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ABSTRACT Antibiotics are one of the most impor-
tant medical discoveries of the 20th century and will
remain an essential tool for treating animal and human
diseases in the 21st century. However, misuse of antibi-
otics imperils the development of animal husbandry and
human health all over the world, and it is important to
find reliable alternatives to antibiotics to reduce the use
of antibiotics. In this study, 22 potential immunopo-
tentiators were screened on the levels of apoptosis and
inflammatory factor in duck embryo fibroblast cells
(DEFs). The results indicated that interferon (IFN)-b
and tumor necrosis factor-a gene transcriptions were
significantly upregulated, while interleukin (IL)-2 and
Bcl2 mRNA levels were significantly decreased during 22
immunopotentiators treatment. Besides, the expression
level of IL-1b mRNA showed significant increase during
dihydromyricetin, chlorogenic acid, naringin, imiqui-
mod, thymopentin, b-D-Glucan, astragalus poly-
sacharin, astragalus saponin I, astragalus flavone,
curcumin, CpG-DNA-2, and LPS treatment. And the
level of caspase 3 protein was significantly upregulated
with treating chlorogenic acid, b-D-Glucan, astragalus
polysacharin, astragalus flavone, curcumin,
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CpG-DNA-2, chicken IgG, LPS, and poly(I:C). These
results indicated that chlorogenic acid, b-D-Glucan,
astragalus flavone, CpG-DNA-2, and chicken IgG have
the positive immune regulation effects on duck DEFs.
Thus, the 5 immunopotentiators were chosen to further
verify their immunomodulatory function in vivo. The
results showed that the activity of serum AST was
significantly downregulated during all immunopo-
tentiators treatments excepting for b-D-Glucan, and the
activities of serum IL12p40, IL-1b, IFN-a, and IFN-b
were significantly increased compared with the control
group. Five immunopotentiators also induced the duck’s
pattern recognition receptors and inflammatory factor
gene expression. In addition, 5 immunopotentiators
could facilitate the contents of serum caspase 3, iNOSm
and COX2 and reduce the Bcl2. These results suggested
that these 5 immunopotentiators could enhance duck
innate immune responses. Taken together, our study not
only screened out 5 kinds of duck innate immune
immunopotentiators but also initially clarified their un-
derlying mechanism of action, which provide a new
insight for the development of efficient approaches to
prevent the duck disease from pathogen infections.
Key words: duck, immunopotentiator, apoptosis, inflammatory cytokine, innate immunity

2020 Poultry Science 99:5461–5471
https://doi.org/10.1016/j.psj.2020.08.069
INTRODUCTION

Duck production is an important industry because of
its high income and demand in the world. The data
from the world Food and Agriculture Organization
showed that the slaughtered meat ducks were valued
at about 6.442 billion in 2019. However, with the rapid
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development of duck-raising technologies, especially the
large-scale, intensive farming methods, the prevalence
and harm of duck infectious diseases are becoming
more and more serious, which seriously threatens animal
production and human health (Casewell et al., 2003;
Mathew et al., 2007; Millet and Maertens, 2011). At pre-
sent, antibiotics are the main means to control the infec-
tious diseases of ducks, but the overuse of antibiotics has
not only become a breeding ground for drug-resistant
bacteria but also caused pollution to the environment
(Casewell et al., 2003). Therefore, reducing antibiotics
in duck production has become an inevitable trend,
which creates challenges for the animal feed and feed ad-
ditive industries. Effective alternatives to antibiotics are
urgently needed to help maintain current animal produc-
tion levels without threatening public health, and this
should stimulate new research (Dahiya et al., 2006;
Millet and Maertens, 2011). Application of immunopo-
tentiators to enhance duck’s natural immune response
is particularly concerned.

Immunopotentiators, also known as immunostimu-
lant, can effectively increase animal resistance to infec-
tious disease, not by enhancing specific immune
responses but by enhancing nonspecific defense mecha-
nisms. Therefore, application of these immunopotentia-
tors to increase the immunocompetency and disease
resistance of animals has aroused great attention and
extensive research (Sakai, 1999). When the activity of
the immune system is enhanced, the immunopotentia-
tors’ effect can be observed by promotion in the activity
of macrophages, granulocytes lymphocytes, and so on
(Jucker, 2001; Ueno et al., 2007). Recent studies have
been reported in mouse (Saito et al., 1983), fish (Chen
and Ainsworth, 2006; Jang et al., 2006), and pig (Hiss
and Sauerwein, 2003). Hiss and Sauerwein (2003) have
showed that treatment with b-glucan could enhance
the pig’s pattern recognition receptors (PRRs) titres to
enhance the immunity of weaned piglets. Jang et al.
(2006) reported that in vitro treatment with glycyrrhizin
enhanced the respiratory burst activity of macrophages
and the proliferative responses of lymphocytes from
rainbow trout. Besides, phytoremedies seem to be a sig-
nificant source as immunomodulatory agents. Ayurveda
documents the role of “Rasayana” as a “system of rejuve-
nation” (Ali, 1998). Therefore, it seems to be fruitful to
explore immunopotentiators for potential immunomod-
ulatory activity in ducks.

The immunomodulatory mechanisms of immunopo-
tentiators are complex. When treated with immunopo-
tentiators, the body usually shows enhanced
phagocytic cell activities. The activities of phagocytic
cells can be detected by phagocytosis, killing, and
chemotaxis. Enhancement of pathogen killing is most
important in the macrophages treated with immunopo-
tentiators (Sakai et al., 1993; Chen and Ainsworth,
2006). And the process of immunostimulation is desired
to police up normal immunological functions
(Ganeshpurkar and Saluja, 2017). This response is trig-
gered by a proinflammatory signal from various compo-
nents, of which macrophages are an essential part
(Zhong et al., 2016). However, the exact mechanisms
by which immunopotentiators trigger innate immune re-
sponses, leading to beneficial adaptive immune
responses, are unknown.
The innate immune system plays an essential role in

the early defense against pathogen infection. To screen
the effect immunopotentiators have in enhancing the
duck innate immune responses, first, we investigated
the effects of 22 immunopotentiators in vitro cultures
of duck embryo fibroblast cells (DEFs), in which the
mRNA expression and protein levels of a panel of cyto-
kines and apoptosis-inducing factors were studied by us-
ing quantitative real-time PCR (qRT-PCR) and
Western blot. Then, the duckling application was tested
in vivo, in which the selected immunopotentiators were
injected in ducklings to investigate their effects on
biochemical parameters, cytokines, and apoptosis-
inducing factor gene expression and protein secretion
in ducklings. The present study could provide a novel
strategy for reliable alternatives to antibiotics in duck
as well as in other animals.
MATERIALS AND METHODS

Ethics Approval and Consent to Participate

The animal experiment was reviewed and approved by
the Institutional Animal Care and Use Committee of
Yangzhou University (approval number: 151-2014).
Procedures were performed in accordance with the Reg-
ulations for the Administration of Affairs Concerning
Experimental Animals (Yangzhou University, China,
2012) and the Standards for the Administration of
Experimental Practices (Jiangsu, China, 2008). We
also confirm that all efforts were made to minimize
suffering.
Cells and Reagents

DEFs were obtained from the American Type Culture
Collection (VA). Cell cultures were grown in eagle’s min-
imum essential medium (American Type Culture Collec-
tion) containing 10% fetal bovine serum (Gibco, NY).
Cell cultures were maintained in an incubator at 37�C
with 95% humidity and 5% of CO2. Saline was pur-
chased from Kelun Pharmaceutical Co., Ltd. (Henan,
China), dihydromyricetin, ribavirin, chlorogenic acid,
naringen, imiquimod, thymopentin, thymosin a1, prop-
olis, b-D-Glucan, astragalus polysacharin, astragalus
saponin I, astragalus flavone, lycium barbarum polysac-
charide, and levamisole were purchased from Yuanye
Bio-Technology Co., Ltd. (Shanghai, China). Mannan
peptide was purchased from National Institutes for
Food and Drug Control (Beijing, China); curcumin
and LPS were purchased from Sigma-Aldrich (St. Louis,
MO); CpG-DNA-1 (50-ATGGCGTTGACGTTT-30)
and CpG-DNA-2 (50-GATATGCGACCGATT-30)
were obtained from TSINGKE Biological Technology
(Beijing, China); human IgG and chicken IgG were pur-
chased from Solarbio (Beijing, China); and poly(I:C)
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was purchased from InvivoGen (San Diego, CA). All re-
agents were dissolved in sterile water, and the stock so-
lution was kept at 220�C and protected from light
until use.
Duckings and Sample Collection

One hundred and fifty one-day-old healthy Shaoxing
ducklings were obtained from Guiliu Breeding Company
(Zhoukou, Henan, China). The ducklings were randomly
divided into 6 groups, each containing 25 ducklings.
Then the 6 groups of ducklings were daily given subcu-
taneous injection in the neck with 0.5 mL of 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-2 (10 mg/mL), and 0.5 mL chicken
IgG (1 mg/mL) for 3 d continuously. In the 18th d, after
injection, 5 ducks were selected from each group and put
to death by injection with pentobarbital sodium
(100 mg/kg) and cervical dislocation for serum and
bursa tissues collection. Then the samples were immedi-
ately snap-frozen in liquid nitrogen and stored at280�C
until needed, and the bursa tissues were placed also in a
4% formaldehyde solution for situ hybridization
analysis.
Cellular Treatment

To compare the immunomodulatory activity of 22
immunopotentiators, DEFs were seeded in 6-well plates
and grown for 24 h, then they were respectively incu-
bated with 10 mg/mL of dihydromyricetin, 1 mg/mL
of ribavirin, 10 mg/mL of chlorogenic acid, 1 mg/mL
of naringen, 1 mg/mL of imiquimod, 1 mg/mL of
mannan peptide, 5 mg/mL of thymopentin, 1 mg/mL
of thymosin a1, 1 mg/mL of propolis, 1 mg/mL of
b-D-Glucan, 1 mg/mL of astragalus polysacharin,
1 mg/mL of astragalus saponin I, 40 mg/mL of astraga-
lus flavone, 1 mg/mL of lycium barbarum polysaccha-
ride, 20 mmol/L of curcumin, 10 mg/mL of levamisole,
10 mmol/L of CpG-DNA-1, 10 mmol/L of CpG-DNA-2,
1 mg/mL of human IgG, 1 mg/mL of chicken IgG,
1 mg/mL of LPS, and 1 mg/mL of poly(I:C) for 24 h.
Then DEFs from each group were collected for Western
blot and qRT-PCR analysis. Saline-treated DEFs were
used as control.
Enzyme-Linked Immunoassay

Enzyme-linked immunoassay (ELISA) analysis (dou-
ble antibody sandwich method) was used to determine
the levels of duck serum IL-12p40, IL-1b, IFN-a, and
IFN-b. Duck blood was gathered, and supernatants
were collected after centrifugation at 3,000 rpm for
20 min at 4�C and subjected to ELISA for detection of
duck serum IL-12p40, IL-1b, IFN-a, and IFN-b. The
concentration of IL-12p40, IL-1b, IFN-a, and IFN-b in
the samples were measured using a multifunctional
microplate reader (Tecan Infinite M200 PRO;
Switzerland) and determined by comparing the optical
density of the samples to the standard curve.
Situ Hybridization

IL-1b, IFN-a, and IFN-b expression in bursa were
determined using digoxigenin-labeled locked nucleic
acid probes (Exiqon, Woburn, MA). In in situ hybridiza-
tion, the slides were incubated at 37�C for 2 min and
fixed in 4% paraformaldehyde on ice for 15 min and
then washed twice for 5 min in 1! phosphate-buffered
saline (PBS). The fixed sections were subjected to acet-
ylation for 10 min, followed by twice washing with PBS.
The slides were then prehybridized for 2 h at room tem-
perature, and IL-1b, IFN-a, and IFN-b hybridization
was then carried out at 48�C overnight. After stringent
washing using 5! saline sodium citrate for 10 min and
0.2! saline sodium citrate for 1 h, the slides were incu-
bated in a blocking solution for 1 h at room temperature
and then incubated with alkaline phosphatase–
conjugated antibody to digoxigenin (Roche Diagnostics,
Indianapolis, IN) at 4�C overnight. The next day, the
slides were brought to room temperature and washed
twice in PBS, followed by twice washing with alkaline
phosphatase buffer, and then incubated in nitro tetrazo-
lium blue chloride and 5-bromo-4-chloro-3-indolyl phos-
phate p-toluidine salt in the dark until the prospective
intensity of staining was reached.
qRT-PCR Analysis

Total RNA was isolated using TRIzol reagent
(TAKARA, Dalian, China). qRT-PCR assays were per-
formed using the ABI 7500 System (Applied Biosystems,
Foster City, CA). Briefly, 1 mg of total RNA was used
with gDNase (TIANGEN, Beijing, China) for reverse
transcription according to the manufacturer’s protocol.
The amplification mixture (20 mL) contained 2 mL of
cDNA, 0.4 mL of 10-mmol/L each primer, 10 mL of
SYBR qPCR Master Mix, and 7.2 mL of RNA-free
H2O. The primers are listed in Table 1. The reaction con-
ditions included 1 cycle at 95�C for 5 min, followed by 35
cycles of 95�C for 30 s, 60�C for 30 s, and 72�C for 30 s
and a final incubation at 72�C for 10 min. b-Actin was
used as internal control to normalize gene expression
studies. Each qRT-PCR reaction was carried out for 3
biological replicates. Relative changes in the levels of
genes of interest were determined by the 22DDCt method
(Livak and Schmittgen, 2001).
Western Blot

For Western blot, total protein was obtained from tis-
sues and DEFs using lysis buffer (Beyotime, Shanghai,
China) following the manufacturer’s instructions.
Whole-cell extracts (30 mg) were separated by SDS-
PAGE, transferred onto a polyvinylidene difluoride
membrane (Millipore, Danvers, MA), blocked with 5%
nonfat milk in TBS-Tween-20 (10-mmol/L Tris-HCl,
pH 7.5, 150-mmol/L NaCl, 0.1% Tween-20), and



Table 1. Primers used in the study.

Primer name Primer sequence (5’/30) Annealing temperature (�C) Application

qCOX-2-F CACGCTCTGATTGTTGCC 60 qRT-PCR
qCOX-2-R AGGATTTGTAGGGATGGG
qiNOS-F CCACCAGGAGATGTTGAATATGTC 60 qRT-PCR
qiNOS-R AGGATTTGTAGGGATGGG
qCaspase3-F CTACTGCTCCAGGCTATTACT 60 qRT-PCR
qCaspase3-R ACACTCTGCGATTTACACG
qBcl2-F TCTCGCAGAGGGGATAC 60 qRT-PCR
qBcl2-R ACATCTGGGCGAAGTCC
qIFN-b-F CACCTCCTCCAACACCTCTT 60 qRT-PCR
qIFN-b-F TGGAGGAAGTGTTGGATGCT
qIL-1b-F TGGGCATCAAGGGCTACAAG 60 qRT-PCR
qIL-1b-R GCTGTCGATGTCCCTCATGAC
qIL-2-F GCCAAGAGCTGACCAACTTC 60 qRT-PCR
qIL-2-R ATCGCCCACACTAAGAGCAT
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
qIFN-a-F TCCTCCAACACCTCTTCGAC 60 qRT-PCR
qIFN-a-R GGGCTGTAGGTGTGGTTCTG
b-actin-F ATGTCGCCCTGGATTTCG 60 qRT-PCR
b-actin-R CACAGGACTCCATACCCAAGAA
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incubated overnight at 4�C with specific primary anti-
bodies against Bcl-2 (1:500; Abcam, Cambridge, UK),
caspase 3 (1:1000; Abcam), TNF-a (1:500; Abcam),
iNOS (1:1000; Abcam), COX2 (1:500; Bioybyt,
Shanghai, China), and GAPDH (1:10000; Abcam).
Then membranes were incubated for 1 h with appro-
priate horseradish peroxidase-conjugated secondary
antimouse IgG, antirabbit IgG, and antigoat IgG
(1:5000; Thermo Fisher Scientific, Bohemia, NY). Pro-
tein levels were quantified using the Image J software.
Statistical Analysis

Data were represented as mean 6 SD. Statistical dif-
ferences were assessed by t test analysis using SPSS 13.0
and GraphPad Prism 8 software. P , 0.05 was consid-
ered statistically significant.
RESULTS

Screening of Immunopotentiators Based on
Apoptosis-Inducing Factors and Cytokines
of DEFs in mRNA Levels

To determine the effects of 22 immunopotentiators on
DEFs, we coincubated cell cultures with 22 immunopo-
tentiators, and the mRNA levels of apoptosis and inflam-
matory factors were analyzed by qRT-PCR. In the case
of DEFs, treatments with 22 immunopotentiators
caused a significant high accumulation of IFN-b levels
(Figure 1A). As for the mRNA levels of IL-1b, differ-
ences were significant in dihydromyricetin, chlorogenic
acid, naringin, imiquimod, thymopentin, b-D-Glucan,
astragalus polysacharin, astragalus saponin I, astragalus
flavone, curcumin, CpG-DNA-2, and LPS treatments
when compared with those in the control group
(Figure 1B). Besides, the TNF-amRNA level was signif-
icantly upregulated in all treated groups, except for
groups of ribavirin, thymosin al, lycium barbarum poly-
saccharide, and levamisole (Figure 1C). Interestingly,
IL-2, an anti-inflammatory cytokine, was significantly
increased in curcumin group, while other treated groups
showed opposite results that the IL-2 mRNA level was
significantly downregulated, when compared with those
in the control group (Figure 1D). In addition, the expres-
sion level of Bcl2 mRNAwas significantly decreased dur-
ing treating with 22 immunopotentiators (Figure 1E).
Screening of Immunopotentiators Based on
the Protein Level of Apoptosis Inducing
Factors and Cytokines in DEFs

To further determine the effect of 22 immunopotentia-
tors in DEFs, we investigated the protein level of
apoptosis and inflammatory factor with Western blot.
The results indicated that compared with the control
group, the Bcl2 levels were significantly decreased during
treating with 22 immunopotentiators (Figures 2A, 2B).
A significant increase in the index of caspase 3 protein
was observed in the groups of chlorogenic acid, b-D-
Glucan, astragalus saponin I, astragalus flavone, curcu-
min, CpG-DNA-2, chicken IgG, LPS, and poly(I:C)
(Figures 2A, 2C). Besides, all immunopotentiators could
significantly promote the production of TNF-a
(Figures 2A, 2D). These observations indicated that in
some extent, the apoptosis and inflammatory progres-
sions in DEFs were affected by these immunopotentia-
tors, especially treating with chlorogenic acid, b-D-
Glucan, astragalus flavone, CpG-DNA-2, and chicken
IgG.



Figure 1. Effects of 22 kinds of immunopotentiators on themRNA expression of apoptosis and cytokine gene in DEFs. mRNAExpressions of IFN-b
(A), IL-1b (B), TNF-a (C), IL-2 (D), and Bcl2 (E) after treatment of DEFs with immunopotentiators for 24 h. Results are presented as the mean6 SD
of 3 independent experiments. Asterisks (*) represent significant differences.
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Biochemical Markers in Serum Samples of
Ducklings

To further verify whether the screened 5 immunopo-
tentiators could enhance the immunity of ducklings,
serum samples were collected to detect the levels of
TP, ALB, AST, and ALT. As shown in Figure 3, the ac-
tivities of serum TP, ALB, and ALT in 5 treated groups
showed no significant difference compared with the con-
trol group (Figures 3A, 3B, 3D). However, the activities
of AST in groups of chlorogenic acid, astragalus flavone,
CpG-DNA, and chicken IgG were significantly higher
than those in the control group (Figure 3C).
Cytokine Activity in Serum Samples of
Ducklings

In order to investigate the changes of cellular immu-
nity in ducklings during immunopotentiators treat-
ments, the ELISA analysis was used to detect the
changes of serum IL-12p40, IL-1b, and other cytokine
levels. In groups of b-D-Glucan, astragalus flavone,
CpG-DNA, and chicken IgG, the expression levels of
IL-12p40, IL-1b, IFN-a, and IFN-b displayed a similar
upregulation pattern, with significant increase
(Figures 4A–D). While in ducklings treated with chloro-
genic acid, only the level of IFN-b was significantly
increased (Figure 4D).
Expression of PRRs and Inflammatory
Factor Genes

To determine the role of different immunopotentiators
in the regulation of innate immune response by PRRs
and inflammatory factor genes in Shaoxing ducklings,
we detected the expression levels of IFN-a, IFN-b,
IL-1b, TNF-a, RIG-I, and TLR 3/7 genes in the bursa
tissues (Figure 5). The IL-1b level in bursa was signifi-
cantly upregulated during chlorogenic acid, b-D-Glucan,
astragalus flavone, CpG-DNA, and chicken IgG treat-
ment (Figure 5A). In accordance with these data, the
IFN-a and IFN-b levels were also enhanced significantly
after all immunopotentiator treatments (Figures 5B,
5C). In addition, TNF-a mRNA level was significantly
enhanced in all immunopotentiator groups, except for
astragalus flavone (Figure 5D). The RIG-I expression
level was significantly upregulated after injecting chloro-
genic acid, b-D-Glucan, astragalus flavone, and CpG-
DNA (Figure 5E). In addition, we analyzed the TLRs
mRNA expression in response to 5 immunopotentiators
treatment. The bursa TLR3 mRNA level was signifi-
cantly high in groups of chlorogenic acid, b-D-Glucan,
CpG-DNA, and chicken IgG. Meanwhile, chlorogenic
acid, b-D-Glucan, astragalus flavone, CpG-DNA, and
chicken IgG could also facilitate the production of
TLR7 (Figures 5F, 5G).

Expression of iNOS and COX2 Genes

In addition, to analyze the activation of iNOS and
COX2 in response to different immunopotentiators
treatment, we detected their changes of expression
levels in bursa tissues using qRT-PCR and Western
blot (Figure 6). After injecting chlorogenic acid,
b-D-Glucan, astragalus flavone, CpG-DNA, and
chicken IgG, the bursa protein expression levels of
iNOS and COX2 were significantly upregulated. The
expression patterns of iNOS and COX2 mRNA were
same as the protein.



Figure 2. Effects of 22 kinds of immunopotentiators on the protein expression of apoptosis and cytokines in DEFs (A). Protein expressions of Bcl2
(B), caspase 3 (C), and TNF-a (D) after treatment of DEFs with immunopotentiators for 24 h. Results are presented as the mean6 SD. Asterisks (*)
represent significant differences.
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Expression of Apoptotic Relative Genes

To investigate the effects of different immunopoten-
tiators on apoptotic cell death, chlorogenic acid, b-D-
Glucan, astragalus flavone, CpG-DNA, and chicken
IgG were used to observe the mRNA and protein levels
of Bcl2 and caspases 3 (Figure 7). It was found that
the Bcl2 protein and mRNA levels in busra tissues
were significantly lower in the chlorogenic acid, b-D-
Glucan, astragalus flavone, CpG-DNA, and chicken
IgG groups than those in the control group. Meanwhile,
in the ducklings injected with chlorogenic acid, b-D-
Glucan, astragalus flavone, CpG-DNA, and chicken
IgG, the caspases 3 protein and mRNA levels showed a
higher accumulation in busra tissues than those
observed in the saline treatment.
DISCUSSION

Screening of Immunopotentiators on
Apoptosis and Cytokines in DEFs

The aim of this study was to screen immunopotentia-
tors anddetect theirmechanisms in triggeringduck innate
immune response that leads to thematuration of adaptive
immune response together with powerful nonspecific
immunomodulatory effects.As evidenced, the immunopo-
tentiators were functional in the immunoenhancement of
invertebrates, and some of them could improve the anti-
viral defense of hosts (Liu et al., 2009). However, the func-
tional mechanism of the immunopotentiators in ducks
was unknown. In some cases, these immunopotentiators
do not show effects in ducks because of the lack of the in-
formation about the functional mechanism of immunopo-
tentiators. Consequently, we screened the candidate
immunopotentiators of different kinds and sources to
determine their activities in driving the expression of
apoptosis and proinflammatory cytokines. The main
results showed that all groups treatedwith 22 immunopo-
tentiators, respectively, induced a significant downregula-
tion of Bcl2 and IL-2 levels and significantly upregulated
the TNF-a and IFN-b levels, which was not consistent
with the caspase 3 and IL-1b levels. The expression level
of IL-1bmRNA showed significant increase after dihydro-
myricetin, chlorogenic acid, naringin, imiquimod, thymo-
pentin, b-D-Glucan, astragalus polysacharin, astragalus
saponin I, astragalus flavone, curcumin, CpG-DNA-2,
and LPS treatment. And the level of caspase 3 was signif-
icantlyupregulatedwhile treatedwith chlorogenic acid,b-
D-Glucan, astragalus polysacharin, astragalus flavone,
curcumin,CpG-DNA-2, chicken IgG, LPS, and poly(I:C).
These results indicate that DEFs were affected by these
immunopotentiators in apoptosis and inflammatory pro-
gression, especially treated with chlorogenic acid, b-D-
Glucan, astragalus flavone, CpG-DNA-2, and chicken
IgG.



Figure 3. Serum biochemical markers TP (A), ALP (B), AST (C), and ALT (D) in 6 groups. Results are presented as the mean 6 SD (n 5 5).
Asterisks (*) represent significant differences.
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Effect of Immunopotentiators on Serum
Biochemical Markers

Serum biochemical characteristics, such as protein
levels, enzymes, and electrolytes, are very useful in the
assessment and management of animal health condition,
which could provide information on internal organs,
nutritional status, metabolic state, and so on (Peng
et al., 2018). Serum TP is an index to evaluate the nutri-
tional and metabolic status of animals, and TPmeasure-
ments are based on dietary protein content, liver
metabolism, and even protein loss caused by some le-
sions (Yang et al., 2017). Besides, serum ALB has impor-
tant applications in many clinical indications, which is
responsible for targeting and transporting the ligands
form reversible bindings in varying degrees, exhibiting
superb bioeffects such as free radicals scavenging, main-
tenance of blood colloid osmotic pressure, inhibition of
platelet aggregation and anticoagulation, as well as in-
fluence in the transport of nutrients and drugs (Li
et al., 2018). In this study, to further investigate the
immunomodulatory function of the chlorogenic acid, b-
D-Glucan, astragalus flavone, CpG-DNA-2, and chicken
IgG as immunopotentiators in vivo, 6 groups of duck-
lings were injected with these candidate immunopoten-
tiators and saline, and their serum biochemical
parameters were determined. The results showed serum
TP and ALB levels in duck were not significant between
the chlorogenic acid, b-D-Glucan, astragalus flavone,
CpG-DNA-2, and chicken IgG groups and control group.
ALT and AST are one of liver-specific enzymes in
humans and animals and widely exist in the liver and
heart, but when liver or heart disease causes cell damage,
a lot of ALT and AST enter the serum which leads to
rapid increases of the 2 kinds of enzyme activity in the
serum, so ALT and AST are important indicators of liver
and heart function (Lv et al., 2017; Peng et al., 2018).
The present study showed the levels of ALT were not
significantly different between the experimental groups
and the control group, and the AST in the chlorogenic
acid, astragalus flavone, CpG-DNA, and chicken IgG
groups were lower than those of the control group, which
might mean that injecting the 5 different immunopoten-
tiators have little damage of liver and heart tissues to
some extent.
Effect of Immunopotentiators on Serum
Cytokine Activities of Ducklings

Cytokines can regulate the physiological functions of
leukocytes, mediate inflammatory responses, participate
in immune responses, and repair tissue. When triggering
the immune response, a proinflammatory signal arises



Figure 4. Effect of different immunopotentiators treatment on the cytokine in the ducklings. All assays were repeated at least 5 times, and data are
shown as mean 6 SD (n 5 5) from one representative experiment. The expression is shown for (A) IL-12p40, (B) IL-1b, (C) IFN-a, and (D) IFN-b.
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from various components of the innate immune system
that sense invading pathogens (Mogensen, 2009). IFN-
a and IFN-b, as immunomodulatory pleiotropic factors,
have been used as an indicator of cell-mediated immu-
nity (Ottenhoff and Mutis, 1995). Besides, IL-12p40
and IL-1b, a major coordinator in immune response,
can stimulate the immune responses by inducing the
release of cytokines (Ottenhoff and Mutis, 1995). In or-
der to evaluate the immune responses of duck after
injecting immunopotentiators, the levels of cytokines in
serum were tested in the present study. As shown in
Figure 4, the chlorogenic acid, b-D-Glucan, astragalus
flavone, CpG-DNA, and chicken IgG treatments
increased the serum of IL-12p40 level. And the contents
of IL-1b, IFN-a, and IFN-b were upregulated in serum
and bursa tissues with chlorogenic acid, b-D-Glucan,
CpG-DNA, and chicken IgG treatment, which indicated
that the increased IL-1b, IFN-a, and IFN-b levels would
activate cytokine IL-1b, IFN-a, and IFN-b production,
respectively, and subsequently upregulated a number
of inflammation-linked molecules (Haugland et al.,
2005; Xing et al., 2018). These results revealed the cells
of the immune system were sufficient to induce the secre-
tion of several proinflammatory cytokines after immuno-
potentiators stimulation.
Effect of Immunopotentiators on Immune-
Related Genes Expression

TNF-a, as a stimulator of nuclear factor kappa-B, is a
key factor in the inflammatory response and induces cell
apoptosis in a variety of cells (Kruppa et al., 1992; Xing
et al., 2018). PRRs play very important roles in acute
inflammation to prevent invading microbes from entering
host tissues (Akira, 2001). Moreover, the proinflammatory
enzymes and cytokines, such as iNOS and COX2, play
essential roles in tissues during inflammatory processes
to regulate the cell survive (Baeuerle and Baltimore,
1996). In this study, as shown in Figure 5D, the expression
level of TNF-a was upregulated with chlorogenic acid, b-
D-Glucan, CpG-DNA, and chicken IgG treatments, and
higher expression levels of RIG-I, TLR3, and TLR7 in
the examined duck tissues were found in all immunopoten-
tiators groups than in the control group. Furthermore,
chlorogenic acid, b-D-Glucan, astragalus flavone, CpG-
DNA, and chicken IgG could significantly upregulate the
expression of the immune-related genes and PRRs after
18 d of injecting. The expression of both iNOS and
COX2 in duck bursa tissues was facilitated. These results
suggested that these immunopotentiators could modulate
the immune-related genes.



Figure 5. Expression of PRRs and inflammatory factors in bursa of ducklings injected with 5 different immunopotentiators. RT-qPCR and situ
hybridization for IL-1b (A), IFN-a (B), and IFN-b (C), and RT-qPCR for TNF-a (D), RIG-I (E), TLR3 (F), and TLR7 (G). For the RT-qPCR
data analysis, triplicate Ct values obtained from 5 different experimental mRNA samples were normalized to b-actin mRNA. Relative mRNA levels
were calculated using the Ct method, and normalized Ct values were obtained from the control group. Vertical bars represent the mean6 SD (n5 5).
Asterisks (*) represent significant differences.
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Figure 6. Effects of 5 immunopotentiators on the expression of inflammatory factor in ducklings’ bursa tissues. The protein levels (A) and mRNA
expressions (B, C) of iNOS and COX2 after injecting duckling with immunopotentiators. Vertical bars represent the mean6 SD (n5 5). Asterisks (*)
represent significant differences.
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Effects of Immunopotentiators on
Expression of Apoptosis-Related Genes

Apoptosis is a form of cell death triggered during a va-
riety of physiological conditions and is tightly regulated
by a number of gene products that modulate immune re-
sponses (Ottenhoff and Mutis, 1995; Wang et al., 2017).
The Bcl2 family, which includes antiapoptotic Bcl2,
along with caspase 3, is the main regulatory protein
involved in apoptosis (Reed et al., 1996). A previous
study showed that chlorogenic acid decreased cell prolif-
eration and regulated the expression of the apoptosis-
related genes BCL2 and caspase 3 in A549 human lung
cancer cells (Yamagata et al., 2017). Kim et al. have re-
ported that the mRNA level of Bcl-2 significantly
decreased, and that of caspase 3 was increased signifi-
cantly with b-glucan treatment in human SNU-C4 cells
(Kim et al., 2009). To determine the effects of immuno-
potentiators on apoptosis in ducks, we investigated the
expression levels of apoptosis-related genes including
Bcl2 and caspase 3 in the duck bursa tissues after inject-
ing immunopotentiators and found that the expression
of Bcl2 protein and mRNA in bursa tissues was reduced
by chlorogenic acid, b-D-Glucan, astragalus flavone,
CpG-DNA, and chicken IgG. In addition, the chloro-
genic acid, b-D-Glucan, astragalus flavone, CpG-DNA,
and chicken IgG increased bursa caspase 3 gene expres-
sion in protein and mRNA levels. Previous studies
have also indicated that the activation of COX2 and
Figure 7. Effect of 5 immunopotentiators on the expression of apoptosis i
(B, C) of Bcl2 and caspase 3 after injecting duckling with immunopotentiator
significant differences.
iNOS gene transcription could contribute to apoptosis
(Ayalasomayajula and Kompella, 2003; Zhang et al.,
2014). These reports, together with our data, suggest
that these immunopotentiators could mediate their pro-
apoptotic effects via activating COX2 and iNOS in the
nuclear factor kappa-B pathway.
Taken together, this study suggests that chlorogenic

acid, b-D-Glucan, astragalus flavone, CpG-DNA, and
chicken IgG can increase the immune capability by upre-
gulation of functional expression of cytokines, proinflam-
matory factors, apoptosis, and PRRs in vitro and in vivo.
As potential immunopotentiators, they may contribute
to improve duck innate immune responses. Moreover,
the study provides the first experimental evidence to
demonstrate the functional mechanism of the 5 immuno-
potentiators, which may provide a novel strategy for reli-
able alternatives to antibiotics in duck as well as in other
animals.
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