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metabolic profile of immune and antioxidant markers in growing Barki lambs
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ABSTRACT: The aim of the current study was to elaborate the effect of dietary supplementation of Nannochloropsis
on gene expression and metabolic profile of immune and antioxidant markers in growing Barki lambs. Sixty apparently
healthy growing Barki lambs were enrolled in this study. Lambs were randomly allocated into two equal groups (30
lambs each). The first group considered control group, whereas the second group supplemented with commercially
available Nannochloropsis powder for subsequent 30 days. Supplementation of growing lambs with Nannochloropsis
could modulate gene expression profile of immune and antioxidant markers. Levels of immune (IL/B, IL2, 116, ILS,
RANTES, NFKB, MASP2 and TNFa) and antioxidant (SOD3, GPX4, PRDX2, and Nrf2) genes expression were sig-
nificantly up-regulated in lambs supplemented with Nannochloropsis at day 30 than control and day 15. Serum con-
centrations of SOD, CAT, TAC, GPx, NO, GSH, lysozyme activity, TNF-o, IL1, IL-6, and IgA were significantly (p <
0.05) higher in the supplemented group compared to the control group, whereas MDA levels were significantly lower.
Among the examined groups, there was no significant difference (P > 0.05) in the levels of IgG and IgM. The results
herein confirm that there was profound immunological, antioxidant alterations associated with dietary supplementation
of Nannochloropsis in growing Barki lambs. Serum profile and gene expression could be used as substitute markers
to track immune health and the development of an efficient management strategy for enhancing the health of growing
Barki lambs.
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INTRODUCTION
uminant diet and feed supplements containing
icroalgae are becoming more and more popular
(Gomaa et al., 2018, Lamminen et al., 2019). Small
doses of microalgae supplementation exhibited pos-
itive effects on animal physiology, productivity, and
feed conversion by improving gastrointestinal and
immune processes (Camacho et al., 2019). According
to (de Morais et al., 2015), microalgae are a broad
class of photosynthetic, autotrophic microorganisms
that possess a number of unique biological character-
istics, including high photosynthetic energy transfer
efficiency and the ability to synthesize biologically
complex substances like proteins, lipids, carbohy-
drates, pigments, and polymers. Microalgae also in-
clude a high concentration of healthy components, in-
cluding protein, polysaccharides, and vitamins A, C,
E, and K, thiamine (B1), pyridoxine (B6), riboflavin
(B2), nicotinic acid, biotin, and tocopherol (Chew et
al., 2017, Khan et al., 2018), excellent environmental
adaptability and the potential to produce a wide range
of bioenergy (Levering et al., 2015).

Natural antioxidants found in microalgae include
phenols, flavonoids, carotenoids, and chlorophyll,
which strengthen the body’s defense against free radi-
cals (Benetal.,2017). In fact, when their meals includ-
ed microalgae, humans (Panahi et al., 2013), broilers
(Elbaz et al., 2022), and fattening lambs (EL-Sabagh
et al., 2014) all showed an improvement in their anti-
oxidant status. Oxidative stress in ruminants is caused
by an imbalance between the generation of reactive
oxygen species (ROS) and the capacity of antioxidant
mechanisms to neutralize those ROS. This imbalance
can arise from a number of environmental, physiolog-
ical, and dietary factors (Sies, 1991).

High levels of naturally occurring antioxidant
compounds in feedstuffs may protect animals from
oxidative stress and ease consumer concerns about
safety. The body frequently uses a range of antiox-
idant processes, both enzymatic and non-enzymatic
(metabolites, for instance), to combat oxidative stress
(Ye et al., 2015). Blood and milk contain a number of
endogenous enzymes that are essential to the intracel-
lular antioxidant defense mechanisms that control the
build-up of reactive oxygen species (ROS) in tissues
(Sordillo, 2013). These enzymes include superoxide
dismutase (SOD), glutathione reductase (GR), cata-
lase (CAT), glutathione transferase (GST), and gluta-
thione peroxidase (GSHPx) (Board & Menon, 2013).

In the genus Nannochloropsis, there are six dif-

ferent species, including N. gaditana, N. salina, N.
limnetica, N. granulata, N. oceanica, and N. oculata.
They all have polysaccharide cell walls that contain
one chloroplast (Hibberd, 1981). Numerous studies
(both in-vitro and in-vivo) have demonstrated the
beneficial effects of N. oculata on palatability, lack
of toxicity (Gbadamosi & Lupatsch, 2018) easy di-
gestion (Kholif et al., 2020, Md et al., 2018), antioxi-
dant actions (Elsheikh et al., 2018), immunity (Bule et
al., 2018), anti-inflammatory and anti-cancer (Md et
al., 2018) on several animal. They can be substituted
for conventional protein in animal diets and are also
a good alternative source of eicosapentaenoic acid
(EPA, C 20:5 n3) (Becker, 2007).

Variations in the microalgal’s immunoreactivity
were assessed by measuring T and B lymphocyte pro-
liferation and T cell cytokine production. T cells, also
referred to as thymocyte cells, are a subset of lympho-
cytes that are essential for cell-mediated immunity. B
cells, a subset of white blood cells, are involved in
humeral immunity, which is a component of the adap-
tive immune system, by secreting antibodies (Nutt
et al., 2015). In addition, cytokines, which include
chemokines, interferons, and interleukins, are cell
signaling molecules that are crucial for the immune
system (Borish & Steinke, 2003).

Measuring the concentration of each antioxidant
separately does not provide a reliable indicator of the
antioxidant capability since antioxidants cooperate
to counteract oxidative damage (Abdullah, 2015).
Therefore, a deficiency in one antioxidant does not
necessarily mean that all antioxidant defense mecha-
nisms are compromised. As a result, numerous tech-
niques have been created to determine the overall
antioxidant capacity. In order to anticipate a herd’s
susceptibility to production disorders, it has recent-
ly been shown that examining the gene expression of
antioxidant biomarkers offers a trustworthy technique
to monitor animal health and productivity (Lager &
Jordan, 2012).

According to (Van Harten et al., 2013), variations
in the gene expression of a number of regulatory en-
zymes involved in the intermediate metabolism can
serve as effective tools for improving genetic selec-
tion for the adaptation of livestock to challenging
conditions. One aspect of metabolic regulation is the
transcriptional regulation of gene networks, which
are collections of DNA segments that interact with
transcription factors or nuclear receptors to regulate
the concentration of critical enzymes in cells. These
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“global” interactions may control how quickly the
network’s genes are translated into mRNA. The vast
area of genomics includes research on the complete
genome, sub-networks, or candidate genes at the
mRNA level (Loor, 2010).

The serum antioxidant and immunological pro-
file of developing lambs receiving nutritional sup-
plements containing microalgae are not well docu-
mented, based on existing knowledge. Additionally,
no research have previously explored the impact of
microalgae supplementation on the expression profile
of immune and antioxidant genes in growing lambs.
Therefore, the goal of the current study was to track
the pattern of gene expression of immunological
(IL1B, IL2, 1l6, ILS, RANTES, NFKB, MASP2, and
TNFa) and antioxidant (SOD3, GPX4, PRDX2, and
Nrf2) genes in growing Barki lambs supplemented
with Nannochloropsis. Exploring the relationship be-
tween gene expression pattern and the serum profile
of immunological and antioxidant biomarkers was
another goal of the investigation.

MATERIALS AND METHODS

Animals and experimental design

The study included sixty apparently healthy grow-
ing Barki lambs aged between 8 and 10 months and
had average body weight of 28.45 = 4.2 kg. The study
was conducted at Mariut Research Station, Desert Re-
search Center, El-Amria, Alexandria, Egypt. The an-
imals were given a prophylactic dose of broad spec-
trum anthelmintic (Ivermectin/Clorsulan [AVICO],
Amman, Jordan) as recommended. All animals had no
history of metabolic or concurrent ailments and were
kept under identical conditions of housing through-
out the study period. Lambs were randomly allocated
into two equal groups (30 lambs each). The first group
received the basal diet without feed supplement and
considered control group, whereas the second group
received the same basal diet but supplemented with
commercially available Nannochloropsis powder was
incorporated daily in the concentrate of each lamb at a
rate of 10 g Nannochloropsis /kg concentrate (Tsipla-
ko, 2016) for subsequent 30 days, with a pre-trial pe-
riod of one week for adaptation to diets and facilities.
The dried powder Nannochloropsis algae used in the
present study was produced by National Research
Center (NRC), Dokki, Giza, Egypt. The microalga
Nannochloropsis oculata (N. oculata) used in the
present study was prepared and kindly provided by
the Biotechnology Microalgae Culture Unit, Nation-

al Research Center (NRC), Giza, Egypt. Microalgae
were maintained in standard F/2 Guillard’s media
(Guillard & Ryther, 1962). The collected microalgae
were stored in the refrigerator at 4 °C until the cul-
ture period was finished and then harvested by cen-
trifugation. The technique for microalgae N. oculata
extraction was used as described by (Hassan, 2015).
The chemical composition of microalgae N. oculata
extract was determined by gas chromatography-mass
at complex laboratories of National Research Centre,
Dokki, Giza, Egypt. The identification and quantita-
tive measurements of microalgae N. oculata extract
constituents are presented in Table 1. The basal diet
was formulated to meet the lamb’s nutrient require-
ments in order to meet their energy and nutrient re-
quirements according to Ruminants, (2007) recom-
mendations. The experimental design was a complete
randomized design. The investigated lambs were
housed individually in soil-surfaced pens (1.5 m2 /
lamb) and were fed on 500 g concentrate feed mix-
ture (CFM) plus 500 g alfalfa hay/head/day. Diet was
offered twice a day in the morning and evening with
free access to water. Feed and refusals were recorded
daily. The composition of the basal diet is presented
in Table 2. Lambs were weighed on days 0, 15 and 30
of experiment, after fasting for twelve hours before
the morning feedings. The protocols were approved
by the Ethics Committees and executed in accordance
with the guidelines established by the Desert Re-
search Centre, Egypt.

Clinical examination

All lambs were clinically examined prior to the ex-
periment according to the defined methods descried
previously and the observed clinical findings were re-
corded simultaneously. Vital indicators such as rectal
temperature, heart rate, breathing rate, and color of
the visible mucosal membrane were of special inter-
est. Abdomen and thorax were carefully inspected.
Additionally, body weight was measured on a stan-
dard scale.

Blood sampling

Each animal had ten milliliters of blood drawn
from its jugular vein at the beginning of the trial (TO0),
at the 15th and 30th days after supplementation. To
produce serum or whole blood, respectively, the col-
lected blood was added to simple tubes (i.c., tubes
without anticoagulants) and tubes with EDTA. RNA
was extracted from the EDTA blood. All samples
were sent to the lab for additional processing after be-
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Table 1: The quantitative measurements of Nanochloropsis oculata constituents by GC mass.

Chemical composition (g/100g) of microalgae Nannochloropsis oculata

Moisture 7.15
Crude protein 55.78
Fat 6.61
Ash 12.29
Quantitative constituents of minerals profile (mg/100g) in microalgae Nannochloropsis oculata
Fe 29.35
Zn 1.02
Sodium 1862.70
Calcium 229
Potassium 798
Magnesium 173
Quantitative constituents of Amino acids profile (mg/g) in microalgae Nannochloropsis oculata
Methionine 69.52
Cystine 17.30
Phenylanlanine 16.24
Lysine 15.20
Isoleucine 55.95
Leucine 65.11
Aspartic acid 30.16
Glutamic acid 15.07
Histidine 13.22
Tyrosine 87.69
Threonine 39.21
Valine 50.36
Serine 11.64
Glycine 9.98
Proline 31.52
Alanine 20.24
Arginine 8.56
Table 2 Composition of the concentrate feed mixture (CFM) fed to growing Barki lambs

Ingredients Quantity
Corn 400 kg
Wheat bran 300 kg
Soya bean 250 kg
Sodium chloride 10 kg
Calcium carbonate 20 kg
Premix 1 kg
Netro-Nill 0.5 kg
Fylax 0.5 kg

ing chilled on crushed ice.

Total RNA extraction, reverse transcription and
quantitative real time PCR

Total RNA was extracted from lamb blood using
Trizol reagent following the manufacturer instruc-
tions (RNeasy Mini Ki, Catalogue no.74104). The
amount of extracted RNA was quantified and quali-
fied using NanoDrop® ND-1000 Spectrophotometer.
The cDNA of each sample was synthesized following

the manufacture protocol (Thermo Fisher, Catalog no,
EP0441). The gene expression pattern of genes en-
coding immune (/L1B, IL2, 116, ILS, RANTES, NFKB,
MASP2 and TNFo) and antioxidant (SOD3, GPX4,
PRDX?2, and Nrf2) was assessed using quantitative
RT-PCR using SYBR Green PCR Master Mix (2x
SensiFastTM SYBR, Bioline, CAT No: Bi0-98002).
Relative quantification of mRNA level was performed
by real-time PCR using SYBR Green PCR Master
Mix (Quantitect SYBR green PCR kit, Catalog no,
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204141). Primer sequences were designed according
to the PubMed published sequence of Ovis aries as
shown in Table 3. The housekeeping gene f5. actin
was used as a constitutive control for normalization.
The reaction mixture was carried out in a total volume
of 25 pl consisted of total RNA 3 pul, 4 pl 5x Trans
Amp buffer, 0.25 pl reverse transcriptase, 0.5 pl of
each primer, 12.5 pl 2x Quantitect SYBR green PCR
master mix and 8.25 pl RNase free water. The final
reaction mixture was placed in a thermal cycler and
the following program was carried out: reverse tran-
scription at 50 °C for 30 mins, primary denaturation at
94 °C for 10 mins followed by 40 cycles of 94 °C for
15 s, annealing temperatures as shown in Table 3, and
72 °C for 30 s. At the end of the amplification phase, a
melting curve analysis was performed to confirm the
specificity of the PCR product. The relative expres-
sion of each gene per sample in comparison with f.
actin gene was carried out and calculated according

to the 27AACt method (Pfaffl, 2001).

Serum profile of immune and antioxidant markers

Serum biochemical analysis was carried out using
commercial test kits according to the standard pro-
tocols of the suppliers. The following commercial
kits were used according to the standard protocol of
the suppliers to quantify each of: malondialdehyde
(MDA) (Biodiagnostic Egypt, CAT No: MD2529),
glutathione peroxidase (GPx) (Biodiagnostic Egypt,
CAT No: GP 2524), catalase (CAT) (Biodiagnostic
Egypt, CAT No: CA252417); glutathione reduced
(GSH) (Biodiagnostic Egypt, CAT No: GR 2511), to-
tal antioxidant capacity (TAC) (Biodiagnostic Egypt,
CAT No: TA25 13), nitric oxide (NO) (Biodiagnos-
tic Egypt, CAT .No.NO2533), super oxide dismutase
(SOD) (Biodiagnostic Egypt, CAT No: SD 25 20)
while serum lysozyme activity was determined using
turbidimetric assay. IL 1 alpha ELISA Kit (Ray Bio-

Table 3. Oligonucleotide primers sequence, accession number, annealing temperature and PCR product size of immune and antioxidant

genes used in real time PCR.

Gene Primer Prodlzf)‘;l)ength Tem?)r:rlaez}g%" Q) Accession number
e OIS w0 e mees
o ESTSOWCSTEACTIO im0 s
e e A R SN P e
w SOOI s
s FOOOCTIONCIONTTS s oo
v SSCCTOCOATIONIC vy
iy JISSCTTGTOOOCIIAC L mrsees
I e O T S
oms TEONCAGICACACAMEOT o oomssrs
| TOCQOCMEISCETY oy a auss
woCSCOTIOCIOOINOICT oy aramowses
PRDX2 RFSS,_'TETégfg?fgfgg%nggé/ﬂ? 3 233 60 XM _012177564.3
B, actin F5'- CGTGCTGCTGACGGAGGCCCC-3' 13 60 AF481159.1

R5'- GCACAGCCTGGATGGCCACATAC -3’

- IL1B= Interleukin 1 beta; IL2= Interleukin 2; IL6= Interleukin 6; IL8= Interleukin8; RANTES= regulated on activation, normal
T cell expressed and secreted; NFKB= Nuclear factor kappa B; MASP2= Mannan-binding lectin serine protease 2; TNFo= Tumor
necrosis factor alpha; SOD3= Superoxide dismutase 3; GPX4= Glutathione peroxidase 4; Nrf2= Nuclear factor-erythroid factor

2-related factor 2and PRDX2= Peroxiredoxin 2.
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tech, Inc, CAT No: ELR-IL1a), IL 6 (BOSTER BIO-
LOGICAL TECHNOLOGY, CAT No: EK0412) and
TNF-a ELISA Kit (AVIVA SYSTEM BIOLOGY).
Immunoglobulin G (IgG): (Cell Sciences company,
CAT No: CKR004A), Immunoglobulin A (IgA): EA-
GLE BIOSCIENCE company and Immunoglobulin
M (IgM): (Genemed Synthesis, CAT. NO EK-6480).

Statistical analysis

HO: Dietary supplementation of Nannochloropsis
could not modulate gene expression and metabolic
profile of immune and antioxidant markers in grow-
ing Barki lambs.

HA: Dietary supplementation of Nannochloropsis
could modulate gene expression and metabolic profile
of immune and antioxidant markers in growing Barki
lambs.

All data obtained were expressed as mean + SEM
(standard error) and statistically analyzed using SPSS
software (SPSS analytical program for windows ver-
sion 21). Analysis of variance was used to assess the
impact of each treatment on each variable in each
group. The general linear model was repeatedly mea-
sured, and the Mauchly’s sphericity test was used to
identify significant variations. One-way ANOVA with
post hoc Duncan multiple comparison testing was
performed to identify the individual variations where
there was a significant result. A univariate general lin-
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ear model (GLM) was used to test interaction effect of
gene type and study period (0, 15, and 30) on gene ex-
pression results in control and supplemented groups
where data represented as mean+SD. Pearson correla-
tion was performed to assess the correlation between
biochemical parameters and gene expression of tested
markers. Correlation coefficient (r) and p value were
considered. A difference was considered significant at
p <0.05.

RESULTS

Clinical examination

Clinically, all vital signs of investigated lambs
were within the normal reference range (Jackson
et al., 2002), and the animals remained healthy and
showed no detectable clinical abnormality throughout
the study period. No evidence of gastrointestinal ab-
normalities was also documented.

Gene expression pattern of immune and antioxi-
dant markers

Supplementation of growing lambs with Nan-
nochloropsis could modulate gene expression profile
of immune and antioxidant markers (Figures 1 and
2). Levels of immune (/LIB, IL2, 116, ILS, RANTES,
NFKB, MASP2 and TNFa) and antioxidant (SOD3,
GPX4, PRDX2, and Nrf2) genes expression were sig-
nificantly up-regulated in lambs supplemented with
Nannochloropsis at day 30 than control and day 15.
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Figure 1. Relative expression patterns of immune genes in control and growing Barki lambs supplemented with Nannochloropsis at 0,
15 and 30 days. Results are expressed as means + SEM. Small alphabetical letters show significance when P<0.05.
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Figure 2. Relative expression patterns of antioxidant genes in control and growing Barki lambs supplemented with Nannochloropsis at
0, 15 and 30 days. Results are expressed as means + SEM. Small alphabetical letters show significance when P<0.05.

There was a significant interaction between type of
gene and the period of feeding for control and lambs
supplemented with Nannochloropsis on mRNA levels
of immune and antioxidant markers. In lambs fed the
basal diet, SOD3 is the most up regulated gene at 0
day (0.78 = 0.10) and day 15 (0.76 = 0.12); while /L2
is the most up regulated gene at day 30 (0.78 + 0.12).
The mRNA levels of Nrf2 (0.55+ 0.09), RANTES
(0.52 £ 0.09) and ACACA (0.57+ 0.24) were the most
down regulated at 0, 15 and 30 days respectively in
control group. In the same respect for lambs supple-
mented with Nannochloropsis, the gene expression
profiles of /L& (0.86 £ 0.08), TNFo (1.19 = 0.24) and
SOD3 (2.214 0.29) were the most up regulated among
the investigated markers at 0, 15 and 30 days respec-
tively; while Nrf2 (0.52+ 0.27), NFKB (0.67 £+ 0.05)
and PRDX2 (1.31 + 0.33) were the most down regu-
lated genes.

Serum profile of immune and antioxidant markers

Serum concentrations of cytokines and oxidative
stress markers in control and supplemented groups
are summarized in Table 4. There was a significant
(p < 0.05) increase in the serum concentrations of
SOD, CAT, TAC, GPx, NO, GSH, lysozyme activity,
TNF-a, IL1, IL-6 and IgA with significant decrease
in MDA level in supplemented group in relation to
control ones. While IgG and IgM levels were not sig-
nificantly (P> 0.05) differed among the tested groups.

Correlation between gene expression pattern and
serum profile of immune ad antioxidant markers
in supplemented Barki lambs

AT 0 day in the supplemented group, the serum lev-
els of catalase were positively correlated with mRNA
levels of NFKB (r= 1 and p=0.01), serum levels of
GSH were negatively correlated with mRNA levels
of ACACA (r= -0.999 and p=0.03), serum levels of

Table 4. Effect of Nannochloropsis powder on antioxidant and immune markers of growing Barki lambs

parameters 18t sampling (0 day) ond sampling (15 day) 3rd sampling (30 day)
Control Treatment Control Treatment Control Treatment
lysozyme (u/ml) 4.1+1 54+0.36 47+04 57+03 55+£0.6 8.1%+0.5
GSH (mg/dl) 38+0.5 443£2.6 38.6 0.8 47%£1.5 39.6+0.8 543*%£2.6
GPx (U/mL) 45+ 1 52435 44.5 £0.5 542+3 45+ 1 60* £3.4
MDA (nmol / mL) 10.7 £0.1 9.6+0.4 10.2£0.3 9.2+ 0.1 10.2+0.6 7% £0.1
Catalase (U/L) 323429 37+2.6 36.3 £3.1 40.6 £ 2.1 38314 533*+ 1.7
NO (umol /L) 49+0.2 4.7+0.1 49+0.1 49+04 48+0.2 5.8%+0.1
SOD (U/ml) 44 +0.5 48 +2 46 +£2 513+2 446+2.8 73.3%+£29
TAC (mM /L) 403 +2.4 42 +£1.7 37.6 1.4 44.6+2.8 37.6+2.6 59.3%+£ 4.8
IL 1 (pg/ml) 6+0.2 5.4+0.03 5.8+0.7 6.1+£0.2 52+0.6 7.8%+0.4
IL 6 (pg/ml) 5.8+04 52+0.1 6+0.3 6.1+0.3 6+0.1 7.4%£0.3
TNFa (pg/mL) 20+ 1.1 173+ 1.4 23 +1.5 19.5+0.2 21+2 28.6* £0.8
IgG (ng/ml) 413+24 1.2+0.2 43+2 41.6 £1.2 40.3+0.8 39.6.+3.1
IgA (ng/ml) 1.2+0.1 1.2+0.2 1.2+0.1 1.4 +0.08 1+0.05 2.6%+0.1
IgM (ug/ml) 4.9 £0.05 5+0.1 5.3+ 0.1 5.3 +0.08 5+0.08 5.1+0.2

*Values with an asterisk within the same raw are statistically significant (p < 0.05). GSH: Glutathione reduced; GPx: Glutathione
peroxidase; MDA: Malondialdhyde; NO: Nitric oxide: SOD: Super oxide dismutase: TAC: Total antioxidant capacity: IL1: Interlukin 1;
IL 6: Interlukin 6; TNF-a: Tumer necrosis factor alpha; IgG: Immunoglobulin G; IgA: Immunoglobulin A: IgM: Immunoglobulin M.
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MDA were negatively correlated with mRNA levels
of IL6 (r= -1 and p= 0.001), serum levels of NO were
negatively correlated with mRNA levels of SOD3
(r=-0.997 and p=0.04), serum levels of SOD were
positively correlated with mRNA levels of /L6 and
MASP2 (= 0.999 and p=0.03, r=0.999 and p=0.03,
respectively), serum levels of lyzosyme were nega-
tively correlated with mRNA levels of RANTES and
ACACA (r=-0.999 and p=0.02, r="-0.998 and p=0.04,
respectively) and positively correlated with mRNA
levels of PRDX2 (r=0.997 and p=0.04), serum levels
of IgM were positively correlated with mRNA levels
of IL1f and IL2 (r= 0.999 and p=0.03, r=0.998 and
p=0.03, respectively) and serum levels of IgG were
positively correlated with mRNA levels of NFKB and
GPX (1= 0.999 and p=0.02, r=0.998 and p=0.04, re-
spectively).

AT 15th day in the supplemented group, the se-
rum levels of catalase were positively correlated with
mRNA levels of NFKB and SCD (r= 1 and p=0.04,
r=0.997 and p=0.045, respectively), serum levels of
GPX were positively correlated with mRNA levels
of SCD and FABP4 (r= 1 and p=0.006, r=0.999 and
p=0.02, respectively) and serum levels of lyzosyme
were positively correlated with mRNA levels of SCD
(r=0.999 and p=0.02).

AT 30th day in the supplemented group, the se-
rum levels of catalase were negatively correlated with
mRNA levels of SCD (r= -1 and p=0.001), serum lev-
els of GPX were negatively correlated with mRNA
levels of NFKB and Nrf2 (r=-0.998 and p=0.03, r=
-0.998 and p=0.04, respectively), serum levels of NO
were positively correlated with mRNA levels of /L6
(r=0.999 and p=0.033), serum levels of SOD were
positively correlated with mRNA levels of PRDX?2 (1=
-0.999 and p=0.023), serum levels of TAC were nega-
tively correlated with mRNA levels of /L2 (r=-0.999
and p=0.0.21) and serum levels of TNFa were nega-
tively correlated with mRNA levels of IL8, GPX and
PRDX2 (r=-0.998 and p=0.035, r=-1 and p=0.011, r=
-0.999 and p= 0.03, respectively).

DISCUSSION

In the present study, real time PCR was carried
out to quantify mRNA level of immune (/LIB, IL2,
116, IL8, RANTES, NFKB, MASP2 and TNFa) and
antioxidant (SOD3, GPX4, PRDX2, and Nrf2) genes
in growing Barki lambs supplemented with Nan-
nochloropsismicroalgae. Our findings revealed that
supplementation of lambs with Nannochloropsis for

successive 30 days significantly up-regulated the ex-
pression pattern of immune and antioxidant markers
at 30th day than 0 and 15th days. To the best of our
knowledge, no prior studies have looked at the impact
of microalgae supplementation on the gene expres-
sion profile of immunological and antioxidant mark-
ers in growing lambs. As a result, we are the first to
investigate how adding Nannochloropsis microalgae
to growing Barki lambs affects the gene expression
profile of immunological and antioxidant indicators.
However, the cyanobacteria Spirulina platensis and
Chlorella vulgaris, when given orally to pigs around
weaning, increased the expression levels of /-8 and
IL-1, respectively, in the ileum without altering TNF-,
IL-1,IL-1, IL-10, or TGF-p, according to research by
(Furbeyre et al., 2018). Additionally, oral administra-
tion of Tetraselmis chuii increased the expression of
a number of immune system-related genes, including
IgM, T-cell receptor beta (TCR-beta), and genes of
the major histocompatibility complex (Cerezuela et
al., 2012).

In inflammatory circumstances, serum cytokines
like (IL1B, 112, IL6, ILS, TNF-o , and NFKB) serve
as indirect markers (Salim et al., 2016). TNF-a is a
crucial pro-inflammatory cytokine in the immune re-
sponse. B lymphocytes, T lymphocytes, NK (natural
killer) lymphocytes, and LAK (lymphokine-activated
killer) cells are just a few of the immune system cells
that TNF-a activates, along with other substances
(Benedict et al., 2003). TNF-a also triggers the release
of a wide variety of other cytokines (Bradley, 2008).
On chromosome BTA23q22, the gene that codes for
TNF-a has four exons and three introns (Lester et al.,
1996). Although it is expressed by a wide variety of
mammalian cells, macrophages and monocytes do so
most effectively. Lipopolysaccharide (LPS), which
is present in the bacterial cell wall, stimulates the
production of TNF-a in these phagocytic cells. Ac-
cording to (Bannerman, 2009), In LPS-stimulated
macrophages, TNF-o gene expression triples, mRNA
levels increase by approximately 100 times, and the
protein itself may be released at a rate up to 10,000
times higher.

According to research by Fremond et al., 2004,
NFKB activation and cytokine production aid in bac-
terial identification. Many cells, including blood lym-
phocytes, express the chemokine regulated on activa-
tion normal T-cell expressed and secreted (RANTES),
also known as CCL5 chemokine, in response to in-
flammatory signals (Oliva et al., 1998). According to
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Taub et al., 1995, it controls the activation and move-
ment of both inflammatory and non-inflammatory
cells. It also has a role in the acute phase response
(Tavares &Mifiano, 2004). The main protease in the
complement system is mannose-binding lectin-asso-
ciated serine protease 2 (MASP2) (Fu et al., 2016).
According to (Ytting et al., 2011), polymorphisms
in the MASP2 gene are strongly associated with au-
toimmune diseases. MASP2 serum levels and gene
polymorphisms have been linked to a number of in-
flammatory diseases and infections (Wu et al., 2015).
Additionally, the MASP2 gene has been linked to
rheumatoid arthritis, TB susceptibility, and an elevat-
ed risk of ischemic stroke (Tsakanova et al., 2018).
The polymorphisms of the MASP2 gene and their as-
sociation to mastitis and milk production in Chinese
Holstein cattle were described by Zhang et al., 2019,
despite the fact that the function of MASP2 and its
polymorphisms in ruminants is yet unknown.

Free radicals are combated by antioxidants
through scavenging, detoxifying, sequestering the
transition metals that create them, or inhibiting their
production (Masella et al., 2005). These mechanisms
include endogenous antioxidant defenses made by the
body, such as SOD, CAT, and glutathione peroxidase
(GPx), as well as non-enzymatic antioxidant defens-
es (Glasauer & Chandel, 2014). The peroxiredoxin
(PRDX) family of antioxidant enzyme oxido-reduc-
tase proteins functions as a catalyst for hydrogen per-
oxide (H202) because of a conserved ionized thiol.
Thiol-specific peroxidase functions as a sensor of hy-
drogen peroxide-mediated signaling events and con-
tributes to cellular defense against oxidative stress by
detoxifying peroxides and sulfate-containing radicals
(Ateya et al., 2021). The Nrf2 stress response system
is the primary inducible defense against oxidative
stress and regulates the expression of cytoprotective
genes (Yamamoto et al., 2018).

Growing lambs supplemented with Nannochlo-
ropsis microalgae showed a marked up-regulation
in the expression pattern of immune and antioxidant
markers. This may be explained by the fact that poly-
saccharides from microalgae have been shown to ac-
tivate immune responses from immune cells through
the recognition of toll-like receptors (Balachandran et
al., 20006). It’s important to note that microalgae have
strong antioxidant properties. (Belay et al., 1996). Pre-
vious research has shown that supplementing small
ruminants with microalgae increases their antioxidant
activity (EL-Sabagh et al., 2014). Furthermore, it was

claimed that microalgae had stronger immunological
and antioxidant qualities since they include phenolic
substances such beta-carotene zeaxanthin, a-tocoph-
erol, and phycocyanins. Additionally, it was claimed
by Yadav and Kumar (2018) that spirulina boosts the
immune response, particularly the initial response, by
promoting the activities of macrophages, phagocyto-
sis, and IL-1 production. Growing Barki lambs sup-
plemented with Nannochloropsis allowed us to iden-
tify the mechanism underlying the up-regulation of
the expression profile of immunological (/LIB, IL2,
116, ILS, RANTES, NFKB, MASP2, and TNFa) and
antioxidant (SOD3, GPX4, PRDX2, and Nrf2) genes.

The inclusion of Nannochloropsis in growing Bar-
ki lamb’s diet resulted a significant increase in serum
level of SOD, CAT, TAC, GPx, NO, GSH and lyso-
zyme with significant decrease in MDA level. The
first line of defense for the cellular antioxidant system
is made up of GPx and SOD (Ighodaro & Akinloye,
2018), and MDA levels show how much lipid perox-
idation is occurring in a living cell (Mesalam et al.,
2021). CAT is involved in the second step, which in-
volves removing the peroxides and converting them
into O2 (Yu, 1994).

The ability of mitochondria to produce intracellu-
lar reactive oxygen species is well recognized (Vaki-
fahmetoglu-Norberg et al., 2017). Oxidative stress can
result from an increase in ROS levels caused by mito-
chondrial ROS generation that exceeds cellular anti-
oxidant capability (Liemburg-Apers et al., 2015). The
ability of Nannochloropsis to reduce oxidative stress
by reducing oxidant indicators like MDA and carbon-
yl proteins may be responsible for the improvement in
the antioxidant defense mechanism of lamb given the
Nannochloropsis diet (Bendimerad, 2019). In order to
protect its antioxidant components like carotenoids,
fucoxanthin, astaxanthin, and vitamins, it also has the
capacity to retrieve free radicals and suppress lipid
peroxidation (Yaakob et al., 2014). Our results were
in agreement with previous reports in human (Panahi
et al., 2013), in goats (Yadav &Kumar, 2018), calves
(Ghattas et al., 2019), fattening lambs (EL-Sabagh et
al., 2014), rats (Nacer, 2020), in rabbits (Abd El-Ha-
mid et al., 2022) and in broilers (Abdel-Moneim et
al., 2022, Elbaz et al., 2022). In contrast to the find-
ings of the present investigation, other authors (Sucu
et al., 2016) found no statistically significant change
in the serum levels of MDA and GPx between lambs
supplemented with microalgae and the control group.

Proinflammatory cytokines like TNF-q, IL-1, and
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IL-8 as well as anti-inflammatory cytokines like IL-10
all play a significant part in the inflammatory cascade
(Al-Batshan et al., 2001). Proinflammatory cytokines
initiate an effect against external pathogens, but an-
ti-inflammatory cytokines are essential for reducing
the heightened inflammatory response and preserving
homeostasis for the proper operation of key organs.
Anti-inflammatory properties were previously found
for various marine diatoms, such as Porosira glacia-
lis, Attheya longicornis (Ingebrigtsen et al., 2016),
Cylindrotheca closterium, Odontella mobiliensis,
Pseudonitzschia pseudodelicatissima (Lauritano et
al., 2016) and Phaeodactylum tricornutum (Samara-
koon et al., 2013), for the dinoflagellate Amphidinium
carterae (Samarakoon et al., 2013) and the green algae
Dunaliella bardawil and Dunaliella tertiolecta (Lavy
et al., 2003). TNFa was examined by Ingebrigtsen et
al. (2016) and Lauritano et al., 2016 in lipopolysac-
charide (LPS)-stimulated monocytic leukaemia cells
(THP-1) as one of the primary inflammatory effectors.
Nitric oxide (NO), one of the inflammatory mediators
was examined on LPS-induced RAW macrophages as
a positive indicator of anti-inflammatory activity (Sa-
marakoon et al., 2013).

The TNF-oa, IL1, IL-6 and IgA level showed a sig-
nificant (P<0.05) increase in supplemented group as
compared with the control one. IgG and IgM levels
were not significantly (P > 0.05) differed among the
tested groups. These changes could be attributed to
the microalgal-derived compounds that have shown
immune-stimulatory activity, such as polysaccharides
which were rich in (B1—3, B1—4)-glucans, (al—3)-,
(a1—4)-mannans, and anionic sulphated heterorham-
nans, sulfated lipids, polyunsaturated fatty acids, and
astaxanthin. All these compounds are able to activate
macrophage cells (Chen et al., 2019), T-cell (Chuang
et al., 2014), or dendritic cells (Manzo et al., 2019).
Interleukin-4 (IL-4), interferon- (IFN-y), interleu-
kin-2 (IL-2) and NK cell production are all increased,
which has immunological modifying effects (Barry et
al., 2014). They are also the most effective molecules
that function as adjuvants (Manzo et al., 2019); they
can promote maturation; and they can trigger cer-
tain immune responses (Carolina, 2019). Our finding
was similar to that obtained by Ghattas et al. (2019);
but away from those obtained in fish (Amer, 2016),
in rabbits (Abd El-Hamid et al., 2022) and in broiler
chickens (Elbaz et al., 2022). The level of IgG and
IgM was found to be significantly higher in the Spir-
ulina platensis supplemented groups compared to the
control group. Calves given supplemental milk re-

placer containing algae high in docosahexaenoic acid
showed non-significant increases in blood IgA levels,
according to Flaga et al., 2019.

This study is unique in that it used two methods
to assess the health status of developing lambs. The
serum biochemical profiles and gene expression of
immunological and antioxidant indicators were used
in the investigation. It’s interesting to notice that there
were significant positive and negative associations
between the serum profiles and gene expression of
the studied indicators. Supplementation of lambs with
Nannochloropsis for successive 15 days revealed that
the serum levels of catalase were positively correlated
with mRNA levels of NFKB and SCD, serum levels of
GPX were positively correlated with mRNA levels of
SCD and FABP4 and serum levels of lyzosyme were
positively correlated with mRNA levels of SCD. In
the same respect, at 30 day, the serum levels of cata-
lase were negatively correlated with mRNA levels of
SCD, serum levels of GPX were negatively correlated
with mRNA levels of NFKB and Nrf2, serum levels of
NO were positively correlated with mRNA levels of
1L6, serum levels of SOD were positively correlated
with mRNA levels of PRDX2, serum levels of TAC
were negatively correlated with mRNA levels of /L2
and serum levels of TNFa were negatively correlated
with mRNA levels of /L8, GPX and PRDX?2.

CONCLUSION

In growing Barki lambs, dictary supplements of
Nannochloropsis may alter the serum profile and gene
expression of immunological and antioxidant indica-
tors. This polymorphism may be utilized as a bio-
marker to monitor the immune status of these grow-
ing lambs and to develop a successful management
strategy that enhances health via prudent breeding
practices, dietary decisions, and vaccination sched-
ules. To more reliably and accurately assess the nutri-
tional content of Nannochloropsis, new studies with
larger replications and alternative feeding strategies
are suggested.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflict of
interest.

ACKNOWLEDGEMENTS

The authors acknowledge staff members of Ani-
mal Health and Poultry Department, Desert Research
Center, Egypt.

JHELLENIC VET MED SOC 2024, 75 (2)
TIEKE 2024, 75 (2)



E. EBISSY, A. ATEYA, A. EL-SAYED

7595

REFERENCES

Abd El-Hamid I, Fouda W, Shedeed H, Moustafa S, Elbaz A, Bakr S, Mosa B,
Morsy A, Hasan A, Emam K. 2022. Influence of microalgae Nannochlo-
ropsis oculata on blood constituents, reproductive performance and pro-
ductivity in Hi-Plus doe rabbits under North Sinai conditions in Egypt. J
Anim Health Prod 10(2): 135-145. DOI | http://dx.doi.org/10.17582

Abdel-Moneim A-M E, Shehata A M, Mohamed N G, Elbaz A M, Ibrahim N
S. 2022. Synergistic effect of Spirulina platensis and selenium nanoparti-
cles on growth performance, serum metabolites, immune responses, and
antioxidant capacity of heat-stressed broiler chickens. Biol Trace Elem
Res 200: 768-779. doi: 10.1007/s12011-021-02662-w.

Abdullah M A M. 2015. The antioxidant effect of dietary microalgae supple-
mentation on milk, blood and rumen of dairy goats. Ph.D Thesis, Faculty
of Animal Science and Aquaculture, Agricultural University of Athens.
.DOI.10.4314/ijbcs.v8i6.33

Al-Batshan H A, Al-Mufarrej S 1, Al-Homaidan A A, Qureshi M. 2001. En-
hancement of chicken macrophage phagocytic function and nitrite pro-
duction by dietary Spirulina platensis. Immunopharmacol Immunotoxi-
col 23(2): 281-289. doi: 10.1081/iph-100103866

Amer S A. 2016. Effect of Spirulina platensis as feed supplement on growth
performance, immune response and antioxidant status of mono-sex Nile
Tilapia (Oreochromis niloticus). B V- M J 30(1): 1-10. DOI:10.21608/
bvmj.2016.31332

Ateya A, El-Sayed A, Mohamed R. 2021. Gene expression and serum profile
of antioxidant markers discriminate periparturient period time in drom-
edary camels. Mammal Res 66: 603-613. DOI:10.1007/s13364-021-
00578-3

Balachandran P, Pugh N D, Ma G, Pasco D S. 2006. Toll-like receptor 2-de-
pendent activation of monocytes by Spirulina polysaccharide and its
immune enhancing action in mice. Int Immunopharmacol 6(12): 1808-
1814. doi: 10.1016/j.intimp.2006.08.001.

Bannerman D. 2009. Pathogen-dependent induction of cytokines and other
soluble inflammatory mediators during intramammary infection of dairy
cows. J Anim Sci 87(suppl_13): 10-25. doi: 10.2527/jas.2008-1187.

Barry M, Ouedraogo M, Sourabie S, Guissou I P. 2014. Intérét thérapeutique
de la spiruline chez I’homme: revue général. Int J Biol Chem Sci 8(6):
2740-2749. Doi. 10.4314/ijbes.v8i6.33

Becker E W. 2007. Micro-algae as a source of protein. Biotechnol Adv 25(2):
207-210. https://doi.org/10.1016/j.biotechadv.2006.11.002

Belay A, Kato T, Ota Y. 1996. Spirulina (Arthrospira): potential application as
an animal feed supplement. J Appl Phycol 8: 303-311.

Ben H M, Ben I M, Garrab M, Aly R, Gagnon J, Naghmouchi K. 2017.
Antimicrobial, antioxidant, cytotoxic and anticholinesterase activities
of water-soluble polysaccharides extracted from microalgae Isochrysis
galbana and Nannochloropsis oculata. J Serb Chem Soc 82(5): 509-522.
DOI:10.2298/JSC161016036B

Bendimerad S. 2019. Effects of dietary microalgae Nannochloropsis gaditana
on serum and redox status in obese rats subjected to a high fat diet. Phyto-
thérapie 17: 177-187. https://doi.org/10. 3166/phyto-2018-0019.

Benedict C A, Banks T A, Ware C F. 2003. Death and survival: viral regula-
tion of TNF signaling pathways. Curr Opin Immunol 15(1): 59-65. doi:
10.1016/s0952-7915(02)00018-3.

Board P G, Menon D. 2013. Glutathione transferases, regulators of cellular
metabolism and physiology. Biochim Biophys Acta (bba)-general sub-
jects 1830(5): 3267-3288. DOI: 10.1016/j.bbagen.2012.11.019

Borish L C, Steinke J W. 2003. 2. Cytokines and chemokines. J Allergy Clin
Immunol 111(2): S460-S475. DOI: 10.1067/mai.2003.108

Bradley J. 2008. TNF-mediated inflammatory disease. The Journal of Pathol-
ogy: J Pathol Soc of Great Britain and Ireland 214(2): 149-160. DOLI:
10.1002/path.2287

Bule M H, Ahmed I, Magbool F, Bilal M, Igbal H M. 2018. Microalgae as a
source of high-value bioactive compounds. Front Biosci 10(2): 197-216.
DOI: 10.2741/5509

Camacho F, Macedo A, Malcata F. 2019. Potential industrial applications and
commercialization of microalgae in the functional food and feed indus-
tries: A short review. Mar Drugs 17(6): 312. DOI: 10.3390/md17060312

Carolina O, Pandeirada, EliaMaricato, Sénia, S., Ferreira, Viviana, G.,
Correia, Benedita, A., Pinheirob, Dmitry, V., Evtuguinc, Angelina, S.,
Palmab, Alexandra, Correia, Manuel, Vilanova., Manuel, A., Coimbra,
Claudia, Nunesa. 2019. Structural analysis and potential immunostim-
ulatory activity of Nannochloropsis oculata polysaccharides. Carbohydr
Polym 222: 114962. https://doi.org/10.1016/j.carbpol.2019.06.001

Cerezuela R, Guardiola F A, Meseguer J, Esteban M A. 2012. Enrichment of

gilthead seabream (Sparus aurata L.) diet with microalgae: effects on the
immune system. Fish Physiol Biochem 38: 1729-1739. DOI: 10.1007/
$10695-012-9670-9

Chen X, Song L, Wang H, Liu S, Yu H, Wang X, Li R, Liu T, Li P. 2019.
Partial characterization, the immune modulation and anticancer activities
of sulfated polysaccharides from filamentous microalgae Tribonema sp.
Molecules 24(2): 322. doi: 10.3390/molecules24020322

Chew K W, Yap J Y, Show P L, Suan N H, Juan J C, Ling T C, Lee D-J,
Chang J-S. 2017. Microalgae biorefinery: high value products per-
spectives. Bioresour Technol 229: 53-62. https://doi.org/10.1016/j.
biortech.2017.01.006

Chuang W-C, Ho Y-C, Liao J-W, Lu F-J. 2014. Dunaliella salina exhibits an
antileukemic immunity in a mouse model of WEHI-3 leukemia cells. J
Agric Food Chem 62(47): 11479-11487. doi: 10.1021/jf503564b.

de Morais M G, Vaz B d S, de Morais E G, Costa J A V. 2015. Biologically
active metabolites synthesized by microalgae. Biomed Res Int 2015. doi:
10.1155/2015/835761.

EL-Sabagh M R, Abd Eldaim M A, Mahboub D, Abdel-Daim M. 2014. Ef-
fects of Spirulina platensis algae on growth performance, antioxidative
status and blood metabolites in fattening lambs. J Agric Sci 6(3): 92.
DOI:10.5539/jas.v6n3p92

Elbaz A M, Ahmed A M, Abdel-Magsoud A, Badran A M, Abdel-Moneim
A-M E. 2022. Potential ameliorative role of Spirulina platensis in pow-
dered or extract forms against cyclic heat stress in broiler chickens. En-
viron Sci Pollut Res 29(30): 45578-45588. doi.org/10.1007/s11356-022-
19115-z

Elsheikh S, Galal A A, Fadil R. 2018. Hepatoprotective impact of Chlorella
vulgaris powder on deltamethrin intoxicated rats. Z V J 46(1): 17-24.
DOI: 10.21608/zvjz.2018.7620

Flaga J, Gorka P, Kowalski Z. 2019. The effect of docosahexaenoic acid-rich
algae supplementation in milk replacer on performance and selected im-
mune system functions in calves. J Dairy Sci 102(10): 8862-8873. doi:
10.3168/jds.2018-16189

Fremond C M, Yeremeev V, Nicolle D M, Jacobs M, Quesniaux V F, Ryffel
B. 2004. Fatal Mycobacterium tuberculosis infection despite adaptive
immune response in the absence of MyD88. J Clin Invest 114(12): 1790-
1799. doi: 10.1172/JC121027

FuJ, Wang J, Luo Y, Zhang L, Zhang Y, Dong X, Yu H, Cao M, Ma X. 2016.
Association between MASP-2 gene polymorphism and risk of infection
diseases: a meta-analysis. Microb Pathog 100: 221-228. doi: 10.1016/j.
micpath.2016.10.004.

Furbeyre H, van Milgen J, Mener T, Gloaguen M, Labussiére E. 2018. Effects
of oral supplementation with Spirulina and Chlorella on growth and di-
gestive health in piglets around weaning. Animal 12(11): 2264-2273. doi:
10.1017/S1751731118000125.

Gbadamosi O K, Lupatsch 1. 2018. Effects of dietary Nannochloropsis salina
on the nutritional performance and fatty acid profile of Nile tilapia, Oreo-
chromis niloticus. Algal Res 33: 48-54. DOI:10.1016/j.algal.2018.04.030

Ghattas T, Dawoud E, Mahrous A, Elgabry E. 2019. Effect of Spirulina plat-
ensis supplementation on growth, some biochemical and immunological
parameters in suckling calves. ] Egypt Vet Med Assoc 79: 443-460.

Glasauer A, Chandel N S. 2014. Targeting antioxidants for cancer therapy.
Biochem Pharmacol 92(1): 90-101. doi: 10.1016/j.bcp.2014.07.017.

Gomaa A S, Kholif A E, Kholif A M, Salama R, El-Alamy H A, Olafadehan
O A. 2018. Sunflower oil and Nannochloropsis oculata microalgae as
sources of unsaturated fatty acids for mitigation of methane production
and enhancing diets’ nutritive value. J Agric Food Chem 66(8): 1751-
1759. doi: 10.1021/acs.jafc.7b04704

Hassan S Y, Zahrat, El-Ola Nadra, Mohamed, M., El- Sayed, A.B. 2015. Pro-
duction and Evaluation of Pasta Supplemented with Spirulina platensis
Biomass. Adv Food Sci 37: 153- 162. DOI | http://dx.doi.org/10.17582

Hibberd D. 1981. Notes on the taxonomy and nomenclature of the algal class-
es Eustigmatophyceae and Tribophyceae (synonym Xanthophyceae).
Bot J Linn Soc 82(2): 93-119. https://doi.org/10.1111/j.1095-8339.1981.
tb00954.x

Ighodaro O, Akinloye O. 2018. First line defence antioxidants-superoxide dis-
mutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): Their
fundamental role in the entire antioxidant defence grid. Alexandria J Med
54(4): 287-293. https://doi.org/10.1016/j.ajme.2017.09.001

Ingebrigtsen R A, Hansen E, Andersen J H, Eilertsen H C. 2016. Light and
temperature effects on bioactivity in diatoms. J Appl Phycol 28: 939-950.
DOI 10.1007/s10811-015-0631-4

JHELLENIC VET MED SOC 2024, 75 (2)
TIEKE 2024, 75 (2)



7596

E. EBISSY, A. ATEYA, A. EL-SAYED

Jackson P G, Cockeroft P D, Elmhurst S (2002). Clinical examination of farm
animals, Wiley Online Library.

Khan M I, Shin J H, Kim J D. 2018. The promising future of microalgae:
current status, challenges, and optimization of a sustainable and renew-
able industry for biofuels, feed, and other products. Microbial cell facto-
ries 17(1): 1-21. Khan et al. Microb Cell Fact (2018) 17:36 https://doi.
org/10.1186/s12934-018-0879-x

Kholif A E, Gouda G A, Hamdon H A. 2020. Performance and milk compo-
sition of Nubian goats as affected by increasing level of Nannochloropsis
oculata microalgae. Animals 10(12): 2453. doi: 10.3390/ani10122453

Lager K, Jordan E (2012). The metabolic profile for the modern transition
dairy cow. Mid-South Ruminant Nutrition Conference.

Lamminen M, Halmemies-Beauchet-Filleau A, Kokkonen T, Jaakkola S, Van-
hatalo A. 2019. Different microalgae species as a substitutive protein feed
for soya bean meal in grass silage based dairy cow diets. Anim. Feed Sci
Technol 247: 112-126. https://doi.org/10.1016/j.anifeedsci.2018.11.005

Lauritano C, Andersen J H, Hansen E, Albrigtsen M, Escalera L, Esposito F,
Helland K, Hanssen K @, Romano G, Ianora A. 2016. Bioactivity screen-
ing of microalgae for antioxidant, anti-inflammatory, anticancer, anti-di-
abetes, and antibacterial activities. Front Mar Sci 3: 68. doi.org/10.3389/
fimars.2016.00068

Lavy A, Naveh Y, Coleman R, Mokady S, Werman M J. 2003. Dietary
Dunaliella bardawil, a B-carotene-rich alga, protects against acetic ac-
id-induced small bowel inflammation in rats. Inflamm Bowel Dis 9(6):
372-379. doi: 10.1097/00054725-200311000-00005.

Lester D H, Russell G, Barendse W, Williams J. 1996. The use of denatur-
ing gradient gel electrophoresis in mapping the bovine tumor necrosis
factor o gene locus. Mammalian Genome 7(3): 250-252. DOI:10.1292/
jvms.15-0506

Levering J, Broddrick J, Zengler K. 2015. Engineering of oleaginous or-
ganisms for lipid production. Curr Opin Biotechnol 36: 32-39. doi:
10.1016/j.copbio.2015.08.001.

Liemburg-Apers D C, Willems P H, Koopman W J, Grefte S. 2015. Inter-
actions between mitochondrial reactive oxygen species and cellular
glucose metabolism. Arch Toxicol 89: 1209-1226. doi: 10.1007/s00204-
015-1520-y

Loor J. 2010. Genomics of metabolic adaptations in the peripartal cow. Ani-
mal 4(7): 1110-1139. doi: 10.1017/S1751731110000960.

Manzo E, Gallo C, Fioretto L, Nuzzo G, Barra G, Pagano D, Krauss I R,
Paduano L, Ziaco M, DellaGreca M. 2019. Diasteroselective colloidal
self-assembly affects the immunological response of the molecular ad-
juvant sulfavant. ACS omega 4(4): 7807-7814. doi: 10.1021/acsome-
2a.8b03304.

Masella R, Di Benedetto R, Vari R, Filesi C, Giovannini C. 2005. Novel
mechanisms of natural antioxidant compounds in biological systems:
involvement of glutathione and glutathione-related enzymes. J Nutr Bio-
chem 16(10): 577-586. doi: 10.1016/j.jnutbio.2005.05.013.

Md A, Jin F, Jeong U-C, Choi J-K, Lee D-I, Yu H S, Kang S-J. 2018. Effects
of Nannochloropsis concentration in diet on growth, survival and anti-in-
flammatory cytokine (Interleukin-10) production of the sea cucumber
Apostichopus japonicus. Turk J Fish Aquat Sci 18(4): 567-575. DOL:
10.4194/1303-2712-v18 4 08

Mesalam N M, Aldhumri S A, Gabr S A, Ibrahim M A, Al-Mokaddem A K,
Abdel-Moneim A-M E. 2021. Putative abrogation impacts of Ajwa seeds
on oxidative damage, liver dysfunction and associated complications in
rats exposed to carbon tetrachloride. Mol Biol Rep 48: 5305-5318. doi:
10.1007/s11033-021-06544-1

Nacer W, Fatima, Z.B., Merzouk, H., Benyagoub, O., Bouanane, S. 2020.
Evaluation of the anti-inflammatory and antioxidant effects of the mi-
croalgae Nannochloropsis gaditana in streptozotocin-induced diabetic
rats. J Diabetes Metab Disord 19: 1483-1490. https://doi.org/10.1007/
$40200- 020-00681-3

Nutt S L, Hodgkin P D, Tarlinton D M, Corcoran L M. 2015. The generation
of antibody-secreting plasma cells. Nat Rev Immunol 15(3): 160-171.
DOI: 10.1038/nri3795

Oliva A, Kinter A L, Vaccarezza M, Rubbert A, Catanzaro A, Moir S, Monaco
J, Ehler L, Mizell S, Jackson R. 1998. Natural killer cells from human
immunodeficiency virus (HIV)-infected individuals are an important
source of CC-chemokines and suppress HIV-1 entry and replication in
vitro. J Clin Invest 102(1): 223-231. doi: 10.1172/JC12323

Panahi Y, Mostafazadeh B, Abrishami A, Saadat A, Beiraghdar F, Tavana S,
Pishgoo B, Parvin S, Sahebkar A. 2013. Investigation of the effects of
Chlorella vulgaris supplementation on the modulation of oxidative stress
in apparently healthy smokers. Clin Lab 59(5-6): 579-587. doi: 10.7754/
clin.lab.2012.120110.

Pfaffl M W. 2001. A new mathematical model for relative quantification in

real-time RT-PCR. Nucleic Acids Res 29(9): e45-e45. DOIL: 10.1093/
nar/29.9.e45

Guillard, RR and Ryther, JH. 1962. Studies of marine planktonic diatoms. 1.
Cyclotella nana Hustedt, and Detonula confervacea (cleve) gran. Can J
Microbiol 8: 229-239. doi: 10.1139/m62-029.

Ruminants N R C C o N R o S (2007). Nutrient requirements of small rumi-
nants: sheep, goats, cervids, and new world camelids, 57 El& | H AR %L,

Salim T, Sershen C L, May E E. 2016. Investigating the role of TNF-o and
IFN-y activation on the dynamics of iNOS gene expression in LPS stim-
ulated macrophages. PloS one 11(6): €0153289. DOI: 10.1371/journal.
pone.0153289

Samarakoon K W, Ko J-Y, Rahman S M M, Lee J-H, Kang M-C, Kwon O-N,
Lee J-B, Jeon Y-J. 2013. In vitro studies of anti-inflammatory and an-
ticancer activities of organic solvent extracts from cultured marine mi-
croalgae. Algae 28(1): 111-119. doi.org/10.4490/algae.2013.28.1.111

Sies H. 1991. Oxidative stress: from basic research to clinical application. Am
J Med 91(3): S31-S38. https://doi.org/10.1016/0002-9343(91)90281-2

Sordillo L M. 2013. Selenium-dependent regulation of oxidative stress
and immunity in periparturient dairy cattle. Vet Med Int 2013. doi.
org/10.1155/2013/154045

Sucu E, Udum D, Giines N, Canpolat 0, Filya 1. 2016. Influence of supple-
menting diet with microalgae (Schizochytrium limacinum) on growth
and metabolism in lambs during the summer. Turk J Vet Anim Sci 41:
167-174. DOI.10.3906/vet-1606-65

Taub D D, Sayers T J, Carter C, Ortaldo J R. 1995. Alpha and beta chemo-
kines induce NK cell migration and enhance NK-mediated cytolysis. J
Immunol (Baltimore, Md.: 1950) 155(8): 3877-3888.

Tavares E, Mifano F J. 2004. Differential sensitivities of pyrogenic chemok-
ine fevers to CC chemokine receptor 5 antibodies. Fundam Clin Pharma-
col 18(2): 163-169. DOL: 10.1111/j.1472-8206.2003.00227.x

Tsakanova G, Stepanyan A, Nahapetyan K, Sim R B, Arakelyan A, Boyajyan
A. 2018. Serine proteases of the complement lectin pathway and their
genetic variations in ischaemic stroke. J Clin Pathol 71(2): 141-147. doi:
10.1111/jpn.12671.

Tsiplako E, Abdullah, M.A.M., Mavrommatis, A., Chatzikonstantinou, M.,
Skliros, D., Sotirakoglou, K., Flemetakis, E., N. E. Labrou, N.E., Zervas,
G. 2016. The effect of dietary Chlorella vulgaris inclusion on goat’s milk
chemical composition, fatty acids profile and enzymes activities related
to oxidation. J Anim Physiol Anim Nutr 102: 142-151. DOIL: 10.1111/
jpn.12671

Vakifahmetoglu-Norberg H, Ouchida A T, Norberg E. 2017. The role of mito-
chondria in metabolism and cell death. Biochem Biophys Res Commun
482(3): 426-431. doi: 10.1016/j.bbrc.2016.11.088.

Van Harten S, Brito R, Almeida A, Scanlon T, Kilminster T, Milton J, Greeff
J, Oldham C, Cardoso L. 2013. Gene expression of regulatory enzymes
involved in the intermediate metabolism of sheep subjected to feed re-
striction. Animal 7(3): 439-445. doi: 10.1017/S1751731112001589.

Wu J, Bai J, Li L, Huang S, Li C, Wang G. 2015. Genetic polymorphisms of
the BMAP-28 and MASP-2 genes and their correlation with the somat-
ic cell score in Chinese Holstein cattle. Genet Mol Res 14(1): 1-8. doi:
10.4238/2015.January.15.1.

Yaakob Z, Ali E, Zainal A, Mohamad M, Takriff M S. 2014. An overview:
biomolecules from microalgae for animal feed and aquaculture. J Biol
Res (Thessalon) 21: 1-10. doi: 10.1186/2241-5793-21-6

Yadav J, Kumar R. 2018. Effect of Spirulina (Spirulina platensis) Supplemen-
tation on Antioxidant Status and Immunity in Growing Barbari Goats. Int
J Livest Res 8(12): 252-257. doi: 10.5455/ij1r.20180403064752

Yamamoto M, Kensler T W, Motohashi H. 2018. The KEAP1-NRF2 system:
a thiol-based sensor-effector apparatus for maintaining redox homeosta-
sis. Physiol Rev 98(3): 1169-1203. doi: 10.1152/physrev.00023.2017.

Ye Z-W, Zhang J, Townsend D M, Tew K D. 2015. Oxidative stress, redox
regulation and diseases of cellular differentiation. Biochim Biophys
Acta (BBA)-General Subjects 1850(8): 1607-1621. doi: 10.1016/j.
bbagen.2014.11.010.

Ytting H, Christensen I, Steffensen R, Alsner J, Thiel S, Jensenius J C, Hansen
U, Nielsen H. 2011. Mannan-binding lectin (MBL) and MBL-associated
serine protease 2 (MASP-2) genotypes in colorectal cancer. Scand J Im-
munol 73(2): 122-127. doi: 10.1111/j.1365-3083.2010.02480.x.

Yu B P. 1994. Cellular defenses against damage from reactive oxygen species.
Physiol Rev 74(1): 139-162. doi: 10.1152/physrev.1994.74.1.139.

Zhang H, Wei Y, Zhang F, Liu Y, Li Y, Li G, Han B, Wang H, Zhao W, Wang
C.2019. Polymorphisms of MASP2 gene and its relationship with masti-
tis and milk production in Chinese Holstein cattle. Biotechnol Biotechnol
Equip 33(1): 589-596. https://doi.org/10.1080/13102818.2019.1596755

JHELLENIC VET MED SOC 2024, 75 (2)
TIEKE 2024, 75 (2)


http://www.tcpdf.org

