s proprietary software, MACSQ
Quantify™. For each sample, a total of 10 000 events
were analyzed, and all measurements were repeated
three times.

The cellular composition of hemolymph was
determined using SYBR Green I, a membrane-perme-
able fluorescent dye that binds to double-stranded DNA.
A volume of 500 uL of hemocyte suspension was incu-
bated with a solution of SYBR Green I at a final concen-
tration of 0.01 M for 30 min in the dark at 4 °C before
flow cytometric analysis. After staining, the hemocytes
were directly analyzed using a flow cytometer. Intact
hemocytes that had been stained with SYBR Green I and
exhibited high green fluorescence were distinguished
from cell debris with lower fluorescence (see Fig. 1a).
Two-parameter cytograms were created based on the
forward scatter (FSC) and side scatter (SSC) character-
istics of SYBR Green I-positive cells. The results were
presented as the relative proportion of granulocytes,
agranulocytes, and hyalinocytes compared to the total
number of cells (see Fig. 1b).

The metabolic activity of hemocytes was assessed
by measuring the activity of non-specific esterases using
the lipophilic substrate fluorescein diacetate (FDA), as
described by Xian et al. (2021). Hemocyte suspensions
were incubated with 5 uM FDA for 15 min at room tem-
perature in the dark. After incubation, the fluorescence
of cells was measured using the FL1 channel of a flow
cytometer and expressed as the average fluorescence
intensity of FDA in arbitrary units (A.U.) to determine
metabolic activity.

The apoptosis of hemocytes was analyzed
using the Annexin V-FITC/PI apoptosis detection kit
(Invitrogen) as previously described by Xian et al.
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(2021). Briefly, hemocyte suspensions were prepared
and incubated in Annexin V binding buffer. Then, 500
uL of the suspension was stained with 5 pL of Annexin
V-FITC and 10 pL of a 50 ug/mL PI working solution
for 15 min in the dark. Following this, Annexin binding
buffer was added to each sample, and cells were imme-
diately analyzed using flow cytometry. Hemocytes that
stained positively for Annexin V but negatively for PI
were considered undergoing apoptosis. Cells positive
for both Annexin and PI were at the final stages of
apoptosis or had undergone necrosis. Cells negative for
both probes were classified as alive.

2.4.2. Respiratory rate

Respiratory rate (RR) measurements were con-
ducted using acrylic chambers (1 L each), into which
one oyster was placed. Each chamber was fitted with a
pump and oxygen sensor (MARK-3020ximeter, Russia),
which monitored oxygen concentration within the
chamber. The pump operated continuously to ensure
homogeneity of water within the chamber and near
the oxygen sensor. The chambers were gradually and
completely filled with water from designated tanks,
ensuring that bubbles were avoided. Oysters used in
the study (n=10) were carefully transferred into the
chambers. All measurements were taken 1 h after trans-
ferring the oysters into the respiration chambers, and
were repeated three times. Oxygen concentrations were
monitored over a 1-hour period. Control measurements
without the presence of mollusks were conducted at the
beginning and end of each series of RR measurements.
RR was calculated using equation and were expressed
as mg O, g dry weight™' h~:

RR = (C, - C,)'V/t/Wdw,
where, C, and C, - initial and final oxygen concentra-
tion in the chamber (mg/L); V - chamber volume (L), t -
period of measurement (h), Wdw - dry tissue weight (g)

2.5. Statistical analysis

Statistical analysis was performed in GraphPad
Prism version 9 (GraphPad Software, USA). All the data
were expressed as mean * S.E. (n = 10) unless other is
stated. The homogeneity of variances was checked with
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Fig.1. Hemolymph cellular composition of the Pacific oyster M. gigas: a — Distinguishing hemocytes from cell debris based
on DNA-content. b — FSC-SSC dot plot of hemocytes: agranulocytes, hyalinocytes, granulocytes.
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Levene’s test and the significant differences among the
control and experimental groups were subjected to two-
way analysis of variance (two-way ANOVA) followed
by Dunnet multiple range test. Statistically significant
difference was designated at p < 0.05.

3. Results
3.1. Survival and Respiratory rate

The survival rate of oysters in the experiment
was 100 %.

There were treatment-related changes in respi-
ration in adult oysters exposed to aqueous extract of
CBP (Fig. 2). Statistically significant increases in RRs
were observed when comparing the control group and
the treated group. Oxygen consumption showed a dose-
and time-dependent response during the experiment, as
indicated by a two-way analysis of variance (ANOVA)
test. Mean RR increased by 227% and 182%, respec-
tively, in oysters treated with 2 pg/mL and 20 pg/mL
extracts after 24 h and 48 h of exposure. Additionally,
a further increase of 275% and 262%, respectively,
was observed at 48-hour incubation periods with 200
pug/mL. The highest level of RR was found in oysters
exposed to the highest concentration of extract (200
ug/mL) for 24 h.

3.2. Hemolymph cellular composition

Three distinct morphological populations
(agranulocytes, hyalinocytes, and granulocytes) were
identified based on their relative size (forward scatter
(FSC) values) and granularity (side scatter (SSC) val-
ues) (Andreyeva et al., 2021a) (Fig. 1). Granulocytes
constituted the majority of hemocytes in oyster hemo-
lymph, accounting for 50-65% of the total cell count.
Hyalinocytes and agranular cells represented 18-33%
and 16-18%, respectively, of circulating hemocytes.
The relative abundance of granulocytes in oysters
decreased after exposure to 20 pug/mL of CBP extract
for 48 h (Fig. 3c). Concomitantly, there was a signif-
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Fig.2. Respiration rates (in mg O, g dry weight™! h™") of
M. gigas upon exposure to different concentrations of aqueous
extract of CBP. Bars represent standard errors of the mean of
10 individuals. Brackets represent differences among hemo-
cyte subpopulations within each column (two-way ANOVA,
p<0.05).

icant increase in the relative number of hyalinocytes
(Fig. 3b). A high concentration of the extract caused a
reduction in granulocyte numbers and an increase in
both agranular cell types (agranulocytes and hyalino-
cytes) in hemolymph.

3.3. Metabolic activity

The metabolic activity of hemocytes in oysters
was significantly lower after exposure to high concen-
trations (200 pg/mL) of CBP extract for 24-48 h com-
pared to control groups. Also, significantly lower levels
of FDA fluorescence were observed after 48 hours of
exposure to 20 ug/mL of the extract (p < 0.05) (Fig 4).

3.4. Apoptosis

In the control group of oysters, M. gigas, the per-
centage of apoptosis-induced hemocytes was less than
5%. No significant effects of the CBP extract on the
number of apoptosis cells in the hemolymph of the oys-
ters was observed (Fig. 5).
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Fig.3. Percentage of agranulocytes (a), hyalinocytes (b) and granulocytes (c) (mean * S.E.) in hemolymph of M. gigas
exposed to different concentrations of aqueous extract of CBP. Brackets represent differences among hemocyte subpopulations

within each column (two-way ANOVA, p<0.05, n=10).
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4. Discussion

The results of the current study indicate a rela-
tively low level of acute toxicity of the aqueous extract
of CBP in adult Pacific oyster populations. Specifically,
there was no mortality observed in any of the exper-
imental groups throughout the duration of the study.
Additionally, the average respiratory rate (RR) of
oysters increased across all concentrations tested,
and a clear dose- and time-response relationship was
observed. In previous studies, it has been established
that the respiratory rate in oysters is linked to their
feeding activity and metabolic processes due to their
filter-feeding behavior (Sobral and Widdows, 1997).
Furthermore, the addition of feeding supplements to
the diet has been shown to influence the oxygen con-
sumption rate of aquatic organisms (Bayne and Newell,
1983; Dawood et al., 2018; Shi et al., 2023). Although
we did not evaluate filtration activity of oysters in the
present experiment, we may suppose that increased RR
observed in all experimental groups are in line with
these studies and indicate intensive consumption of
the extract by oysters. While A. platensis may not be a
natural food source for oysters, it is widely used as a
feed additive or main component in feeds for various
aquatic organisms, including invertebrates (Ragaza et
al., 2020; Alagawany et al., 2021). Furthermore, micro-
scopic examination of hemocytes from oysters exposed
to various concentrations of the extract revealed that
hemocytes actively engulfed particles of the extract
(Fig. 6). In addition to their involvement in the immune
system, bivalve hemocytes also play a role in feeding
and nutrient transfer within organisms (Huiping, 2021;
De la Ballina et al., 2022).

On the other hand, an increased oxygen uptake
rate may also be linked to stress caused by toxic expo-
sure (Sokolova, 2004; Kamermans and Saure, 2022).
However, 100% survival of oysters during the exper-
iment suggests that increased RR in the current study
was a sign of increased intake of the extract by oys-
ters. Therefore, based on these results and the presence
of CBPs in hemocytes, it can be concluded that rapid
increase in RR after exposure to the aqueous extract
occurred due to enhanced filtration activity of the oys-
ters. The last one has increased due to the presence of
suspended organic matter in the water.

The results of the current study also demon-
strated low cytotoxicity of the aqueous extract of CBP
on hemolymph cells in oysters. The cellular compo-
sition of hemolymph was significantly altered after
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Time, h

Fig.4. Effect of aqueous extract of CBP on metabolic
activity of hemocytes in oysters M.gigas. Bars represent stan-
dard errors of the mean of 10 individuals. Brackets represent
differences among hemocyte subpopulations within each col-
umn (two-way ANOVA, p<0.05, n=10).
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Fig.5. Level of apoptosis in hemocytes of M.gigas oysters
during incubation with an aqueous extract of CBP. Bars repre-
sent standard errors of the mean of 10 individuals.

exposure of the oysters to medium and high concen-
trations of CBP extract (20-200 pg/mL) for 48 h. A
reduction in the percentage of granulocytes was associ-
ated with an increase in the relative number of agran-
ulocytes and hyalinocytes. Environmental stress often
results in significant shifts in the cellular composition
of the hemolymph in bivalve mollusks (Matozzo and
Marin, 2011; Andreyeva et al., 2021a; Andreyeva et
al., 2021b; Andreyeva et al., 2024). Fluctuations in the
ratio of subpopulations of hemocytes within the hemo-
lymph of bivalve species may occur due to alterations
in hematopoietic activity, death of hemocytes result-
ing from general intoxication, and migration of hemo-
cytes to tissues (Song et al., 2010). The duration of the

Fig.6. M. gigas hemocytes phagocytize particles of the CBP extract suspension.
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experimental period (24-48 hours) was not sufficient
to observe changes in hemopoiesis in oysters (Jemaa et
al., 2014). Therefore, an increase in granulocyte per-
centage in oyster hemolymph after 48 h of exposure
to CBP extract is unlikely to be due to hemocyte pro-
liferation. Similarly, hemocyte death can be excluded
since we did not observe significant changes in the
percentage of dead hemocytes (as determined by the
protocol for detection of apoptosis, data not shown)
in the samples. The lower percentage of granulocytes
in the hemolymph may be due to their migration to
tissues, resulting in a decrease in their number in cir-
culating hemolymph. Recent studies have shown that
hemocytes migrate to tissues to carry out immune and
detoxification functions, and granulocytes, as the main
immune effector cells, are more capable of migration
compared to agranular hemocytes (Huang et al., 2018;
Gerdol et al.,, 2018). With regard to the decrease in
granulocyte percentage in the hemolymph of oysters
exposed to high concentrations of the extract (200 ug/
mL), it is likely that excessive concentrations of CBPs
have enhanced filter-feeding and hemocyte migration
to the mantle and gills due to the accumulation of
microparticles of spirulina in these areas.

In this study, the metabolic activity of hemocytes
was observed to decrease with the administration of
high concentrations of the extract, as shown in Fig. 4.
Significant loss of FDA fluorescence was observed after
24 h of exposure to 200 pg/mL of the extract, and
following 48 h of exposure at concentrations ranging
from 20 to 200 pg/mL. Cytoplasmic non-specific ester-
ases play a role in the process of intracellular killing of
foreign agents by hemocytes (Beckmann et al., 1992;
Renault, 2015). Therefore, it could be hypothesized that
the excessive administration of CBP aqueous extract
decreased the levels of hemocyte metabolic activity due
to the inhibition of these cellular immune mechanisms.
The decrease in FDA fluorescence in hemocytes exposed
to higher concentrations of the extract may be linked to
a general inhibition of pathogen killing and suppression
of cellular immunity in these cells. Similar disruptions
in hemocyte function, including a decrease in their
metabolic activity and an accumulation of markers of
cellular damage (apoptosis), were observed in M. gigas
hemocytes after exposure to various organic pollut-
ants (insecticides, polycyclic aromatic hydrocarbons,
etc.) (Gagnaire et al., 2006; Chong, 2022; Alesci et al.,
2023). Comparing these results with those obtained in
this study, we can conclude that high concentrations of
the aqueous extract of CBP (200 pg/mL) did not induce
apoptosis in oyster hemocytes. Therefore, we may con-
clude that the aqueous extract of CBP demonstrates
relatively low cytotoxicity towards oyster hemocytes,
however high concentrations (200 pg/mL) are exces-
sive and may decrease general health-promoting effects
for oysters while used in hatcheries.

In conclusion, the findings of this study indi-
cate that the aqueous extract of CBP is safe for adult
oysters as no signs of apoptosis were observed in the
hemolymph of all experimental groups, and total sur-
vival was maintained for a 48-hour period. Respiratory
rates in the oysters increased as CBP concentration
increased in the water. However, high concentrations
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of the extract (200 pg/mlL) suppressed the metabolic
activity of oyster hemocytes and decreased the percent-
age of granulocytes, the major immune effector cells,
in the hemolymph after a 24-48 hour exposure period.
Therefore, it is recommended that the extract be used
at concentrations below 200 pg/mL in future studies
to avoid adverse effects on the oyster organism. This
preliminary study is the first of its kind and provides
a new perspective on the potential use of CBP aque-
ous extract from A. platensis as a dietary supplement for
enhancing the disease resistance and overall health of
oysters. Further evaluation of the direct effects of the
extract on oysters is needed to significantly improve the
efficacy of oyster conditioning in hatcheries and its use
in aquaculture.
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OpuruHanbHan craTbf

BAMAHME KPaTKOBPEMEeHHOro BO3A€MCTBUA [IMNOLOGY
BOAHOroO 3KCcTpakta GuKobuaunporenHos FRESHWATER
Ha ruraHTckux ycrpuu (Magallana gigas) BIOLOGY

M

[Mogosnbckaa M.C.'*; Tkauyk A.A.!, [Tapdenos B.B.?, Kyxapesa T.A.},
BopoBkoB A.B.3, AugpeeBa A.10.!

1 Jlabopamopusa 5K0JT02u4ecKotl UMMYHOI02UU eu0pobuoHmos, HHcmumym 6uostoeuu 10%4cHsix mopeti umeHu A. O. Kodaedckoeo
PAH, Mockea, 119991, Poccusa

2 Omaest uH(pOPMAYUOHHBLX MeXHOTOeULL U UHpOPMAYUOHHOTL 6e30nacHocmu, HHcmumym 6uoJtoeuu 1024cHbIX mopeli umeHu A. O.
Koganesckozco PAH, Mockea, 119991, Poccua

3 Omaest 6uomexHostoeuu U pumopecypcog, HHcmumym 6uostoeuu 1icHblx mopeti umeHu A. O. Kosareackozo PAH, Mockaa,
119991, Poccua

AHHOTALIUA. B yciioBHAX akTUBHOTO pa3BUTHA aKBaKyJIbTYpHOU oTpacyu B Poccun u Mupe Bo3pac-
TaeT NOTPeOHOCTh B TEXHOJIOTUAX, KOTOPhIE IOMOTal0T CHU3UTh CTPECC Y YCTPUILL U MIOBBICUTH UX YCTOU-
4YMBOCTH K 0OJIE3HAM W MapasuTaM B YCJIOBHUAX BRIpAIMBAHNSA B MMTOMHUKax. B HacTosmem uccieno-
BaHUY U3yYaJIOCh BJIUSHUE BOJHOIO 3KCTpakTa GuxodbminunporenHoB (OBII) u3 coupyiuHet A. platensis
B KOHILIEHTpanuax oT 2 10 200 MKr/MJI Ha PpU3N0JIOTUYeCKOe COCTOSIHUE B3POCIIbIX TUTAHTCKUX YCTPUL]
(Magallana gigas) B Teuenne 24—48 yacos. C IOMOIIBI0 IPOTOYHOM IIUTOMETPUY aHAIN3UPOBAJIN KJIETOY-
HBII COCTaB reMoJIMM®Bbl, yPOBEeHb alonTo3a U MeTaboJIMuecKylo aKTUBHOCTh FeMOIIUTOB. Pe3ysibTaThl
MoKa3aJii, YTO MaKCHUMaJibHas KOHIleHTpalus 3KcTpakTa (200 MKr/mi) cHMXajia MeTabOJIMYEeCKyI0
AKTUBHOCTh T€MOIIMTOB M yMEHbIIajla OTHOCUTEJIBHYIO0 [OJII0 TPaHYyJIOLUTOB B reMosiuMde yCTpHIl.
[Ipu 5TOM [0JIA reMOIMTOB B COCTOSHMU arollTo3a AOCTOBEPHO He OTJIMYajiach MeXAy ONBITHON U
KOHTPOJIBHOU IpyNIIaMy, a BBDKMBAaeMOCTb MOJUIIOCKOB B 3KcIleprMeHTe cocTaBuia 100%. PesyspTath
HacTosIel paboTH ABJIAIOTCA OCHOBOU JJIA pa3paboTku GyHKINOHAIbHEIX KOPMOB Ha OCHOBE IIPOU3BO-
JHBIX CIIUPYJIMHEI, HallpaBJeHHbIX Ha NOBHIIEHNE Pe3UCTeHTHOCTU 1 CHIKEeHNE CTPeCCOBOM HarpysKu
y IpOU3BOAWTEJIeN MOJIOAY YCTPUL] B yCJIOBUAX aKBaKyJIbTYPHL.

Kitioueauie citoéa: GUKOOUIIUNIPOTENHEI, TUTAHTCKAs YCTPULIA, TeMOLUTH], MHTEHCUBHOCTD JbIXaHUs,
MeTaboJIm4YecKas akTUBHOCTh, aroITo3

Ja nutupoBanus: [logonbckas M.C., Tkauyk A.A., [Tappenos B.B., Kyxapesa T.A., BopoBkoB A.b., AunpeeBa A.}0. Biausanue
KPaTKOBPEMEHHOTO BO3AEHCTBUA BOJHOTO 3KCTPaKTa (PUKOOWIMIPOTEMHOB Ha TUraHTCkux ycrpull (Magallana gigas) //
Limnology and Freshwater Biology. 2025. - No 4. - C. 713-728. DOI: 10.31951/2658-3518-2025-A-4-713

1. Beeaenue sIBJIfIeTCSL BaXXHBIM IpoMmbicyioBeiM BuaoMm (FAO, 2020;

Lisitskaya and Shchurov, 2024). IIpu 3TOM MecTHOe
IIPOM3BOJICTBO criaTa ycrpull B Poccuu ocraercs orpa-
HUYEHHBIM U B 3HAUUTEJIbHON CTelleHN 3aBHUCUT OT
“MIopTa. B cBsA3u ¢ pa3BuUTHEM aKBaKyJbTypHl IBY-
CTBOpYATHIX MOJUIIOCKOB ocoboe 3HaueHue mpuobpe-
TaeT COBEpIIEHCTBOBAHNE METOJIOB IOATOTOBKH cliaTa
B IMTOMHUKAX, YTO MO3BOJIUT IOBBICUTH UX 3[I0POBbE,
BBDKMBAEMOCTb, YCTOHYMBOCTh K 3a00jeBaHUAM U
PEnpOOYKTUBHYIO CIIOCOGHOCTb.

J1s1 noBeIeHNs 5 eKTUBHOCTY BEIpAIIUBAHNA
JIByCTBOPYAThIX MOJUJIIOCKOB IIPUMEHSIOT ONTUMH3a-
IIUI0 YCJIOBUI CoAepXaHWA, a TaKKe pas3jIuHble KOp-
MoBble fo6aBku (Citarasu, 2010; Ringg, 2020; Elumalai
et al.,, 2020). CoBpeMeHHBIE HCCJIEOBAHUA MOIUYEP-

CoBpeMeHHOe COCTOsHKE PBIOOJIOBCTBA U aKBa-
KyJIbTypel B Poccum m Mupe xapakTepusyeTcs BICO-
kumu Temnamu pocra (FAO, 2024). Poccus, ombiBa-
emasa 13 mopamu, umemnasa oOL[yI0 MPOTIKEHHOCTb
523 Thic. KM pek u Gosiee 170 ThIC. Ta 3epKaj 03ep,
BOJOXPAHWINI] U MPYOOB, 00JadaeT BBICOKUM ITOTeH-
MaJioM pa3BUTUA MOPCKOM UM NPECHOBOJHOU aKBa-
kyJibTyphl (Kolonchin et al., 2023). CorJyiacHO omy6J1u-
KOBAaHHBIM JaHHBIM, OOBEMBI NPOM3BOJCTBA PHIOH U
JPYTUX IPOMBICIJIOBBIX BUAOB I'MAPOOHOHTOB B Poccuu
B 2002-2021 romax Bospocysu Ha 58,2% (Kolonchin
et al.,, 2023). T'urantckaa ycrpuna (Magallana gigas
(Thunberg, 1793)), 6buta 3aBe3eHa B YepHOoe MOpe U

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: podolskaya m99@bk.ru (M.C. ITogosibckas)

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
INocmynwna: 30 utosna 2025; IIpunama: 20 asrycra 2025; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoadana online: 31 aprycra 2025 Commons Attribution-NonCommercial 4.0.

721


https://www.doi.org/10.31951/2658-3518-2025-A-4-713
mailto:podolskaya_m99@bk.ru

lModonbckasi M.C. u dp. / Limnology and Freshwater Biology 2025 (4): 713-728

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

KHBAIOT He0OXOAMMOCTh UCIOJIb30BaHUA Oe30MacHbIX,
5KOJIOTMYeCKH! YMCTBIX U SKOHOMMUYeCKHU 3(PPeKTHUBHBIX
TEeXHOJIOTUI BMeCTO TPagUIMOHHBIX aHTUOaKTepHab-
HBIX U MPOTUBOTpUOKOBHIX mpenapaToB (Vijayaram et
al., 2022; Ahmed et al., 2025). MUKpOBOAOPOCJIH SIBJISA-
I0TCA BaXXHBIM MCTOYHMKOM OHOJIOTMYECKH aKTHBHBIX
Bell[eCTB, KOTOPHbIe NIMPOKO IIPUMEHAITCA B aKBaKyJIb-
Type. BrilloueHre IPOAYKTOB, [IOJyYEHHBIX U3 MUKPO-
BOJOpOCJIel], B COCTaB KOPMOBHIX J00OAaBOK IPUBOIUT
K IOBBIIIEHUI0 aHTUMUKPOOHO! aKTUBHOCTH, a TaKxe
CnocoOCTByeT YCUJIEHUI0 aHTUOKCUAAHTHOMN 3alUTHl U
dyHKIMI MIMMYHHOH CCTEeMbI y KOMMepUecKU [{eHHBIX
BuzoB (Vijayaram et al., 2022).

OukobununporenHsl (OBII), BbeseHHBE U3
cnupynHbl (Arthrospira (Spirulina) platensis Gomont,
1892), xapakTepusylTCs LIIMPOKUM CIEeKTpoOM Ouo-
JIOTUYeCKd aKTHMBHBIX CBOMCTB, KOTOpBIE OKa3BIBAIOT
[IOJIOKUTEJIbHOE BJIMsAHNE Ha 3J0pOBbe T'MAPOOHOH-
TOB U BHECJIM 3HAaYMTeJIbHBIM BKJIaJ B pa3BUTHe UH]Y-
CTpUU KOPMOB 1A akBakyJbTyphl (Chen et al., 2014;
Finamore et al., 2017; Cardoso et al., 2022; Prates,
2025). Biabani Asrami et al. (2019) B cBoeM HuccJjeso-
BaHMU COOOLIMJIM, YTO Auera c jgobabiieHuem 0,15%
¢dukormanmHa, nosiydeHHoro w3 Spirulina platensis
3HAYMTEJIbHO yBeJM4njIa KOHEUYHBH Bec, AJIMHY, CKO-
pocth pocta y rynnu (Poecilia reticulata) (Asrami et
al., 2019). BsUIO BBIABJIEHO, YTO M0OaBJIeHHE (UKO-
[MaHMWHA B KojnuyecTBe 150 Mr/Kr KopMa, yJIy4lIUjo
BBEDKMBaeMOCTh U Hecrenuduieckuii UMMYHHEIN OTBET
kapna Cyprinus carpio npy 3apaxeHuu Aeromonas
hydrophila (Muchtar et al., 2019; Yusoff et al., 2020). ¥
GesioHorol kpeBetku (Litopenaeus vannamei) puxonu-
aHWH yCWIMBaJI UMMYHHYIO 3alUTy U aHTUOKCHUIAHT-
Hble peakluH, CIOCOOCTBYS BOCCTAHOBJIEHHIO TKaHeM
U CHIDKeHMI0 cMepTHocTu oT uHbekmmii (Ahmed et
al., 2025). B oTHOIIEHUH BYCTBOPYATHIX MOJLITIOCKOB
01OJIOTHYeCKN aKTHUBHBIE COeJUHEHUs, I0JIydeHHbIe
W3 CNUPYJIVHBI, YCIEIHO NMpOTeCTUpPOBaHH! B Jjlabopa-
TOPHBIX yCJIOBUAX U IPeJCTaBJIAITCA NepCleKTUBHBIM
BapuaHTOM [iJI NIpeJoTBpalleHus BClbllek 3ab0JieBa-
HUI U yJIydllleHusA 3[J0POBbA B yCIOBUAX aKBAKYJIbTYPHI
(Arney et al., 2015; Willer et al., 2020).

Opnako TpeOyloTcA AONOJIHUTESIbHbIE KCCJIe0-
BaHUA [JIA OLeHKH W U3y4YeHHs BO3MOXHOI'O TOKCH-
YecKOoro MAeHCTBHUS OMOAKTUBHBIX KOMIIOHEHTOB CIIH-
pyyiuHbl, Brioudas ®OBII, Ha KoMMepuyecKu 3HadYuMbIe
BUABl JIBYCTBOPYATHIX MOJUIIOCKOB. llesibio AaHHOrO
HCcc/IeIoBaHus ABJIAJIACh OLleHKa (PYHKIMOHAIbHBIX
peakuuil B3pOCJIbIX 0cobell ruranTckoil ycTpuisl (M.
gigas) mpu BO3JelCTBUM IMOTEHIMAIbHOU KOPMOBOM
J00aBKU — BOJHOTO 3KCTpakTa (pUKOOMJIUNPOTEUHOB,
MOJTy4eHHBIX U3 A. platensis.

2. MaTepuanbl U MeTOADI
2.1. Uccnhnepyemoe BeLEeCTBO

Bonnsiit skcrpakT ®BII Obl1 MoJTyueH u3 6uo-
Macchl nuaHo6aktepuu A. platensis. MUKpPOBOAOPOCIIb
BHIpamMBaji Ha cpefle 3appyka B OTKDHITHIX Oacceil-
Hax. Buomaccy 3anmBaniy HeGOJIBIINM KOJIHNYeCTBOM
BOBI, IIOCJIe Yero JBaX[bl MOBTOPSIN LUK “3aMopa-
XUBaHUsA-pa3MOpaXUBaHuA” i pa3pylleHus KJIeToY-
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HBIX MeMOpaH, yCKOpssA, TaKUM 00pa3oM, dKCTPaKLUIO
OBII. [TurMeHTH 3KCTparupoBajid XOJIOMAHOM AVCTUII-
JupoBaHHO! BofoH (5 °C) B TeueHue 24 4. DKCTPAKT
OTAeJIAIM OT Ouomacchl IyTeM IeHTpUu(pyrupoBaHUA
(uentpudyra Eppendorf 5430R, Tepmanus, 6000
06/MuH, 10 MUH) U XpaHUIU B TeMHOTe npu -18 °C.
KoHnenTpalyio MUrMeHTOB B dKCTPaKTe KOHTPOJIMPO-
BaJu crekTpogoToMeTpuieckd (crneKTpodoTomMeTp
UV-2600i, Shimadzu Corporation, AnoHusa) B gua-
nazoHe AyuH BoJH 400-800 HM. OnTHYecKyro IJIOT-
HOCTb HM3MepsAIu NpYU MaKCUMyMax MOIJIOIeHUA AJiA
R-dpuxoruanuna (615 HM), C-pukoruanuHa (620 HM)
u ayutodpukolrraHuHa (650 HM), a Takke npu 750 HM
JUIA OIEeHKU Heclleiu(pUYecKoro IOIJIOMeHNus pac-
TBOpa. KoHIleHTpauuio NUrMeHTOB pacCYMTHIBAIU IO
dpopmyie (CtagHuuyk, 1990):

C-CBP = 0.166 XD, -0.091 XD,
rage D — 3HaueHWA ONTUYECKO IVIOTHOCTU JJIA COOT-
BeTCTBYIOIINX JJINH BOJIH.

KoHuentpauusa ®BII B 3kcTpakTe coCTaBsiAIa OT
4000 mo 4500 MKr/MmJ1.

2.2. Monnlocku

Jna oskcnepumeHTa OBUIM OTOOpaHBL B3pOC-
Jple yerpunsl Magallana gigas (5 ner, Bec 72.1 =+
6.2 1, giuHa pakoBuHb 10.8 + 1.9 cM, n= 140) Ha
MapuKyJIbTypHOIl ¢depMe B paiioHe r. CeBacTomnoJiA
(44.616014, 33.502248). B nepuoj akkJIUMaTHU3aLUN
K JJabOpaTOPHBIM YCJIOBUAM MOJLUIIOCKOB pa3Mellay B
a’pupyeMbIx akBapuymax oobemMoM 50-70 j1. B TeueHue
7 AHel yCTpUIbI HAXOAWJIKCh B yCJIOBUAX, IPUOINKEH-
HBIX K eCTeCTBEeHHOH cpefle CO CJIeyIOLMMM Ilapame-
TpaMH: KOHIIeHTpaluys kucjaopozga 7-8 mrrt, pH = 8.2,
temmepatypa 18-20 °C, coneHoctb 17-18 %o u 12-yaco-
BOI LUKJI CBeT/TeMHOTa. MOJIJIIOCKOB eXeJHeBHO KOP-
MHJIA CMeChl0 MHUKpoBojiopocsieii Tetraselmis viridis
(R.E. Norris, Hori & Chihara, 1980) (turamm IBSS-25 13
KOJUIEKIIUM OTAesla OMOTeXHOJIOTMUA U (PUTOpecypcoB
OUL] UuBIOM). KopMm nobaBsisiid B paBHBIX NPOIOP-
muAx (10° kIeTok MUKPOBOJOpPOCTIeN B IeHb Ha OJIHY
ocoOb). Ilepeny HayajoM 3KCIEPUMEHTOB YCTPHIIBI
IIPOILITY HeAesIbHYI0 aKKJIuMaTu3anuo. 14 yaaaeHus
IIPOAYKTOB MeTab0Ji3Ma yCTPUI] IPOBOANIIN €XeJHEeB-
HyI0 3aMeHy He MeHee 1/3 BOJbl B akBapuyMax.

2.3. IKCnepuMeHTaAbHbIA NPOTOKOA
BO3AEHCTBUA

B skcnepumMeHTe 10 oIpefiesieHnI0 6e30M1acHOro
Juana3zoHa KoHLeHTpauuii ®OBII (dbukobunumnpore-
WHOB) BOJHBI 3KCTPAKT A00aBJIAIU B pe3epByaphl C
ycrpuniamu (n=70). ®uHanbHasa KOHLEHTpausa 3KC-
Tpakta OBIl: 2 mkr/mia, 20 Mkr/mia u 200 MKr/miL.
Ycrpur nogseprajid BO3AEHCTBUIO 3KCTPAaKTa B Teue-
HUe 24 4 u 48 4. [luana3oH KOHIIeHTpaI[1ii, UCI0JIb30-
BAHHBIX B JaHHOM 3KCIlepUMeHTe, ObLJT OCHOBAH Ha IIpe-
JBIAYIINX MCCIeOBaHUAX, B KOTOPBIX He 0OHapyXeHO
OOOYHBIX 3(PPEKTOB dKCTPaKTa BIJIOTh A0 KOHIIEHTpa-
quu 200 000 ppm (Soni et al., 2010). KoHTpoJIbHYIO
IpYyIIly cofepXau B pe3epByape 6e3 aKCTpaKTa.
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2.4. Uccnhepyemblie napamMmeTpbl

B xone oskcrmepuMeHTa YCTpHI[ OCMaTpHBajd
JABaX[Ibl B CYTKH JIA perucrpauuu cMepTHocTH. [lo
ucteyeHun 24- 1 48-4acoBOro NMepUoJIOB AJIA KaXI0U
SKCIIepUMEHTAJIbHOM TIPyNIBl OLleHWBaIN: WHTEHCHB-
HOCTb [AbIXaHWA, NapamMeTphl I'eMOIMTOB, KJIETOUYHBIN
coctap remosuMsbl. CycneH3uu TIeMOLMTOB TOTO-
BUJIM TI0O METOJTy, OnMcaHHOMY paHee Andreyeva et al.
(2021a). 3a60p remosumpsi (1.0-2.0 M) TPOBOAUIIH B
CTepUJIbHBIX YCJIOBUAX U3 cepAedyHoro cuuHyca. [Tpo6ut
reMoiuM®bl 00beUHAIN OT Tpex ocobeil. I'eMOIUTHI
TPUX/IBI OTMBIBAJIM OT ILJIa3MbI B CTEPUJIbHON MOPCKOM
Boge Ha nenrpudyre Eppendorf 5430R (500 g, 5 muH,
npu + 10 °C), a 3aTeM pecycleHANPOBaJIU B CTEPUJIb-
HOM MOpCKO¥ BoAe (KOHLeHTparus kijeTok 2-4-107
kMT!). TIOCKOJIBKY TeMOLUTHI SIBJIAIOTCS aAre3uB-
HbeiMu kjietkamu (Chen and Bayne, 1995), nepen aHa-
JIM30M IIpOOBI XpaHWiIu npu + 4 °C 114 npeAoTspalle-
HuA arperanuu. McciegoBaHue reMoLTOB IPOBOAWIIN
C WCIIOJIb30BAaHMEM CBETOBOro MuKpockoma Olympus
CX-43 (AnoHus).

2.4.1. NMpoTouHaAa UUTOMETPUA

Jlia npoBeAeHus IUTOMETPUYECKUX HCCJieloBa-
HUI TOKa3aTesell KJIETOK KCIIOJIb30BaJId MPOTOYHBIN
nuromerp MACSQuant (Miltenyi Biotec, I'epmanms),
a [nmaHHble OOpabaThiBajii C WCIOJIb30BAHUEM IIPO-
rpammHoro obecnedeHuss MACSQuantify™. s xax-
Joro obpasua aHanusupoBaiu 10 000 coOwiTuli, Bce
U3MepeHus IOBTOPsUIM TpWUXAbl. KieTouHbII cocTaB
reMosuM®bl onpeAesiAJid MeTOAOM NPOTOYHOMN IIUTO-
MeTpUM Ha CyCHeH3UAX TIeMOIUTOB, OKpalleHHBIX
putanbHbeIM JIHK-xkpacuresiem SYBR Green I. OGpasen
cycreH3uu reMonutroB o6bemoM 500 MKJI MHKyOHpO-
Basu c¢ pactBopoM SYBR Green I (koHeuHas KOHIIEH-
Tpauua 0,01 M) B TeueHue 30 MHUH B TeMHOTe IpHU
+4°C. Tlocne oxpammBaHUA TeMOILUTH aHaJIU3UPO-
BaJli Ha IPOTOYHOM IuTOMeTpe. ['eMOIUTHI, OKpa-
meHHble SYBR Green I u neMoHCTpUpYIOIIKe BHICOKUI
ypoBeHb (JIyopecLieHIIMU B 3eJIeHOI 00J1acTu CIeKTpa,
OTJIeJISAJIU OT KJIETOYHOro Jiebprca ¢ HU3KoU ¢Jiyopec-
nennyved (Puc. 1a). J{anee, 4acTUIlbI, BXOAAIIHUE B MUK
dyopecnieHun KpacuTesisa pacnpeesisajiv Ha AByXa-

350 —

300

250

200

150

100

50

0 1 T T
-0 Tel Te2

FITC-A

Te3

paMeTpuyecKux [UTOrpaMMax C y4eTOM UX yCJIOBHOTO
nuamerpa (FSC - Forward Scatter) v rpaHyJIApHOCTU
(SSC - Side Scatter). Pe3yibTaThl IpeCTaBIEHBI B BUAE
OTHOCUTEJIBHOM [J0JIM I'PaHyJIOIMTOB, arpaHyJIOLUTOB
Y TMAJIMHOITUTOB OT 00IIero yuca kjetok (Puc. 16).

MeTabosiueckyi0 aKTUBHOCTh I'eMOLIMTOB OIle-
HHUBAJIU IyTeM H3MepeHUsA aKTUBHOCTU Hecnenudu-
YecKUX 3CTepa3 C HCIOJIb30BaHUEM JIUMOQPUIBHOTO
cybecrpata auarerarta ¢uyopecienHa (FDA) B coot-
BETCTBUU ¢ MeToAuKoH Xian et al. (2021). CycneH3uu
reMouuToB MHKy6upoBaiu ¢ 5 MkM FDA B TeueHue
15 MuH B TeMHOTe INpU KOMHATHOIN TeMIlepaType.
[Tocne uHKy6anuu (pJryopeciieHINI0 KJIeTOK U3Mepsin
B kaHase FL1 mpoToyHOro uuToMeTpa U BhIpaXasu
KaK CpeJHIOI0 MHTeHCUBHOCTh (duyopecuennuu FDA B
YCJIOBHBIX efuHULaxX (y. e.) [JiA onpefesieHus: MeTtabo-
JIMYeCKOM aKTUBHOCTHU.

JleTeKIiio anonToTUYeCKUX reMOoIUTOB B reMo-
auMmde omnpefessand NpU TOMOIM OKpalIMBaHUSA
CyCneH3Uil KJIeTOK (QJIyopecleHTHBIM KpacuTeseM
Annexin-V-FITC (Annexin V-FITC/PI (Invitrogen) mo
Mmeroay Xian et al. (2021). CycmeH3uu reMOIUTOB
rOTOBUJIM U UHKYyOUpoBau B 6ydepe A CBA3BIBAHUSA
Annexin V. 3arem 500 MKJ CcyclleH3UM OKpallnMBaJil
5 Mk Annexin V-FITC u 10 Mk pabouero pacTBopa
rionucroro nponuaus (PI) koHueHnTpanueii 50 MKr/mi
B TeueHUe 15 MUH B TeMHOTe. [Iocjie 3TOro B Kaxaymo
npoby nobassisu 6ydep AJA CcBA3BIBAHUA Annexin U
HeMe[JIeHHO aHaJIM3HUpOBajid KJIETKU Ha MPOTOYHOM
nurometpe. KiteTky, mo3uTUBHBIE 110 Annexin V 1 Hera-
TuBHBIe N0 P, kytaccuduuypoBaiy Kak HaXOAMIUECA B
anonro3e. KjieTky, mO3UTHUBHBIE IO 0OOMM MapKepawm,
OTHOCWJIM K TMO3JHeH cTaJuu amnonTo3a WM HEKpPOo3y.
KileTky, HeraTuBHBIE 10 0OOMM MapKepaM, CUHTAJIU
KM3HECIIOCOOHBIMMU.

2.4.2. UIHTEHCUBHOCTD AbIXaHMA

WHTeHCHBHOCTb [BbIXaHUA YCTPULl U3MEpPAIN B
JIBYX repMeTUYHBIX KaMmepax 06bémMoM 1.0 J1, B KaXyI0
M3 KOTOPHIX MOMeN[aJu IO OJHOM ocobu. Kameprn!
OBUTM OCHAIlleHbl HacocoM U KHCJIOPOAHBIM JaTdu-
koM (okcumerp MARK-302M, Poccus), [y KOHTPOJIA
YPOBHA pacTBOPEHHOro kucjgopoga. s paBHOMep-
HOro paclipefieJieH!A KUCJI0poAa BOKPYT JaTurKa BOAY

Te3
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le2

SSC-A
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Tel

ATP

1e0 - -
Te0

Te3
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L e
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Puc.1. a - rucrorpamma pacnpenenernus cogepxanusa JJHK B cycneHsuax remonuTos. [Tuk cogepxanusa JJHK, cooTBeTcTBY-
I0IMI reMOLUTaM, BblAiesieH 3eJIeHbIM OTpe3koM; 6 — PacnpefesieHre reMoLUTOB YCTPUI] 110 YCJIOBHOMY AUaMeTpy U YPOBHIO
rpaHyJispHOcTH. CyOnonyJiAnuu reMOoLUTOB BblJieJIeHbl KDACHBIMH OBaJIaMU.
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MOCTOSIHHOE TepeMelInBaii Py MOMOIU MePUCTaslb-
TUYecKoro Hacoca. Kamepsl 3anoTHAIN BOOM U3 3KC-
repyuMeHTaIbHBIX pe3epByapoB, usberas ob6pa3oBa-
HUA My3BIPpKOB Bo3Ayxa. Ycrpul (n=10) akkypaTtHO
roMeIiajayd B KaMephl, [I0CJIe Yero BheliepXuBaiu 1 yac
AJA afanTanuu nepef HavyajgoM usMepeHuil. Kaxmgoe
u3MepeHre AJWJoch 1 Yac U MOBTOPAJIOCh TPU pasa
AJA KaX OO I'PYMIbI YCTPUIL]; IPOBOAWIIN ABe IOCJie-
JoBatesbHble cepuu oijeHOK RR. KoHTpoJsibHBIE 3aMephl
KOHI[eHTpali pPacTBOPEHHOIo KUCJIOopoda B KaMepax
¢ BoAou (6e3 ycTpul]) BBINOJIHAJIN B Hayajie U KOHI[e
kaxpgoi cepuu. RR paccuutsiBanu no ¢gopmyse (1) B
mr O, Ha rpamMm Cyxoro Beca TkaHu B yac (mr O, r
DW ul):
RR = (C,-C)V/t/W_,

rge, C;, C, — HauaJibHasA M KOHeYHas KOHIIEHTpalus
kucjaopofa (Mr/n); V — 06béM kamepsl (J1); t — Bpems
uaMmepenus (4); W dw cyxon Bec TKaHu (T).

2.5. CtaTucTHUYECKUM aHaAU3

Jna cratuctryeckoil 0OpabOTKU TOJTyYeHHBIX
JaHHBIX KCIIOJIb30BaJIOCh CllellajIi3UpOBaHHOE IIPO-
rpamMMmHoe obecneueHue GraphPad Prism version 9
(GraphPad Software, USA). KoJyinuecTBeHHBIE JaHHbIE
B paboTe mpefcTaBjeHbl Kak cpefHee apudmernue-
CKOe 3HaueHHWe =+ cTaHfJapTHasd omuOKa CpeaHero.
T'omoreHHOCTh (OJHOPOJHOCTH) MAUCIEPCUN MeXITy
rpyIaMu olieHUBaJach ¢ IOMOMIbI0 KpuTepus JleBeHa.
B cirydae coOTBeTCTBUA HAaHHBIX KPUTEPUAM HOpMaJlb-
HOCTH U TOMOTe€HHOCTH JUCIIepCUii, [JI BHIABJIEHUA
CTaTUCTUYECKH 3HAYMMBIX pas3jIu4yuil NpUMeHICA
AByX(aKTOPHBII AUCIIEPCUOHHBIN aHanmu3 (two-way
ANOVA). [ina omnpefejieHWs 3HAYMMOCTH Pas3jIAuUi
MeXJy KOHKPeTHBIMHU 3KCIepHUMeHTaJIbHBIMU IPYII-
MaMyu W KOHTPOJIbHOU rpymmod (post-hoc anamms)
HcnoJsb3oBajica kpuTepuil JlanHerta. Paznuuna Mexay
rpyIIaMi CYUTAJIMCh CTATUCTUYECKH 3HAYMMBIMU NIpU
ypoBHe 3HaunmocTu p <0.05.

3. Pe3ynbTarthbl
3.1. BbDKMBaemMmocTb M MHTEHCUMBHOCTb
AbIXaHMA

BbrKMBaeMOCTh yCTPHUILl B 3KCIIEPUMEHTE COCTa-
Buia 100%.

BospgeiicTBue BosHOrO 3KcTpakTa MBIl BhI3BaIO
J10303aBUCHMEbIe M3MeHeHHA yacToThl ApixaHus (RR) y
B3pocJibix ocobelt (Puc. 2). Ilpu cpaBHeHUU KOHTPOJIb-
HOH U ONBITHBIX TPy 3apUKCUPOBAHO CTAaTUCTUYECKU
3Hauumoe yBeaudeHue RR. IlotrpebseHue kuciopona
JAEMOHCTPHPOBAJIO 3aBUCHMMOCTb OT O3Bl U BpeMEHU
sKkcno3unuu (ByxdaKTOPHBI AUCIEPCUOHHBIN aHa-
a3, ANOVA).

[Tocne 24 u Bo3gelicTBUsA cpegHue 3HaUeHUs RR
NpU KOHIleHTpauuax 2 MKr/MiI U 20 MKI/MJ1 yBeJIA4YU-
qvchk Ha 227% u 182% cooTBeTcTBeHHO, mocje 48 1
— Ha 275% u 262% a1 200 MKr/mi1. MakcuMaJsibHble
sHaueHus RR 3adukcupoBaHBl y ycTpull, MHKyOUpY-
e€MBIX B TeueHHe 24 4 K 3KCTPaKTy B KOHLIEHTpauuu
200 MKr/MJIL.
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p < 0.0001 p =0.0383
I I
p =0.0007 p =0.0018
%7 =3 KoHnTponb
p=0.0171 p=0.1816 . i
104 = 20 mkr/mmn
B3 200 mkr/mMn

RR, MrO,/r/u

Bpems, 4

Puc.2. UHTeHCUBHOCTD AbIXaHUA (Mr Oz/r/q) yerpur M.
gigas pyu BO3AENCTBUM PA3JIMYHBIX KOHIIEHTpaLU BOJHOIO
skcTpakTta DBII. CxoOku yKashBalOT OOCTOBEpHBIE pasJjiv-
ynA MexAy rpynnamMu. CToJiOIbl IOKa3bIBalOT CTaHAApTHbIE
omubku cpeaHero i 10 ocobeii. (aByxdakTopHbIiI ANOVA,
p<0,05).

3.2. KneTtouHbiM cocTaB remoAnMMbl

Ha ocHoBe oTHocuTesbHOro pasMepa (IpsAmoe
ceetopaccesHue (FSC) u rpanyisspHOCTS (TIpsAMOe CBETO-
paccesnue (FSC)) 6bu10 MAeHTUPUINPOBAHO TPU MOP-
(doJiornyecky pasyinyHbIe NOMYJIANNUN KJIETOK (arpaHy-
JIOIUTHI, THMAJIMHOIMTH U rpaHysouutsl) (Andreyeva
et al., 2021a, Puc. 1). T'paHyJIOIMTH COCTaBJIAIU
OCHOBHYIO [I0JII0 reMOI[MTOB B reMosnMde ycTpul —
50-65% oT 00111ero KoJudyecTBa KJi1eTokK. ['MaITMHOLUTHI
U arpaHyJiouuTh npeacrasiaaan 18-33% u 16-18%
IVPKYJINPYIOIMX TeMOLUTOB COOTBeTCTBeHHO. Ilocie
48-yacoBoii skcno3unuu ¢ skcrpakroMm ®OBIT (20 mkr/
MJI) OTHOCHUTEJIbHOe cojJiepXaHue TIpaHyJIOLUTOB ¥y
yerpun] cHusuiiock (Puc. 3B). OHOBpeMeHHO HaOJIo-
Jlajioch 3Ha4YMTeJIbHOe YBeJnYeHue MAOJIM THaInuHO-
utoB (Puc. 30). Beicokass KOHILIeHTpauus 3KCTpaKTa
BbI3Bajla YMeHbllIeHHe KOJMYecTBa IpaHyJIOLUTOB U
yBeJInueHne 00eux arpaHyJIApHBIX ¢opMm (arpaHyJio-
I[MTOB U TMAJIMHOILUTOB) B reMouM®e.

3.3. Metabonnueckana aKTUBHOCTb

MeTtaboandeckas AKTUBHOCTH reMoIITOB
yCTpUL] TOCTOBEPHO CHWXaJach IOCJe BO3AeNCTBUS
BBICOKUX KOHIleHTpanuii skcrpakra ®BIT (200 mMkr/mit)
B TeueHMe 24-48 4acoB 10 CpaBHEHUIO C KOHTPOJIbHOMN
rpynnoii. Takxe depe3 48 4YacoB 3KCHO3UIMU C 3KC-
TPakTOM B KOHI[eHTpauuu 20 MKr/mj HabJIH0[aaoch
CTaTUCTUYECKU 3HAUMMOe CHIXeHUe (JiyopecieHInn
FDA (p < 0,05, Puc. 4).

3.4. Anonrto3

CorjlacHO NOJIy4YeHHBIM [NaHHBIM, MPUCYTCTBHE
akcTpakTa ®BII B BoAe B TeueHue 24-48 4 He TPUBOAUIIO
K MHAYKIMU afoITo3a B reMoIyTax ycTpul. Pasmnuus
B MHTEHCUBHOCTU (JIyopecleHIINN KJIeTOK MeXIy KOH-
TPOJIBHOM U OMBITHON rpynnaMu ObLJIM HeJOCTOBEPHBI
1 HOCWJIN XapakTep TeHJeHuu (Puc. 5).
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Puc.3. IIpouenT arpaHyJIOI[ITOB (a), TMaJIMHOLIITOB ©) u rpaHyJIOLIUTOB (B)
(cpemHee * S.E.) B remosnMmdbe M. gigas npu Bo3[eNCTBUYN Pa3/IMUHBIX KOHI[eHTpanuil BogHoro skcrpakra ®BII. Ckobku mnoka-
3BIBAIOT PA3/INYUA MeXay cyOnomyJsAlUAMY reMOLMTOB BHYTPU KaXAoro croJbna (AByx(paKTOPHBIN AMCIEPCUOHHBIN aHAJINU3,
p<0,05, n=10).

4. 06cyxpeHue

B pesysibTare 5KCIIEpUMEHTOB YCTAHOBJIEHO, YTO p <0.0001
akcTpakT OFBII okasbiBaeT BaUAHKWE Ha GQYHKLIMOHAIIb- ]
HO€ COCTOSIHME OpTaHu3Ma B3POCJIBIX ycTpul] M.gigas. — < 0.0001 p=0.0148
I[Ipu sTOM HU oAHA U3 BBIOPAHHBIX KOHIIEHTPAIUI g = control
3KCTpaKTa He MPUBOJWJA K r'ubeyii B3pOCJIbIX yCTPUII :cf_. l | = 2 pg/mL
B TeuyeHUe Bcero mnepuojia 3KkcrnepuMeHTa. CorjacHo a’céWU- T =3 20 pg/mL
NOJIYYEHHBIM HJAaHHBIM, WHTEHCUBHOCTh [bIXaHUA o - B 200 pg/mL
yCTpUI] Bo3pacraja Ipyu HWHKyOaluu ¢ BOAHBIM 3KC- § 50~
TpakToM OBII. YuuThBaA 0COOEHHOCTHU TUIIA IUTAHUSA, g | T
WHTEHCUBHOCTD ABIXaHWUA [BYCTBOPYATBHIX MOJLIIIOCKOB 2
[IPONOpIMOHAIbHA UX (GUJIBTPALMOHHON aKTHUBHOCTHU e o )
(Sobral and Widdows, 1997). [lokazaHo, YTO pa3jIny- iR
Hble TUIbI KOPMOBBIX AO0AaBOK MOIYT BJIMATH Ha ypo-
BeHb INOTpeOJIeHUsA KUCI0OpOofa MOPCKUMHU OpraHu3- Puc.4. Biusanue BogHoro skctpakra ®BIT Ha MeTabom-
mamu (Bayne and Newell, 1983; Dawood et al., 2018; YECKYI0 aKTUBHOCTh IeMOUUTOB ycTpull M. gigas. CTOJOLBI
Shi et al., 2023). XoTA B JaHHOM J3KCIIEPUMEHTE MBI IPE/ICTABJIAIOT  CTAHJAPTHblE OMMOKMA CpeJHEero 3Have-

HUA 471A 10 ocoberl. CKOOKM MOKAa3bIBAIOT pas3Ivyuds MeXIy
CcyOIonyJIANMAMHU TeMOLUTOB BHYTPU KaxAoro crojabua
(nByxdaKTOpHBIN AWCHEpPCHOHHBIN aHamu3, p < 0,05,
n = 10).

He OlleHMBaJI1 (PUJIbTPALIMIOHHYI0 aKTUBHOCTD YCTPHII,
MOXHO TPEeANOJIOKUTh, YTO HabJII0[JaeMoe yBeJhye-
Hue uHTeHcuBHOCTU AbixaHus (RR) BO BceX OIBITHBIX
IPYIIIax COrJacyeTcs C STUMU UCCIIEJOBAHUAMMU U CBU-
JeTebCcTByeT 00 aKTUBHOM MOTpPebJIeHUM 3KCTpaKTa
ycTpullaMu. XOTsA CIUPYJIMHA HE SBJIAETCA MUIIEBBIM
0OBbEeKTOM i1 TUTAaHTCKOM YCTpHUILBI, [NaHHasA Iua-
HOOaKTepusA MIMPOKO NPUMEHSETCA B KauyecTBe KOp-
MOBOH [00aBKU WUJIM OCHOBBI KOPMOBBIX CMecei MJis
MHOTHUX BHIOB THMOPOOMOHTOB, BKJIIOYas MPOMBICIIO-
Bble BU/IbI 6eCITO3BOHOYHBIX XMBOTHHIX (Ragaza et al.,
2020; Alagawany et al., 2021). Kpome TOro, MUKpO-

=
s
CKOINYECKOe HKCCJIeOBaHUE I'eMOLUTOB yCTpUL, IOA- F 3004 3 KoHrpons
o .
o . g
BEPIIIUXCA BO3AENCTBUI0 Pa3JIMYHBIX KOHIIEHTPAIUil 3% P
3KCTpaKTa, MoKa3asio, YTO TeMOI[UTHl aKTHUBHO IOTJIO- %g 200 —
manu yactuilpl akcrpakra (Puc. 6). Ilomumo yuacTtus 8-; ——
%) i ] E
B UMMYHHOU cHUCTeMe, TeMOLIUTHL IBYCTBOPYATHIX MOJI- &< -
£ 1004 .
JIIOCKOB TaKXe UT'PaloT BaXHYIO POJib B IIpoliecce MUTa- 52
= Cc
HUA U MlepeHoce MUTaTeJIbHbIX BelleCTB B OpraHu3Me 8<
. . . @ !
(Huiping, 2021; De la Ballina et al., 2022). £ 0 5 5
o © =
C [pyro#l CTOpOHBI, psi HccjefoBaTesieil pac- S
CcMaTpUBaeT MOBhIIIeHNEe TOTpebsIeHNs KUCJIopoAa Kak
MapKep CTPECCOBOTO COCTOAHMS TIPU BO3JENCTBUU SKO- Puc.5. YpoBeHb anonrosa B reMOLUTaxX YCTPULl yCTPUIIBI
TokcukaHToB (Sokolova, 2004; Kamermans and Saure, M.gigas Ipy UHKy6aUuy ¢ BOAHBIM SKcTpakToM DBII.
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Puc.6. Temouuts! M.gigas paronuTUpyoT YacTUIlB! B3BecH skcTpakTa @BII. CTpesiky MOKa3bIBalOT YaCTULBI SKCTPaKTa.

2022). Opnako 100%-Has BBDKMBAEeMOCTh YCTpHIl B
Xo[e 3KCIlepUMeHTa MO03BOJIsAeT MPeANoJIOXKUTh, UYTO
HabofaemMoe yBeandeHue yactoThl geixanus (RR) cau-
JeTeJIbCTBYyeT 00 yCHUJIEHHOM NOTpebeHN 3KCTpaKTa.
TakumM o6pa3oM, Ha OCHOBAHUU IOJIyYeHHBIX pe3yJibTa-
TOB 1 oOHapyxeHusa OBII B reMoniTax MOXHO c/ieaTh
BBIBOJ, UTO pe3koe yBesnueHre RR nociie Bo3aelicTBus
BOJHOTO 3KCTPaKTa CBA3aHO C aKTHUBU3aLuel puibTpa-
LIMOHHOM AaKTUBHOCTH yCTpuIl. Jl[aHHasA akTUBU3AIUA
MpoH30IJia BCJIe[ACTBUE HajJNuusA B3BellleHHBIX Opra-
HUYeCKUX YacTUI] B Boje.

PesynbTaThl HacToAllero HccjieJOoBaHUA TaKxe
NMpOAEMOHCTPUPOBAJI  HU3KYID  I[UTOTOKCUYHOCTH
BoAHoro skcrpakta ®BIl B oTHOIIEHUN KJIETOK I'eMO-
auMos! yetpull. [Ipy 3TOM 5KCIO3UIUA CO CPeHUMU U
BBICOKMMMU KOHIIeHTpalusaMu skcTpakra (20-200 mkr/
MJI) B TedeHre 48 yacoB BhI3bIBaJia 3HAUNTEJIbHbIE H3Me-
HEHUA KJIETOYHOTO COCTaBa reMoJMM@Bbl. Y MeHbIlleHle
JOJI TPaHyJIOIMTOB COIPOBOXAAJIOCh YBeJIMYeHNeM
OTHOCUTEJIbHOTO KOJIMYeCTBa arpaHyJIOLUTOB U IHajIu-
HOUUTOB. M3BeCTHO, 4TO KoJieOaHNs YCJIOBUI BHENTHe
cpefibl MOTYT IpPHUBOAUTh K CYIIEeCTBEHHBIM H3MeHe-
HUAM KJIETOYHOTO COCTaBa reMoJMM@Bl ABYyCTBOpYa-
ThIX MoJUTIOcKOB (Matozzo and Marin, 2011; Andreyeva
et al., 2021a; 2021b; 2024). KoJjiebaHus KJIETOYHOTO
cocTtasa reMoMM®b MOJUIIOCKOB 1O AelicTBreM (ak-
TOpPOB Cpefbl Pa3INYHON IPHUPOABl MOTYT BO3HUKATh
BCJIEJICTBHE M3MeHEHUsA I'eMOINO3TUYeCKON aKTHUBHO-
CTU B KPOBETBOPHBIX OpraHax, yBeJMYeHUs CMepTHO-
CTU OT[AEJIbHBIX TUIIOB IeMOIIUTOB, WJIN O0IIel cMepT-
HOCTH KJIETOK BCJIe[ICTBHE€ MHTOKCHUKAI[UM, MUTpAIuu
reMoIuToB 13 reMosiuM®sl B TkaHu (Song et al., 2010).
YuuThiBasg HeENpPOJAOJDKUTEIbHOCTh SKcIlepuMeHTa (24-
48 gacoB), HaOJI0JaeMble U3MeHeHUA Bps JIU CBA3aHBI
¢ remonos3oM (Jemaa et al.,, 2014). T'ubesb KJIeTOK
TaKkke MaJIOBEpOATHA, TaK Kak He ObUIO 3adUKCHUPO-
BaHO 3HAUMTEJIBHOTO YyBeJWYeHWsA AOJIM alonToTHye-
CKHX reMonuToB. CKOpee BCero, CHIXKeHHe KOJINuecTBa
rpaHyJIOLUTOB B remojiiMde oObsACHAETCA UX MUIpa-
nyeil B TKaHW, YTO COIJIaCyeTcs C COBPEMEHHBIMU
npeAcTaBjIeHUAMHN 00 UX BBICOKOU MOOWJIBHOCTH Kak
OCHOBHBIX UMMYHHBIX 3¢ @deKTopHBIX kjeTok (Huang
et al., 2018; Gerdol et al., 2018). B oTHOIlIEHU! CHU-
’KeHNsA MPOol[eHTa rpaHyJIOLUTOB B reMoanMde yCcTpull,
MOJIBEPTIINXCA BO3AEVMCTBUIO BHICOKUX KOHIIEHTpAInil
skcTpakta (200 MKr/mi1), BepOsITHO, 4YTO upe3Mep-
Hble KoHIleHTparuu OBbIl ycunuau ¢uibTpanyioHHOe
NUTaHue U MUTPALMI0O TeMOI[UTOB B MaHTUIO U XKaOpbl
U3-3a HaKOIUJIeHMs MHKPOYACTHUL] COUPYJIWHB B 3TUX
obJiacTax.
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B pmanHOM wHcciieoBaHUM OBLIO YCTaHOBJIEHO,
yTo MeTaboJinueckas aKTUBHOCTb TI'e€MOILMTOB CHU-
XKaeTcs MpU BBeJEHUM BBICOKHMX KOHIIEHTpAIMil 3KC-
TpakTa, 4To IToKa3aHo Ha Puc. 4. 3HauuTesbHasA OTeps
dayopecnienniuu FDA nHaOsofganachk croycTsa 24 gaca
BoszferictBusA 200 MKIr/MJI 5KCTpakKTa, a Takxe IOcCJe
48 yacoB BO3JEeNCTBUA B Uana3oHe KOHI[eHTpaIlil OT
20 po 200 mkr/mi. LutoriasMaTuyeckre Hecrenudu-
yecKue 5CTepas3bl UTpaloT poJib B IIporiecce BHYTPUKIIe-
TOYHOT'O YHUYTOXEHMs YyXepOJHBIX areHTOB IreMoIu-
tamu (Beckmann et al., 1992; Renault, 2015). Takum
o6pa3oM, MOXHO TNPeANOoJIOKUTb, YTO U3OBITOUYHOE
KoJsimyecTBO BOoAHOro skcrpakra ®KB cHmxasmo ypo-
BeHb MeTab0JIMUeCKON aKTUBHOCTH reMOITUTOB 3a CUeT
MoJaBJIeHNs 3TUX KJI€TOYHBIX UMMYHHBIX MeXaHN3MOB.
CHuxeHue ¢iyopecueHuun FDA B remonurax, nogsepr-
IMXCA BO3JEHCTBHIO 0ojlee BBICOKMX KOHIIEHTPAIWil
3KCTpaKTa, MoXeT OBITh CBA3aHO C OOIIell GJIOKUPOB-
KOH YHUUTOXXeHUA NaTOreHOB U MOoJaBJIeHHeM KJIeTOU-
HOrO UIMMYHUTETA y 9TUX KJIETOK. AHaJIOTUYHEIE Hapy-
meHuA B (QYHKIUM TeMOIIMTOB, BKJII0Yas CHIXXeEHUe
nx MeTaboJIM4ecKol aKTUBHOCTU U HaKOIUIEHHe Map-
KEpOB KJIETOYHOTr'O MOBpeXxJeHuA (amomnTo3a), HabJio-
Januchk B remMonurax M. gigas mocje BO3AeNCTBUA pas-
JIMYHBIX OPraHUYeCcKUX 3arpA3HuTesiell (MHCeKTULU/IEI,
MOJINIUKINYecKre apoMaTudeckue YTrJIeBOOOPOABI et
al.) (Gagnaire et al., 2006; Chong, 2022; Alesci et al.,
2023). ComocTaBUB 3TU Pe3yJIbTaTHl C MOJy4YeHHBIMU
B HACTOAIIEM HCCJIeIOBAaHNM, MOXHO 3aKJIIOUUTh, YTO
BBICOKIE KOHIIEHTpaIuu BogHoro skcrpakra ®BIT (200
MKT/MJI) He BBI3BIBAJIM allONTO3 B reMoLMTaxX yCTpUII.
TakuMm 06pa3oM, MOXHO c/ejlaThb BBIBOJ, YTO BOJHBII
skcTpakT DBII oby1ajaeT OTHOCUTEIPHO HU3KOUM IUTO-
TOKCHUYHOCTBIO 10 OTHOIIEHWUI0 K reMoIMTaM yCTpHIl,
OIHAKO BbICOKHe KoHIleHTpauuu (200 MKr/mui) sABJf-
10TCA U30BITOYHBIMU U MOTYT CHMXAaTh OOIINII 0340pO-
BUTEJIbHBIN 3(@eKT MpU HCIOJIb30BAHNUU B yCJIOBUAX
YCTPUYHBIX MMTOMHUKOB.

TakumM o6pa3oM, pe3yJibTaTsl JAHHOTO UCCIIEeI0-
BaHUA MMOKAa3BIBAIOT, YTO BOAHBIN 3KcTpakT MBIl Ge3o-
MaceH AJ1A B3POCJIBIX YCTPHI], TaK Kak MpU3HaKU amol-
TO3a B reMoJjinMde BceX 3KCIepHUMeHTAJIbHBIX IPYII He
BBIABJIEHBI, a 00Ias BBDKMBAEMOCTh COXpaHsAjach Ha
npotskeHun 48 yacoB. CKOpPOCTb [BIXaHWUA Y yCTPUI]
yBeJInYMBaJiach 1o Mepe pocra KoHueHTpauuu OBIT B
BoZie. O[1HAKO BBICOKME KOHI[eHTpaluu skcTpakra (200
MKT/MJI) TOJABJIAIA MeTaboJM4YecKylo aKTUBHOCTh
reMOLUTOB yCTPUI] ¥ CHMXAJIU MPOLIEHT I'PaHyJIOIUTOB
— OCHOBHBIX UMMYHHBIX 3((dEKTOpHBIX KJIETOK — B
remoMde nociie 24-48 yacos BozAelicTeusA. [loaTomy
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B OyIyIIUX HcCJIeJOBaHUAX PeKOMeHyeTCs UCI0JIb30-
BaTh KOHIleHTpauuu Huxe 200 MKr/mi, 4ToOBl u3be-
KaTh HeOJAaronpUATHOTO BO3JAEHCTBUS Ha OPraHU3M
ycTpull. DTO IpeABapUTesIbHOEe HCCJefJOBaHUe SBJIA-
eTcs MepBBIM B CBOEM POJIE U OTKPHIBAET HOBYIO Nep-
CIIeKTUBY TNOTEHIUAJbHOTO TpUMeHEeHUsA BOAHOTO
skcTpakta ®BIl u3 A. platensis B KauecTBe MUIIEBON
[o0aBKKU [J11 TIOBBIIIEHUS YCTOMYMUBOCTU YCTPUI] K
3a00j1eBaHUAM U YJIyUlleHUsA UX OOIIero COCTOSHUA.
Heobxonuma pasipHeiimas oOlleHKa MpPsAMOIo BO3MAeH-
CTBUA 3KCTPAKTA Ha YCTPUI] AJIA CYIIECTBEHHOT'O ITOBHI-
meHuA 3¢pPeKTUBHOCTHU MMOATOTOBKYM YCTPUIl B UHKyOa-
TOpax U ero NpuMeHeHUs B aKBaKyJIbType.
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