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Treatment wits S-glucans has been found to stimulate various aspects of immune
responses such as resistance to infections and resistance to environmental stress. The
effects of dietary f-glucans on the general health status of rainbow trout, as well as
oxidative stress biomarkers in different tissues specifically should be explored. This
prompted us to investigate the effects of dietary yeast 5-1,3/1,6-D-glucans supplemented
for a 14-day feeding period on liver and heart function and the oxidative mechanisms
underlying these effects. We assessed the levels of lipid peroxidation, derivatives of the
oxidatively modified proteins (OMP), and the total antioxidant capacity (TAC) in the
hepatic and cardiac tissue of rainbow trout (Oncorhynchus mykiss Walbaum) after a 14-
day period of oral supplementation with p-glucans. Thirty healthy rainbow trout
weighing 55.9 = 2.1 g were used in the experiments. The fish were fed with a
commercial basal diet at a rate of 1.5% body weight four times a day. After acclimation,
the fish were randomly divided into two groups. The groups were fed for 14 days as
follows: the control group comprising rainbow trout (n = 15) received a control basal
diet and the p-glucan group (n = 15) was fed with the Yestimun® food product at a dose
of 1% of the basal feed (with 85% of p-1.3/1.6-glucans, Leiber GmbH, Bramsche,
Germany). The basal feed was supplemented with 1% of Yestimun® powder (dose: 1 kg
per 99 kg, w/w). This insoluble and highly purified preparation contains natural
polysaccharides, e.g. [-1,3/1,6-D-glucans derived from Spent Brewers’ Yeast
(Saccharomyces cerevisiae). Yeast cell walls typically contain approximately 30% of f-
glucans of dry weight. Our results showed that feeding with low doses of [-glucans
induced a statistically non-significant decrease in TBARS levels in the hepatic and
cardiac tissues of rainbow trout. The feeding with low doses of f-glucans induced non-
significant changes in the TAC levels both in the hepatic and cardiac tissues of rainbow
trout. Levels of aldehydic and ketonic derivatives of OMP in the cardiac and hepatic
tissues of rainbow trout fed the p-glucan-supplemented diet were at the same levels as in
the untreated controls. In conclusion, our results unambiguously showed that f-glucan
did not induce oxidative stress in the hepatic and cardiac tissues of rainbow trout.

Keywords: f-glucans, lipid peroxidation, oxidatively modified proteins, total
antioxidant capacity, liver, heart, Oncorhynchus mykiss.
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Bbiomapkepu OKHCHOIO cTpecy B cepleBiii | NeUiHKOBIiH TKAHMHAX
paiigy:xknoi ¢opesi (Oncorhynchus mykiss Walbaum), siky roqyBaJim
HIETOI0 3 J00ABKAMM P-IIIOKaHY

Txauenko I'., 1. 0. 1., https://orcid.org/0000-0003-3951-9005
Kypramiok H., 1. 6. 1., https://orcid.org/0000-0002-4669-1092
IncTuryT 6iosorii, [lomopcbkuii yHiBepeuter y Ciaynebky, [Hosabma
I'pynuescbka M., Ph.D., https://orcid.org/0000-0002-4272-8337
IncruryT pudanscrBa imeni CraniciaBa Cakouua, Pyrki, ’Kykoso, Iloabma

byno ecmamnosneno, wo niKyéamHs [-eniokamamu CMUMYTIOE Di3HI acnekmu
IMYHHOI 8i0n06i0i, maki sAK cmitKkicmb 00 IH@pexyin i cmilkicmbe 00 cmpecy
HABKOMUWHBO20 cepedosuwja. Bnaue [-eniokanie Ha 3aeanbHuii. cmau 300p08’s
PaiioyxcHoi popeni, a maxoodic Ha biomapKepu OKUCHO20 CMpec)y 6 PISHUX MKAHUHAX Ci0
susuumu okpemo. Ile cnonykano wnac Oocnioumu enaue [-1,3/1,6-D-enoxanis
OpidcoHCcie, 000anux npomseom 14-0ennoco nepiody 200yeanHs, Ha QYHKYIIO nedinKu
ma cepysi ma OKUCHIOBAIbHI MEXAHI3MU, WO aexcamv 8 OCHO8I yux egexmis. Mu
OYIHIOBANU  DIBHI  NEPEeKUCHO20  OKUCHEHHS  Ninidie, NOXIOHUX  OKUCHIOBAILHO
mooughikosanux 6inkie (OMD) i 3acanvny amwmuokcuoanmuy axmusnicme (TAC) y
MKAHUHAX nedinku ma cepys patioyxicroi ¢openi (Oncorhynchus mykiss Walbaum)
nicis 14-0ennozo nepiody nepopanvhozo nputiomy 000asox 3 f-enoxanamu. B docrioax
suxopucmosysanu 30 300posux ocobun paiidysxchoi ¢ghopeni eacoro 55,9 + 2,1 2. Puby
200ysanu Komepyilnoto 0iemoro 3 po3paxyHky 1,5% macu mina vomupu pasu Ha OeHo.
Iicna axnimamuzayii puby eunaokoso posoinunu Ha 08I epynu. Ipynu 2odyeanu
npomseom 14 OHi6 HACMYNHUM YUHOM: KOHMPOJIbHA 2pyna paidyscHoi gopeni (n = 15)
ompuMy8ana KOHMpOJIbHY OCHO8HY Oiemy, a 2pyna f-emoxawnie (n = 15) ompumyesana
xapuosuii npooykm Yestimun® y 003i 1% ocnoenozo kopmy (ckradaemvcs 3 85% [-
1,3/1,6-enmoxanie, Leiber GmbH, Bramsche, Himeuuuna). bazanvuuii  xopm
oonoeniosanu 1% nopowxom Yestimun® (0oza: 1 ke na 99 ke macu). Lleii HepozuunHuil i
BUCOKOOUUWCHUL npenapam micmums npupooui nonicaxapuou, f-1,3/1,6-D-enoxanu,
ompuMaHi 3 8i0NPaAYbLOBAHUX NUBHUX Opidcodicie (Saccharomyces cerevisiae). Knimunni
cminku Opiscoicie 3azsudail micmams npubnusno 30% p-enoxanie. Hawi pezynomamu
NOKA3ANU, WO 200VBAHHS HU3LKUMU 003aMU [-2NIOKAHI8 BUKIUKAO CMAMUCHUYHO
Heznauyuje 3Hudxcents pieusa TBARS y mxkanunax neuinku ma cepys patioyxicHoi goperi.
Tooysanns nusbkumu 003amu [-entoKanie SUKIUKANO He3HauHi 3minu pienie TAC sk y
neuinkosiu, max i cepyegili mxanunax. Pieni anvoezionux i kemonogux noxionux OME y
cepyesili I NeyiHKOoBIll MKAHUHAX pauodyxdcHoi ¢hopeni, sKy eodyeanu O0i€emow 3
dobaskamu [-entokauis, OyIU Ha mMomy X piGHi, wo U Yy KOHmpolvHux epynax. Ha
3aKIHYeHHs, Hawi pe3ylbmamu OOHO3HAYHO NOKA3AAU, WO [-2NIOKAH He BUKIUKAE
OKUCHO20 cmpecy 6 NeYiHKOBUX I cepyeaux MKAHUHAX pauoyHCHOi gopeii.

Knrwouosi cnosa. p-entoxkanu, nepexucHe OKUCHEHHs JNIiNidig, OKUCHIOBANbHO
MoOougixosani OinKU, 3a2ANbHA AHMUOKCUOAHMHA AKMUBHICMb, NeYiHKd, cepye,
Oncorhynchus mykiss

Aquaculture is a rapidly growing part of agriculture worldwide, accounting for
about 44 percent of the world's total fish production. Today, preventive and management
measures in aquaculture are central to dealing with outbreaks of various diseases
(Assefa, A., & Abunna, F., 2018). Immunostimulators are considered an effective means
of increasing the immune status of cultivated organisms. Among the various
immunostimulants used in aquaculture practice, one of the promising immunostimulants
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is PB-glucan, which is a homopolysaccharide of a glucose molecule linked by a
glycosidic bond (Meena at al., 2013). B-glucans are a group of [B-D-glucose
polysaccharides that form the major constituents of the cell wall of some plants, fungi,
bacteria, mushrooms, yeast, and seaweeds (Singh, R. P., & Bhardwaj, A. 2023). B-
glucans from different sources differ in their structure, conformation, physical
properties, receptor binding affinity, and therefore biological functions (Han, at al.,
2020). They are known for their metabolic and immunomodulatory properties, including
anticancer, immunomodulatory, antimicrobial, antiviral, antinociception,
antiinflammatory, prebiotic, antioxidant, antidiabetic, etc. (Dalonso, at al., 2015);
Mironczuk-Chodakowska, 1., at al., 2021). The immunostimulatory activity of f-glucan
results from its attachment to specific receptors present on the surface of immune cells
(Ciecierska, A. at al.,2019). In addition, B-D-glucans are also suitable for use in
nanomedicine to prepare natural nanocarriers for the delivery of drugs or biological
molecules [Lehtovaara, B. C., & Gu, F. X. 2011; Soto, E. R. at al., 2012; Vannucci, L.,
atal., 2013)

Dietary B-glucans also exert immunostimulatory and antitumor effects by
activating mucosal immune system cells through B-glucan receptors (Nakashima, A., at
al., 2018). Currently, the following B-glucan receptors have been identified: dendritic
cell (DC)-associated C-type lectin-1 (Dectin-1), complement receptor 3 (CR3),
differentiation cluster 11b (CD11b)/CD18, aMf2-integrin, macrophage differentiation
antigen-1 (Mac-1), lactosylceramide (LacCer), and scavenger receptors (SRs) (Zhong,
X., at al., 2023). B-glucan and mannan from yeast cell walls can replace antibiotics for
the prevention and treatment of animal diseases, and reduce the development and spread
of antibiotic-resistant bacterial pathogens (Liu, Y., at al.,2021).

Orally administered B-glucans are absorbed through the gastrointestinal tract and
taken up by tissue macrophages (Barton, C., at al., 2016). Here they are fragmented,
transported to the bone marrow and the reticuloendothelial system, and eventually
released and taken up by other immune cells, leading to various immunological effects
(Chan, G. C., at al., 2009). Based on these properties, B-glucan particles have been
evaluated as potential vaccines against invasive fungal diseases (Edwards J. E. 2012),
and beta-glucan particles have been proposed as a delivery system for oral vaccines,
acting both as a carrier and as an adjuvant (Huang, H., at al., 2013). Beta-glucans are a
group of polysaccharides with inherent immunostimulatory properties, which makes it
very promising to create new adjuvants for vaccines based on B-glucans (Colago, M. at
al., 2022). Carbohydrate structures — polygalactans, fructans, f-D-glucans, a-D-glucans,
D-galactose, and D-glucose — are desirable candidates for vaccine adjuvants and
immunomodulators because they perform important functions in nature and are often
biocompatible, safe, and well tolerated (Abbasi, A. at al., 2022). The size of the particles
and the loading method of the antigen encapsulated in the particles or adsorbed on their
surface will influence the toxicological and adjuvant properties of the adjuvant powder
(Colago, M., at al., 2022).

Experimental studies have largely elucidated the underlying mechanisms
involved in immune stimulation induced by B-D-glucans, especially with regard to the
involvement of dectin-1 and C3-iCR3. A clear definition of biologically active
molecules and a more detailed chemical and biological characterization of glucans from
various sources seem necessary in order to better define the rationale for their use in the
therapy of relevant pathologies (Vannucci, L., at al., 2013). The main physicochemical
properties of B-glucans include their antioxidant properties, which are responsible for
scavenging reactive oxygen species (ROS), as well as their role as a dietary fiber to
prevent cholesterol absorption, improve digestion, and produce short-chain fatty acids
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in the intestines (Nakashima, A., at al., 2018).

Little is known about the biochemical changes in various tissues of salmonids
after oral administration of B-glucans. The effects of dietary B-glucans on the general
health status of rainbow trout, as well as oxidative stress biomarkers in different tissues
specifically should be explored. This prompted us to investigate the effects of dietary
yeast B-1,3/1,6-D-glucans supplemented for a 14-day feeding period on liver and heart
function and the oxidative mechanisms underlying these effects. We assessed the levels
of lipid peroxidation, derivatives of the oxidatively modified proteins (OMP), and the
total antioxidant capacity (TAC) in the hepatic and cardiac tissue of rainbow trout
(Oncorhynchus mykiss Walbaum) after a 14-day period of oral supplementation with f3-
glucans.

Materials and methods.

Fish and experimental design. Thirty healthy rainbow trout (Oncorhynchus
mykiss) weighing 55.9 + 2.1 g were used in the experiments. The fish were kept in an
indoor system with a supply of freshwater with adequate aeration and internal power
filter. The water quality parameters were as follows: a temperature of 16 = 2 °C, 12 +
0.5 ppm of dissolved oxygen, and a pH value of 7.4-7.6. During the acclimation period
(14 days), the fish were fed with a commercial basal diet at a rate of 1.5% body weight
(BW) four times a day. After acclimation, the fish were randomly divided into two
groups kept in aerated 250-L square tanks containing dechlorinated tap water (70 fish
per tank). One tank comprised one group. Natural photoperiod conditions were main-
tained throughout the feeding trial. The experimental part of the study was carried out in
the Department of Salmonid Research, Stanislaw Sakowicz Inland Fisheries Institute
(Rutki, Poland).

The groups were fed for 14 days as follows: the control group comprising rain-
bow trout (n = 15) received a control basal diet and the B-glucan group (n = 15) was fed
with the Yestimun® food product at a dose of 1% of the basal feed (with 85% of B-
1.3/1.6-glucans, Leiber GmbH, Bramsche, Germany). The basal feed was supplemented
with 1% of Yestimun® powder (dose: 1 kg per 99 kg, w/w). This insoluble and highly
purified preparation contains natural polysaccharides, e.g. f-1,3/1,6-D-glucans derived
from Spent Brewers’ Yeast (Saccharomyces cerevisiae). Yeast cell walls typically con-
tain approximately 30% of B-glucans of dry weight (Stier, H., at al., (2014).

The survival rate of fish in the different treatment groups was recorded during
the feeding trial. An increase in fish weight was observed as well. At the end of the 14-
day feeding period, the fish were decapitated, and the liver and heart were dissected.
Blood was sampled with plastic syringes from the caudal vein. The experiments were
performed in duplicate.

Hepatic and cardiac tissue isolation. Tissue samples were removed from fish
after decapitation. One fish was used for each homogenate preparation. Briefly, the liver
and heart were excised, weighed, and washed in the ice-cold buffer. The minced tissue
was rinsed clear of blood with ice-cold 100 mM Tris-HCI isolation buffer, homogenized
in 10 vol. (v/w) in isolation buffer, and centrifuged at 3,000 % g at 4 °C for 10 min. The
resulting supernatant was stored in a refrigerator at —22 °C and used for analyses of
enzyme activities and biomarkers of oxidative stress. The isolation buffer contained 100
mM Tris-HCI; the pH value was adjusted to 7.2 with HCI.

Biochemical assays. All enzymatic assays were carried out at 24 + 0.5°C with
the use of a Specol 11 spectrophotometer (Carl Zeiss Jena, Germany). The homogenate
suspension was added to start the enzymatic reactions. The specific assay conditions are
presented below. Each sample was analyzed in duplicate. The protein concentration in
each sample was determined as in Bradford (1976) using bovine serum albumin as a
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standard.

2-Thiobarbituric acid reactive substances (TBARS). Lipid peroxidation was
determined in aliquots of 10% hepatic and cardiac tissue homogenates from the treated
and control groups with the procedure developed by Kamyshnikov (2004). The
absorbance of each aliquot was measured at 540 nm, and the lipid peroxidation level
was expressed as nanomoles of TBARS formed per milligram of protein (nmol
MDA-mg ! protein) using a molar extinction coefficient of 1.56-10° M*-cm™
(Kamyshnikov, V.S. (2004).

The carbonyl derivatives of oxidatively modified proteins (OMP) assay. The
rate of protein oxidative destruction was estimated from the reaction of the resultant
carbonyl derivatives of amino acid reaction with 2,4-dinitrophenylhydrazine (DNFH) as
described by Levine et al. (1990) and as modified by Dubinina et al. (1995) (Dubinina,
E. at al., 1995; Levine, R. L.,at al., 1990). DNFH was used for determining carbonyl
content in soluble and insoluble proteins. Carbonyl groups were determined
spectrophotometrically from the difference in absorbance at 370 nm (aldehydic
derivatives, OMP370) and 430 nm (ketonic derivatives, OMPa430).

Measurement of total antioxidant capacity (TAC). The TAC level in samples
was estimated by measuring the 2-thiobarbituric acid reactive substances (TBARS)
level after Tween 80 oxidation. This level was determined spectrophotometrically at 532
nm (Galaktionova, L. P., at al.,1998). The sample inhibits the Fe?*/ascorbate-induced
oxidation of Tween 80, resulting in a decrease in the TBARS level. The level of TAC in
the sample (%) was calculated with respect to the absorbance of the blank sample.

Statistical analysis. The basic statistical analysis was performed using the
Statistica 13.3 package (TIBCO Software Inc.). The data were tested for homogeneity of
variance using Levene’s test of equality of error variances. Normality was checked with
the Kolmogorov-Smirnov test. The results are expressed as mean = S.D. Significant
differences among the means were measured with the use of a multiple-range test at
min. P < 0.05. Differences between the control and experimental groups were analyzed
with MANOVA and Bonferroni’s post-hoc test. Differences were considered significant
at P < 0.05. Non-normally distributed data were log-transformed (Zar, J.H.,1999).

Results.

Levels of TBARS (nmol MDA -mg™? protein) and TAC (%) in the cardiac and
hepatic tissues of rainbow trout (O. mykiss) fed the B-glucan-supplemented diet were
presented in Fig. 1.

Our results showed that feeding with low doses of B-glucans induced a decrease
in TBARS levels in the hepatic tissue of rainbow trout to (132.41 + 26.65 nmol'mg™
protein) compared to the untreated trout (147.03 + 32.33 nmol-mg™* protein) (by 9.9%, p
>0.05). In the cardiac tissue, TBARS level was also decreased to (39 + 19.55 nmol-mg™
protein) compared to the untreated trout (76.51 + 30.29 nmol-mg™ protein) (by 49%, p >
0.05) (Fig. 1A). The feeding with low doses of B-glucans induced non-significant
changes in the TAC levels (Fig. 1B). In the hepatic tissue of rainbow trout, TAC level
was at the same level (25.88 + 2.35 %) compared to the untreated trout (25.90 + 2.52
%). In the cardiac tissue, the TAC level was decreased to (27.01 £ 3.68 %) compared to
the untreated trout (28.69 + 3.91 %) (by 5.9%, p > 0.05) (Fig. 1A).
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Fig. 1. Levels of TBARS (nmol MDA-mg* protein) and TAC (%) in the
cardiac and hepatic tissues of rainbow trout (O. mykiss) fed the p-glucan-
supplemented diet.

The results are expressed as mean = S.D. Differences between the control and
experimental groups were analyzed with MANOVA and Bonferroni’s post-hoc test.
Differences were considered significant at P < 0.05.

Levels of aldehydic and ketonic derivatives of OMP (nmol-mg™ protein) in the
cardiac and hepatic tissues of rainbow trout (O. mykiss) fed the B-glucan-supplemented
diet were presented in Fig. 2.
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Fig. 2. Levels of aldehydic and ketonic derivatives of OMP (nmol-mg protein) in the
cardiac and hepatic tissues of rainbow trout (O. mykiss) fed the p-glucan-
supplemented diet.

The results are expressed as mean + S.D. Differences between the control and
experimental groups were analyzed with MANOVA and Bonferroni’s post-hoc test.
Differences were considered significant at P < 0.05.

Our results revealed that feeding with low doses of B-glucans induced an
increase in aldehydic derivatives of OMP level in the hepatic tissue of rainbow trout to
(20.52 + 0.44 nmol'mg’ protein) compared to the untreated trout (19.54 =+
2.60 nmol'-mg™ protein) (by 5%, p > 0.05). In the cardiac tissue, level of aldehydic
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derivatives of OMP was at the same level (14.82 + 0.27 nmol-mg™ protein) compared to
the untreated trout (15.17 + 0.15 nmol-mg™? protein) (Fig. 2). The feeding with low
doses of B-glucans induced non-significant changes in the levels of ketonic derivatives
of OMP (Fig. 2). In the hepatic tissue of rainbow trout, level of ketonic derivatives of
OMP was at the same level (24.49 £ 0.50 nmol-mg™ protein) compared to the untreated
trout (24.78 + 1.08 nmol-mg? protein). In the cardiac tissue, the level of ketonic
derivatives of OMP was decreased to (18.86 + 0.24 nmol-mg™ protein) compared to the
untreated trout (19.23 + 0.22 nmol-mg™ protein) (by 1.9%, p > 0.05) (Fig. 2).

Discussion. Our results showed that feeding with low doses of B-glucans
induced a statistically non-significant decrease in TBARS levels in the hepatic and
cardiac tissues of rainbow trout. The feeding with low doses of B-glucans induced non-
significant changes in the TAC levels both in the hepatic and cardiac tissues of rainbow
trout (Fig. 1). Membrane destruction as a pathological phenomenon is primarily due to
the involvement of cell membrane lipids in the processes of lipid peroxidation (LPO),
which leads to a change in lipid-protein bonds, the stability of the enzyme complexes
and other membrane macromolecules, damage to nucleic acids, and disruption of
cellular metabolism (Gaschler, M. M., & Stockwell, B. R., 2017; van Ginkel, G., &
Sevanian, A., 1994). The classic biochemical indicators of the state of animals, which
are used in assessing the effect of various medicals and toxicants on the body, include
products of lipid peroxidation (LPO), which can be assessed by the accumulation of
primary LPO products as diene conjugates (DC) and diene ketones (DK), as well as one
of end metabolites of lipid peroxidation — malonic dialdehyde (MDA) (Gawel, S., at al.,
2004, Lefevre, G., at al., 1998). Total antioxidant capacity (TAC) is a measure of the
ability of a food or substance to reduce oxidative stress in the body. Determination of
antioxidant activity plays an important role in assessing the body's defense against
oxidative stress (Rubio, C. P, at al., 2016).

Levels of aldehydic and ketonic derivatives of OMP in the cardiac and hepatic
tissues of rainbow trout fed the B-glucan-supplemented diet were at the same levels as
in the untreated controls (Fig. 2). To date, the concept of oxidative degradation of
proteins as the earliest and most reliable indicator of oxidative stress has already been
clearly and voluminously formed. Since proteins are present in all tissues and organs, it
is their modification that can be a reliable indicator of pathological processes both at the
local and general body levels. Since proteins perform specific functions (often having a
clearly visible and easily fixed manifestation), the assessment of the qualitative and
quantitative aspects of oxidative modification of proteins has a number of advantages in
the diagnosis of pathological conditions Hawkins, C. L., & Davies, M. J. 2019; Squier
T. C. 2001); Stadtman E. R., 2001).

It has been shown that in a wide range of pathologies of the most diverse
etiologies, it is an oxidative modification specifically proteins (and not lipids or nucleic
acids) that is one of the earliest and most reliable markers of their presence and even
just their occurrence. In addition, it has been established that oxidatively modified
proteins can exist in living organisms for a long time (hours, days, and even years; for
example, lipofuscin), while the primary intermediates of oxidative stress (free radicals,
lipid peroxidation products) exist in a free state for much shorter (usually a few minutes,
maximum a few hours). This circumstance also makes it possible to consider the
phenomenon of oxidatively modified proteins in living organisms as relatively stable
diagnostic parameters of their structural and functional state, which is of great
importance in clinical practice (Kehm, R., at al., 2021).; Squier, T. C., & Bigelow, D. J.,
2000).

Similar to our results, several authors have reported that $-glucans incorporated
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in fish feed increase the non-specific resistance mechanisms and raise the counts of
intestinal immune cells [Akhtar, M. S.,at al.,2021); Cornet, V.,at al., 2021; Kazun, B., at
al., 2020; Koch, J. F. A., at al., 2021). For example, Kazun and co-workers (2020)
compared the effect of dietary supplementation of [B-1,3/1,6-glucan, Lactobacillus
plantarum bacteria or their mixture on the growth performance, selected parameters of
the immune system, as well as the liver and intestinal histology of roach. Fish were fed
for 14 days with four different diets, each treatment was carried out in triplicate. In the
control group, fish were fed dry commercial starter feed Aller Performa 2 (Aller Aqua,
Denmark). The other experimental fish groups received the same commercial starter
feed supplemented with 1% PB-1,3/1,6-glucan (Leiber® Beta-S) in group G; 108 CFU L.
plantarum g* in group L; 1% B-1,3/1,6-glucan + 108 CFU L. plantarum g* in group G
+ L. The stimulating effect of the tested preparations was evaluated once the feeding
with commercial feed exclusively was resumed and 2 weeks afterward. No effect on the
survivability and growth performance of the fish was observed in any of the groups.
Supplementation of feed with -1,3/1,6-glucan improved selected parameters of innate
humoral immunity and the pinocytotic activity of phagocytes. Increased respiratory
burst activity of head kidney phagocytes (RBA) was observed in groups L and G + L,
and the effect persisted for 2 weeks after the commercial feed regime was resumed. An
analogous tendency was determined for the killing activity of phagocytes (PKA) of the
head kidney with respect to Aeromonas hydrophila, although this effect appeared only
during the feed supplementation period. Supplying roach with B-1,3/1,6-glucan, singly
or with L. plantarum, had no effect on the proliferation of mitogen-activated
lymphocytes. However, an increase in the number of CD3-positive cells and goblet cells
was noticed in the digestive system of the L-group fish (Kazun, B., at al.,2020).

An eight-week feeding trial was performed by Akhtar and co-workers (2021) to
assess the effect of different dietary levels (0, 0.5, 1.0, and 1.5%) of B-glucan (sourced
from Saccharomyces cerevisiae) on growth, survival, immunological parameters
(immune gene expression, lysozyme, and antiprotease), total antioxidant status, thermal
tolerance, and disease resistance of Tor putitora fry (Akhtar, M. S., at al.,2021). Feeding
of moderate doses (0.5 and 1.0%) of B-glucan significantly improved survival but not
weight gain percentage as compared to that received unsupplemented control and the
highest dose (1.5%) of glucan. Supplementation of B-glucan in diets differentially
influenced the mMRNA expression of cytokine and other immune genes. On the other
hand, the dietary inclusion of B-glucan markedly improved total antioxidant levels and
extended the thermal tolerance limits at both ends. After feeding B-glucan for eight
weeks, the fish were bath-challenged with a bacterial pathogen, Aeromonas
salmonicida. The challenge study results revealed that B-glucan intake improved most
of the studied immune parameters, resulting in lower mortality. Overall, dietary
inclusion of B-glucan (0.5-1.0%) was efficient in improving the immune responses,
thermal tolerance, and disease resistance of T. putitora fry (Akhtar, M. S., at al.,2021).

In the study conducted by Valérie Cornet and co-workers (2021), the
immunostimulant effects of two B-glucan types extracted from wild-type baker's yeast
(S. cerevisiae) and its null-mutant Gasl were investigated. Gasl has a B-1,3-
glucanosyltransferase activity necessary for cell wall assembly. Using a positive
(commercial product MacroGard®) and negative control (a diet without glucans), these
researchers evaluated the immune responses and disease resistance of rainbow trout
juveniles (mean weight, ~44 g) fed control, low (0.2%) and high (0.5%) doses of
Macrogard®, Gasl, and Wild type-p-glucan after a short-term (15 days, D15) or mid-
term (36 days, D36) feeding periods (Cornet, V., at al., 2021). These researchers found
that B-glucan supplemented diets did not affect growth performance, mortality, splenic
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index, or leukocyte respiratory burst activity on D15 nor D36. Each B-glucan triggered
different immune effectors, depending on the doses or length of exposure compared to
others and the negative control. Indeed, a high dose of MacroGard® significantly
increased lysozyme activities at D15 compared with the control and other diets. At D36,
MacroGard B-glucan enhanced the production of lymphocytes in comparison with the
control diet. Regarding WT B-glucan, at D36, WT-B-glucan, especially the high dose,
provided the highest enzymatic activities (lysozyme and ACH50) and Ig level. On D36,
Gasl also increased lysozyme activity, Ig proportion, and some immune genes (mcsfra,
hepcidin) compared with MacroGard®. Besides, both doses of Gas1-B-glucans increased
the resistance of juveniles to bacterial infection highlighted by a higher survival rate at
14 days post-challenge compared with the control and other types and doses of B-
glucans (Cornet, V., at al., 2021).

Dietary B-glucan (MacroGard®) improves innate immune responses and disease
resistance in Nile tilapia regardless of the administration period. Koch and co-workers
(2021) demonstrated that B-glucan improved the innate immune responses and the
tilapia's resistance to disease, and this protection could be observed up to 10 days post-
feeding trial, adding in vivo evidence that B-glucan may contribute to a trained innate
immunity. Additionally, these researchers showed that a longer period of administration
did not cause immunosuppression as previously hypothesized but promoted further
growth and immune performance (Kehm, R., at al., 2021). Sabioni and co-workers
(2020) demonstrated that B-glucan enhances the respiratory activity of leukocytes
suppressed by stress and modulates blood glucose levels in pacu (Piaractus
mesopotamicus). These findings confirm the immunomodulatory action of glucan and
add evidence showing that glucan can have a role in stress response (Sabioni, R. E., at
al., 2020). . Also, Do Huu and co-workers (2016) revealed that dietary B-glucan
improved growth performance, Vibrio counts, hematological parameters, and stress
resistance of pompano fish, Trachinotus ovatus L. (Do Huu, H., at al., 2016).

The dietary intake of 0.75% B-glucan improved resistance to ammonia stress to a
certain degree by activating the anti-oxidative system and reducing brachial ammonia
uptake as shown by Ciji and co-workers (2023). The study investigated the effects of
dietary administration of B-glucan on aquaporins and antioxidative & immune gene
expression in endangered golden mahseer, Tor putitora juveniles, exposed to ammonia
stress. For that, fish were fed experimental diets having 0 (control/basal), 0.25, 0.5, and
0.75% p-d-glucan for five weeks and then exposed to ammonia (10 mgL-1 total
ammonia nitrogen) for 96 h. Administration of B-glucan differentially influenced the
MRNA expression of aquaporins, anti-oxidative, and immune genes in ammonia-
exposed fish. For instance, the transcript abundance of catalase and glutathione-s-
transferase in gill varied significantly among the treatment groups, with the lowest
levels in 0.75% B-glucan fed groups. At the same time, their hepatic mRNA expression
was similar (Ciji, A., AT AL., 2023).

Zeng and co-workers (2018) evaluated and investigated the effects of B-glucan
on oxidative stress, inflammation, and copper transport in two intestinal regions of a
large yellow croaker (Larimichthys crocea) under acute copper stress. Biochemical
indicators (MDA, Cu content, MTs protein levels, Cu,Zn-SOD, CAT and iNOS
activities), gene expressions of oxidative stresses (Cu,Zn-SOD, CAT, Nrf2, MTs and
MTF-1), inflammatory responses (NF-xB, iNOS, IL-1B, IL-6 and TNF-a) and Cu
transporters (ATP7A, ATP7B and CTR1) were determined. In the anterior intestine, 3-
glucan increased MT levels, activities of Cu,Zn-SOD, CAT, and iNOS, mRNA levels of
MTs, CAT, iNOS, ATP7A, and ATP7B, and reduced Cu content and CTR1 gene
expression to inhibit Cu-induced MDA. However, B-glucan had no effect on
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inflammatory gene expressions. In the mid intestine, B-glucan increased activities of

Cu,Zn-SOD and iNOS, mRNA levels of Cu,Zn-SOD, CAT, and iNOS to maintain MDA

content. However, unlike the anterior intestine, 3-glucan had no effect on Cu transporter

gene expressions. Furthermore, transcription factors (Nrf2, NF-«xB, and MTF-1)
paralleled with their target genes in the mid-intestine, but no correlation was observed
between NF-kB and IL-1p and TNF-a gene expressions in the anterior intestine (Zeng,

L.,atal., 2018)..

In our previous study (Tkachenko H., at al., 2023), we assessed relevant lipid
peroxidation in the hepatic and cardiac tissue of rainbow trout (Oncorhynchus mykiss),
European whitefish (Coregonus lavaretus), and graylings (Thymallus thymallus) after a
14-day period of supplementation with B-glucans. Our results showed that feeding with
low doses of B-glucans induced a decrease in TBARS levels in the hepatic and cardiac
tissues of rainbow trout, and European whitefish. Similarly, 14 days of feeding
graylings with low doses of B-glucans resulted in a decrease in the TBARS levels both
in the hepatic and cardiac tissues. This study confirms that dietary B-glucan is beneficial
for promoting growth and enhancing antioxidant capacity against oxidative stress in
rainbow trout, European whitefish, and graylings. Indeed, we cautiously hypothesized
that feeding low B-glucans doses may help to boost antioxidant function, especially by
the decrease of biomarkers of lipid peroxidation in the hepatic and cardiac tissues of
these fish.

Conclusions. The effects of dietary B-glucans on the oxidative stress biomarkers
in different tissues specifically were explored. We investigated the effects of dietary
yeast -1,3/1,6-D-glucans supplemented for a 14-day feeding period on liver and heart
function and the oxidative mechanisms underlying these effects. We assessed the levels
of lipid peroxidation, derivatives of the oxidatively modified proteins (OMP), and the
total antioxidant capacity (TAC) in the hepatic and cardiac tissue of rainbow trout after
a 14-day period of oral supplementation with B-glucans. Our results showed that feeding
with low doses of B-glucans induced a statistically non-significant decrease in TBARS
levels in the hepatic and cardiac tissues of rainbow trout. The feeding with low doses of
B-glucans induced non-significant changes in the TAC levels both in the hepatic and
cardiac tissues of rainbow trout. Levels of aldehydic and ketonic derivatives of OMP in
the cardiac and hepatic tissues of rainbow trout fed the B-glucan-supplemented diet
were at the same levels as in the untreated controls. In conclusion, our results
unambiguously showed that f-glucan did not induce oxidative stress in the hepatic and
cardiac tissues of rainbow trout.
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