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Mannan oligosaccharide (MQOS)
on growth performance,
immunity, inflammatory and
antioxidant responses of the
common carp (Cyprinus carpio)
under ammonia stress

Shuqun Xue', Banghua Xia', Bitao Zhang, Linyuan Li,
Yuning Zou, Zhentao Shen, Yifang Xiang, Ying Han*
and Weixing Chen*

College of Animal Science and Technology, Northeast Agricultural University, Harbin, China

This study evaluated the potential effects of mannan oligosaccharide (MOS) on
the health status of common carp under ammonia stress. The experimental fish
were equally divided into four groups. The control group was fed with a basal
diet. The ammonia stress group (Am group) was fed with a basal diet and set in
the culture environment with 0.15 mg/L NH3. The MOS group was fed 0.2%
MOS with a basal diet. The treatment group (MOS/Am group) was fed 0.2%
MOS feed under ammonia exposure (NH3, 0.15 mg/L). These groups were fed
for 30 d. The results showed that under ammonia stress, the growth
performance decreased significantly, and the activities of non-specific
immune factors, intestinal digestive enzymes, and antioxidant enzymes
decreased significantly. Dietary supplementation of MOS, the growth
performance, the activities of non-specific immune factors, intestinal
digestive enzymes, and antioxidant enzymes increased. Histopathological
studies showed that adding MOS reduced liver, gill, and intestine tissue
damage under ammonia exposure. Our study suggests that adding MOS to
the diet can improve growth performance, immunity, antioxidant capacity, and
intestinal health of the common carp. MOS can effectively alleviate the
oxidative damage and inflammatory response caused by ammonia poisoning
to common carp.
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mannan oligosaccharide (MOS), common carp, ammonia stress, growth
performance, immunity

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2022.1062597/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.1062597/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.1062597/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.1062597/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.1062597/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.1062597/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.1062597&domain=pdf&date_stamp=2022-12-15
mailto:wxchen@neau.edu.cn
mailto:hangyingzou@neau.edu.cn
https://doi.org/10.3389/fmars.2022.1062597
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2022.1062597
https://www.frontiersin.org/journals/marine-science

Xue et al.

Introduction

In recent years, due to the adoption of large-scale intensive
farming models, the density of aquaculture is too high, the
feeding mode is extensive, and the nutrition of compound feed is
unbalanced, which causes the concentration of ammonia
nitrogen in aquaculture water to exceed the standard (Yuen
and Chew, 2010; Badiola et al., 2018). Ammonia is highly toxic
to aquatic animals and can cause oxidative stress,
immunosuppression, inflammatory response, tissue damage,
and even fish death (Paust et al., 2011; Liew et al., 2013; Li
etal,, 2014). The ability to reduce the harmful effects of ammonia
stress on aquatic animals has significant application value. The
development and application of aquatic feed additives have
received a lot of attention (Tacon, 2020). Feed additives can
protect fish health under ammonia stress. Adding myrcene or
menthol (Hoseini et al., 2019), garlic (Yousefi et al., 2020), 1,8-
cineole (Mirghaed et al., 2019), and olive leaf extract
(Rajabiesterabadi et al., 2020) can attenuate oxidative stress
and tissue damage during ammonia exposure.

Mannan oligosaccharide (MOS) is a new active antigen
substance extracted from yeast cell walls. MOS is relatively
stable during feed processing and granulation and can
maintain its structural and functional integrity (Sims et al.,
2004; Castillo et al., 2008). MOS is considered an ideal
substitute to replace antibiotic additives and can improve
poultry and piglets’ production performance, intestinal
microflora, antioxidant capacity, and immune function (Zhao
et al, 2012). As a new type of green feed additive, MOS has
gradually being studied in aquaculture. Adding MOS improved
the growth performance and immunity of the grass carp
(Ctenopharyngodon idella) (Zyl et al., 2020),the common carp
(Cyprinus carpio) (Mohammadian et al., 2019), the Nile tilapia
(Oreochromis niloticus) (Selim and Reda, 2015), and the
Japanese flounder (Paralichthys olivaceusflounder) (Ye
et al., 2011).

Organisms have a complete antioxidant defense system.
Superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSH - PX) enzymes are the main antioxidant
enzymes that play an important role in scavenging free
radicals, relieving oxidative stress, and protecting cell integrity
(Li et al., 2014).Adding MOS improved the activity of
antioxidant enzymes and reduce the contents of ROS and
MDA of the Nile tilapia and the grass carp under ammonia
stress. Inflammatory cytokines are endogenous polypeptides
produced by immune system cells that can mediate various
immune reactions. MOS alleviated the inflammatory reaction of
the Japanese flounder, the rainbow trout (Oncorhynchus mykiss)
(Estrada et al., 2009), and the Caspian trout (Salmo trutta
caspius) (Jami et al., 2019) under ammonia stress.

There is no research on the effect of MOS on the
physiological status of aquatic animals exposed to ammonia.
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The common carp (Cyprinus carpio) is a widely cultivated
freshwater bony fish (Xu et al, 2014). Therefore, this study
reports whether MOS alleviates the harmful effects of excessive
environmental ammonia on the common carp, as well as
provides a reference for healthy breeding.

Materials and methods
Experiment management

The basic feed formula and production method was based on
a prior study conducted in our laboratory (Xue et al., 2022). The
experimental feed was prepared by adding 0.2% MOS to the
basal feed (Mohammadian et al., 2019). The feed formulas are
shown in Table 1. The MOS (purity 99%) was purchased from
Shanghai Xige Biology Science and Technology Co., Ltd., China.
The experimental common carp were taken from the
experimental aquaculture station of Northeast Agricultural
University, Harbin, China. A total of 400 common carp fish
with an initial weight of 232.51 + 5.28 g were included in the
study. Each experimental group included five replicates, and 20
fish were included in each replicate. The experimental fish were
acclimated for 7 d in a circular aquaculture system (300 L) and
fed with a basic feed. The experiment was divided into four
groups, namely control, Am, MOS, and MOS/Am groups. The
control group was fed with a basic feed. The Am group was
exposed to ammonia (NH3, 0.15mg/L) and fed a basic feed. The
MOS group was fed with experimental feed with 0.2% MOS. The
MOS/Am group was exposed to ammonia (NHj, 0.15mg/L) and
fed 0.2% MOS. During the experiment, the fish were fed twice
daily, and the feeding amount was 3% of the body weight.
Aquaculture water met the requirements of APHA (APHA,
2005) (APHA, 2005). The fish were raised for 30 d.

All the procedures were approved by the Laboratory Animal
Ethics Committee of Northeast Agricultural University.

Sample collection

Before sampling, the fish were fasted for 24 h. The
experimental fish were anesthetized in each group with MS-
222 (20mg/L), weighed, and counted. Blood was collected from
five fishtail veins. The serum was separated by centrifugation at
5,000 x g for 10 min at 4°C and stored at -80°C for determination
of biochemical and immune indices. Viscera were dissected, and
the hepatopancreas was separated. Total visceral weight and the
hepatopancreas weight were determined. Intestines were stored
in liquid nitrogen to determine the activity of intestinal digestive
enzymes. Part of the hepatopancreas tissues was frozen with
liquid nitrogen for antioxidant enzyme activity determination
and related gene mRNA analysis. The gill, hepatopancreas, and
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TABLE 1 Ingredients and approximate composition of the basal and experimental diet (DM basis) %.

Ingredients

Fishmeal

Soya bean meal

Wheat middling

Fish oil

Soya bean oil
carboxymethylcellulose (CMC)
MoOs !

Vitamin premix2
Phospholipid

Choline chloride

Mineral premix’
L-methionine
L-threonine

Lysine

NaH,PO,

Mg SO47H,0

Toal

Nutrient levels

Crude protein/CP (DM basis) %
Crude lipid (DM basis) %
moisture

ash

Gross energy(M]-kg-1)

Caloric-protein ratio

1 Xige biology science and technology co., Itd., China.

Ctrl Mos
20.0 20.0
34.0 34.0
29.5 29.5
2.0 2.0
3.5 35
6.7 6.5
0 0.2
0.50 0.50
1.0 1.0
0.2 0.2
0.2 0.2
0.2 0.2
0.3 03
0.5 0.5
12 12
0.2 0.2
100.00 100.00
30.81 31.05
8.17 8.19
7.12 6.98
8.33 8.47
13.89 13.75
10.59 10.36

2 The vitamin premix provided the following per kg of the diet: VA 15,000 IU, VC1000 mg, VD3 3,000 IU, VE 60 mg, VK3 5 mg, VB1 15 mg VB2 30mg, VB6 15 mg, B12 0.5 mg, nicotinic

acid 175 mg, D-biotin 2.5 mg, inositol 1,000 mg, folic acid 5 mg, pantothenic acid 50 mg.

3 The mineral premix provided the following per kg of the diet: Zn 60 mg, Cu 3 mg, Fe 25 mg, Mn 15 mg, I 0.6 mg, Co 0.1 mg, Se 0.4 mg, Mg 0.7 mg.

intestinal tissues were cut from the same position of
experimental fish and then fixed with 4% paraformaldehyde to
prepare tissue sections.

Proximate compositions

Proximate compositions of feed were determined according
to the AOAC method (AOAC, 1995).

Computational analysis

The growth index calculation formula is shown in Table 2.

Tissue morphology
The tissues of the gill, the hepatopancreas, and the intestinal

were cut from the same position as the experimental fish, fixed
with 4% paraformaldehyde and embedded with paraffin,
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sectioned by Wuhan Seville Biotechnology Co., Ltd., China,
and stained by hematoxylin and eosin (H&E).

Serum biochemistry and
immune parameters

The serum was thawed at 4°C. Serum biochemical
parameters were determined using a commercial kit. The
activities of growth hormone (GH), insulin-like growth factor
(IGF-I), immune enzymes, and cytokines were determined using
the commercial kit H091-1-1, HO041 (Jiancheng Institute of
Biological Engineering, Nanjing, China).

Intestinal digestive enzyme
The whole intestine was weighed, and 0-4°C physiological
saline, according to the volume of 1:9, was homogenized and

centrifuged to obtain the supernatant. The activities of protease,
amylase, and lipase were measured using the commercial kit
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TABLE 2 The calculation method of growth parameters.

The growth parameters

WGR (weight gain rate, %)
SGR (specific growth rate, %)
FCR (Feed conversion ratio)
HSI (Hepatosomatic index)
CF(Condition factor,g/cm”)

W060-1-1,C016-1-1,A054-1-1 (Jiancheng Institute of Biological
Engineering, Nanjing, China).

Antioxidant activity in hepatopancreas

The hepatopancreas tissue was homogenized with 0-4°C
phosphate buffer, and the supernate was collected. Total
antioxidant capacity (T-AOC), the activities of SOD, CAT,
GSH-Px, and the contents of ROS and MDA were determined
using commercial kits A015-2-1, A001-3-2, A007-1-1, A005-1-2,
E004-1-1, A003-1-2 (Jiancheng Institute of Biological
Engineering,Nanjing, China).

Gene expression analysis

Total RNA of hepatopancreas tissue was extracted using the
Trizol method (China Vazyme Biotechnology Co., Ltd.), and
RNA was reverse transcribed into complementary DNA
(cDNA). The expression level of related genes was analyzed by
quantitative real-time polymerase chain reaction (qQRT-PCR).
The primer information of genes are provided in Table 3. The
PCR reaction mix contained 1 UL of upstream primer, 1 L of
downstream primer, 10 pL of SYBR green, 1 pL of
complementary DNA (cDNA) template, and 7 pL of ddH,O.
The PCR conditions were as follows: 95°C for 30 s, 40 cycles of
95°C for 5 s, and 60°C for 30 s (Xue et al.,, 2022). Each sample
included three biological replicates, and all reactions were
performed in triplicate. The internal reference gene B-actin
was used. The relative expression was calculated according to
the 2-**CT method.

Data analysis

Statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS) 20.0 software, including one-way
analysis of variance (ANOVA) and Duncan’s multiple
comparisons. All experiments were conducted at least three
times, and all data were expressed as mean + standard error
(SE). In the same row, values with no or the same letter
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Calculation method

(final body weight - initial body weight)/initial body weight x100
(Ln final BW -Ln initial BW)/daysx100

Total dry feed intake (g)/(Final body weight - Initial body weight)
(Liver weight/Body weight)x100

Final body weight/Final body length’x100

superscripts indicated no significant difference (P > 0.05), and
values with different letter superscripts indicated a significant
difference (P < 0.05).

Results
Growth performance

The specific growth rate (SGR), and weight gain rate (WGR)
were decreased in the Am group and increased significantly in the
MOS group (P < 0.05). The FCR decreased significantly in the MOS
group and increased significantly in the AM group (P < 0.05).
However, there was no significant difference in SGR, WGR, and
Feed conversion ratio (FCR) between the control and the MOS/Am
groups (P > 0.05). Condition factor (CF) and Hepatosomatic index
(HSI) increased significantly in the MOS group (P < 0.05). The
results are shown in Table 4.

Serum biochemical and
nonspecific immunity

The contents of total protein (TP), albumin (ALB), and
globulin (GLB) were decreased significantly in the Am group
(P < 0.05) and increased significantly in the MOS group
(P < 0.05). The content of urea nitrogen (UN) in the Am
group was increased, while it decreased significantly in the
MOS group (P < 0.05). The NO content increased significantly
in the Am group (P < 0.05). The results are shown in Table 5.

The activities of immune enzymes, such as alysozyme (LZM),
complement 3 (C3), complement 4 (C4), and alkaline
phosphatase (AKP), decreased significantly in the Am group
and increased in the MOS group (P < 0.05). The activities of
Aspartate aminotransferase (AST) and Alanine aminotransferase
(ALT) increased significantly in the AM group (P < 0.05) and
decreased in the MOS group (P < 0.05). Cortisol and Glucose
contents increased significantly in the AM group (P < 0.05).
However, there was no significant difference in the activities of
immune enzymes and the content of cortisol and glucose between
the control and MOS/Am groups (P >0.05). The results are shown
in Table 5.
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TABLE 3 Primers of Real-time PCR determination genes expressions.
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Forward sequences

TGAGGACTTCTACTTGACCATG
CTCTCAGCCATTCGCCTTAC
TGAGCTGTCGGAAGCCATCAAG
AGACGACACCCATCGCTGTTCG
TGGTGAACAGCAGAGGGAGGT
ACCAGCTGGATTTGTCAGAAG
AAGACAGTGATGGAGCAGCAGAAA
GTCTTAGAGGACTGGGTGTA
GCTCTGGTTATGTTTCTGCTTTCTGAC
TCTTGAGGAACCTGAGCAGAA
GGTGATGGTGTCGAGGAGGAA
TGTGAGCGAGCCAAGAGAACCC
CTTGAGGAAGGCGAGAAAC
TGCCATCCTCCGTCTGGACTTG

Reverse sequences

CAGGCATTGACTAACAATACACC
AAGGTCCCAGTTGCCCTCATCG
TTGGTTCCCACATGCAGCAATCC
AAGGTCCCAGTTGCCCTCATCG
ATCAGCTTCCGAACCATATCCGCTA
ACATACTGAATTGAACTTTG
AGATACAGTTCACCCTCACAGCAATG
ACAGTGTGAGCTTGGAGGGA
AGCCCTCCACAAATGAGCAACAG
TGTGCAAGTCTTTCCTTTGTAG
TGGAAAGACACCTGGCTGTA
ATCCTCCCAGTCATTGCTT
ATCCTCCCAGTCATTGCTT
CTCCTGCTTGCTGATCCACATCTG

Primer Accession number
GH M27000.1
IGF-1 D83272.1
SOD XM_019111527.1
CAT GQ376154.1
Gsh-Px NC_031699.1
IL-1B AB010701.1
IL-6 NW_017537946.1
IL-8 EU011243.1
IL-10 NC_031708.1
IFN-y NM_001361222.1
TNF-o. AJ311800.1
HSP70 XM_019074376.1
HSP90 KT985294.1
B-Action JQ619774.1

Digestive enzyme activity

The activities of protease, lipase and amylase increased in the
MOS group and decreased in the Am group (P<0.05). There was
no difference between the control and MOS/Am groups
(P > 0.05). The results are shown in Table 6.

Growth hormone, antioxidant enzymes,
and cytokines

The contents of GH and IGF-I were the highest in the MOS
group and the lowest in the Am group (P < 0.05). However, there
was no difference in the levels of GH and IGF-1 in serum
between the control and MOS/Am groups (P > 0.05) (Figure 1).
The activities of antioxidant enzymes (SOD, CAT, GSH-Px, and
T-AOC) in the liver increased significantly, and the contents of
MDA and ROS decreased significantly in the MOS group
(P < 0.05). In the AM group, the activities of antioxidant
enzymes decreased significantly, and the contents of MDA and
ROS increased significantly (P < 0.05). There was no significant
difference in the activity of antioxidant enzymes and ROS

content between the control and MOS/Am groups (P > 0.05)
(Figure 2). The activities of serum proinflammatory cytokines,
such as IL-1B, IL-6, IL-8, IFN-y, and TNF-0, increased
significantly in the AM group, and IL-6, IL-8, TNF- o
decreased significantly in the MOS group (P < 0.05).
Nevertheless, there were no significant differences in the
activities of proinflammatory cytokines between the control
and MOS/Am groups (P > 0.05) (Figure 3).

Gene expression

The gene expression levels of GH and IGF-I were the highest
in the MOS group. The gene expression levels of Heat shock
protein 70 (Hsp70) and Heat shock protein90 (Hsp90) were the
highest in the Am group and were not significantly different
between the control and MOS groups (P > 0.05) (Figure 4). The
gene expression levels of SOD, CAT, and GSH-Px were
significantly down-regulated in the AM group and up-regulated
in the MOS group (P < 0.05). There was no significant difference
between the control and MOS/Am groups (P > 0.05) (Figure 5).
The gene expression levels of pro-inflammatory genes were up-

TABLE 4 Effects of dietary MOS on the growth performance of the common carp under ammonia stress for 30 days.

Ctrl Am
WGR % 45829 + 12.36"
SGR % 421 +0.12° 3.44 + 038
FCR % 2.33 +0.02° 2.84 +0.13°
CF g/em’® 2.35 +0.14° 1.82 + 0.01°
HSI 2.45 +0.01° 2.53 +0.12°

337.36 + 33.28°

MOS MOS/Am

529.45 + 65.39° 446.72 + 32.81°

5.16 + 0.34° 3.97 +0.32°
1.81 + 0.03¢ 212 +0.11°
2.65 + 0.13 2.24 +0.02°
2,92 +0.11% 2.62 + 0.05°

Values expressed as means + SE (n = 3).Values with different superscripts in the same row differ significantly (P < 0.05). Values with no superscripts indicated no significant difference (P > 0.05).
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TABLE 5 Effects of dietary MOS on the serum biochemical and immune parameters of the common carp under ammonia stress for 30 days.

Ctrl
TP (g/L) 2648 + 1.25°
ALB (g/L) 3.77 +0.24°
GLB (g/L) 20.66 + 3.31°
UN (mmol/L) 0.55 + 0.12°
NO (umol/L) 117.66+ 12.62°
LZM (ug/mL) 3.77 +0.15°
C3 (g/L) 0.22 +0.02°
C4 (g/L) 0.14 + 0.01°
AKP (U/mL) 77.49 + 6.05°
AST (U/L) 5122 + 6.13°
ALT (U/L) 8.74 + 0.22°
Cortisol(ng/mL) 31.05+ 6.47°
Glucose (mmol/L) 7.13 + 0.73°

Am

16.44 + 5.05°
2.52+ 0.28°
14.17 + 2.15¢
0.86 + 0.09"
142.32 + 7.33%
1.99 + 0.26°
0.13 £ 0.01°
0.04 + 0.01°
51.24 + 3.22°
87.55 + 5.64"
16.84 + 1.67°
71.36+ 5.14°
18.73 + 0.18"

MOS

4324 +7.21°
5,52+ 0.61°
2835 + 546"
0.32 + 0.04°
122.14 + 21.25¢
4.61 + 0.44°
046 + 0.15
0.21 + 0.03*
94.38 + 10.17*
35.26 + 2.11¢
6.04 + 0.82°
30.13 + 3.02°
7.10 + 0.05"

MOS/Am

2824 + 3.67°
3.42 + 0.62°
18.93 + 1.26°
0.51 + 0.14°
133.24 + 8.54°
3.59 + 0.16"
0.23 + 0.03"
0.15 = 0.02°
7138 + 8.23"
77.66 + 7.75°
13.58 + 0.64°
31.06 + 2.25°
8.42 + 0.56"

Values expressed as means + SE (n = 3). Values with different superscripts in the same row differ significantly (P < 0.05). Values with no superscripts indicated no significant difference (P >

0.05).

TABLE 6 Effects of dietary MOS on the intestinal digestive enzyme and intestinal morphology of the common carp under ammonia stress for 30 days.

Ctrl
Protease U/mg 3.87 +0.12°
Lipase U/mg 0.17 + 0.02°
Amylase U/mg 0.24 +0.0°
Villi height (um) 773.16 + 24.13°
Villi width (um) 118.62 + 15.16°
Muscular thickness (m) 107.64 + 16.18"

Am

3.10 + 0.22°
0.10 + 0.02°
0.14 + 0.02°
687.43 + 30.07°
101.10 + 6.04°
76.45 + 3.28"

MOS

4.97 +0.23%

0.46 + 0.02°

0.48 + 0.23"
819.07 + 52.25%
146.04 + 6.08"
113.92 + 13.28°

MOS/Am

3.78 + 0.07°

0.21 + 0.0°

0.25 + 0.02°
736.10 + 8.16"
113.26 + 5.88°
102.27 + 5.36

Values expressed as means + SE (n = 3). Values with different superscripts in the same row differ significantly (P < 0.05). Values with no superscripts indicated no significant difference (P >

0.05).

regulated in the Am group (P < 0.05), but there was no significant

difference between the control, the MOS and the MOS/Am groups

(P > 0.05). The expression of the anti-inflammatory gene
(interleukin-10, IL-10) was up-regulated in the MOS group and

down-regulated in the AM group (P < 0.05) (Figure 6).

>

Histopathology

The histological observation of the hepatopancreas is shown in
Figure 7. The hepatopancreas of the control, the MOS, and the

MOS/Am groups were similar in structure. The liver tissue showed

T 7 ) -

56 . 2 7
< % = 300 %
5 % %
Ez % §1°° %
) % e %

FIGURE 1

Effects of dietary MOS on the growth hormone content of the common carp under ammonia stress for 30 days. Values are expressed as mean
+ standard error (SE) from triplicate groups. Bars with different letters differ significantly from those of other groups (P < 0.05). GH content (A),

IGF-1 content (B).
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(9]
©
8
3
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o
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g
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- o

MDA (nmol/mg prot)

Mos Mos/Am

Ctrl

Mos Mos/Am

Effects of dietary MOS on the antioxidant capacity of the common carp under ammonia stress for 30 days. Values are expressed as mean +
standard error (SE) from triplicate groups. Bars with different letters differ significantly from those of other groups (P<0.05). SOD activity (A), CAT
activity (B), GSH-PX activity (C), T-AOC level (D), ROS content (E), MDA content (F).

a complete arrangement of polyhedral cells. In the Am group, the
blood sinus was congested, and there were vacuolized and
inflammatory cells. The liver cell in the MOS/Am group showed
normal structure with a few vacuolated cells. The observation of gill
tissue structure is shown in Figure 8. In the control and the MOS
groups, the gills showed normal tissue structure. Gill cells in the AM
group had some vacuolated and inflammatory cells. The gills
showed a relatively normal structure with slight vascular

A B

80 100
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Ctrl
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Am Mos Mos/Am

FIGURE 3

congestion and few vacuolated cells in the MOS/Am group. Villi
height, villi width, and muscular thickness decreased significantly in
the Am group (P < 0.05), and villi and muscular thickness were
shed. After adding MOS, the intestinal villi height and width of carp
significantly increased (P < 0.05). The microvilli structure was
complete, and the number of goblet cells increased. In the MOS/
Am group, the shedding of intestinal villi was reduced. There was
no significant difference in muscular thickness, villi height, and villi
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Effects of dietary MOS on the activity levels of inflammatory factors of the common carp under ammonia stress for 30 days. Values are
expressed as mean + standard error (SE) from triplicate groups. Bars with different letters differ significantly from those of other groups (P <
0.05). IL-1B content (A), IL-6 content (B), IL-8 content (C), IFN-y content (D), TNF-o. content (E), IL-10 content (F).
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Effects of dietary MOS on the mRNA expression of heat shock
protein genes of the common carp under ammonia stress for 30
days. Values are expressed as mean + standard error (SE) from
triplicate groups. Bars with different letters differ significantly from
those of other groups (P < 0.05). GH relative mRNA expression (A),
IGF-I relative mRNA expression (B), Hsp70 relative mRNA
expression (C), Hsp90 relative mRNA expression (D)

width between the control and the MOS/Am groups (P > 0.05)
(Figure 9 and Table 6).

Discussion

Excessive ammonia concentration in aquatic animal breeding is
a common and severe problem. Excessive ammonia concentration
weakens the health of aquatic animals. The feed with the
appropriate addition of myrcene or menthol (Hoseini et al,
2019), 1,8-cineole (Rajabiesterabadi et al., 2020), and garlic
(Yousefi et al, 2020) improved the ammonia resistance of the
common carp. MOS is considered to improve production
performance, optimize intestinal microflora, and enhance
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immunity in livestock, poultry and aquatic animal breeding
(Mateo et al., 2000; Zhao et al., 2012; Zyl et al,, 2020). To date,
there has been no study of the effect of MOS on fish physiology
under ambient ammonia.

There were differences in results about the effects of MOS on
fish growth performance. In the grass carp, the Nile tilapia, the
flounder, the rainbow trout, the Atlantic salmon (Salmo salar)
(Grisdale-Helland et al., 2008), the red sea bream (Pagrus major)
(Dawood et al., 2020), the hybrid grouper (Epinephelus lanceolatus3d
x Epinephelus fuscoguttatus@) (Ren et al., 2020), the Caspian trout
(Jami et al,, 2019), and the Chinese mitten crab (Eriocheir sinensis)
(Lu et al,, 2019), MOS can improve SGR, WGR, and reduce feed
coefficient. Conversely, in the hybrid tilapia (Oreochromis
niloticusxO. aureus), excessive addition of MOS may have a
negative impact on the growth of fish (Genc et al, 2007b). In the
gilthead seabream (Sparus aurata) (Dimitroglou et al., 2010), and
the Mexican sturgeon (Acipenser oxyrinchus desotoi) (Pryor et al,
2003), the addition of MOS in the feed had no significant effect on
SGR, feed coefficient and other growth indicators.The differences in
the growth effects of MOS on fish may be related to fish species and
growth and development stages, breeding environment, and feeding
cycle.In this study, ammonia stress reduced the growth
performance of common carp, and MOS promoted growth
performance and significantly reduce FCR. Adding MOS to feed
reduced the negative impact of ammonia stress on the growth
performance of common carp. MOS significantly increased CF and
HSI of the common carp. HSI and CF are important indicators of
the physiological and nutritional status of fish (Xue et al., 2022).
Adding MOS can help improve the hepatopancreas function and
nutrient accumulation of the common carp. The content and
mRNA expression of GH and IGF-I were the highest in the MOS
group, thus MOS promoted the mRNA expression of GH and IGF-
I, which was consistent with the variation trend of growth traits.

The intestinal digestive enzyme of fish is an important index
that reflects the digestion ability and absorption of nutrients
(Mohammadian et al, 2019). MOS improved the activities of
trypsin, amylase, and lipase in the intestines of the European sea
bass (Dicentrarchus labrax) (Torrecillas et al., 2013), the Pacific
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Effects of dietary MOS on the mRNA expression of antioxidative genes of the common carp under ammonia stress for 30 days. Values are
expressed as mean + standard error (SE) from triplicate groups. Bars with different letters differ significantly from those of other groups (P <
0.05). SOD relative mRNA expression (A), CAT relative mRNA expression (B), GSH-PX relative mRNA expression (C).
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Effects of dietary MOS on the mRNA expression of inflammatory genes of the common carp under ammonia stress for 30 days. Values are
expressed as mean + standard error (SE) from triplicate groups. Bars with different letters differ significantly from those of other groups (P <
0.05). IL-1P relative mRNA expression (A), IL-6 relative mRNA expression (B), IL-8 relative mRNA expression (C), IFN-v relative mRNA expression
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white shrimp (Litopenaeus vannamei) (Chen et al, 2020), the
freshwater crayfish (Paranephrops planifrons) (Sang et al., 2015),
the rainbow trout (Dimitroglou et al., 2009), and the Japanese
flounder (Ye et al., 2011), which is consistent with the results of this
study. Adding MOS to the diet contributes to the growth
performance of animals, and its mechanism of action may be
attributed to improved intestinal health. From the structural point
of view, MOS has a few 1,4 glycosidic bonds, hence it is not easy to
be digested and absorbed by fish. MOS enters directly the hindgut
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FIGURE 7
Effects of dietary MOS on the histological structure of
hepatopancreas of the common carp under ammonia stress for
30 days. Stain H&E. Bar = 20 um. 63.00X. Control group (A),
ammonia group (B), MOS group (C), and MOS/Am group (D). H,
Hepatocyte; K, Cell nuclear deviation; EV, Cell vacuolation; CC,
Inflammatory cells.
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of fish as the specific nutrient matrix of beneficial bacteria such as
Lactobacillus and Bifidobacterium, which promotes the proliferation
of beneficial bacteria and improves the intestinal flora and digestive
enzyme activity. The results in a balanced intestinal flora structure,
enhanced digestive ability, and improved nutrient absorption
efficiency, promoting the growth performance of fish
(Mohammadian et al., 2019; Chen et al., 2020).

Serum biochemical factors reflect the metabolism and
nutritional status of the protein. TP level was considered to be
positively correlated with immune ability (Xue et al,, 2022). The
content of urea nitrogen (UN) can reflect the metabolism of protein
and the balance of amino acids (Mirghaed et al., 2019). AST and
ALT are the most important aminotransferase in fish that can be
used to evaluate liver health. Elevated levels of AST and ALT reflect
abnormal liver function and are used to evaluate the stress response
of fish (Xue et al, 2022). Serum cortisol and glucose content are
crucial indicators of the state of stress fish. Cortisol can promote
gluconeogenesis and glycogen decomposition, as well as accelerate
glucose production to meet the increased energy demand of fish
under stress (Fevolden, 2010). In this study, MOS promoted the
contents of TP, ALB, and GLB, which improved the immunity of
the common carp. Adding MOS to the feed could promoted protein
synthesis and reduced the serum’s UN content. The activities of
AST and ALT increased significantly under ammonia stress but
decreased significantly after adding MOS (P < 0.05).There was no
significant difference in the activities of AST and ALT between the
MOS/Am and the control groups. These results showed that MOS
prevented lipid peroxidation of the cell membrane, inhibited the
release of AST and ALT enzymes into plasma, and kept the liver cell
integrity. Adding MOS to the feed reduced effectively the liver
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FIGURE 8

Cell nuclear deviation; CC, Inflammatory cells.

injury caused by ammonia exposure. In this study, MOS inhibited
the increase of cortisol and glucose, and reduced the oxidative stress
caused by ammonia. These result was similar to those obtained with
garlic (Yousefi et al, 2020) and shrimp carotenoids (Rama and
Manjabhat, 2014), which inhibited the increase of cortisol content
in fish under ammonia pressure.

The immune system of the animal body includes specific
immunity and non-specific immunity. When pathogenic
microorganisms and foreign bodies invade, non-specific
immunity removes pathogenic bacteria and foreign bodies
through physical barriers, phagocytosis, bacteriolysis, and

FIGURE 9

Effects of dietary MOS on the histological structure of Intestinal of
the common carp under ammonia stress for 30 days. Bar = 100
um, H&E Staining, 10.00X. Control group (A), ammonia group (B),
MOS group (C), and MOS/Am group (D). M, Muscular; V, Villi; G,
Goblet cell.
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Effects of dietary MOS on the histological structure of gills of the common carp under ammonia stress for 30 days. Stain H&E. Bar = 20 pm,
40.00X. Control group (A), ammonia group (B), MOS group (C), and MOS/Am group (D). PF, Gill filament; SF, Gill patch; EV, Cell vacuolation; K,
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agglutination. Lysozyme, complement, and alkaline phosphatase
are essential components of the nonspecific immune system (Zhang
et al, 2014). Enhancing the activity of immune enzymes can
improve the body’s overall immune function (Dalmo et al., 1997)
(Xia and Wu, 2018). MOS can enhance the activity of immune
enzymes in the serum of the grass carp (Zyl et al,, 2020), the Nile
tilapia (Selim and Reda, 2015), the rainbow trout (Estrada et al,
2009), and the Chinese mitten crab (Lu et al., 2019). In our study,
the activities of immune enzymes were inhibited under ammonia
stress and were improved in the MOS group. Adding MOS to the
diet can effectively alleviate the immunosuppression of common
carp under ammonia stress. MOS can optimize the intestinal
microflora and promote the proliferation of beneficial bacteria
and the phagocytic ability of macrophages, thereby improving the
activity of related immune enzymes and positively impacting the
body’s non-specific immunity (Torrecillas et al., 2007). MOS can
improve the immune enzyme activity of common carp, thus
enhancing its non-specific immune function.

The antioxidant enzyme activities of animals are influenced
by both in-vivo and in-vitro environments (Sies, 1997).
Ammonia poisoning inhibits the activity of antioxidant
enzymes, such as Carassius auratus (Qi et al., 2017) and
Litopenaeus vannamei (Lin and Chen, 2001). SOD activity in
the liver was not affected by ammonia nitrogen exposure in
studies on the rainbow trout, the common carp, the goldfish (C.
auratus), and the Dicentrachus labrax (Sinha et al.,, 2014; Xue
etal,, 2021). However, SOD activity increased significantly under
ammonia exposure in Takifugu obscurus (Wang et al,, 2015),
Macrobrachium rosenbergii (Zhang et al., 2015), and
Pelteobagrus vachelli (Li et al., 2014). The physiological
responses of antioxidant enzymes in different fish exposed to
an ammonia nitrogen environment are not completely
consistent, which may be due to the difference in ammonia
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nitrogen tolerance among fish species. The level of ROS in fish
poisoned by ammonia will increase, leading to the destruction of
protein structure and the occurrence of cell membrane
peroxidation (Xue et al., 2021). The content of MDA may
reflect the degree of oxidative damage. Our study showed that
adding MOS improved the activity of antioxidant enzymes and
reduced the contents of ROS and MDA under ammonia stress,
consequently enhancing the antioxidant capacity and reducing
oxidative stress and damage to the common carp.

Ammonia poisoning induces an inflammatory response in
the body. Inflammatory cytokines can mediate various immune
responses. The activity of inflammatory cytokines is an
important index of animal immunity and anti-inflammatory
responses (Xue et al., 2022). In our study, ammonia stress caused
the inflammatory reaction of the common carp, and MOS could
alleviated the inflammatory reaction under ammonia stress,
which was consistent with observations stating that MOS
improved the expression levels of inflammation-related genes
and the anti-infection ability of Allogynogenetic crucian carp
(Carassius auratus gibelio) (Liu et al., 2013), and the European
sea bass (Dicentrarchus labrax) (Torrecillas et al., 2007). Heat
shock protein (Hsp) refers to the protein produced by cells
induced by stressors, which has molecular chaperone activity.
When external factors stimulate cells, they are induced to
generate heat shock proteins, which can improve the stress
ability of cells (Wang et al., 2020). The results showed that
MOS reduced the negative effects of ammonia stress by
regulating the expression of the heat shock protein gene.

Ammonia stress causes pathological damage to the liver, gills,
and intestinal tissues of the common carp, while the liver, gills, and
intestinal tissues in the Am/Mos group presented normal tissue
characteristics.This demonstrates that MOS improved the
antioxidant and anti-inflammatory ability of the body and
alleviate the tissue damage caused by ammonia stress. The height
width of intestinal microvilli increased in the MOS group. MOS
promotes the reacylation and synthesis of polar lipids. when the
utilization rate of lipids increases, the energy used for growth and
cell membrane synthesis increases, which is one of the reasons why
MOS improves the integrity of villi (Pryor et al., 2003). At the same
time, MOS can protect intestinal villi from stress damage by
promoting mucus secretion, thus improving the integrity and
height of villi (Dimitroglou et al,, 2009). Similar findings have
been reported in studies on the hybrid tilapia (Genc et al., 2007b),
the rainbow trout (Yilmaz et al, 2007), the gilthead sea bream
(Sparus aurata) (Dimitroglou et al, 2010), the white sea bream
(Diplodus sargus L.) (Dimitroglou et al., 2010), the larval cobi (Salze
et al., 2008), and the Gulf sturgeon in Mexico (Pryor et al., 2003).

Conclusion

Ammonia disrupted the antioxidant enzyme system and
immune response of the common carp, causing oxidative
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damage, immunosuppression, and inflammatory response.
MOS can improve growth performance and promote the
activity of intestinal digestive enzymes of the common carp. In
addition, MOS can regulate the activities of immune enzymes,
antioxidant enzymes, and inflammatory cytokines by regulating
the genes’ expression of antioxidation, inflammation and stress,
improve the capacity of antioxidant and non-specific immune,
and effectively relieve tissue damage and inflammatory reaction
caused by ammonia poisoning to the common carp.
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