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ABSTRACT The abuse of antibiotics for agricultural
purposes has been under scrutiny. Therefore, there is an
urgent need to find antibiotic substitutes in animal pro-
duction. The effects of chlorogenic acid, b-D-Glucan,
astragalus flavone, CpG-DNA, and chicken IgG on
spleen antioxidant capacity, apoptosis, and the immune
response in Shaoxing ducklings were investigated in this
study. The ducklings treated with b-D-Glucan, astraga-
lus flavone, CpG-DNA, and chicken IgG showed signifi-
cant reduction in catalase and superoxide dismutase
activities. The five immunopotentiators facilitated cas-
pase 3 expression and reduced Bcl2 expression in the
spleen. Compared to the control group, the protein level
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of COX2 was significantly upregulated in the chloro-
genic acid, CpG-DNA, and chicken IgG groups. The pro-
tein level of iNOS expression was significantly improved
in all immunopotentiator groups, except for the astraga-
lus flavone group. The five immunopotentiators induced
IL-1b, IFN-a, IFN-b, TNF-a, RIG-I, TLR3, and TLR7
gene expression. In summary, chlorogenic acid, b-D-Glu-
can, astragalus flavone, CpG-DNA, and chicken IgG, as
immunopotentiators, improved the innate immune
response in the ducklings, which not only provides a new
avenue for the development of efficient approaches to
prevent pathogen infections, but also offers an alterna-
tive to antibiotics in animal production.
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INTRODUCTION

Duck, as one of the main poultry foods for human
consumption, has become increasingly popular in
China (Zeng et al., 2016; Bai et al., 2020). However,
outbreaks of endemic diseases have always been a
major limiting factor in duck breeding. Some research
have demonstrated that antibiotics can enhance the
resistance to microbial invasion with an effective
treatment mode, while its abuse in animal food causes
the direct selection of antibiotic-resistant microbes
and turns the animal food systems into reservoirs of
antibiotic resistance genes (Barton, 2000; Davies and
Davies, 2010), which not only leads to massive eco-
nomic losses in the animal industry but also causes
dangerous issues for human public health. Reducing
antibiotic intake and eliminating antibiotic residues
in animal food has become a priority in food safety
and public health. Thus, it is important to find alter-
native antibiotics in animal production.
To minimize these problems and secure animal health,

modulating immune function is discussed as a potential
means to decrease disease susceptibility in farm animals
(Berends et al., 2001). Immunopotentiators, as potential
immune modulators, may increase resistance to infectious
diseases by enhancing specific immune responses and
enhancing nonspecific defense mechanisms (Sakai, 1999;
Masihi, 2000).
Adding immunopotentiators is an effective way to

increase immunocompetency and disease resistance in
animal production. Immunopotentiators from various
natural sources can modulate the immune system
(Abou-Elkhair et al., 2020). Immunopotentiators
have been widely studied in mice (Jie et al., 2020),
fish (Gantner et al., 2003; Herre et al., 2004), and
pigs (Hiss and Sauerwein, 2003). Cook et al. (2001)
has reported that b-glucan could significantly
improve the efficiency of macrophages against patho-
gens by recognizing the cell wall of Gram-negative
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fish pathogenic bacteria. Hiss and Sauerwein (2003)
showed that pig treated with b-glucan could enhance
the pattern recognition receptor (PRR) titers to
enhance the immunity of weaned piglets. Phytorem-
edies seem to be a significant source of immunomodu-
latory agents. Ayurveda documents the role of
“Rasayana” as a “system of rejuvenation” (Ali, 1998).

Hence, the availability of commercial immunopoten-
tiators is necessary for field application in animals.
Moreover, there are very few studies on the effects of
immunopotentiators in ducks. Our previous studies
demonstrated that chlorogenic acid, b-D-Glucan,
astragalus flavone, CpG-DNA, and chicken IgG could
enhance the immune effects of duck embryonic fibroblast
cells (DEFs) in vitro (Gu et al., 2020). In the present
study, the effects of these 5 immunopotentiators were
evaluated in vivo by determining spleen tissue antioxi-
dant activity, apoptosis, proinflammatory cytokines,
and immune-related gene expression. The purpose of
this study was to validate the immunoenhancement of
chlorogenic acid, b-D-Glucan, astragalus flavone, CpG-
DNA, and chicken IgG, which could emphasize the tre-
mendous potential of immunopotentiators as antibiotic
substitutes in ducks as well as in other animals.
MATERIALS AND METHODS

Ethics Approval

The animals used in this study were raised and
slaughtered in accordance with the National Stan-
dard of Laboratory Animal Guidelines for Ethical
Review of Animal Welfare (GB/T 35892-2018),
issued by the General Administration of Quality
Supervision, Inspection, and Quarantine of the Peo-
ple’s Republic of China and Standardization Admin-
istration of the People's Republic of China. All
experimental procedures were approved by the Insti-
tute of Animal Husbandry and Veterinary Science,
Zhejiang Academy of Agricultural Sciences (Hang-
zhou, China). We also confirm that all efforts were
made to minimize suffering.
Reagents and Ducklings

One hundred and fifty 1-day-old healthy Shaoxing
ducklings were obtained from Guiliu Breeding Company
(Zhoukou, Henan, China). Saline was purchased from
Kelun Pharmaceutical Co., Ltd. (Henan, China), chloro-
genic acid, b-D-Glucan, and astragalus flavone
were purchased from Yuanye Bio-Technology Co., Ltd
(Shanghai, China), CpG-DNA (50-GATATGCGACC-
GATT-30) was obtained from TSINGKE Biological
Technology (Beijing, China), and chicken IgG was pur-
chased from Solarbio (Beijing, China). All reagents were
dissolved in sterile water, the stock solutions were kept
at �20°C and protected from light until use. The
selected ducklings were immediately anesthetized with
sodium pentobarbital (intraperitoneal injection, 100
mg/kg) and killed by exsanguination.
Treatment Protocol

Based on our previous in vitro screening study on 22
kinds of immunopotentiators to determine the positive
immune regulatory effects of immunopotentiators
(Gu, et al., 2020), chlorogenic acid, b-D-Glucan, astrag-
alus flavone, CpG-DNA, and chicken IgG were chosen
for further in vivo study. Shaoxing ducklings in 1-day-
old were divided into 6 groups and subcutaneously
injected with 0.5 mL saline, 0.4 mL chlorogenic acid (1
mg/mL), 0.7 mL b-D-Glucan (1 mg/mL), 0.4 mL
astragalus flavone (5 mg/mL), 0.5 mL CpG-DNA (5
mg/mL), and 0.5 mL chicken IgG (1 mg/mL), respec-
tively, once daily for 3 d. Fifteen days after the last
immunopotentiator injection, the ducklings (5 ducklings
per group) were injected with pentobarbital sodium
(100 mg/kg). Spleen tissues were quickly separated on
an ice platform, and the large spleen leaves were placed
in 4% formalin fixative for in situ hybridization analysis.
The remaining spleen tissues were frozen at �80°C for
antioxidant indicators, protein, and gene expression
analysis.
Assay for Spleen Superoxide Dismutase,
Catalase, and MDA Levels

Spleen samples of 5 Shaoxing ducklings per group
were obtained for the determination of antioxidant
enzyme activities. Spleen superoxide dismutase (SOD)
(U/mL), catalase (CAT) (U/mL), and MDA (nmol/
mL) levels were assayed using a superoxide dismutase
assay kit (HY-60001), catalase assay kit (HY-60015),
and malondialdehyde assay kit (HY-60003), respec-
tively, in accordance with the manufacturer’s protocols.
In Situ Hybridization

Sense and antisense digoxigenin-labeled IL-1b, IFN-a,
and IFN-b gene-specific oligonucleotides were prepared
through 30 end-labeling reactions with kits (Exiqon,
Woburn, MA). In situ hybridization tissue slides were
incubated at 37°C for 2 min, fixed in 4% paraformalde-
hyde on ice for 15 min, and then washed twice for 5 min
in 1 £ phosphate-buffered saline (PBS). The slides were
treated for 10 min with 3% H2O2 to quench the endoge-
nous peroxidase. The slides were pre-hybridized for 2 h at
room temperature, and IL-1b, IFN-a, and IFN-b hybrid-
ization was carried out at 4°C overnight. Subsequently,
the slides were washed with 5 £ standard saline citrate
(SSC) for 10 min and 0.2 £ SSC for 1 h, respectively,
and the slides were incubated in a blocking solution for 1
h at room temperature and then incubated with alkaline
phosphatase (AP)-conjugated antibody to digoxigenin
(Roche Diagnostics, Indianapolis, IN) at 4°C overnight.
The next day, the slides were brought to room tempera-
ture, washed twice in PBS, washed twice with AP buffer,
and the peroxidase conjugates were subsequently local-
ized using the substrate diaminobenzidine tetrahydro-
chloride and counterstained with Mayer’s hematoxylin.



Table 1. Primers used in the study.

Primer name Primer sequence(5’!3’)
Annealing

temperature (°C) Application

qTNF-a-F CACAGGACAGCCTATGCCAACAA 60 qRT-PCR
qTNF-a-R CTGAACTGGGCGGTCATAAAATAC
qRIG-I-F AGCAGCAGGCATAACTAAACTCA 60 qRT-PCR
qRIG-I-R TCACTGTCAACATCTTTGGCATTA
qTLR3-F GCAACACTCCGCCTAAGTATCA 60 qRT-PCR
qTLR3-R CAGTAGAAAGCTATCCTCCACCCT
qTLR7-F GACAACCTTTCCCAGAGCATTC 60 qRT-PCR
qTLR7-R ACAGCCTTTTCCTCAGCCTAAC
b-actin-F ATGTCGCCCTGGATTTCG 60 qRT-PCR
b-actin-R CACAGGACTCCATACCCAAGAA
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Quantitative Real-Time PCR Analysis

Quantitative real-time PCR was performed using
PowerUp SYBR Green Master Mix (Thermo Fisher Sci-
entific, Waltham, MA). The cycling procedure was as
follows: 95°C for 3 min, 95°C for 10 s and 60°C for 30 s.
Steps 2−3 were repeated for 40 cycles. Relative expres-
sion levels of target genes were normalized to b-actin,
analyzed by the 2�DDCt method (Livak and Schmitt-
gen, 2001), and presented as a ratio compared with the
control. The primer sequences are shown in Table 1.
Western Blot

Proteins in the spleen tissues were obtained as
described in the lysis buffer (Beyotime, Shanghai,
China), following the manufacturer's instructions. The
protein concentrations were measured using the BCA
Protein Assay Kit (Beyotime), and all samples in the
experiment were normalized to equal protein concentra-
tions. Protein samples were separated by SDS-PAGE,
transferred onto a PVDF membrane (Millipore, Biller-
ica, MA), blocked with 5% non-fat milk in TBS-Tween-
20 (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1%
Tween-20), and incubated with specific primary anti-
bodies against Bcl-2 (1:500; Abcam, Cambridge, UK),
caspase 3 (1:1,000; Abcam), iNOS (1:1,000; Abcam),
COX2 (1:500; Bioybyt, Shanghai, China), and GAPDH
(1:10,000; Abcam) overnight at 4°C. The membranes
were incubated for 1 h with appropriate HRP-
Figure 1. Effects of immunopotentiators on spleen MDA level and CAT
(n = 5). Abbreviations: CAT, catalase; SOD, superoxide dismutase.
conjugated secondary anti-mouse IgG, anti-rabbit IgG,
and anti-goat IgG (1:5,000; Thermo Fisher Scientific),
followed by enhanced chemiluminescence (ECL) detec-
tion. The results were normalized to GAPDH as an
internal control. Protein levels were quantified using the
ImageJ software.
Statistical Analysis

Data are represented as mean § standard deviation
(SD) and analyzed using t test analysis with SPSS 13.0
and GraphPad Prism 8 software. Statistical significance
was set at P < 0.05; P < 0.01 was considered extremely
significant.
RESULTS

Effects of Immunopotentiators on Spleen
Antioxidant Activity

To verify the effect of the 5 screened immunopotentia-
tors on the antioxidant capacity of Shaoxing ducklings,
the MDA level and SOD and CAT activities of spleen
tissue were measured. The levels of MDA in the 5
treated groups showed no significant difference
(Figure 1A). The activities of CAT in the b-D-Glucan,
astragalus flavone, CpG-DNA, and chicken IgG groups
were significantly lower than those in the control group
(Figure 1B). SOD activity was significantly reduced in
and SOD activities in ducklings. Vertical bars represent the mean § SD



Figure 2. The protein levels of iNOS and COX2 after administration of five immunopotentiators in ducklings. Vertical bars represent the mean
§ SD (n = 3).
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b-D-Glucan, CpG-DNA, and chicken IgG groups com-
paring with control group (Figure 1C).
Effects of Immunopotentiators on Spleen
iNOS and COX2 Protein

To determine whether immunopotentiators could
activate the expression of iNOS and COX2 in response
to innate immunity in ducklings, the expression of spleen
iNOS and COX2 was detected using western blot. The
expression of COX2 was upregulated in the spleen of
ducklings injected with chlorogenic acid, b-D-Glucan,
CpG-DNA, and chicken IgG, compared to that in the
control group, while the ducklings treated with astraga-
lus flavone showed significantly reduce in COX2 protein
level (Figures 2A and 2B). Similarly, the expression of
iNOS was increased significantly in the chlorogenic acid,
CpG-DNA, and chicken IgG groups, compared to that
in the control group (Figures 2A and 2B).
Effects of Immunopotentiators on Spleen
Bcl2 and Caspase 3 Protein

Western blot analysis of Bcl2 and Caspase 3 protein
levels was performed to estimate the expression of
Figure 3. The protein levels of Bcl2 and Caspase 3 in the spleen of du
represent the mean § SD (n = 3).
apoptosis-related genes (Figure 3). Compared to the
control, the expression level of caspase 3 protein was sig-
nificantly increased in the chlorogenic acid, b-D-Glucan,
astragalus flavone, and chicken IgG groups, while the
ducklings treated CpG-DNA showed significantly
reduce in caspase 3 protein level (Figures 3A and 3B).
The expression levels of Bcl2 were decreased signifi-
cantly in the chlorogenic acid, b-D-Glucan, astragalus
flavone, CpG-DNA, and chicken IgG groups, compared
to those in the control group (Figures 3A and 3B).
Effects of Immunopotentiators on Spleen
Inflammatory Cytokine Production

To further examine the effect of immunopotentiator
treatments on immune responses, the expression of the
cytokines (IL-1b, IFN-a, and IFN-b) was measured
using in situ hybridization. The IL-1b and IFN-a levels
in the spleen were significantly upregulated with the
chlorogenic acid, b-D-Glucan, and astragalus flavone
treatments, while the IL-1b and IFN-a levels during
CpG-DNA and chicken IgG treatment showed weak
expression comparing with that of the control
(Figures 4A and 4B). In addition, IFN-b levels were
enhanced significantly after all immunopotentiator
cklings after administration of five immunopotentiators. Vertical bars



Figure 4. Effects of immunopotentiators on inflammatory cytokine production in the spleen of ducklings administered five different immunopo-
tentiators. Spatial detection of IL-1b (A), IFN-a (B), and IFN-b (C) transcripts in the spleen of ducklings was determined by in situ hybridization
(ISH, 200 £).
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treatments, especially with astragalus flavone and
chicken IgG (Figure 4C).
Effects of Immunopotentiators on Spleen
PRRs mRNA Expression

To further determine the role of different immuno-
potentiators in the regulation of the innate immune
response by PRRs, the expression levels of the TNF-
a, RIG-I, and TLR3/7 genes in the spleen tissues
were analyzed (Figure 5). The mRNA expression of
TNF-a and TLR7 were significantly upregulated in
all immunopotentiator treatments (Figures 5A and
5D). The RIG-I levels in the spleen were significantly
increased with the astragalus flavone, CpG-DNA, and
chicken IgG treatments (Figure 5B). Besides, the
TLR3 mRNA level was detected, which showed more
significant higher in b-D-Glucan, astragalus flavone,
CpG-DNA and chicken IgG group than that in the
control group (Figure 5C).
DISCUSSION

Outbreaks of endemic diseases have become a limiting
factor in duck cultivation, and the abuse of antibiotics
in duck has been under scrutiny. Thus, finding alterna-
tive antibiotics in animal production became more and
more imminent. Many studies have been conducted to
protect ducks from epidemic diseases (Yang et al., 2020;
Liu et al., 2021). Liu et al. (2021) has reported that
Hericium erinaceus polysaccharide (HEP) alleviated
immune organs damage and regulated the level of serum
IgA, IgM, and IgG in MDRV-infected ducklings. How-
ever, efficient disease control strategies are not currently
available. Immunopotentiators can activate nonspecific
defense mechanisms to increase animal resistance to
infectious disease (Sakai, 1999). In the present study,
chlorogenic acid, b-D-Glucan, astragalus flavone, CpG-
DNA, and chicken IgG were chosen to evaluate the effi-
ciency of immune regulation in Shaoxing ducklings with
regard to antioxidant capacity, apoptosis, and inflam-
matory cytokines.



Figure 5. Effects of immunopotentiators on PRR mRNA expression in the spleen of ducklings administered five different immunopotentiators.
RT-qPCR was used to detect the mRNA expression of TNF-a (A), RIG-I (B), TLR3 (C), and TLR7 (D). b-actin was used as the RT-qPCR control.
The experiments were done in triplicate. Vertical bars represent the mean § SD (n = 5). Abbreviation: PRR, pattern recognition receptor.
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Immune parameters are always related to antioxidant
abilities. To avoid or repair the damage, the compounds
should possess adequate protection systems, such as key
enzymatic antioxidant defenses (i.e., SOD and MDA) in
tissues (Bruce et al., 2004). As the main end product of
lipid peroxidation, MDA can be used as an index of lipid
peroxidation (Sakin et al., 2012; Ural et al., 2015;
Yonar et al., 2015). As the first-line of enzymatic antiox-
idant defense, SOD and CAT protect cells from oxida-
tive stress as a result of the excessive generation of ROS
(Suliman et al., 2021). Thus, they are important bio-
chemical parameters for antioxidant defense
(Zhang et al., 2013). Moreover, the balance between oxi-
dants and antioxidants is fundamental for immune cell
function because it preserves cell membrane integrity
and functionality, cellular proteins, and nucleic acids
(Yilmaz, 2019). Mujahid et al. (2007) showed that exces-
sive accumulation of MDA further inhibited the activi-
ties of antioxidant enzymes and accelerated oxidative
damage to proteins and DNA. In this study, the MDA
levels in the 5 immunopotentiator-treated groups
showed no significant change compared to those in the
control group, while the enzymatic activities of SOD
and CAT were lower than those obtained from control
ducklings. This is an important mechanism for the pre-
vention of damage induced by reactive oxygen species
(Ghanima et al., 2021). There is evidence that the 5
immunopotentiators may play a protective role against
oxidative stress.

The proinflammatory cytokines and NO produced by
activated macrophages play critical roles in inflammatory
diseases (Martel-Pelletier et al., 2003). The main finding
of this study was that all 5 immunopotentiators could
induce COX2 and iNOS expression, leading to cell apo-
ptosis. Western blot analysis of the protein levels of Bcl2
showed a significant decrease, and those of caspase 3 were
increased significantly by the 5 immunopotentiator treat-
ments. Numerous studies have shown that the caspase 3
pathway has antiapoptotic effects, which has been impli-
cated in a variety of biological processes (Yang et al.,
2009). An early study suggested that b-glucan treatment
in human SNU-C4 cells could decrease the mRNA level of
Bcl-2 and increase that of caspase 3 (Kim et al., 2009).
The main finding of the current study is that chlorogenic
acid, b-D-Glucan, astragalus flavone, CpG-DNA, and
chicken IgG could lead to spleen tissue cell apoptosis via
upregulation of COX2 and iNOS expression.
Numerous studies have shown that iNOS-derived NO

can regulate the immune response and serves as a vital
molecule of protective innate immunity against patho-
gen invasion (Wink et al., 2011; Bogdan, 2015). The cur-
rent results showed that these 5 immunopotentiators
promoted the expression of iNOS protein in the spleen.
In addition, the expression profiles of immune-related
genes and PRRs (IL-1b, IFN-a, IFN-b, and TNF-a)
were observed using in situ hybridization and RT-
qPCR. IL-1b, a major coordinator of the immune
response, can stimulate immune responses by inducing
the release of cytokines. TNF-a as a cell signaling pro-
tein can induce inflammation and apoptosis (Liu et al.,
2018). Similar to IL-1b, TNF-a was detected in all the
examined groups, and the expression level was upregu-
lated in immunopotentiator treatments. PRRs are cen-
tral players in the early host immune response to acute
viral infection and have been shown to play a crucial
role in defense against microorganisms, mediating the
innate antiviral immune responses to induce the produc-
tion of IFN (Yoneyama and Fujita, 2009). In the current
study, RIG-I, TLR3, and TLR7 were detected in spleen
tissues, and higher expression levels were found in all
immunopotentiator treatment groups than in the con-
trol group. This induced the production of IFN-a and
IFN-b, suggesting that the five immunopotentiators
could modulate the immune-related genes. Chlorogenic
acid, b-D-Glucan, astragalus flavone, CpG-DNA, and
chicken IgG might activate immune responses to protect
against pathogen invasion and maintain body homeosta-
sis by balancing proinflammatory and anti-inflamma-
tory responses.
Taken together, the results of this study demonstrate

that chlorogenic acid, b-D-Glucan, astragalus flavone,
CpG-DNA, and chicken IgG could improve the antioxi-
dant capacity, apoptosis, pro-inflammatory factors, and
PRRs in vivo to regulate the immune response. These
results imply that the key immunopotentiators could be
used to improve the duck innate immune response and
can be considered as a reliable alternative to antibiotics
in animal production.
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