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Berberine reduce allergic inflammation in a house dust 
mite allergic rhinitis mouse model*

Abstract 
Background: Berberine (Ber), used widely as an antibacterial, antifungal, and anti-inflammatory drug, has long been used as a 

gastrointestinal remedy in Chinese traditional medicine. Recent reports have suggested that Ber suppresses Th17 responses that 

was mediated by direct actions on T cells and thymic stromal lymphopoietin production in primary mast cells. It has been sug-

gested that Ber may be useful in treating allergic response. The purpose of this study was to assess the effects of Ber treatment on 

allergic inflammation in an allergic rhinitis  mouse model and to examine the underlying mechanism(s).

Methods: BALB/c mice were divided into control, Derf with no treated (Derf), Ber treated, and Ber with anti-C25 monoclonal 

antibody treated (Ber + anti-CD25) groups. All mice, with the exception of the control group, were sensitized with an intraperito-

neal i.p. injection of Dermatophagoides farinae (Derf). Mice in the Ber and Ber + anti-CD25 group were treated intranasally with 

10 µg/mL. Then, 1 week after sensitization, all mice were challenged intranasally with 20 µg Derf for 5 consecutive days. Mice in 

the anti-CD25 group were treated intraperitoneally with  250 µg anti-CD25 monoclonal antibody 1 day before the first intra-nasal 

challenge with Derf. Allergic symptom scores, eosinophil counts, and serum Derf-specific IgE levels were measured. T-bet, GATA-3, 

interferon-g (IFN-g), interleukin (IL)-10, IL-13, and Foxp3 expression was examined by real-time polymerase chain reaction and 

Western blotting. CD4+CD25+Foxp3+ T cells were assessed by flow cytometry.

Results: Symptom scores, serum Derf-specific IgE levels, GATA-3 mRNA levels, T-bet mRNA levels, and tissue eosinophil counts 

were decreased in the Ber versus the Derf group. In the Ber + anti-CD25 group, serum IL-10 levels were decreased versus the 

control, Derf, and Ber groups. In the Ber + anti-CD25 mAb groups, Foxp3 mRNA levels were decreased versus the control group. In 

the Ber group, Foxp3 mRNA levels were increased versus the control group. In the Ber group, the percentage of CD4+CD25+Foxp3+ 

T cells was increased versus the Derf group. The percentage of CD4+CD25+Foxp3+ T cells was increased in the Ber versus the Derf 

groups.

Conclusions: In our study, Ber reduced allergic inflammation significantly. Moreover, our findings suggest that the mechanism of 

action of Ber may be via CD4+CD25+Foxp3+ Treg cells, possibly through not only by increasing their numbers but also altering their 

function.
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Introduction
Allergic rhinitis (AR) affects ~20% of people of all ages. The risk 

of developing AR is considerably higher in people with asthma 

or eczema(1). Unfortunately, the symptoms of AR cannot usually 

be controlled completely with any combination of present envi-

ronmental measures, medications, or immunotherapy.
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Berberine (Ber), an isoquinoline-derivative alkaloid, is a ma-

jor component of Rhizoma coptidis (Huanglian), a traditional 

Chinese medicine. Many studies have demonstrated that Ber 

has many pharmacological actions, including anti-inflamma-

tory, immunostimulatory, and antidiarrheal activities. Recent 

reports have suggested that Ber suppresses inflammation in 

collagen-induced arthritis, an animal model of human rheuma-

toid arthritis, experimental type I diabetes, and experimental 

autoimmune encephalomyelitis, an animal model of human 

multiple sclerosis (2-5).  There have been reports that the inhi-

bitory effect of Ber on Th17 responses was mediated by direct 

actions on T cells as well as indirect effects, via dendritic cells, in 

autoimmune diseases (6). In other studies, Ber inhibited thymic 

stromal lymphopoietin (TSLP) production in primary mast cells. 

Thus, it has been suggested that Ber may be useful in treating 

inflammation and atopic dermatitis (7). However, limited data 

are available regarding the anti-allergic effects of Ber in an AR 

model. The purpose of this study was to investigate the effects 

of Ber in a mouse model of AR and to examine the underlying 

mechanism(s) using various cytokine and anti-CD25 monoclo-

nal antibody studies.

Materials and methods
Experimental animals

Six-week-old healthy female BALB/c mice (20 - 30 g) were used 

in the present study. This study was performed with the appro-

val of the Institutional Animal Care and Use Committee at the 

Catholic University of Korea.

Reagents

Dermatophagoides farinae (Derf ) crude body extract (Arthro-

pods of Medical Importance Resource Bank, College of Medi-

cine, Yonsei University, Seoul, Korea) was used as the allergen. 

The Derf crude extract was solubilized and stored at  70°C and 

dissolved prior to use. The anti-Ber (Sigma-Aldrich, St. Louis, MO, 

USA) and anti-CD25 (clone PC61, eBioscience, San Diego, CA, 

USA) monoclonal antibodies were prepared in sterile phospha-

te-buffered saline (PBS).

Production of the AR model and treatment protocol

Forty mice were randomized into one of four groups: control (n 

= 10), Derf (AR, n = 10), Ber (n = 10), and Ber + anti-CD25 mAb 

(n = 10). Allergen sensitization and challenge for development 

of the AR murine model are summarized in Figure 1. Briefly, on 

days 0, 7, and 14, all mice, except those in the control group, 

were immunized by intraperitoneal injection of 100 µg Derf and  

1 mg aluminum hydroxide (Sigma-Aldrich). Mice in the Ber and 

Ber + anti-CD25 group were treated intranasally with 10 µg/mL 

Ber on days 21, 22, 23, 24, and 25. Then, 1 week after sensitiza-

tion, all mice were challenged intranasally with 20 µg Derf for 

5 consecutive days. Mice in the anti-CD25 group were treated 

intraperitoneally with  250 µg anti-CD25 monoclonal antibody 1 

day before the first intra-nasal challenge with Derf (on day 20). 

The control group received PBS intranasally instead of Derf (8).

Evaluation of allergic symptoms induced after allergen chal-

lenge

The numbers of sneezing and nose-rubbing motions during the 

15-min period after the final allergen challenge were recorded 

and compared among the experimental groups by observers 

blinded to the experimental groups (9).

Nasal mucosal tissue evaluation

Mice were sacrificed and decapitated 24 h after the final allergen 

challenge. The heads were fixed in 4% paraformaldehyde for 3 

days at 4°C, washed in running water, decalcified for 3 days with 

Calci-Clear Rapid (National Diagnostics, Atlanta, GA, USA)10 at 

room temperature, dehydrated by passage through a graded 

alcohol series, and embedded in paraffin blocks. The blocks 

were cut into 4-µm sections and stained with hematoxylin and 

eosin to evaluate the general morphology and the number of 

eosinophils in the lamina propria of nasal mucosa. Eosinophils 

were counted under a light microscope. The average number of 

cells was counted in four areas around the nasal septa. The indi-

vidual who counted the eosinophils was blinded to the animals’ 

group assignments.

Derf-specific immunoglobulin E levels in serum

Serum Derf-specific immunoglobulin E (IgE) levels were measu-

red using an ELISA kit (Bethy, Montgomery, TX, USA).

Real-time polymerase chain reaction (PCR)

The nasal mucosa was removed for detection of IFN-γ, T-bet, 

GATA-3, IL-4, IL-13, IL-10, and Foxp3 mRNA using real-time PCR. 

Total RNA was extracted from nasal mucosa using the TRIzol 

reagent (Invitrogen, Carlsbad, CA, USA), and the first strand 

was reverse-transcribed using random primers (TaKaRa, Otsu, 

Japan)(11,12). The oligonucleotide primer sequences were as 

follows: IFN-γ forward primer, 5’ AGAGCCAGATTATCTCTTTC-

TACCTCAG-3’ and IFN-γ reverse primer, 5’ CCTTTTTCGCCTT-

GCTGTTG-3’; T-bet forward primer, 5’ GCCAGGGAACCGCTTATA-3’ 

and T-bet reverse primer, 5’ CCTTGTTGTTGGTGAGCTTTA-3’; 

GATA-3 forward primer, 5’ CTGGATGGCGGCAAAGC-3’ and 

GATA-3 reverse primer, 5’ GTGGGCGGGAAGGTGAA-3’; IL-4 

forward primer, 5’ TCAACCCCCAGCTAGTTGTC-3’ and IL-4 

reverse primer, 5’ AAATATGCGAAGCACCTTGG-3’; IL-13 for-

ward primer, 5’ CCTCTGACCCTTAAGGAGCTTAT-3’ and IL-13 

reverse primer, 5’ CGTTGCACAGGGGAGTCT-3-; Foxp3 forward 

primer, 5’ GAAAGCGGATACCAAATGA-3’ and Foxp3 reverse 

primer, 5’ CTGTGAGGACTACCGAGCC-3’; IL-10 forward primer, 

5’ GCTCTTACTGACTGGCATGAG-3’ and IL-10 reverse primer, 

5’ CGCAGCTCTAGGAGCATGTG-3’; Foxp3 forward primer, 5’ 
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GAAAGCGGATACCAAATGA-3’ and Foxp3 reverse primer, 5’ 

CTGTGAGGACTACCGAGCC-3’; glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) forward primer, 5’-GCACAGTCAAGGC-

CGAGAAT-3’ and GAPDH reverse primer, 5’-GCCTTCTCCATGG-

TGGTGAA-3’. The levels of IFN-γ, T-bet, GATA-3, IL-4, IL-13, IL-10, 

Foxp3, and GAPDH mRNA expression were determined by 

real-time PCR using the CFX96 Real Time PCR Machine (Bio-Rad, 

Hercules, CA, USA) and iQ SYBR Green Supermix (Bio Rad). The 

results were normalized relative to GAPDH expression and are 

shown as the fold increases over the expression of the control 

group.

Western blot analysis

Western blot analysis was used to determine GATA-3, IL-13, IL-10, 

and Foxp3 protein levels within the nasal mucosa from the con-

trol, Derf, Ber and Ber + anti-CD25 groups. Results were based 

on the gray-scale ratios between the target gene and GAPDH to 

indicate the relative levels of the proteins encoded by the target 

genes using anti-GATA-3 (Santa Cruz Biotechnology, Santa Cruz, 

CA, USA), -IL-13, -IL-10, and -Foxp3 (eBioscience, San Diego, CA, 

USA) antibodies.

Flow cytometry

For cell-surface staining, aliquots of 106 splenic mononuclear 

cells were incubated with fluorescein isothiocyanate (FITC)-

conjugated anti-mouse CD4 (GK1.5) antibody (eBioscience, San 

Diego, CA, USA). For intracellular staining, cells stained with CD4 

were incubated with fixation/permeabilization working solution, 

and Fc receptors were blocked with excess mouse Fc block. Cells 

were then stained with anti-phycoerythrin (PE)-Cy5-conjugated 

anti-mouse Foxp3 (FJK-16s) and anti-allophycocyanin (APC)-

CD25 antibodies (eBioscience). CD4+CD25+Foxp3+ T cells were 

analyzed by flow cytometry (FACSCalibur; Becton Dickinson, San 

Jose, CA, USA)(12,13). 

Statistical analysis

All measured parameters are expressed as means ± standard 

deviation. Differences among groups were analyzed using 

the Kruskal Wallis one-way ANOVA test. In cases of statistical 

significance, the ranked parameters were compared by one-way 

analysis of variance and Bonferroni’s multiple comparison tests 

(PASW Statistics 18; SPSS Inc., Chicago, IL, USA). In all analyses, p 

values < 0.05 were considered to indicate statistical significance.

Figure 1. Schematic representation of the experimental allergic rhinitis 

model and treatment protocol. Control (A), Derf with no treated (B), Ber 

treated (C), and Ber with anti-C25 monoclonal antibody treated groups 

(D). Ber, Berberine; anti-CD25, anti-CD25 monoclonal antibody; Derf, 

Dermatophagoides farina; IP (ip), intraperitoneal administration; IN (in), 

intranasal administration. Data are expressed as days.

Figure 2. Nasal symptom score. Rubbing (A) and sneezing (B). Error bars 

indicate standard deviations. *p < 0.05, vs. the Derf group, **p < 0.05, vs. 

the control group.
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Results 
Allergic symptoms

Allergic symptoms were determined by the numbers of nasal 

rubbing motions and sneezes during the 15-min period after 

the final challenge. The numbers of nasal rubbing motions 

were 8.6 ± 6.26 in the control group, 126.83 ± 45.6 in the Derf 

group, 7.6 ± 5.65 in the Ber group, and 89.5 ± 2.12 in the Ber + 

anti-CD25 group. The numbers of sneezes were 5.2 ± 3.27 in 

the control group, 16.37 ± 4.37 in the Derf group, 8.83 ± 2.63 in 

the Ber group, and 11 ± 2.91 in the Ber + anti-CD25 group. The 

number of nasal rubbing motions was significantly higher in the 

Derf group than in the control or Ber groups (control, p < 0.001; 

Ber, p = 0.013; Figure 2A). The number of sneezes was signifi-

cantly higher in the Derf group than in the control or Ber groups 

(control, p < 0.001; Ber, p = 0.005; Figure 2B).

Serum Derf-specific IgE

Serum Derf-specific IgE levels were significantly higher in the 

Derf group (7.43 ± 2.56 ng/mL) than in the control (0.77 ± 0.14 

ng/mL, p = 0.013) and Ber (3.13 ± 0.52 ng/mL, p = 0.001) groups. 

The Ber group had a significantly lower serum Derf-specific IgE 

level than the Ber + anti-CD25 group (p = 0.002; Figure 3).

Eosinophil counts in the lamina propria

Figure 4A-D shows eosinophil infiltration in the lamina propria. 

Eosinophil numbers were 26 ± 5.65 in the control group, 92.5 ± 

6.36 in the Derf group, 26 ± 1.73 in the Ber group, and 78 ± 4.24 

in the Ber + anti-CD25 group. The eosinophil count was signifi-

cantly higher in the Derf group than in the control (p = 0.006) or 

Ber (p = 0.029) groups (Figure 4E).

Real-time PCR and Western blot analyses

IFN-γ mRNA expression level was significantly higher in the Ber 

+ anti-CD25 group than in the control group (p = 0.045; Figure 

5A). The T-bet mRNA expression level was significantly higher in 

the Derf group than in the Ber group (p = 0.013; Figure 5B).

GATA-3 mRNA and protein levels were significantly higher in 

the Derf group than in the control (p = 0.015) or Ber groups (p = 

0.008). The Ber group had a significantly lower GATA3 mRNA le-

vel than did the Ber + anti-CD25 group (p = 0.047; Figure 5C, H). 

The IL-4 mRNA level was significantly higher in the Derf group 

than in the control group (p < 0.002) or the Ber group (p = 0.001; 

Figure 5D). IL-13 mRNA and protein levels were significantly 

higher in the Derf than in the control group (p = 0.016) and than 

in the Ber + anti-CD25 group (p = 0.008). The Ber group had a 

significantly lower IL-13 mRNA level than the anti-CD25 group 

(p = 0.001; Figure 5E, H). The IL-10 mRNA level and protein levels 

were significantly higher in the Ber group than in the Ber + 

anti-CD25 group (p = 0.003; Figure 5F, H). The Foxp3 mRNA level 

and protein levels were significantly higher in the Ber group (p 

= 0.001) than in the control group (p = 0.001) or Derf group (p = 

0.023; Figure 5G, H).

Flow cytometric analysis of CD4+CD25+Foxp3+ T cells from 

splenic mononuclear cells

Cells were sorted based on Foxp3 and CD25 expression levels 

Figure 3. Serum Derf-specific immunoglobulin E. Error bars indicate 

standard deviations. * p < 0.05, vs. the Derf group, ** p < 0.05, vs. the 

control group. *** p < 0.05, vs. the Ber with anti-C25 monoclonal anti-

body treated (Ber+anti-CD25) group.

Figure 4. Infiltration of eosinophils (arrows) in the nasal mucosa of 

BALB/c mice: (A) control group, (B) Derf group, (C) Ber group, and (D) Ber 

+ anti-CD25 group (E) Eosinophil counts in the nasal mucosa of each 

study group. Error bars indicate standard deviations. * p < 0.05, vs. the 

Derf group, ** p < 0.05, vs. the control group (hematoxylin and eosin 

staining; original magnification, ×400).
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and whether they expressed CD4 (Figure 6A). CD4+CD25+Foxp3+ 

T cells accounted for 1.125 ± 0.077% of all splenic mononuclear 

cells in the control group, 0.46 ± 0.1% in the Derf group, 1.361 

± 0.194% in the Ber group, and 0.81 ± 0.141% in the Ber + anti-

CD25 group. The Ber group had a significantly higher percen-

tage of these cells than the Derf (p = 0.001) or Ber + anti-CD25 

groups (p = 0.023; Figure 6B).

Discussion
Anti-inflammatory effects of Ber have been reported in several 

autoimmune diseases. Ber has been reported to block the 

induction of edema on mouse ears by 12-O-tetradecanoylphor-

bol-13-acetate and to inhibit cyclooxygenase-2 transcriptional 

activity, through regulation of activator protein 1 transcription 

factor (14). In an earlier study, it was demonstrated that Ber 

could directly inhibit IL-17 production by CD4+ T cells and the 

dendritic cell-mediated differentiation of CD4+IL-17+ T cells from 

Vogt-Koyanagi-Harada patients (15). They showed that Ber signi-

ficantly inhibited the TNF-α induced expression of IL-6, IL-8, and 

monocyte chemoattractant protein 1 in human retinal pigment 

epithelial-19 cells at both the protein and mRNA level, and that 

it downregulated phosphorylation of p38, extracellular signal 

regulated kinase 1/2, and c-Jun N-terminal kinase (15). These 

data prompted investigation of the possibility of using Ber in 

the treatment of AR, the effect of which would be mediated by 

CD4+ T cells and various antigen-presenting cells. Several studies 

support Ber as an anti-atopic agent. Mast cells play an important 

role in the pathogenesis of AR, contributing in both early and 

late allergic responses. It has been shown that Ber can regulate 

allergic responses by inhibiting mast cells through inhibition of 

TSLP in an asthma model (7).

In our study, repeated exposure to Derf induced a T helper 2 

(Th2) milieu in mice, with a corresponding increase in symptom 

scores, serum IgE levels, GATA-3, IL-4, and IL-13 mRNA levels in 

the nasal mucosa, and tissue eosinophil counts. Ber treatment 

resulted in a significant reduction in serum IgE levels, GATA-3, 

IL-4, and IL-13 mRNA levels and tissue eosinophil counts in the 

Ber group compared with the Derf group. Thus, these results 

indicate that Ber suppresses the Th2 response.

 

We attempted to explore the pathway of the anti-allergic ef-

fects of Ber in an AR mouse model. One cellular mechanism for 

maintaining immune tolerance to foreign antigens, including 

allergens, is the natural Foxp3+ Treg cells population (16-18). It 

Figure 5. Quantitative analysis of IFN- γ (A), T-bet (B), GATA-3 (C), IL-4 (D), 

IL-13 (E), IL-10 (F) and Foxp3 (G) mRNA expression in nasal mucosa by 

real-time PCR. The results were normalized relative to GAPDH expres-

sion. Error bars indicate standard deviations. * p < 0.05, vs. the Derf 

group, ** p < 0.05, vs. the control group. (H) Western blot analysis was 

used to determine GATA-3, IL-13, Foxp3, and IL-10 protein levels.

Figure 6. (A) Flow cytometric analysis of CD4+CD25+Foxp3+ T-cell sub-

sets. Representative fluorescence-activated cell sorting analysis in each 

group. RU, upper right quadrant, which represents CD4+CD25+Foxp3+ 

T cells. (B) The percentage of splenic mononuclear cells that were 

CD4+CD25+Foxp3+ T cells. Error bars indicate standard deviations. * p < 

0.05, vs. the Derf group, ** p < 0.05, vs. the control group.
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has been shown, in allergy, that Treg cells can be transformed, 

conferring specific tolerance to subsequent challenges with the 

allergen (19,20). In our study, Foxp3 mRNA levels were increased 

significantly in the Ber group compared with those in the Derf 

group. The percentage of CD4+CD25+Foxp3+ T cells, determined 

by flow cytometry, was also increased significantly in the Ber 

group compared with the Derf group. Cell-surface CD25 is a 

well-known marker of Tregs. It has been documented that anti-

CD25 mAb treatment reversed the effects of BCG/BCG-dendritic 

cells. In our study, in Ber + anti-CD25 group, Th2 cytokines were 

increased significantly, and IL-10 and Foxp3 mRNA levels were 

decreased significantly.

The immunosuppressive cytokine IL-10 has also been implica-

ted in Treg cell function. As a short-range suppressive humoral 

factor involved in Treg-mediated suppression, IL-10 was first 

suspected to mediate Treg suppression (16,17). In our study, we 

showed that IL-10 levels were increased significantly in the Ber 

group versus the Derf group. Ber showed a tendency to increase 

the number of CD4+CD25+Foxp3+ T cells. These findings suggest 

that Ber may have a novel property as an immunomodulator in 

controlling allergic inflammation.

Conclusions
In this study, we showed that Ber treatment inhibited allergic 

responses in a mouse model of AR. Additionally, anti-CD-25 

mAb treatment largely reversed the effects of Ber. These results 

suggest that the inhibitory effect of Ber in our mouse model of 

AR is mediated by Tregs. Furthermore, this novel compound may 

provide a new strategy for treating or controlling AR.
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