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1. Introduction
Frequent outbreaks of Newcastle disease (ND) and 
rapid dissemination of the ND virus have brought about 
enormous economic losses to the world poultry industry, 
especially in developing countries (1,2). The control of 
ND in poultry is through vaccination. The widely used 
method to prevent ND is mass vaccination with a mildly 
virulent virus among poultry (3). However, vaccine 
application alone has its own drawbacks, including weak 
immune response and negative side effects in the host 
(4). Therefore, it is important to use suitable adjuvants to 
increase the immune response of the ND vaccine (5). At 
present, various materials such as levamisole (LMS) (6,7), 
selenium (Se) (8), or aluminum (Al) (9) are incorporated 
in vaccine formulation. 

 LMS is a chemical immunostimulator. Since 
1980 (10), numerous reports have confirmed its 
immunomodulatory effects (6,7,11–13). Due to producing 
cytokines, increasing IgG2a/IgG1 ratios, and enhancing 
antigen-specific T cell responses, LMS as an adjuvant has 
been successfully injected with vaccines against the foot 
mouth disease virus and porcine respiratory reproductive 
syndrome virus (7). Se supplementation has been 

demonstrated to modulate the immune system. Previous 
investigations showed that Se not only enhanced synthesis 
of IgM in precursors, but also improved the IgG absorption 
in newborn animals (14). The above 2 immunopotentiators 
are all applied as adjuvants in the prevention of infectious 
viruses. Notably, Astragalus polysaccharide (APS), 
the main bioactive component in the extract of Radix 
astragali, has been also confirmed to play an important 
role in immunoregulation, including T cell proliferation, 
cytokine (e.g., IL-2 and TNF) production, and complement 
activation (15–17). In addition, our laboratory recently 
reported that APS injected with infectious bursal disease 
virus enhanced the immune response of chickens (18). 
Recently, the application of combined adjuvants has been 
receiving increased attention; however, the effects of the 
combination of APS + Se + LMS on the vaccine remains 
largely unknown.

Commonly, freeze-dried ND I vaccine is usually 
diluted by 0.9% saline or phosphate buffered saline (PBS). 
In this study, we used various concentrations of LMS, Se, 
and APS to reconstitute the ND I vaccine and to study the 
immune response of chickens so as to find an alternative 
combined adjuvant for the ND I vaccine. 

Abstract: The Newcastle disease vaccine strain I (ND I vaccine) was reconstituted using a 3-component combined adjuvant solution 
containing Astragalus polysaccharide (APS), levamisole (LMS), and selenoprotein (Se). A total of 200 Hy-Line brown chickens, 60 days 
of age, were randomly assigned into 10 groups. The first group was a negative control and was immunized using the phosphate buffered 
saline-reconstituted vaccine. The other 9 groups were immunized using the vaccine reconstituted with the combined adjuvant solution. 
The serum and blood samples were collected on days 7, 14, 21, 27, 35, and 42 after the vaccinations and were analyzed for IgG, IL-2, and 
IL-6 as well as T cell proliferation. The results showed that both the humoral and cellular immune responses were significantly enhanced 
compared to the negative control group. The IgG level was higher and prolonged. The IL-2 and IL-6 expressions as well as the T cell 
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Our data confirmed the previous studies on immune enhancement of APS, Se, or LMS alone, but also indicated the synergy of APS + 
Se + LMS on the vaccine immunization. 
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2. Materials and methods
2.1. Reagents
APS, a white powder with the molecular weight of 1.1 × 
104 Da and purity of 98.2%, was extracted from Astragalus 
membranaceus (Fisch.) Bunge var. mongholicus (Bunge) 
Hsiao by our laboratory. Its monosaccharide composition 
and molecular molar ratio were Rha:Glc:Gal:Ara 
= 1.19:72.01:5.85:20.95 (19). Selenoprotein with a 
concentration of Se 96% was provided by Wellroad 
Animal Health Co., Ltd. Levamisole (LMS) was purchased 
from Taiyuan Aofulai Animal Pharmacy Co., Ltd. Mildly 
virulent ND I vaccine (≥1.0 × 105 ELD50) was obtained 
from Harbin Weike Biotechnology Development Co., Ltd., 
with lot number 20090925. RPMI 1640 medium (Hyclone) 
was added with 10% calf bovine serum. Concanavalin A 
(ConA) and thiazolyl blue tetrazolium bromide (MTT) 
were purchased from Sigma. IgG, IL-2, and IL-6 enzyme-
linked immunosorbent assay (ELISA) test kits for ND 
were provided by CUSABIO (Wuhan, P. R. China). 
2.2. Immunization and sample preparation
A total of 200 healthy Hy-Line brown chickens (60 days 
old, body weight 800 ± 50 g) were raised in an animal 
facility of our laboratory with commercial feed. After 1 
week of adaption to the environment the chickens were 
randomly divided into 10 groups with 20 in each. The 
chickens in group 1 were injected intramuscularly with 
ND I vaccine reconstituted with PBS used as a control, 
and in groups 2–10 they were injected with ND I vaccine 
reconstituted with the solution of APS, Se, and LMS, as 
shown in the Table. On days 7, 14, 21, 27, 35, and 42 after 
vaccinations, blood samples for lymphocyte proliferation 
and serum preparation were collected from 3 chickens 
randomly selected from each group.
2.3. ELISAs for IgG, IL-2, and IL-6 in serum
After immunization, serum IgG, IL-2, and IL-6 levels were 
examined according to the ELISA manufacturer’s protocol. 
Briefly, ELISA plates were coated with the standard 

preparation for IgG, IL-2, and IL-6, respectively. Each 
well was then added with 100 µL of serum samples, except 
for the control wells, in which distilled water was added. 
Subsequently, the plates were incubated with a 1:500 
dilution of anti-IgG at 37 °C for 1 h, or anti-IL-2 (1:500), 
or anti-IL-6 (1:500). After 3 washes, 50 µL of substrate was 
added. Optical density (OD) at 450 nm was read with a 
plate reader after the stopping solution was added.
2.4. T cell proliferation
After 2-fold dilution by Hanks’ buffer, the anticoagulated 
blood was gently layered on the surface of hydroxypropyl 
methyl cellulose and then centrifuged at 2000 rpm for 
20 min. After discarding leukocytic cream, the rest 
of the sample was washed twice with RPMI 1640 and 
centrifuged at 1500 rpm for 15 min. The cell sample was 
then suspended in RPMI 1640 and seeded at 5 × 106 cells 
per well in a 96-well plate. Except for the cell control and 
the blank control (only 200 µL of RPMI 1640), ConA was 
added to each treatment well with the final concentration 
of 40 mg/L, followed by an inoculation at 39.5 °C with 
5% CO2 for 48 h. Then 15 µL of MTT was added to the 
cells and the plates were further cultured for 4 h. The 
supernatant was removed and 100 µL of DMSO was added 
to each well to dissolve the formazan crystals. After gently 
shaking the plates for 10 min, the OD value was read at 490 
nm with a plate reader.
2.5. Statistical analysis
Data were analyzed with SPSS 18.0 with multifactor 
variance analysis. Duncan’s test was applied for multiple 
comparisons. The data were expressed as mean ± SE. 
Differences were considered statistically significant if P < 
0.05.

3. Results
3.1. Antibody response analysis
As shown in Figure 1, IgG levels were enhanced in all of 
the experimental groups and at almost all analyzed time 

Table. Experimental design and animal treatment.

Group n  APS
 (mg/mL)

 Se
 (mg/mL)

 LMS
 (mg/mL)

PBS
 (mL)

1 20 0.00 0.00 0.00 1.00
2 20 3.00 0.01 10.0 1.00
3 20 3.00 0.02 20.0 1.00
4 20 3.00 0.03 30.0 1.00
5 20 6.00 0.01 20.0 1.00
6 20 6.00 0.02 30.0 1.00
7 20 6.00 0.03 10.0 1.00
8 20 9.00 0.01 30.0 1.00
9 20 9.00 0.02 10.0 1.00
10 20 9.00 0.03 20.0 1.00
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points as compared to the negative control group. On days 
7, 14, 21, 28, and 35 after the vaccinations, the IgG level in 
groups 2 and 8 were significantly enhanced, and especially 
at day 42, group 8 still remained higher. Furthermore, the 
IgG levels in groups 2 and 8 were remarkably higher than 
those in the rest of groups on days 7, 14, 21, and 28. Based 
on the multifactor variance analysis using SPSS 18.0, the 
P-values of APS and Se were less than 0.01, and the P-value 
of LMS was less than 0.05. The order was FSe > FAPS > FLMS. 
Thus, the main factor is Se, and then APS and LMS. Group 
8 (APS 9 mg/mL + Se 0.01 mg/mL + LMS 30 mg/mL) was 
the best combination.
3.2. T cell proliferation analysis
T cell proliferation was analyzed using MTT assay (Figure 
2). On days 7, 14, 28, 35, and 42 after the vaccination, the 
OD values of group 8 were elevated significantly compared 
to the control group. Enhanced T cell proliferation was 
also observed in other groups. The multifactor variance 
analysis using SPSS 18.0 indicated that the P-values of 
factors APS and Se were less than 0.01. The order was FSe > 
FLMS > FAPS. Se was the main factor, and then LMS and APS. 
Therefore, group 8 was the best match.
3.3. IL-2 analysis
As shown in Figure 3, the serum IL-2 was analyzed using 
ELISA. On days 35 and 42, IL-2 levels in all groups were 
significantly enhanced compared to the control group. The 

results of orthogonal design with regard to the 3 kinds of 
adjuvants showed that the P-values of factors APS, Se, and 
LMS were less than 0.01. The order was FSe > FLMS > FAPS. Se 
was the main factor, and then LMS and APS. 
3.4. IL-6 analysis
The serum IL-6 level was also analyzed using ELISA, as 
shown in Figure 4. Compared to the control group the 
serum IL-6 level in almost all of the experimental groups 
was significantly enhanced from day 14 to day 35 after the 
vaccination. Analysis of the multifactor variance using 
SPSS 18.0 showed that the P-value of factors APS and Se 
were less than 0.01 and the P-value of factor LMS was less 
than 0.05. The order was FAPS > FSe > FLMS. Therefore, the 
factor APS was the main factor, and then Se and LMS. 

4. Discussion 
In this study, for the first time we reconstituted the ND 
vaccine I with a combined solution of APS, Se, and LMS 
and examined whether the combined adjuvant could 
improve the immune efficacy of the ND I vaccine. The 
serum IgG in chickens was elevated and remained at a 
high level after vaccination. A strong T cell proliferation 
and an IL-2 level enhancement were also observed in the 
vaccinated groups with the combined adjuvant. The IL-6 
level peaked on day 28 after vaccination with the ND 
vaccine reconstituted with APS + Se + LMS.
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Figure 1. Levels of anti-ND vaccine IgG antibodies. Bars represent mean ± SE (n = 5). The asterisk indicates 
a statistically significant difference at *P < 0.05 and **P < 0.01. Statistical significance between treatment 
groups was marked with A, a, B, b, C, c according to the multifactor variance analysis.
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Figure 2. T cell proliferation in chickens inoculated with ND I vaccines reconstituted with a combined 
solution of APS, Se, and LMS on days 7, 14, 21, 27, 35, and 42 after vaccinations. Bars represent mean 
± SE (n = 5). The asterisk indicates a statistically significant difference at *P < 0.05 and **P < 0.01. 
Statistical significance between treatment groups was marked with A, a, B, b, C, c according to the 
multifactor variance analysis.

Figure 3. IL-2 levels in chickens inoculated with ND I vaccines reconstituted with a combined solution of 
APS, Se, and LMS on days 7, 14, 21, 27, 35, and 42 after vaccinations. Bars represent mean ± SE (n = 5). 
The asterisk indicates a statistically significant difference at *P < 0.05 and **P < 0.01. Statistical significance 
between groups was marked with A, a, B, b, C, c according to the multifactor variance analysis.
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For improving the effectiveness of a vaccine, 
adjuvants have been studied extensively. Previous studies 
have demonstrated that reconstituted vaccines with ASP 
solution for infectious bursal disease and ND highly 
enhanced the antibody titer (9,18,20). Since Berenshtein 
(21) first reported the potential effects of Se on animal 
humoral immunity, numerous investigations have 
demonstrated that Se plus vaccines increased immune 
system activation in poultry (22,23). In addition, LMS 
as an adjuvant was also confirmed to increase the 
antibody titer in chickens (24). In this study, we found 
that at all of the analyzed time points, serum IgG levels 
in chickens injected with the vaccine reconstituted 
with the combined solution of APS + Se + LMS were 
significantly higher than those in the control group. 
The results not only confirmed the previous studies on 
immune enhancement of APS, Se, or LMS alone, but 
also indicated the synergy of the APS + Se + LMS on 
immunoregulation.

Among the 9 experimental groups, group 8 (APS 9 
mg/mL + Se 0.01 mg/mL + LMS 30 mg/mL) had a high 
IgG response induced at every time point compared with 
the control group. Additionally, on days 7, 14, 21, and 
28 after immunization, with the comparison to other 
experimental groups, IgG concentration in group 8 was 
also elevated obviously, remained at a high level within 

the first 35 days, and finally decreased at day 42. On the 
other hand, according to the statistical analysis, Se played 
the main role on high antibody titer. This is confirmed by 
the T cell proliferation and IL-2 analysis. However, data 
on IL-6 analysis revealed that APS was the primary factor, 
followed by Se and then LMS.

In the current investigation, data on T cell proliferation 
demonstrated that reconstitution solution containing APS, 
Se, and LMS significantly stimulated the T cell proliferation 
compared to the PBS-reconstituted group, which was 
consistent with earlier studies. Previously, it was reported 
Se supplementation can activate T cell-dependent immune 
response in humans (25), rats (26), and chickens (14). The 
elevated T cell proliferation was also observed in chickens 
inoculated with APS (9,18) or LMS (24) as the adjuvant. 
Therefore, the activation of T cells that can mediate the 
Th1 type responses in APS + Se + LMS groups may be the 
possible reason for the increased IgG level sustained for an 
extended period. 

To further assess the immunoregulation of the mixed 
adjuvant, the level of IL-2 and IL-6 in the serum was 
detected. It is generally believed that IL-2, produced 
mainly by Th1 cells, NK cells, and cytotoxic T lymphocytes, 
can improve and maintain T cell proliferation and 
differentiation (27,28). Data on the IL-2 level showed 
that APS + Se + LMS stimulated IL-2 production and 
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Figure 4. IL-6 levels in chickens immunized with ND I vaccines reconstituted with a combined solution of 
APS, Se, and LMS on days 7, 14, 21, 27, 35, and 42 after the vaccinations. Bars represent mean ± SE (n = 5). 
The asterisk indicates a statistically significant difference at *P < 0.05 and **P < 0.01. Statistical significance 
between groups was marked with A, a, B, b, C, c according to the multifactor variance analysis.
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indirectly supported the results of T cell proliferation 
in this study. On the other hand, the vaccination of the 
ND I vaccine with the mixed dilutions also enhanced the 
level of IL-6. The primary function of IL-6 was previously 
reported to be induction of B cell responses, including B 
cell proliferation and differentiation, and IL-6 is one of the 
key factors necessary for antibody production in B cells 
(29). The observed up-regulations of IL-2 and IL-6 in the 
present study agreed with earlier investigations on immune 
responses of APS (22), Se (20), and LMS (19) alone. 

In summary, the inoculation of ND I vaccines 
reconstituted by APS, Se, and LMS combination produced 
broad immune responses involved in high and extended IgG 

levels and stimulation of T cell proliferation and cytokine 
expression. The findings may imply that reconstituted 
vaccine could be presented to antigen-presenting cells, 
resulting in cellular and humoral immunity. Notably, Se 
was shown to play a main role in immune regulation, and 
then APS and LMS, and the optimal formulation was APS 
9 mg/mL + Se 0.01 mg/mL + LMS 30 mg/mL. 
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