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Abstract
To investigate the immunomodulatory activity and explore the mechanism of Paulownia tomentosa flower polysaccharides (PTFP). PTFP was orally administrated to mice for seven successive days before and after Newcastle
disease vaccination. The results demonstrated that compared with the vaccine control (VC) group, PTFP enhanced
the inhibition of hemagglutination assay antibody titers, promoted the antigen-specific immunoglobulin (Ig)G,
IgG1, IgG2a, and IgG2b antibodies responses, enhanced proliferation of spleen T and B lymphocytes, increased
the secretions of interferon-γ and interleukin-10 cytokines of spleen lymphocytes, and promoted the activation of
natural killer cells. Therefore, PTFP, as an effective immunopotentiator, could induce a mixed T-helper (Th)1 and
Th2 immune responses and an innate immune response.
Keywords: immune responses, immunopotentiator, Newcastle disease vaccine, Paulownia tomentosa flower polysaccharides

Introduction
In recent years, polysaccharides from Chinese medicinal herbs have drawn more attention because of their
effective immune enhancement, favorable safety, and
excellent biocompatibility (Sun et al., 2018; Tang et al.,
2019; Chen et al., 2020). Various polysaccharides, such
as Astragalus polysaccharide, Lentinan, Angelica sinensis
polysaccharide, and Lycium barbarum polysaccharide,
have been proved to possess potent immunomodulatory activity (Su et al., 2014; Wang et al., 2016; Sun et al.,
2018; Chen et al., 2020; Ren et al., 2021). The Paulownia
tomentosa (P. tomentosa), as Chinese herbal medicine,
has been widely used to treat stomach disorders, diarrhea, gonorrhea, erysipelas, hypertension, enteritis, tonsillitis, bronchitis, and dysentery (Dai et al., 2015; Liu
et al., 2017; Lee et al., 2018; Wang et al., 2019). Recent
researches have proved that P. tomentosa possesses

various pharmacological activities, such as antibacterial,
anti-inflammatory, antiphlogistic, antitussive, antiasthmatic, immunomodulatory, antioxidant, antiviral, and
anticholinesterase activities (Dai et al., 2015; Liu et al.,
2017; Wang et al., 2019). P. tomentosa flower polysaccharides (PTFP), which are extracted from the P. tomentosa
flower, are the main water-soluble component of this
flower. It has been reported that PTFP could serve as a
new immunopotentiator to enhance humoral and cellular immune responses (Wang et al., 2019).
Newcastle disease (ND), one of the most contagious and
devastating diseases in the poultry industry around the
world, is caused by an avian paramyxovirus type 1 serotype of the genus Avulavirus in the Paramyxoviridae
family (Zhai et al., 2011(a); Yuan et al., 2020; Chen et
al., 2021). This disease reduced the production of eggs,
led to respiratory and central nervous infections, death
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of poultry, and caused an immense economic loss
in the poultry industry ( Ma et al., 2019; Yuan et al.,
2020). Vaccination is the most effective and productive
approach to prevent and control the spread of ND (Yang
et al., 2020). The commercial vaccines available were
live or inactivated virus-based vaccines. So to enhance
immune responses for the ND vaccine, immunopotentiators or adjuvants were commonly required (Zhai et al.,
2011(b); Ma et al., 2019; Yuan et al., 2020 ).
The immunomodulatory activity of PTFP was determined in our previous study by orally administrating it
into the ND-vaccinated chickens. . The in vivo experiment results demonstrated that PTFP could improve
lymphocyte proliferation, increase antibody response,
and enhance the secretion of interferon (IFN)-γ, indicating that PTFP has the potential to improve immune
responses in ND-vaccinated chickens(Yang et al., 2019).
However, the mechanism of PTFP enhancing immune
responses for the ND vaccine is still unknown. Hence,
to further investigate the immunomodulatory activity
and mechanism of PTFP for improving the ND vaccine
response. Mice used as the model animal were orally
administrated with the immunopotentiator PTFP. Later
they were immunized with ND-vaccine twice at an
interval of 14 days. After the second dose of vaccination, inhibition of hemagglutination assay (IHA) titers
against ND and antigen-specific immunoglobulin (Ig)G
and isotypes (IgG1, IgG2a, and IgG2b) antibodies were
determined. Meanwhile, for further immune responses
evaluation, spleen lymphocytes proliferation, together
with cytokines, and natural killer (NK) cells activity were
measured.

Materials and Methods
Materials
Dried-cultured P. tomentosa flower were obtained from
Bozhou Guoxin Pharmaceutical Co., Ltd (Anhui, China).
Attenuated ND- vaccine (LaSota strain, No. 1170121)
was purchased from Guangxi Liyuan Biotechnology Co.,
Ltd (China). Fetal bovine serum was obtained from Gibco
(Carlsbad, CA). Roswell Park Memorial Institute (RPMI)1640 medium was purchased from HyClone, Logan, UT.
Concanavalin A (Con A) and lipopolysaccharide (LPS)
were obtained from Sigma-Aldrich (St. Louis, MO).
The antigen and positive control sera used for the ND
virus (NDV)-specific IHA was purchased from Qingdao
YEBIO Biological Technology Co., Ltd (China). Horse
radish peroxidase (HRP)-conjugated rabbit anti-mouse
IgG antibody was purchased from Sigma-Aldrich. HRPconjugated goat anti-mouse IgG1, IgG2a, and IgG2b
antibodies were obtained from Southern Biotechnology
Associates (Birmingham, AL). IFN-γ and interleukin

12

(IL)-10 enzyme-linked immunosorbent assay (ELISA)
kits were obtained from BOSTER Biological Technology
Co., Ltd (China). All other regents and chemicals were of
analytical grade.

Preparation of PTFP
PTFP was prepared by water decoction and ethanol precipitation as previously described (Yang et al., 2019). In
brief, dried cultured P. tomentosa flowers were extracted
twice with boiling water for 2 hours and 1 hour, respectively. After filtration, the merged decoction was then
condensed, and the suspension was precipitated with
95% ethanol four times for a total of 12 hours. The solution was then centrifuged and concentrated to a specific
volume, dried under reduced pressure at 60°. The carbohydrate concentration (%) of the total PTFP was 48
compared with D-glucose, and the luteolin and apigenin
concentration (%) of the total PTFP was 3.12 and 4.35,
respectively.

Cells and animals
Human leukemia cell line K562 was obtained from
Shanghai Institute of Cell Biology, Chinese Academy of
Sciences.
Institute of Cancer Research mice (5–6 weeks, 18–22 g,
male and female) were purchased from Shanghai Slake
Laboratory Animal Co., Ltd and housed in Zhejiang
University. The mice were maintained under pathogen-free conditions and acclimatized for 7 days before
experiments. The animal experiments were conducted
at the Zhejiang University. All animal experiments were
conducted in compliance with the guide for the care and
use of laboratory animals and approved by the Animal
welfare and ethics committee, Zhejiang University
(January 16, 2019, authorization number is No.18227).
All the animals were anesthetized with ether, the blood
samples were drawn from the eyes, and the mice were
killed by the cervical dislocation method.

Method
Experiment design
The mice were randomly divided into five groups: blank
control (BC), vaccine control (VC), PTFP-low dose
(PTFP-L), PTFP-medium dose (PTFP-M), and PTFPhigh dose (PTFP-H) groups with 12 animals per group.
The experimental procedure is represented as a schematic illustration in Figure 1. The mice (except the BC
group) were subcutaneously immunized with 0.1mL ND
vaccine (106.0 EID50/0.1mL) on day 4 and boosted with
the same dose on day 18. The mice in PTFP groups were
continuously orally administrated with different doses of
PTFP (30, 60, and 120 mg/kg) for 7 days (from day 1 to
day 7), once a day. In addition, the oral administration
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The schematic illustration of the vaccination and treatment schedule of the experiment.

procedure was performed again for 7 days from day 15
to day 21. The mice in BC and VC groups were administrated with the same volume of physiological saline orally.
About 14 days after the boost vaccination (at day 32), the
mice were sacrificed, serum samples were collected, and
spleens were harvested for subsequent immunological
tests.

Inhibition of hemagglutination assay (IHA)
IHA titers against the NDV in the serum samples were
carried out according to the IHA procedure as previously
described (Wu et al., 2012; Wang et al., 2013; Liu et al.,
2014; Zhang et al., 2014). Briefly, serum samples of different groups were collected at 14 days after boosting immunization and were heat-inactivated at 56° for 30 minutes.
The serum samples (25 μL) were serially two-fold diluted
using phosphate buffer saline (PBS) in a V-shaped microtiter plate. Later 25 μL NDV antigen (4 hemagglutinating
units (HAU) was added and incubated for 30 minutes at
room temperature. Here, PBS was used as the negative
control. Finally, 25 μL of 1% chicken erythrocyte suspension was added, and the samples were reincubated
for 30 minutes at room temperature. The IHA titer was
expressed as the reciprocal value of the highest serum
dilution, which completely inhibited the hemagglutination of chicken erythrocytes.

Determination of antigen-specific antibodies in serum
NDV-specific IgG and its isotypes (IgG1, IgG2a, and
IgG2b) antibodies in the serum were measured on day 14
after boosting vaccination by ELISA (Wu et al., 2012; Sun
et al., 2020). Briefly, 96 well ELISA plates were coated with
100 μL NDV antigen (0.5 HAU/mL, carbonate solution,
pH = 9.6) per well at 4° overnight. After washing thrice
with PBS containing 0.5% Tween 20, ELISA plates were
blocked with PBS containing 1% bovine serum albumin
and incubated for 2 hours at 37°. Then, the plates were
washed thrice, and 100 μL of serially diluted serum samples were added and reincubated for 2 hours at 37°. After
rewashing thrice, the HRP-conjugated anti-mouse IgG
(1:8000 diluted), IgG1 (1:6000 diluted), IgG2a (1:4000
diluted), or IgG2b (1:4000 diluted) antibodies were added
into plates and incubated for 2 hours at 37°. Then ELISA
plates were washed thrice, and 100 μL of tetramethylbenzidine was added to the plates. After incubation for
15 minutes, 50 μL of 2 M sulphuric acid was added to

stop the reaction. The optical density (OD) was measured
at 492 nm using a Bio-Rad 680 ELISA reader (Bio-Rad,
Hercules, CA).

Determination of spleen lymphocytes proliferation
At 14 days after boosting immunization, splenocytes were
harvested from the mice (Wang et al., 2016; Kumar et al.,
2017; Huang et al.,2020; Lu et al.,2020; Yu et al., 2020;
Gan et al., 2021). Briefly, the mice were sacrificed by cervical dislocation, and the spleens from different groups
were aseptically separated. Later, they were crushed and
passed through a 200-mesh sterile cell strainer, and the
red blood cells were separated using cells lysis solution.
The collected spleen lymphocytes (5×106 cells/mL) were
seeded into a 96-well plate with stimulated NDV antigen
(0.0625 HAU/mL), Con A (final concentration 5 μg/mL),
or LPS (final concentration 10 μg/mL), respectively. The
cells incubated with RPMI-1640 medium were used as
the negative control. After cultivation for 44 hours at 37°
in 5% carbon-di-oxide atmosphere, 50 μL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT;
2 mg/mL) was added and further cultured for 4 hours
at 37°. Subsequently, the supernatant was removed,
and 150 μL dimethyl sulfoxide (DMSO) was added. The
absorbance at 570 nm (A570) was measured by using a
microplate reader. The stimulation index (SI) was calculated as the ratio of absorbance values of ND antigen,
Con A, or LPS stimulated cells to untreated cells (negative control group) as shown in Equation (1).
SI =

A 570 (stimulated experimental group)
A 570 (negative control group)

(1)

Determination of spleen lymphocytes cytokines by ELISA
The spleen lymphocytes (5×106 cells/mL) from different
groups were incubated in 24-well plates and restimulated
with NDV antigen (0.0625 HAU/mL). After incubation
at 37° for 72 hours, the productions of cytokines INF-γ
and IL-10 were detected in the supernatants collected
after performing ELISA according to the manufacturer’s
instructions.

Determination of NK cells activity
The NK cells activity was determined as previously
described (Xu et al., 2019; Zhang et al., 2020). In brief,
the spleen lymphocytes (1×107 cells/mL)) of mice from

Italian Journal of Food Science, 2021; 33 (4)13

Chen X et al.

different groups were collected as the effector cells, and
the human leukemia K562 cells (2×105 cells/mL) were
used as the target cells. About 100 μL of spleen lymphocytes were added into a 96-well plate with K562 cells
(100 μL) in the ratio of 50:1 (effector cells: target cells)
and incubated for 20 hours at 37°. The MTT method was
used to measure the cell viability of NK cells wherein 50
μL of MTT (2 mg/mL) was added to the plates and incubated for 4 hours. Then the supernatant was removed,
DMSO was added, and the absorbance was determined
at 570 nm by a microplate reader. The cell viability of NK
cells was calculated according to Equation (2).
NK cells viability=

A570T − (A570 S − A570 E )
×100%
A570T

(2)

where A570T: absorbance value of target cells control;
A570S: absorbance value of samples; and A570E: absorbance value of effector cells control.

Data analysis
All data were expressed as the mean ± standard deviation (SD). The statistical significance of differences was
assessed by analysis of variance and Tukey’s multiple
comparisons. A probability value of P < 0.05 was considered statistically significant.

Results
Antibody responses
IHA antibody titers
Figure 2 shows the significant increase in the IHA antibody titers in PTFP groups compared with the VC group

IHA titers (log2)

8
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PTFP-L
PTFP-M
PTFP-H

6
4
2

Antigen-specific IgG and their isotypes (IgG1, IgG2a, and
IgG2b) responses
The antigen-specific IgG and isotypes (IgG1, IgG2a, and
IgG2b) antibodies were determined by ELISA to further
evaluate the humoral responses induced by PTFP in mice
immunized with ND-vaccine. As shown in Figure 3A,
PTFP in all groups significantly induced stronger antigen-specific IgG titers than the VC group (P < 0.05). IgG
titers in the PTFP-M group were higher than the PTFP-L
and PTFP-H groups. The results of IgG titers were consistent with IHA titers results (Figure 2).
The levels of antigen-specific IgG isotypes (IgG1,
IgG2a, and IgG2b) in different groups were determined
to investigate the effects of PTFP on T-helper (Th)1 or
Th2 immune responses. The IgG1 antibody was associated with a Th2-biased immune response. As shown in
Figure 3B, IgG1 antibody titers in all the PTFP groups
were significantly promoted compared with the BC
group (P < 0.05). The levels of IgG1 antibody induced
by the PTFP-M group were higher than the PTFP-L
and PTFP-H groups. The results of IgG2a and IgG2b
(Th1-associated) antibodies titers are shown in Figures
3C and 3D, respectively. IgG2a and IgG2b titers in all
PTFP groups markedly increased (especially IgG2b) than
the BC group. Moreover, IgG2a and IgG2b titers were
induced by the PTFP-M group were higher than that in
PTFP-L and PTFP-H groups. The results of IgG isotypes
(IgG1, IgG2a, and IgG2b) in different groups had a similar
trend to IgG titers (Figure 3A). In addition, ND-specific
IgG and its isotypic (IgG1, IgG2a, and IgG2b) antibodies
were not detected in the BC group (with no vaccination),
and the data were not shown.

Spleen lymphocytes proliferation
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Figure 2. Effect of PTFP on IHA antibody response in the
mice immunized with ND vaccine. The IHA antibody titers
(log2) in serum from mice of different groups at 14 days after
the boost immunization were determined by IHA assay. The
values were presented as mean ± SD (n =12). Significant differences with the VC group were designated as *P < 0.05 and
**P < 0.01. IHA, inhibition of hemagglutination assay; VC,
vaccine control; PTFP, Paulownia tomentosa flower polysaccharides; PTFP-L, PTFP-low dose; PTFP-M, PTFP-medium
dose; PTFP-H, PTFP- high dose.
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(P < 0.05). IHA antibody titers in PTFP-M group were
higher than that of PTFP-L and PTFP-H groups and
were not detected in the BC group (with no vaccination),
whose data is not shown. The results demonstrated that
PTFP, as an immunopotentiator, could promote IHA
antibody responses in mice against ND-vaccine.

To further investigate the effects of PTFP on cellular
immune responses in mice against the ND-vaccine,
spleen lymphocytes from mice were collected at 14 days
after the boost vaccination, and the lymphocytes proliferation was stimulated with NDV- antigen, Con A, or LPS
and determined. As shown in Figure 4A, after incubation
with NDV antigen for 44 hours, lymphocytes proliferation in the PTFP groups (PTFP-L, PTFP-M, and PTFP-H
groups) was significantly promoted compared with the
VC groups (P < 0.05). The lymphocyte proliferation in the
PTFP-M group was higher than the PTFP-L and PTFP-H
groups. The result of lymphocytes proliferation with
Con A-stimulation is shown in Figure 4B. The lymphocytes proliferation in the PTFP-L, PTFP-M, and PTFP-H
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Figure 3. Effects of PTFP on antigen-specific antibodies responses in the mice immunized with ND vaccine. The antigen-specific IgG (A) and isotypes IgG1 (B), IgG2a (C), and IgG2b (D) titers in the serum were measured by an indirect ELISA at 14 days
after the secondary immunization. The values are presented as mean ± SD (n = 12). Significant differences with VC group were
designated as *P < 0.05, **P < 0.01 and ***P < 0.001. ND, Newcastle disease; NDV, ND-vaccine; VC, vaccine control; PTFP, Paulownia tomentosa flower polysaccharides; PTFP-L, PTFP-low dose; PTFP-M, PTFP-medium dose; PTFP-H, PTFP- high dose.

groups, especially the PTFP-M group, were improved
compared with the VC group (P < 0.05). The trend of
lymphocytes proliferation with LPS stimulation was similar to Con A stimulation (Figure 4C). All PTFP groups
significantly promoted higher lymphocytes proliferation
than the VC group (P < 0.05). The effect of lymphocytes
proliferation with LPS stimulation in the PTFP-M group
was better than those in the PTFP-L and PTFP-H groups.

against human leukemia K562 cells was determined. The
NK cells activity of splenocytes significantly increased in
mice orally administrated with PTFP compared with the
VC group (Figure 6) and was more strongly induced in
PTFP-L and PTFP-M groups vs. the PTFP-H group.

Spleen lymphocytes cytokines

Recently, natural polysaccharides have been considered
as novel immunopotentiators or immunomodulators
because of their potent immune enhancement and low
toxicity (Sun et al., 2018; Zeng et al., 2019; Zhao et al.,
2020;). Numerous studies have demonstrated that polysaccharides extracted from Chinese medicinal herbs
could enhance immune responses and promote the efficiency of vaccines by oral administration ( Xie et al., 2012;
Feng et al., 2013; Tang et al., 2019; Zhang et al., 2020). In
our previous study, PTFP, extracted from P. tomentosa
flower, had been proved to possess the immunomodulatory activity and enhance immune responses for orally
administered ND-vaccine in chickens (Yang et al., 2019).
Wang et al. (2019) have reported that PTFP as a new
immunopotentiator or adjuvant could enhance humoral
and cellular responses in chickens by injection administration. However, the mechanism of PTFP promoting

Spleen lymphocytes from immunized mice were collected and incubated with the NDV antigen for 72 hours
14 days after the second vaccination. The secretion of
cytokines IFN-γ and IL-10 were measured, and the results
are shown in Figures 5 A and 5B. The levels of IFN-γ in
PTFP-L, PTFP-M, and PTFP-H groups were significantly
increased compared with the VC group (P < 0.05). The
IFN-γ in PTFP-M groups was higher than that in the
PTFP-L and PTFP-H groups. The IL-10 expressions in
all PTFP groups were significantly higher than that in
the VC group (P < 0.05), and IL-10 levels in PTFP-L and
PTFP-M groups were higher vs. PTFP-H group.

NK cells activity
To further investigate the effect of PTEP on immunological enhancement, the cytotoxic activity of NK cells

Discussion
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Figure 4. Effects of PTFP on spleen lymphocytes proliferation in the mice immunized with ND-vaccine. Splenocyte proliferation was detected by the MTT method after stimulation with ND antigen (A), Con A (B), or LPS (C) for 44 hours. The values are
presented as mean ± SD (n = 12). Significant differences with the VC group were designated as *P < 0.05, **P < 0.01, and ***P <
0.001. ND, Newcastle disease; NDV, ND-vaccine; LPS, lipopolysaccharide; Con A, concanavalin A; BC, blank control; VC, vaccine
control; PTFP, Paulownia tomentosa flower polysaccharides; PTFP-L, PTFP-low dose; PTFP-M, PTFP-medium dose; PTFP-H,
PTFP-high dose.
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Figure 5. Effects of PTFP on spleen lymphocytes cytokines in the mice immunized with ND vaccine. The spleen lymphocytes
from immunized mice were incubated with ND antigen for 72 hours. The IFN-γ (A) and IL-10 (B) cytokines in supernatants of
spleen lymphocytes were determined by ELISA. The values are presented as mean ± SD (n = 12). Significant differences with VC
group were designated as *P < 0.05, **P < 0.01, and ***P < 0.001. IFN, interferon; IL, interleukin; BC, blank control; VC, vaccine
control; PTFP, Paulownia tomentosa flower polysaccharides; PTFP-L, PTFP-low dose; PTFP-M, PTFP-medium dose; PTFP-H,
PTFP- high dose.
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Figure 6. Effect of PTFP on NK cell activity in the splenocytes from the mice immunized with ND vaccine. Splenocytes
from different groups were collected 14 days after the second
immunization, and the NK cells activity was measured by
MTT assay. The values are presented as mean ± SD (n = 12).
Significant differences with the VC group were designated
as *P < 0.05, **P < 0.01, and ***P < 0.001. NK, natural killer;
BC, blank control; VC, vaccine control; PTFP, Paulownia
tomentosa flower polysaccharides; PTFP-L, PTFP-low dose;
PTFP-M, PTFP-medium dose; PTFP-H, PTFP-high dose.
and regulating immune responses for ND vaccine by oral
administration was still unexplored. Therefore, to further
evaluate the immunomodulatory activity and investigate
the mechanism of PTFP for ND-vaccine, mice were used
as the model animal. Different doses of PTFP were orally
administrated to it, and they were later immunized with
ND vaccine.
NDV-specific antibody immune responses play an
important and indispensable role in protecting the
body from ND virus infection. The IHA was performed
to determine the levels of specific antibodies against
the hemagglutinin-neuraminidase protein (Yuan et al.,
2020). Compared with the VC group, the mice orally
administered with PTFP, especially with the PTFP-M
dose, significantly increased the ND virus-specific IHA
titers (Figure 2), indicating that PTFP with oral administration enhanced the antibody responses against the ND
vaccine. In addition, the PTFP significantly promoted
higher anti-NDV IgG antibody titers than the VC group
(Figure 3A), which was consistent with the results of
IHA in Figure 2. To further investigate the Th1 and Th2
immune responses induced by PTFP, antigen-specific
IgG1, IgG2a, and IgG2b antibodies were determined.
IgG1 antibody is associated with Th2-type immune,
whereas IgG2a and IgG2b antibodies are associated with
Th1-biased immune response (Feng et al., 2013). The
PTFP promoted the productions of Th2-biased IgG1
antibody and IgG2a and IgG2b antibodies (Th1-biased)
compared with the VC group (Figures 3B–D). These
results suggested that PTFP induced a strong humoral
immune response and elicited a mixed Th1 and Th2
response.

The stimulation of lymphocytes proliferation indicates
the capacity of effective T and B lymphocytes immunity
and hence are commonly used as an indicator to reflect
the state of cellular immunity (Yang et al., 2008; Feng
et al., 2013; Huang et al., 2013). Con A and LPS were
cooperated to stimulate T and B lymphocytes proliferation, respectively (Yang et al., 2008; Wang et al., 2016).
In Figure 4, the PTFP markedly increased the lymphocytes proliferation with the stimulation of NDV antigen,
Con A, or LPS vs. the VC group. The result indicated
that PTFP could effectively promote the NDV antigen-stimulated lymphocytes proliferation response, Con
A-stimulated T lymphocytes proliferation, and LPSstimulated B lymphocytes proliferation.
Th1 lymphocytes mainly secreted IFN-γ, IL-2, and IL-12
cytokines, whereas the Th2 cells predominantly produced
IL-4, IL-6, and IL-10 cytokines (Liu et al., 2009). To further
investigate the cellular immune response induced by PTFP,
the spleen lymphocytes cytokines IFN-γ and IL-10 were
measured. IFN-γ, one of the main cytokines representing
cellular immunity, could promote the antibody isotype
switching to IgG2a and improve the differentiation and
proliferation of Th1 cells (Zhang et al., 2020; Coutant et al.,
2017). IL-10, a Th2-type cytokine, is considered an anti-inflammatory cytokine that regulates immune response
(Courant et al., 2017). The PTFP both significantly
improved the secretion of IFN-γ and IL-10 cytokines when
compared with the BC and VC groups (Figure 5A,B), indicating that PTFP both enhanced the Th1 and Th2 immune
responses, which was consistent with the result of IgG1,
IgG2a, and IgG2b antibodies (Figure 3B–D).
NK cells (the cytolytic effector lymphocytes of innate
immunity) could recognize and eliminate virus-infected
cells and tumor cells and are crucial in the innate immune
system (Park et al., 2017; Xie et al., 2019). They act as a
defense line against viral infections, and the activation
of these cells plays a crucial role in regulating immune
responses (Park et al., 2017; Xu et al., 2019). In Figure 6,
compared with the VC group, PTFP significantly
enhanced the NK cells activity by increasing the lysing
of human leukemia K562 cells, indicating that PTFP with
oral administration could markedly promote the activation of NK cells and improve immune responses.
Based on the results presented above, we investigated
the effects of PTFP by oral administration on the mice
immunized with ND vaccine and explained the mechanism of PTFP influences on the immune responses.
First, the oral administration of PTFP enhanced the ND
virus-specific IHA titers (Figure 2), increased the levels
of anti-NDV IgG antibody titers (Figure 2A), and thereby
improved the humoral immune response for the ND vaccine. Meanwhile, the PTFP promoted the productions of
anti-NDV IgG1(Th2-type), IgG2a, and IgG2b (Th1-type)
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antibodies (Figures 3B–D), together with the secretions
of IFN-γ (Th1 cytokine) and IL-10 (Th2 cytokine; Figure
5), indicating that PTFP induced both the Th1 and Th2
immune responses. Moreover, it promoted the proliferation of T and B lymphocytes (Figure 4) and enhanced the
cellular immune response. At the same time, the PTFP
also activated the NK cells (Figure 6), thereby improving innate immunity. Hence, the oral administration of
PTFP could enhance the humoral and cellular immune
responses and initiate the innate immunity for ND vaccine
in mice, which further demonstrated the possibility that
PTFP could be the candidate of a new-type immunopotentiator in chickens. However, the values in the PTFP-H
group were consistently lower than those in the PTFP-M
group. No serious adverse effects of PTFP were observed
after administration. It is necessary to design more groups
to narrow the concentration gap between groups to find
the best dose and study the side effects of PTFP in mice
shortly. The cost of P. tomentosa flower is cheap, and the
production process of PTFP is also simple. PTFP, as a
new-type immunopotentiator, could play a significant role
and have great developing space in poultry breeding.

Conclusion
In this study, to further investigate the immunomodulatory activity and explore the mechanism of PTFP for the
ND vaccine, the mice were used as the model animals.
Different doses of PTFP were orally administered to
mice, and the ND vaccine was subcutaneously injected
into them. Our finding demonstrated that orally administered PTFP enhanced the antigen-specific antibody
immune responses and induced mixed Th1 and Th2
immune responses. Meanwhile, the PTFP also increased
the proliferation of T and B lymphocytes, promoted the
productions of IFN-γ (Th1 cytokine) and IL-10 (Th2 cytokine), and improved the cellular immune response. In
addition, it promoted the activation of NK cells thereby,
improving innate immunity. Therefore, oral administration of PTFP could possess the immunomodulatory activity and improve immune responses by enhancing humoral
immune response and cellular immune responses by
inducing mixed Th1 and Th2 immune responses and promoting the innate immune response.
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