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Abstract. In the present study, the safety of red clover isofla-
vone extract (RCIE) and its potential adjuvant effects on the 
cellular and humoral immune responses to ovalbumin (OVA) 
were evaluated using an ICR mouse model. On day 1, the 
mice were first subcutaneously immunized with 100 µg OVA, 
100 µg OVA + 200 µg aluminum hydroxide gel (alum) or 
OVA + 50, 100 or 200 µg RCIE (RCIE + OVA), following 
which booster immunization was performed on day 15. After 
2 weeks, the stimulation of splenocyte proliferation and 
levels of serum antibodies were measured. No notable stress 
responses were observed after the initial and booster immu-
nization. Splenocyte proliferation was significantly increased 
in mice immunized with OVA + 100 µg RCIE (P<0.01). The 
levels of IgG, IgG1 and IgG2a antibodies in serum were also 
significantly increased in OVA + RCIE groups compared with 
the OVA control group (P<0.05). In the OVA + RCIE groups, 
serum levels of interleukin (IL)-2, interferon-γ (IFN-γ) and 
IL-10 were increased, and the mRNA expression levels of IL-2, 
IFN-γ, IL‑4, IL‑10, T‑bet and GATA‑3 were also significantly 
increased compared with the OVA control group (P<0.05) in 
splenocytes. In addition, as an adjuvant, RCIE significantly 
increased the survival rates of mice inoculated with an E. coli 
vaccine and enhanced the early immune protection against 
pathogenic E. coli. In conclusion, these findings suggest that 
RCIE can be used as a safe vaccine adjuvant and supports its 
use in clinical applications.

Introduction

Technological advancements in genetic engineering and 
antigen purification technology have accelerated the produc-
tion of subunit antigens and peptides in recent years. These 
antigens confer many advantages over traditional vaccines, 

including smaller molecular weight, higher purity and gener-
ally improved safety (1,2); however, following purification, 
they exhibit lower reactivity and immunogenic potential 
compared with conventional vaccines, especially when derived 
from recombinant proteins and DNA (3). Therefore, there 
is an urgent need to develop novel vaccination adjuvants to 
improve antigen immunogenicity. Although various adjuvants 
have been used in conjunction with experimental vaccines, 
most display harmful effects, including poor immune efficacy 
and safety problems, which limit their potential for use in 
vaccines (4,5).

Adjuvants have profound effects on the immune response, 
which can skew the immune system toward either T helper 
(Th)1- or Th2-type responses (6-8). Elevated levels of the cyto-
kines interleukin (IL)-2, tumor necrosis factor-β (TNF-β) and 
interferon-γ (IFN-γ), coupled with the enhanced production of 
immunoglobulin (IgG)2a, IgG2b and IgG3, are characteristics 
of the Th1 immune response in mice (9). By contrast, the Th2 
response is characterized by elevated levels of the cytokines 
IL-4, IL-5 and IL-10, alongside enhanced production of 
IgG1 and secretory IgA (10). The adjuvants that are currently 
used predominantly stimulate the Th2 rather than the Th1 
immune responses. For instance, lipid A and its derivatives 
do not stimulate cytotoxic T lymphocytes (CTLs) in animals 
immunized with antigens, whilst water/oil emulsion adjuvants 
and aluminum hydroxide gel (alum) adjuvants can only elicit 
Th2-based immunity (11). It is of great interest to improve 
the efficacy of adjuvants in activating both the Th1 and Th2 
responses as well as the safety.

In general, extracts from traditional Chinese medicine 
enhance immune responses and do not exhibit toxicity to 
normal, healthy cells, making them attractive candidates 
as vaccine adjuvants (12). Over the past decade, research on 
immune adjuvants has focused mainly on polysaccharides and 
saponins (12,13). However, they have disadvantages, including 
lack of activity, toxicity, hemolysis and the potential to cause 
infection (4,5).

Isoflavones have been previously demonstrated to exhibit 
a number of effects on the immune function of animals, char-
acterized by enhancement of the immune response and the 
regulation of excessive inflammatory cytokine expression (14). 
Rasouli and Jahanian (15) demonstrated that the isoflavone 
genistein not only increased the weight and growth of broiler 
chicks, but also exerted beneficial effects on the immuno-
logical response and increased the proportion of lymphocytes 
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to heterophils. In addition, isoflavones significantly improved 
serum antibody levels against swine fever and enhance the 
reactivity of T lymphocytes to phytohemagglutinin (16). 
Importantly, a previous study found that diet supplementa-
tion with red clover isoflavone extract (RCIE) significantly 
increased the levels of antibodies in the serum of piglets, eased 
the inhibition of piglet growth induced by immune stress, 
and significantly decreased the secretion and expression of 
inflammatory cytokines including TNF‑γ and IL-6 (17). The 
aforementioned studies suggest that RCIE has immunoregula-
tory properties, highlighting its promise as a potential vaccine 
adjuvant. Although previous studies of RCIE have focused on 
its ability to improve immune function in humans (18), the 
possible use of RCIE as an immune adjuvant has not been 
previously reported. Therefore, in the present study, the role of 
RCIE as possible vaccine adjuvant was explored.

Materials and methods

Materials. Ovalbumin (OVA), concanavalin A (ConA) and 
lipopolysaccharide (LPS) were purchased from Sigma‑Aldrich 
(Merck KGaA). Goat anti-mouse IgG (cat. no. 1036-05), IgG1 
(cat. no. 1070-05) and IgG2a (cat. no. 1080-05) horseradish 
peroxidase conjugates were purchased from SouthernBiotech. 
The RPMI-1640 medium was purchased from Hyclone 
(GE Healthcare Life Sciences). Fetal bovine serum (FBS) 
was supplied by Hangzhou Sijiqing Biological Engineering 
Materials Co., Ltd. Aluminum hydroxide gel (alum) was 
supplied by Zhejiang Wanma Pharmaceutical Co., Ltd. Cell 
Counting kit‑8 (CCK‑8) was purchased from Vazyme. All 
other chemicals were of analytical reagent grade. The ELISA 
kits (IFN-γ, cat. no. F10660; TNF-α cat. no. F11630; IL-2 
cat. no. F10780; IL-4 cat. no. F10810; and IL-5 cat. no. F10820) 
were from Shanghai Westang Biotechnology Co., Ltd. 
FITC/phycoerythrin (PE) rat anti‑mouse CD4/CD8 antibodies 
(cat. no. FMD001-050) were purchased from Beijing 4A 
Biotech Co., Ltd. RNAiso plus® (cat. no. 9108), First Strand 
cDNA Synthesis kit (cat. no. RR036A) and SYBR® Premix 
Ex Taq™ were purchased from Takara Biotechnology Co., 
Ltd. Pathogenic porcine Escherichia coli (E. coli) (19) was 
kindly provided by Dr Jingxuan Ni (Longyan University). 
RCIE (cat. no. NAT-177) was purchased from Naturalin 
Bio‑Resources Co., Ltd and standardized to obtain a concen-
tration of 10% isoflavone (consisting of 10.2% formononetin, 
9.6% biochanin A, 0.32% genistein and 0.08% daidzein). The 
solubility of RCIE was improved by treating with NaOH at pH 
12 and 60˚C for 6 h as previously reported (20,21).

Animal experiments. A total of 100 female ICR (CD-1) mice 
(age, 6 weeks, grade II; weight range, 18-22 g) were purchased 
from Shanghai SLAC Laboratory Animal Co., Ltd. (certifi-
cate no. SCXK2016‑0003). All mice were maintained under 
the conventional housing conditions for one week prior to 
experiments. They were housed under controlled conditions, 
specifically at 24±2˚C, with 50±10%, humidity with a 12 h 
light/dark cycle, and were provided free access to food and 
drinking water.

Induction of the immune response following OVA immuniza‑
tion with adjuvants. The experimental protocol for testing the 

immune adjuvant response induced by RCIE combined with 
OVA was as described in previous studies (3,22). Briefly, the 
mice were divided into 6 groups (n=10 mice/group): Saline 
group was defined as blank control; other groups of mice were 
subcutaneously immunized with 100 µg OVA alone or 100 µg 
OVA + adjuvant (200 µg alum or 50, 100 or 200 µg RCIE) 
on day 1. Mice received a booster injection after 2 weeks. 
Splenocytes, serum and peripheral blood were collected 
2 weeks following the booster injection. After immunization, 
the mental state (23), diet and activity of the mice was moni-
tored every day.

Vaccine challenge using E. coli with adjuvants. A challenge 
test using RCIE combined with E. coli vaccine was conducted 
in mice as previously described (19,21). Pathogenic E. coli 
was inactivated using 0.2% formaldehyde at 65˚C for 8 h. 
Following a sterility test, the live E. coli vaccine was prepared 
to a final concentration of 1x108 CFU/ml.

A total of 40 mice were randomly divided into the 
following four groups (n=10/group): i) Vehicle group, 
which was subcutaneously injected with 0.2 ml saline; ii) 
saline + E coli group, which was subcutaneously injected with 
0.1 ml E. coli vaccine (containing 1x107 CFU) and 0.1 ml 
saline; iii) alum + E. coli group, which was subcutaneously 
injected with 0.1 ml E. coli vaccine (containing 1x107 CFU) 
and 0.1 ml alum (200 µg/0.1 ml); and iv) RCIE + E. coli group, 
which was subcutaneously injected with 0.1 ml E. coli vaccine 
(containing 1x107 CFU) and 0.1 ml RCIE (100 µg/0.1 ml). Each 
mouse was subsequently injected with 0.2 ml (2x107 CFU) 
pathogenic E. coli 3 days following immunization. Mouse 
mortality was recorded 2 h following bacterial challenge, and 
every 6 h thereafter. The survival rate (%) was calculated as 
follows: (The number of surviving mice/total number of mice) 
x100.

Humane and experimental endpoints. For the present study, 
humane endpoints were established and applied at the 
earliest experimental timepoint without adversely affecting 
scientific objectives. The endpoints for the animal experi-
ments were 2 weeks following the booster injection and 48 h 
after challenge with pathogenic E. coli bacteria, following 
which all animals were humanely euthanized. Firstly, each 
mouse was anesthetized with 2‑5% isoflurane by inhalation 
and anesthesia was subsequently confirmed by blink reflex 
examination. Blood samples were then extracted by orbital 
sinus puncture following anesthesia, after which the mice 
were sacrificed by cervical dislocation. To minimize animal 
suffering, the experimental design was optimized such that 
alternatives were considered, pain and the number of animals 
used were kept to a minimum, and only qualified personnel 
were permitted to perform the experiments. All experiments 
were performed in accordance with the guidelines of the 
Animal Ethics Committee of Fujian province (Fujian, China) 
and were approved by the Institutional Animal Care and Use 
Committee of Longyan University (Longyan, China).

Splenocyte proliferation assay. Splenic tissues were collected 
from the mice under sterile conditions. The spleens were 
transferred to a 200-mesh cell strainer and ground to obtain 
cell suspensions in PBS. Following erythrocyte lysis, the 
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splenocytes were cultured in RPMI-1640 medium supple-
mented with 10% FBS in an incubator with 37˚C and 5% CO2. 
Next, the splenocytes (100 µl/well) were seeded into 96‑well 
plates at a density of 1x107 cell/ml before ConA (5 µg/ml), 
LPS (5 µg/ml), OVA (10 µg/ml) or media were added to the 
wells to a final volume of 200 µl. After 72 h incubation, cell 
viability was measured using the CCK-8 assay, according to 
the manufacturer's protocols. The stimulation index (SI) was 
calculated using the following formula: SI = absorbance value 
at OD 450 nm for mitogen‑activated cultures/absorbance value 
for non-stimulated cultures.

Measurement of OVA‑specific antibodies. The levels of 
OVA-specific IgG, IgG1 and IgG2a antibodies in mouse 
serum were measured using an indirect ELISA method as 
previously described (5). Briefly, microtiter plate wells were 
first coated with 100 µl OVA solution (50 µg/ml dissolved 
in 50 mM carbonate-bicarbonate buffer, pH 9.6) for 24 h 
at 4˚C. The wells were then washed three times with PBS 
containing 0.05% Tween-20 and then blocked with 5% 
bovine serum albumin (cat. no. ST023; Beyotime Institute of 
Biotechnology) at 37˚C for 2 h. The serum was diluted 1:10 
with 0.5% BSA/PBS. Following a further three washing steps, 
100 µl diluted serum sample or 0.5% BSA/PBS (control) was 
added (in triplicate) to the wells and incubated for 2 h at 37˚C. 
Next, after three washing steps, 100 µl horseradish peroxidase 
(HRP)-conjugated antibody (IgG, 1:10,000; IgG1, 1:4,000; 
IgG2a, 1:4,000) or 0.5% BSA/PBS (control) was added to each 
well. The plates were further incubated for 1 h at 37˚C. After 
washing, the wells were incubated with TMB chromogenic 
substrate in 37˚C for 30 min. The substrate reaction was 
stopped by the addition of 50 µl of 2 M sulfuric acid. The 
absorbance value at 490 nm was measured for each well using 
a microplate reader.

Serum cytokine measurements by ELISA. Serum levels of IL‑2, 
IFN-γ, TNF-α, IL‑4 and IL‑5 were quantified using commer-
cial ELISA kits according to the manufacturers' protocols.

Flow cytometry. Blood was collected from the mice by 
retroorbital exsanguination into tubes containing the anticoag-
ulant heparin. The number of peripheral blood cells in serum 
isolated from the mice immunized with OVA was detected 
using flow cytometry. A total of 10 µl FITC‑conjugated CD4 
(0.25 µg) and 5 µl PE‑conjugated CD8 (0.25 µg) monoclonal 
antibodies were added to 50 µl anticoagulant blood. This 
mixture was mixed and incubated gently at room temperature 
for 30 min in the dark. 1.8 ml hemolysin solution was added 
to each tube, and incubated at 37˚C for 10 min. Following 
centrifugation at 1,500 x g, the pelleted cells were rinsed using 
fluorescence‑activated cell sorting (FACS) buffer (2% FBS in 
PBS) before resuspension in 0.5 ml FACS buffer. FACS data 
acquisition was performed on the BD FACS Calibur™ system 
(BD Biosciences), and the data was analyzed on Novo express 
1.3 software (ACEA Biosciences, Inc.).

Reverse transcription‑quantitative PCR (RT‑qPCR) 
for cytokine gene expression. Splenocytes were seeded 
(5x106 cells/ml, 1 µl/well) into 24‑well plates, and ConA 
(5 µg/ml) was then immediately added. After 12 h treatment, 

cells were harvested and total RNA was extracted using 
TRIzol® according to the manufacturer's protocol. The RNA 
was reverse‑transcribed to cDNA using a First Strand cDNA 
Synthesis kit according to the manufacturer's protocol. The 
cDNA samples were stored at ‑20˚C until further use. qPCR 
was subsequently performed in a 20 µl total reaction volume 
consisting of 2X SYBR® Premix Ex Taq™ (10 µl), 0.5 µl each 
primer (10 µM), 2 µl cDNA and 7 µl ddH2O with a concomitant 
reaction condition (10 min at 95˚C, then followed by 35 cycles 
of 30 sec at 94˚C, 30 sec at 55˚C and 60 sec at 72˚C). The 
sequences of the primers used are shown in Table I. Relative 
expression levels of mRNAs using β-actin as an internal 
control were analyzed using the 2-ΔΔCq method (24).

Statistical analysis. Values are expressed as the mean ± SEM. 
Differences between the experimental and control groups were 
analyzed using SPSS 20.0 software (IBM Corp.). One‑way 
ANOVA followed by Student‑Newman‑Keuls multiple 
comparison test was used for multigroup analyses. Survival 
rates were analyzed using the log‑rank test in GraphPad Prism 
software (version 6; GraphPad Software, Inc.). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical observations. No notable stress responses, including 
visible changes in daily appetite, mental state or motor ability 
were observed in the mice following the first immunization 
and booster immunization 2 weeks later. In addition, no 
differences in body weight were observed after immunization 
between the adjuvant groups (OVA + RCIE, OVA + alum) and 
control groups (saline and OVA alone) (data not shown).

Ef fect of OVA/RCIE immunization on splenocyte 
proliferation. The effects of RCIE‑OVA immunization on 
splenocyte proliferation in mice are shown in Fig. 1. Splenocyte 
viability in the OVA + RCIE (50 or 100 µg) and OVA + alum 
groups was significantly higher compared with that of the OVA 
control group following OVA stimulation (P<0.05 or P<0.01). 
Splenocytes isolated from mice immunized with OVA + RCIE 
(100 and 200 µg) exhibited significantly higher cell viability 
following treatment with LPS compared with those from mice 
immunized with OVA alone (P<0.05). Splenocytes isolated 
from OVA + RCIE (100 µg)‑ and OVA + alum‑immunized 
mice stimulated with ConA displayed significantly increased 
cell viability compared with those from the OVA control group 
(P<0.05). However, no significant differences were observed 
between the OVA and OVA + RCIE (50 or 200 µg) groups 
following ConA stimulation. The results demonstrated the 
effect of RCIE on improving the cellular immune response.

Effect of OVA/RCIE immunization on the serum antibody 
response. The levels of OVA‑specific IgG, IgG1 and IgG2a 
antibodies are shown in Fig. 2. Serum IgG levels were signifi-
cantly higher in the OVA + alum and OVA + RCIE (50, 100 
and 200 µg) groups compared with the OVA group (P<0.05 
or P<0.01). In addition, serum IgG1 levels were significantly 
higher in all RCIE‑immunized groups of mice compared with 
the OVA group. No significant differences were observed in 
the total serum IgG1 levels between the OVA + alum group 
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and the mouse groups immunized with OVA + RCIE. RCIE 
(50 µg) and RCIE (100 and 200 µg) also significantly increased 
total serum IgG2a levels in OVA‑immunized mice (P<0.05 or 
P<0.01, respectively), but no significant differences in serum 
IgG2a levels were identified between the OVA + alum and 
OVA alone groups. Therefore, these observations suggest 
that alum only significantly enhanced the levels of Th2‑type 
antibodies, whereas the levels of Th1-type antibodies were 
significantly increased by RCIE compared with alum at 
appropriate levels.

Levels of cytokines in OVA‑immunized mice. The levels of 
the cytokines IFN-γ, TNF-α, IL-2, IL-4 and IL-5 were next 

measured using ELISA kits and the results are shown in Fig. 3. 
The serum levels of IFN-γ, IL-2 and IL-4 in mice immu-
nized with OVA + RCIE (100 µg) were significantly higher 
compared with those in the OVA group (P<0.05). Although 
increases were observed in the levels of TNF-α and IL-5 in the 
OVA + RCIE group compared with the OVA group, no statisti-
cally significant differences were detected. This suggests that 
RCIE can significantly enhance the levels of Th1 and Th2 
cytokines in OVA‑immunized mice.

Effect of RCIE on T‑lymphocyte subsets in peripheral blood. 
The effects of RCIE on the levels of CD4+ and CD8+ T cells 
in the blood from OVA‑immunized mice are summarized in 
Fig. 4. Compared with the OVA group, the proportion of CD4+ 

T cells in mice immunized with OVA + RCIE (100 µg) was 
significantly increased (P<0.05). No significant differences 
were detected in the proportion of CD4+ T cells between the 

Figure 1. Effect of OVA, LPS or ConA stimulation on the cell viability of 
splenocytes isolated from mice immunized with OVA only, OVA + RCIE or 
OVA + alum. Values are presented as mean ± SEM (n=10). *P<0.05 and **P<0.01 
vs. OVA. OVA, ovalbumin; LPS, lipopolysaccharide; ConA, concanavalin A; 
alum, aluminum hydroxide gel; RCIE, red clover isoflavone extract.

Figure 2. Effect of RCIE or alum adjuvant on the serum levels of OVA‑specific 
IgG, IgG1 and IgG2a antibodies in OVA‑immunized mice. Values are 
presented as mean ± SEM (n=10). *P<0.05 and **P<0.01 vs. OVA. OVA, 
ovalbumin; alum, aluminum hydroxide gel; RCIE, red clover isoflavone 
extract; IgG, immunoglobulin G.

Table I. Sequences of primers used for PCR.

Gene Primer sequence 

β-actin 5'-AGCGGTTCCGATGCCCT-3'
 5'-AGAGGTCTTTCGGACGGATGTCAACG-3'
IL-2 5'-GCACCCACTTCAAGCTCCA-3'
 5'-AAATTTGAAGGTGAGCATCCTG-3'
IFN-γ 5'-GCTTTGCAGCTCTTCCTCATG-3'
 5'-CTTCCACATCTATGCCACTTGAG-3'
IL-4 5'-GAGACTCTTTCGGGCTTTTCG-3'
 5'-CAGGAAGTCTTTCAGTGATGTGG-3'
IL-10 5'-CCAGTTTTACCTGGTAGAAGTGATG-3'
 5'-CTTGCTCTTATTTTCACAGGGGAG-3'
T-bet 5'-ATTGCCCGCGGGGTTG-3'
 5'-GACAGGAATGGGAACATTCGC-3'
GATA-3 5'-GGTCAAGGCAACCACGTC-3'
 5'-CATCCAGCCAGGGCAGAG-3'

IL, interleukin; IFN-γ, interferon-γ; TNF-α; tumor necrosis factor-α.

Figure 3. Effect of RCIE or alum adjuvant on the serum levels of Th1 or Th2 
cytokines in OVA‑immunized mice. Values are presented as mean ± SEM 
(n=10). *P<0.05 vs. OVA. IL, interleukin; IFN‑γ, interferon-γ; TNF-α; tumor 
necrosis factor-α; OVA, ovalbumin; alum, aluminum hydroxide gel; RCIE, 
red clover isoflavone extract; Th, T helper.
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OVA + RCIE (50 µg) and OVA + alum groups. Additionally, 
the proportion of CD8+ T cells in the OVA‑immunized mice 
was not significantly affected by RCIE.

Effect on cytokine mRNA levels in splenocytes. The levels of 
IL-2, IFN-γ, T-bet, IL-10, GATA-3 and IL-4 mRNA expres-
sion in ConA-stimulated mouse splenocytes are shown in 
Table II. Following ConA treatment, the mRNA expression 
levels of the Th2-associated cytokines IL-4, IL-10 and tran-
scription factor GATA-3, as well as those of Th1-associated 
cytokines IL-2, IFN-γ and transcription factor T-bet were 
significantly increased in splenocytes from the OVA + RCIE 
groups at certain concentrations compared with those in the 
OVA group (P<0.05 or P<0.01). However, only IL‑4, IL‑10 
and GATA-3 mRNA expression levels were observed to be 

significantly higher in the OVA + alum group compared with 
the OVA group (P<0.05 or P<0.01). These results suggest that 
the inclusion of RCIE during immunization induced the gene 
expression of Th1/Th2 cytokines and transcription factors in 
splenocytes following stimulation with ConA.

RCIE promotes anti‑infection effects in immunized mice. 
Three days following inoculation with E. coli vaccine, the 
mice were challenged with pathogenic porcine E. coli. In 
the vehicle group, the mice began to exhibit symptoms 
associated with infection 4 h following bacterial challenge 
including curling, diminished movement, increased depres-
sion, ruffled fur, shortness of breath and death within 6 h, 
with no mice surviving beyond 24 h. In the RCIE + E. coli 
group, deaths were observed commencing at 18 h following 

Figure 4. Effect of RCIE or alum adjuvant on CD4+ and CD8+ T cell populations in the peripheral blood of OVA‑immunized mice. Representative flow cytometry 
dot plots showing the population of CD4+ and CD8+ T cells in the peripheral blood from mice in the (A) Saline, (B) OVA, (C) OVA + alum, (D) OVA + 50 µg 
RCIE, (E) OVA + 100 µg RCIE and (F) OVA + 200 µg RCIE groups. (G) Quantified flow cytometry data. Values are presented as mean ± SEM (n=10). *P<0.05 
vs. OVA. OVA, ovalbumin; alum, aluminum hydroxide gel; RCIE, red clover isoflavone extract; PE, phycoerythrin.
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bacterial challenge with no additional deaths observed 24 h 
after challenge. Since statistical significance could already be 
observed in the mortality rates between the four experimental 
groups at 48 h after bacterial challenge, all experiments were 
terminated at 48 h post-challenge. The survival rates of immu-
nized mice were found to be 80% (8/10) for the RCIE group, 
60% (6/10) for the alum + E. coli group and 30% (3/10) for the 
saline + E. coli group (Fig. 5). Compared with the vehicle and 
saline + E. coli groups, the survival rate in the RCIE + E. coli 
group was significantly higher (P<0.05). These results suggest 
that RCIE can significantly enhance the efficacy of E. coli 
vaccine.

Discussion

An ideal adjuvant should exhibit the following characteristics: 
i) Promotion of humoral and cell-mediated immunity with 
no toxic side effects; ii) be able to be delivered to the body 
via different routes and with different antigens; iii) leave no 
long-term residue as well as maintain stability when delivered 
via the oral route (25,26). Although a number of adjuvants 
have been applied in vaccines, a majority of the materials used 
only elicit humoral immunity or exert undesirable side effects, 
limiting their potential use in vaccines (27). In the present 
study, no adverse clinical responses, including immune stress, 
growth inhibition and adverse reactions, were observed when 
RCIE was applied as the adjuvant. In addition, it was found 
that RCIE acted as an adjuvant to enhance the cellular immune 
responses in OVA‑immunized mice. Compared with the 
control group, the levels of IgG and IgG-subclass antibodies 
were significantly increased, whereas splenocyte viability and 
cytokine expression were also significantly enhanced in the 
OVA + RCIE groups.

The type of adjuvant determines the type of elicited immune 
response, which in turn has a significant effect on the immuno-
protective properties of the vaccine (28). The Th1-type immune 
response, mainly mediated by Th1 helper cells, is associated 
with increased levels of IL-2, IFN-γ, IgG2a, IgG2b and IgG3. 
These immune responses are necessary for the activation of 
CTLs (24). By contrast, the Th2-type immune response is 
mainly associated with increased levels of IL-4, IL-5, IL-10, 
IgG1 and IgA (24). Currently, the most commonly used adju-
vants, including water/oil emulsions and alum, only activate 
Th2-type responses (29). Although, other adjuvants such as 

liposomes and their derivatives have been found to give rise to 
Th‑type responses characterized by the production of cytokines 
and IgG antibody subclasses, they are incapable of stimulating 
the production of CTLs against soluble or exogenous antigens 
(e.g., viral particles and soluble MHC molecules) (30).

To the best of our knowledge, there have not been any 
studies investigating the adjuvant activity of RCIE. In the 
present study, the effect of RCIE as an adjuvant for inducing 
Th1 or Th2 immune responses in OVA‑immunized mice was 
evaluated. ConA and LPS are able to induce the proliferation of 
T cells and B cells, respectively (31). In the RCIE immunization 
groups in the present study, ConA and LPS were demonstrated 
to significantly enhance splenocyte viability in vitro. However, 
no significant differences were detected between the OVA 
and OVA + alum groups. Since the majority of spleen cells 
are lymphocytes (3), these results suggest that RCIE could 
significantly increase the activation potential of lymphocytes 
in OVA‑immunized mice. IgG is the most abundant immu-
noglobulin isoform in serum, which can provide protection 
against most blood-borne diseases. IgG is divided into four 
subtypes: IgG1, IgG2a, IgG2b and IgG3, with their distribu-
tion regulated by the cytokine profile (32). The levels of IgG 
and IgG1 in the OVA‑immunized mice were enhanced by 50, 
100 or 200 µg RCIE compared with those in the OVA group. 
Although alum significantly enhanced the levels of IgG1 in the 

Figure 5. Effect of RCIE or alum adjuvant during immunization with inac-
tivated E. Coli on the survival in mice challenged with pathogenic E. coli. 
Mice were challenged with pathogenic porcine E. coli 3 days following 
inoculation with the E. coli vaccine alone or in combination with alum or 
RCIE, following which survival was monitored for 48 h. Alum, aluminum 
hydroxide gel; RCIE, red clover isoflavone extract.

Table II. mRNA expression levels of cytokines and transcription factors in splenocytes isolated from OVA‑immunized mice.

Gene OVA OVA + alum OVA + 50 µg RCIE OVA + 100 µg RCIE OVA + 200 µg RCIE

IL‑2 1.01±0.12 1.27±0.34 1.07±0.32 1.99±0.39a 1.65±0.29a

IFN-γ 1.01±0.13 1.08±0.32 2.25±0.37b 2.32±0.39b 1.63±0.63a

T‑bet 1.00±0.08 1.19±0.12 2.13±0.52a 2.28±0.63a 1.26±0.32
IL‑4 1.02±0.22 4.07±1.32b 2.33±0.60a 2.49±0.18a 1.51±0.12
IL‑10 1.01±0.17 3.07±1.02a 1.70±0.77 4.93±1.49b 4.53±1.88b

GATA‑3 1.02±0.21 5.32±1.16b 1.24±0.44 2.19±0.62a 1.40±0.26

Values are presented as mean ± SEM (n=10). aP<0.05 and bP<0.01 vs. OVA. IL, interleukin; IFN‑γ, interferon-γ; TNF-α; tumor necrosis 
factor-α; alum, aluminum hydroxide gel; RCIE, red clover isoflavone extract; OVA, ovalbumin.
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OVA‑immunized mice, the levels of IgG2a remained unchanged 
compared with those in the mice immunized with OVA alone. 
As GATA-3 is a Th2 cytokine transcription factor (33), this 
may be related to the induction of the GATA-3 gene expression. 
Therefore, RCIE application may be effective in activating the 
Th1- and Th2-type immune response at appropriate levels, 
which is associated with increased levels of IgGl and IgG2a.

The possible effects of RCIE on the Th1/Th2 immune 
response were also examined by flow cytometry and ELISA. 
The proportion of CD4+ T cells in the blood of mice immu-
nized with OVA + RCIE (100 µg) was higher compared with 
that in the OVA group. In addition, the levels of IL-4 and IL-5 
as well as the levels of IL-2, IFN-γ and TNF-α were increased 
by RCIE in the OVA‑immunized mice. These results suggest 
that RCIE elicited both Th1 and Th2 immune responses to 
OVA in mice. Subsequently, the mice were immunized with 
RCIE and E. coli vaccine, following which a lethal dose of 
pathogenic E. coli was given after 3 days. Pathogenic E. coli 
produces exotoxins that can cause diarrhea, bleeding and even 
death in animals (34). Compared with the vehicle group, in 
which all mice died following bacterial challenge, RCIE 
significantly improved the survival rate of mice, which may be 
associated with the induction of Th1- and Th2-type immune 
responses and the rapid promotion of antibody production.

To examine the mechanism of Th1/Th2 cytokines further, 
RT‑qPCR was utilized to analyze the mRNA expression levels 
of IL-2, IFN-γ, IL-4 and IL-10, all of which were found to be 
enhanced by RCIE. The original decision of T cells to differ-
entiate into Th1 or Th2 subtypes is regulated by transcription 
factors T-bet or GATA-3 (33). The present study found that the 
mRNA levels of T-bet and GATA-3 were increased in spleno-
cytes isolated from the immunized mice in the RCIE group. 
These results suggest that RCIE has the potential to induce 
Th1 and Th2 immune responses.

There was a notable change in the type of Th1 or Th2 
immune response that was induced with varying concentrations 
of RCIE, in agreement with other studies (35,36). The type of 
immune response activated is dependent upon the type of infec-
tion involved. The Th1‑type immune response can neutralize 
intracellular microorganisms, primarily via the involvement 
of IgG2a, IFN-γ, CTLs and IL-12, whereas the clearance of 
extracellular pathogens is dependent on the humoral immune 
response, primarily involving IgG1, IL-4, IL-5 and IL-10 (37). 
However, a key challenge in the field of vaccine adjuvants 
remains the activation of an aberrant immune response and 
disease deterioration induced by an adjuvant. The selection of 
the correct adjuvant may be an effective strategy for producing 
different types of immune responses. Indeed, CpG-DNA has 
been demonstrated to stimulate local susceptibility, causing 
potent CTL responses and Th1‑polarized immune responses 
to subsequent infections or antigen challenge (38). Alum 
adjuvants are generally recognized as safe and effective stimu-
lators of Th2 immunity, resulting in the production of high 
levels of IgG1 (39). Additionally, total ginseng saponins have 
been reported to potentiate natural killer cell activity, increase 
IFN production and stimulate the activity of CTLs and the 
Th1 immune response. In particular, Rivera et al reported that 
ginsenoside Rb1 stimulated higher antibody titers compared 
with alum adjuvant vaccines (40). It has also been reported that 
adjuvants such as oil/ginseng saponin or alum/Rg1 regulate 

Th1 or Th2 immune responses (38). These previous reports 
emphasize the importance of the type of adjuvant applied to 
the immune activation that is induced.

Based on the present study, it may be concluded that the 
use of RCIE as an adjuvant increased specific antibody and 
cellular responses against OVA in mice by regulating the gene 
expression of Th1/Th2 cytokines and transcription factors. 
In addition, the subsequent potentiation of both Th1 and Th2 
immune responses by RCIE significantly improved the effi-
cacy of the E. coli vaccine.
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