Glycyrrhiza polysaccharides can improve and prolong the response of chickens
to the Newcastle disease vaccine
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ABSTRACT Licorice is a medicinal and food plant
widely used to treat diseases and produce food additives,
because of its unique chemical constituents like
polysaccharides, flavones, and saponins. Glycyrrhiza Pol-
ysaccharides (GPS-1) are water-soluble neutral polysac-
charides extracted from licorice. Currently, GPS-1 is
administrated to chickens by gavage every d for 14 d to
observe the impact of GPS-1 on the Newcastle disease
vaccine. To determine the immunity of these chickens to
NDV, blood serum levels of hemagglutinin-inhibition

(HI) antibody, and immunoglobulins IgA and IgG were
measured. Meanwhile, the expression levels of cytokines
IL-2, TL-4, 11-17, and IFN-y were measured to evaluate
the degree of immune booster activity. The chickens’
spleen and peripheral blood lymphocytes displayed a sig-
nificant increase in the proportion of CD4+ and CD8+
T cells after booster treatments with GPS-1. The results
indicated that GPS-1 had a significant, dose-dependent,
immune-boosting effect which could enhance NDV vac-
cine immunity in chickens.
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INTRODUCTION

The Newcastle disease virus (NDV), one of the most
dangerous viruses for the industry of poultry husbandry,
belongs to the family Paramyxoviridae in the order
Mononegavirales. It primarily invades the respiratory
and digestive tracts, resulting in decreased egg laying,
significant weight loss, and other harm to the birds
(Homme and Easterday, 1970; Qiu et al., 2016). NDV
can lead to respiratory and digestive distress including
elevated body temperature, dyspnea, coughing, greenish
diarrhea and thin-shelled eggs, which causes severe
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economic losses in the poultry industry (Liu et al.,
2019). At present, ND vaccine is widely used in clinic to
reduce the hazard of NDV, but the disadvantages of vac-
cine, such as producing early immune response and
short-lasting humoral antibodies, have limited its appli-
cation (Guo et al., 2021). Thus, novel immune boosters
are in urgent demand to strengthen the protective abili-
ties of NDV vaccines.

At present, immune boosters are modern tools for
increasing vaccine efficacy, which can effectively reduce
the number of immunizations and the amount of antigen
used. (Shi et al., 2018; Kimani et al., 2021). Immune
boosters may not only assist antigens in stimulating the
body to produce a strong immune response, resulting in
high titers of antibodies, but also maintain antibody lev-
els on the mucosal surface and in the blood for a consid-
erably extended time frame (Coffman et al., 2010).
Immune boosters can play many different roles, like pro-
moting the synthesis and secretion of antibodies,
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increasing the quantity and activity of immune cells like
lymphocytes, enhancing the number of CD4+ T cells
and CD8+ T cells and promoting expression of immune-
related cytokines (Schneerson et al., 1980). Therefore,
the rational use of immune boosters can effectively com-
pensate for the deficiencies of vaccines.

Polysaccharides are a kind of carbohydrate polymers
comprised of more than 10 monosaccharides, which are
obtained from plants, animals, and microorganisms, with
various bioactivities such as immunomodulatory, antioxi-
dant, antitumor, and anticoagulant therapeutic agents
(Cor et al., 2018). Polysaccharides, as one of typical
immune boosters, can significantly enhance the body’s
abilities to produce specific immune responses. Polysac-
charides such as lentinan, epimedium polysaccharide,
astragalus polysaccharide, and angelica polysaccharide
have immune-enhancing effects like splenic and peripheral
blood lymphocyte promotion, and increasing the activities
of peritoneal macrophages and natural killer cells in mice
(Xue et al., 2008). Additionally, comparing to the chemi-
cal medicines, polysaccharides have relatively low toxicity
in animals and are widely used in animal husbandry
(Wang et al., 2018a). Thus, polysaccharide has a large
potential in the poultry industry.

Licorice, a traditional medicinal and food plant, has a
wide and long history of application in both diet and phar-
macology (Shin et al., 2008). In recent years, more and
more active ingredients such as polysaccharides, flavones,
and saponins were obtained from licorice, showing some
activities in drug development and food industry
(Hayamaet al., 2015). Among them, Glycyrrhiza polysac-
charides (GPS) as functional compounds have attracted
more and more researchers in both pharmaceutical and
alimentary field (Chu et al., 2012). GPS are consist of dif-
ferent types of monosaccharides like glucose, galactose,
and mannose (Pan et al., 2020), and have various medici-
nal uses such as antitumor agent, antibacterial, antiviral,
antioxidant, and protective agent to the liver and kidney
(Ayeka et al., 2016; Wu et al., 2017; Lian et al., 2018;
Zhang et al., 2018; Hao et al., 2020; Mutaillifu et al., 2020;
Pan et al., 2020). GPS can boost immune function, stimu-
late the antigen presenting cells like macrophages and
dendritic cells, as well as help secrete cytokines and induce
immune cells to mature. Therefore, GPS may be used as a
potential immune booster.

In our previous work, we extracted and purified one
water-soluble polysaccharide (named GPS-1) from lico-
rice and studied its immunological activities (Wu et al.,
2017). It was found that GPS-1 can increase the expres-
sion of cytokines I1.-2, IL-10, and IFN- y in chicken den-
dritic cells and stimulate the proliferation of chicken
lymphocytes. In the current study, further experiments
were designed and performed in vivo to explore the
immune-modulating effects of GPS-1 on young chickens
shortly after NDV wvaccination. The indicators of
humoral and cellular immunity in chickens, including HI
antibody levels, immunoglobulin levels, expression of
cytokines IL-2, IL-4, I1.-17 and IFN-y, and typing of T
lymphocytes were used to evaluate the efficacy of GPS-1
as an immune booster.

MATERIALS AND METHODS
Extraction of Glycyrrhiza Polysaccharides

In accordance with our standard laboratory extrac-
tion method of GPS-1 from Chinese licorice, the root of
Glycyrrhiza uralensis was defatted with 95% ethanol
solution for 4 h and dried at room temperature to
remove the fat-soluble constituents (Wu et al., 2017).
The treated root was powdered and extracted twice in
boiling water under reflux. The extracts were diluted
and centrifuged to give the supernatants, which were
combined and lyophilized, then precipitated by
90% alcohol (v/v) until the final alcohol content was
80% (v/v). The precipitate was collected and dissolved
in water, then treated by trichloroacetic acid to precipi-
tate proteins and yield the total deproteinated
Glycyrrhiza polysaccharides. The total deproteinated
polysaccharides were then dissolved in water again and
dialyzed by running tap water for 2 d and distilled water
for 3 d, then lyophilized to yield a white, powdery pre-
cipitate. The white powder was dissolved in deionized
water to give 20 mg/mL and separated by DEAE-52
cellulose gel column (Solarbio, Beijing, China) chroma-
tography with sodium chloride solution (gradient: 0—0.1
—1M) at a flow rate of 0.5 mL/min, and 15 mL per tube.
The polysaccharide content of each eluate was analyzed
by the phenol-sulfuric acid method to create elution
curves (Mutaillifu et al., 2020). The eluates with poly-
saccharides were selected, combined, and concentrated
by lyophilization, then adjusted to 20 mg/mL and puri-
fied via Sephadex G-100 column 1 (Sigma-Aldrich Chem-
ical Company, Shanghai, China) chromatography with
deionized water at 0.5 mL/min. The concentration of
polysaccharides in each eluate (10 mL/tube) was deter-
mined, and eluates with the highest polysaccharide con-
tent were combined and lyophilized to obtain the
isolated Glycyrrhiza uralensis polysaccharide GPS-1 in
powder form.

The GPS-1 administered by gavage was dissolved in
standard saline solution at 3 different concentrations
(high, medium, and low): GPS-H (600 mg/kg), GPS-M
(450 mg/kg), and GPS-L (300 mg/kg) (Wang et al.,
2013; Ayeka et al., 2017; Aipire et al., 2020). The 3 puri-
fied GPS-1 concentrations were sterilized at 100°C for
30 min and stored at 4°C.

Vaccinations and GPS-1 Treatment

One-day-old, male Hy-Line brown chickens with no
immunity to NDV were kept in observation for 10 d
before 100 of these chickens were randomly divided into
5 groups of 20 chickens per group. One group was ran-
domly appointed as the control, and no vaccine or other
immune treatment was given. The remaining 4 groups
were immunized by Newcastle disease virus (ND-IV
LaSota [Jiangsu Academy of Agricultural Sciences|) vac-
cine with eye drops and nose drops. The date of immuni-
zation was recorded as d 0. The ND-immunized groups
were housed separately from the control group to avoid
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Table 1. Experimental grouping and oral medication of 100
chickens.

Group Antigen Oral administration
Control None Normal saline
ND Inactivated NDV antigen Normal saline
GPS-L Inactivated NDV antigen GPS-L (300 mg/kg)
GPS-M Inactivated NDV antigen GPS-M (450 mg/kg)
GPS-H Inactivated NDV antigen GPS-H (600 mg/kg)

interference. The immunized groups were then randomly
divided into the Glycyrrhiza polysaccharides high con-
centration group (GPS-H), Glycyrrhiza polysaccharides
medium concentration group (GPS-M), Glycyrrhiza pol-
ysaccharides low concentration group (GPS-L), and the
simple immunization group that received no immune
booster (ND group). GPS-1 was administered by gavage
at varying doses to the groups GPS-H, GPS-M, and
GPS-L on the 1st d after immunization, while saline was
administered to the control and ND groups. These
gavage treatments were administered once a d for 14 d,
as seen below in Table 1.

Average Daily Weight Gain and Organ Index

To calculate the average daily weight gain rate, all
chickens were weighed and numbered at the time of
NDYV vaccination. On d 7, 14, 21, and 28 after immuni-
zation, 5 chickens per group were randomly selected and
weighed. The average daily gain rate was calculated by
[(Wo-W1)/N]/(W{/N) x 100%, where W, represents
the current weight of each selected chicken in grams, Wy
represents the previous weight of each selected chicken
(g), and N represents the number of feeding days.

On the 7th and 28th d after vaccination, 5 chickens
from each group were randomly selected, weighed, and
euthanized. The spleen, thymus, and bursa of Fabricius
were collected and weighed to calculate the organ index,
which is equal to the organ weight (g) /body weight (kg).

Hemagglutination Inhibition (HI) Assay

Serum was collected from 5 chickens randomly sam-
pled from each group of chickens on d 7, 14, 21, and 28
after immunization. The hemagglutination inhibition
titer was determined using a suspension prepared from
1% chicken red blood cells. The maximum dilution of
the serum with complete inhibition of agglutination was
recorded as the antibody titer of the serum. The titer of
serum ND-HI antibody was evaluated by a standard HI
assay (Wang et al., 2018b; Elaish et al., 2019).

Determination of Anti-ND IgG and IgA

The titers of antibodies IgA and IgG against ND-IV
LaSota antigen in serum were determined by ELISA
technique (Wang et al., 2010). Five chickens from each
group were randomly selected for serum collection on d
7, 14, 21, and 28 after immunization. The serum collec-
tion method was as follows: diluted Newcastle disease

antigen solution was used to coat a 96-well plate, soak-
ing overnight at 4°C, then the supernatant was dis-
carded. The 96-well plate was then sealed with PBS
containing 1% BSA. Afterward, diluted serum was
added to each well, incubated for 30 min at 37°C, treated
with rabbit antichicken HRP-conjugated (Bioss) IgG for
another 30 min at 37°C. After treatment, each well was
washed twice with PBS and stained with TMB color
development solution for 7 min at 37°C in darkness, end-
ing with the development termination solution. Absor-
bance was measured by a plate reader (Thermo Fisher)
at 450 nm to provide the OD value.

Isolation of Spleen Lymphocytes and
Peripheral Blood Lymphocytes

Five chickens were randomly selected from each group
14 d after immunization. Their spleens were removed
under aseptic conditions, then rinsed 3 times with sterile
PBS and placed in a flat dish. They were cut up, ground
down and filtered by a tissue sieve to produce a ground
spleen suspension. The suspension was slowly added to
the upper layer of the lymphocyte separation solution
(Solarbio, Beijing, China) at a ratio of 1:1 and centri-
fuged for 20 min at 3,000 rpm. After centrifugation, the
white misty spleen lymphocytes at the interface were
carefully aspirated, rinsed twice with PBS and centri-
fuged for 15 min at 2,500 rpm (Hou et al., 2010;
Chimeno Zoth et al., 2012).

On the 14th d after immunization, 2 mL of blood was
taken under sterile conditions and anticoagulated with
heparin (Solarbio, Beijing, China), diluted 1:1 with PBS
and then carefully added this diluted blood to the upper
layer of the lymphocyte separation solution (Solarbio,
Beijing, China) at a ratio of 1:1 and centrifuged at
2,500 rpm/min for 20 min. Afterward, the peripheral
blood lymphocytes at the middle boundary were har-
vested, washed twice with PBS and centrifuged at
1,500 rpm for 15 min (Lam and Vasconcelos, 1994;
Gu et al., 2020).

CD3*CD4" and CD3"CD8" T Cell Activation

After resuspension, both spleen and peripheral blood
lymphocytes from each group were adjusted to 1 x 107
cells/mL. Each group’s samples were prepared as a 1 mL
cell suspension and a 1 puL mixture consisting of
antichicken CD3-FITC, antichicken CD4-PE and anti-
chicken CD8-APC antibodies (Southern Biotech, Bir-
mingham, AL), incubated for 30 min at 4°C in darkness.
After centrifugation at 1,000 rpm for 5 min, cells in each
tube were collected and analyzed by cell flow cytometry
(BD Accuri C6) (Scherer et al., 2018; Fu et al., 2019;
Lindenwald et al., 2019).

ELISA Analysis of Cytokines in Serum

On d 14 after immunization, 5 chickens in each group
were randomly selected to collect serum from. The
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contents of I11.-2, IL.-4, I1-17, and IFN-y in serum were
determined according to the ELISA (LiankeBio, Hang-
zhou, China) protocol.

Histopathological Analysis

The spleen, thymus, and bursa of Fabricius of 5 of the
immunized chickens were collected on d 28 after vaccina-
tion. They were fixed with 4% paraformaldehyde and
hematoxylin and eosin (HE) stained.

Immunofluorescence of Tissue Sections

The spleens of immunized chickens were collected 28 d
after immunization. The immunofluorescence samples of
spleen tissue were prepared by incubating spleen sec-
tions with CD4" or CD8 " antibodies (Southern Biotech)
at 4°C in darkness overnight. Then, secondary antibod-
ies (HRP-conjugated goat antirabbit) were added and
treated the samples for 1 h at 4°C in darkness. FITC
(green), CY3 (red), and DAPI (blue) were used to stain
the CD8" T cells, CD4 " T cells and nuclei, respectively.
The sections were rinsed, then observed and imaged by
confocal microscopy.

Statistical Analysis

The data were presented as the mean =+ standard
error of the mean (SEM). A One-way analysis of vari-
ance (ANOVA) followed by an LSD mean separation
test was used to evaluate the significance of differences
among groups. Calculated probability (P) values less
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Figure 1. Average daily gain and organ index

than 0.05 were considered statistically significant. Fig-
ures were exported using GraphPad Prism software. *
means P < 0.05. ** means P < 0.01 and ***means P <
0.001. All these outcomes are compared with the unvac-
cinated group (control). Likewise, # means P < 0.05;
#4 means P < 0.01; #4#+# means P < 0.001. All of these
are compared with the simple vaccination group (ND).

RESULTS
Average Daily Gain and Organ Index

On the 7th, 14th, 21st, and 28th d after immunization,
there were no significant differences in the rate of aver-
age daily weight gain between the control, ND, GPS-L,
GPS-M, and GPS-H groups, which indicates that feed-
ing GPS-1 for 14 consecutive d has no effect on the
chicken's body weight and other production performance
(Figure 1A).

On the 7th and 28th d after immunization, the spleen,
thymus, and bursa of Fabricius were collected from 5
chickens from each group, and the organ index of each
immune organ was calculated separately. As shown in
Figure 1B, on the 7th d, the bursa of Fabricius organ
indices for the ND group and GPS-1 groups (GPS-L,
GPS-M, GPS-H) were notably higher than those in the
control group. The thymus and spleen organ indices of
the ND group were significantly higher than those in the
control group. However, compared with both the control
and ND groups, the thymus and spleen organ indices in
the GPS-L, GPS-M and GPS-H groups did not improve.
On the 28th d, there was no significant difference in
organ indices between any groups.

8- 28 Day
g
E, 6] control
2 ND
?4- mm GPS-L
§ mm GPS-M
T = GPS-H
3z 5
&
P
o |

#® ! || |

- T T T

Spleen Thymus Bursa

(A) Effects of GPS-H (600 mg/kg), GPS-M (450 mg/kg), and GPS-L (300 mg/kg) on average daily gain of chickens (n = 5). (B) Organ index
of spleen, thymus, and bursa of Fabricius on the 7th and 28th d after the first vaccination (n = 5).
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Antibody Responses

The day before immunization, serum was collected
from each chicken to detect the maternal antibody lev-
els. The potency of the maternal antibodies was mea-
sured at 2.06 (Log2). Subsequently, serum was collected
on the 7th, 14th, 21st, and 28th d after immunization,
and the ND-HI antibody titer is shown in the Figure 2A.
The result implies that the NDV vaccine was effective in
eliciting an immune response. On the 7th, 14th, 21st,
and 28th d after immunization, the ND-HI antibody
titers of the ND vaccinated group were much higher
than that of the control group (P < 0.001). The effects
of different concentrations of GPS-1 as a supplement to
the ND vaccine were observed: compared with the ND
group, all concentrations of GPS-1 could effectively
increase ND-HI antibody titers on the 14th, 21st, and
28th d after immunization. Notably, only the high con-
centration of GPS-1 (600 mg/kg) given to the GPS-H
group increased ND-HI antibody titers on the 7th d (P
< 0.01). Thus, NDV vaccine can effectively provide spe-
cific immune protection for chickens, and GPS-1 can sig-
nificantly increase ND-HI antibody levels after NDV
vaccination and maintain high levels of ND-HI antibody
titers. GPS-1 can have a good synergistic effect with
NDV above 300 mg/kg, and the best effect can be
obtained at 600 mg/kg.

The expression levels of Newcastle disease-specific IgG
and IgA antibodies in the serum were measured on the
7th, 14th, 21st, and 28th d after vaccination. As shown
in Figure 2B, the specific IgG expression levels of the
ND group and GPS-1 groups (GPS-L, GPS-M, GPS-H)
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were appreciably elevated in a dose-dependent manner
compared with the control group. The results of specific
IgG expression levels were consistent with that of ND-
HI antibody levels (Figure 2A). The serum IgA expres-
sion levels can be observed in Figure 2B. On the 7th,
14th, 21st, and 28th d after immunization, the serum
IgA expression levels of the ND group and all GPS-1
groups (GPS-L, GPS-M, and GPS-H) increased consid-
erably compared to the control group (P < 0.001). In
contrast with the NDV vaccination group, medium and
high concentrations of GPS-1 booster increased the
serum IgA levels on the 7th d. Similarly, on the 14th d,
the serum IgA levels of the GPS-L and GPS-M groups
were both significantly higher than that of the ND
group. However, on the 21st and 28th d after the vacci-
nation, there was no significance difference between the
ND group and GPS-1 groups in the expression of serum
IgA. This may be related to the easily degradable nature
of IgA, which usually requires continuous stimulation to
obtain higher levels of IgA for a longer period of times.

Determination of CD3*CD4* and CD3*CD8"
T Cell Activation

On the 14th d after immunization, the percentages of
CD3"CD8" T cells and CD3"CD4" T cells in spleen
lymphocytes were determined by flow cytometry. As
shown in Figure 3A, the use of the NDV vaccine could
help to increase the percentages of CD3"CD8" T cells
and CD37CD4" T cells in spleen lymphocytes. More-
over, compared with the ND group, all 3 concentrations
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Figure 2. Antibody responses

*P < 0.05, **P < 0.01, and ***P < 0.001, all relative to the unvaccinated group (control). #P < 0.05, ##P < 0.01, ### P < 0.001, all com-

pared with the simple vaccination group (ND).

(A) Serum HI antibody titers (Log2) from each group on the 7th, 14th, 21st, and 28th d after vaccination (n = 5). (B) Antigen-specific IgG
and IgA titers in serum from different groups chickens on the 7th, 14th, 21st, and 28th d after vaccination (n = 5).
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*P < 0.05, **P < 0.01, and ***P < 0.001, all relative to the unvaccinated group (control). # P < 0.05, ## P < 0.01, ##+# P < 0.001, all com-

pared with the simple vaccination group (ND).

(A) The percentages of CD3"CD4" and CD3"CD8™" T spleen lymphocytes isolated from chickens treated with 600 mg /kg, 450 mg/kg, and

300 mg/kg of GPS-1 at 14 d after NDV vaccination (n =
lymphocytes.

5), and the representative flow cytometry plots of CD3"CD4" and CD3"CD8" T

(B) The percentages of CD3"CD4" and CD3"CDS8" T cells isolated from peripheral blood lymphocytes collected from chickens treated with
600 mg /kg, 450 mg/kg, and 300 mg/kg of GPS-1 at 14 d after NDV vaccination (n = 5), and the representative flow cytometry plots of CD3"CD4 ™"

and CD3"CD8" T lymphocytes.

of GPS-1 could increase the percentage of CD3"CD8 " T
cells in spleen lymphocytes, while only medium and high
concentrations of GPS-1 could raise in the percentage of
CD3"CD4" T cells in spleen lymphocytes.

On the 14th d after immunization, the percentages of
CD3'CD8" T cells and CD3+CD4+ T cells in periph-
eral blood lymphocytes were examined by flow cytome-
try. Figure 3B shows that compared with the control
group, oral administration of medium and high concen-
trations of GPS-1 after 14 d of NDV inoculation can
effectively enhance the proportion of CD3"CD8'T
cells in peripheral blood lymphocytes. Compared with
the ND group, the GPS-H group induced more
CD3'CD8'T cell activation, which was statistically sig-
nificant (P < 0.01). Secondly, NDV vaccination signifi-
cantly increased the proportion of CD3"CD4" T cells in
peripheral blood lymphocytes, and progressively higher
concentrations of GPS-1 further stimulate the activation
of CD3"CD4" T cells. In the peripheral blood lympho-
cytes, high concentrations of GPS-1 had a proliferative
and activating effect on CD3"CD8" T cells, while all
concentrations of GPS-1 were shown to increase the pro-
liferation and activation of CD3'CD4" T cells where
appears to be a concentration-dependent manner.

Cytokines in Serum

The serum expression levels of 1L-2, IL-4, IL-17, and
IFN-y were measured using ELISA kits on the 14th d
after NDV vaccination. As shown in Figure 4, NDV vac-
cination increased the secretion of IL-2, IL-4, IL-17, and
IFN-y cytokines (P < 0.001). Different concentrations of
GPS-1 also increased the expression levels of 1L-2, IL-4,
and IFN-y to different degrees, while only medium and
high concentrations of GPS-1 promoted the secretion of
IL-17 cytokines. The specific variability is shown in
Figure 4.

Histology Analysis

Figure 5 shows the HE stained sections of 3 important
immune organs: the bursa of Fabricius (upper), thymus
(middle), and spleen (lower) from each group on the
28th d after NDV vaccination. Compared with the con-
trol group, the ND group and the GPS-1 groups (GPS-
L, GPS-M, and GPS-H) showed no significant toxic or
inflammatory infiltrates in the bursa of Fabricius, thy-
mus, and spleen, which confirmed that 600 mg/kg is a
safe oral dose of GPS-1 for young chickens. This result
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*P < 0.05, **P < 0.01, and ***P < 0.001, all relative to the unvaccinated group (control). #P < 0.05, ##P < 0.01, ### P < 0.001, all com-

pared with the simple vaccination group (ND).

The expression levels of cytokine IL-2, IL-4, IL-17, and IFN-y in serum among Control, ND, GPS-L, GPS-M, and GPS-H groups of chickens

on the 14th d after NDV vaccination (n = 5).

was consistent with the results of the average daily
weight gain rate (Figure 1A).

Immunofluorescence (IF) Analysis of Spleen

As a peripheral immune organ of the chicken, the
spleen plays an important role in the humoral and cellu-
lar immune responses. The GPS-1 induced lymphocytic
immune response of the spleen was visualized by immu-
nofluorescence analysis and depicted in Figure 6. On the
28th d after immunization, the expressions of CD4 " and
CDS8" in the spleens of the chickens from vaccination
groups increased relative to the control. Moreover, all

Control

\
)

LA

bursa of Fabricius

thymus

spleen

Figure 5. Results of HE histological analysis (100 x, 100 um scale bar)

GPS-L

concentrations of GPS-1 could enhance the effects of
NDV vaccine on the expressions of CD4" and CD8" in
chickens’ spleens. However, the expressions of CD4"
and CD8 " raised less dramatically when the concentra-
tion of GPS-1 administered after vaccination was below
600 mg/kg (GPS-H dose).

DISCUSSION

Polysaccharides are often used as immune boosters to
treat symptoms of immune deficiency in cancer or radia-
tion therapies (Pelley and Strickland, 2000) and are also
given to animals by oral feeding or injection to their

GPS-H

GPS-M

Histological analysis of bursa of Fabricius, thymus, and spleen from different groups on the 28th d after NDV immunization.
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Figure 6. Results of spleen immunofluorescence analysis.

GPS-L

GPS-H

Immunofluorescence analysis of spleen CD4 (red) or CD8 (green) and DAPI (blue) in different treatment groups on the 28th d after NDV

immunization.

immunity (Hristov et al., 1999). In this experiment, we
immunized chickens by administering oral GPS-1 along
with ND vaccine injection. Currently, vaccination is the
most effective way to prevent and control NDV out-
breaks in poultry industry (Ding et al., 2019). Despite
decades of research and development, the ND vaccine
still has some shortcomings. Incomplete or improper
immunization often results in the disease and death of
poultry after infection with virulent ND, and the
humoral antibodies produced by NDV attenuated vac-
cine are low-level and short-lasting (Dimitrov et al.,
2017). In this experiment, GPS may be helpful to solve
the defect of ND vaccine.

To obtain credible results, some visual indicators were
measured to show the efficacy of the ND vaccine and the
immune boosting effect of GPS-1 in chickens. So, ND-HI
levels were used to determine the effectiveness of the
NDV vaccine. Because hemagglutinin (HA) is the main
glycoprotein on the surface of ND virus and the main
target antigen of humoral responses (Zhang et al.,
2014). The results of the present investigation indicate
that the different concentrations of GPS-1 tested could
dose-dependently increase the expression of NDV anti-
bodies (Figure 2A). This result most directly indicated
that GPS-1 could effectively help the ND vaccine to pro-
duce higher efficacy.

GPS-1 can widely promote humoral immunity in
chickens. Both IgG and IgA are secreted by B lym-
phocytes as part of humoral immunity. IgG is a basic
indicator widely distributed in the body which reflects
the virally induced humoral immunity level, and is
extremely sensitive to viruses (Lin et al., 2008). IgA is
a type of globulin mainly distributes in mucosa, which
can help to improve the humoral immunity of chick-
ens by preventing the attack of ND virus to their
respiratory and digestive tracts. In this experiment,
GPS-1 feedings of different concentrations were able
to elevate the level of IgG and IgA throughout the
14-d administration period (Figure 2B). It was well
established that polysaccharides could enhance the
secretion of B lymphocytes, which was consistent
with the results of the present investigation. However,
after the GPS-1 administration period, the concentra-
tion of IgG in serum remained high among all vacci-
nation groups, while IgA showed no statistically
significant differences among any vaccination groups,
with or without GPS-1. It was previously established
that IgG levels could be maintained in organs and the
humoral immune response for a longer period, while
IgA could disappear rapidly without the stimulation
of immune boosters, and our results were in accor-
dance with this phenomenon.
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Similarly, GPS-1 has been shown to be effective in
modulating T-cell immunity, the results suggested
that GPS-1 boosts immunity by activating lympho-
cytes. The activation of helper T cells (CD4" T) and
cytotoxic T cells (CD8" T) are crucial for cellular
immune responses and immune regulation (Liu et al.,
2009; Cao et al., 2010). CD4" is mainly expressed in
helper T (Th) cells and is the receptor of Th cell
TCR necessary to recognize antigens (Zhu et al.,
2010). CD8" T cells, also known as killer T cells,
play an important role in recognizing and presenting
antigens in specific immune responses (Clark et al.,
2016). CD8" T cells can differentiate and eliminate
abnormal cells, such as those infected by pathogens
(Meng et al., 2016). Numerous sources have reported
that CD4" T cells can promote CD8" T cell expres-
sion (Abb et al., 1977; Aarvak et al., 1999;
Ahrends and Borst, 2018). In this experiment, GPS-1
increased the proportion of both CD4" T cells and
CD8" T cells in the spleen and peripheral blood lym-
phocytes. This was consistent with the results
reported in the literature. CD4" T cells could be cat-
egorized into Thl, Th2, and Thl7 cell types accord-
ing to the cytokines they secrete Thl cells mainly
secrete 1L-2, IFN- y, and TNF-¢, and their function
is to participate in the regulation of cellular immu-
nity. Th2 cells can assist in the activation of B cells
and mainly secrete IL-4 and IL-6 (Doan et al., 2020).
Th17 is a newly discovered T cell subset capable of
secreting IL-17, which can promote mucous glands to
secrete a large amount of mucus and enhance mucosal
immunity (Gaffen et al., 2014). Based on the flow
cytometry analysis of spleen lymphocytes and periph-
eral blood lymphocytes after NDV vaccination, GPS-
1 up-regulated the CD4" T cells and CD8" T cells in
the spleen and peripheral blood (Figure 3), which led
to an increase of cytokines. The levels of IL-2
and IFN-y in serum were increased on the 28th d
(Figure 4), which demonstrated the improvement of
activity of CD8" T cells. Similarly, the increase of
IL-4 and IL-17 reflected the activation of CD4™ T
cells. Present results indicated that GPS-1 enhanced
the CD8" mediated cytotoxic immune response, while
the immunofluorescence data in Figure 6 illustrated
the evidence that GPS-1 also expanded the range of
responses activated by CD4" (Hashiguchi et al.,
2000).

This experiment verified GPS-1 as an immune booster
capable of enhancing the antibody potency of the NDV
vaccine (Figure 2A) and explored the reasons for this
result. GPS-1 effectively enhanced the efficacy of the
NDYV vaccine in young chickens by promoting the acti-
vation of CD4+ and CD8+ T lymphocytes in the spleen
and peripheral blood, which in turn promoted Th1 cyto-
kines IL-2 and IFN-y, Th2 cytokine IL-4, and the expres-
sion of cytokine IL-17 in Th17 cells. Elevation of these
indicators suggested that GPS-1 could be used as an
immune booster to improve the effectiveness of the
NDYV vaccine.

CONCLUSIONS

This study revealed the synergic activities of GPS-1
and the NDV vaccine in chickens. Being used in conjunc-
tion with NDV vaccination, GPS-1 could elevate the
percentage of CD4" and CD8" cells in the spleen and
peripheral blood lymphocytes. The resulting immune
response displayed a dose-dependent increase in IL-2,
IL-4, TL-17, and IFN-y. This cytokine response induced
chickens to produce more NDV antibodies, specifically
IgG, and IgA. Moreover, even the highest concentration
of GPS-1 in this experiment (600 mg/kg) showed no
observable adverse effect to the young chickens. Our
result suggested that GPS-1 may be valuable in the pre-
vention of Newcastle disease and may thereby reduce
the loss of poultry and marketable eggs.
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