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Abstract 

Brazilian propolis AF-08 as a dietary supplement has been shown to be effective in alleviating symptoms of herpes 
simplex virus and respiratory syncytial virus infection in mice.  The alleviation was associated with the modification of 
immunological activity by AF-08 as a cytokine regulator.  The immunomodulatory activity of AF-08 was suggested to 
contribute to the severity of symptoms and pathogenesis in cytokine-mediated diseases.  In this study, we investigated 
the effectiveness of AF-08 as a potential cytokine modulator in alleviating autoimmune diseases. The efficacy and 
cytokine-modulatory activity of AF-08 were examined in collagen-induced arthritis (CIA) in mice.  Mice were immunized 
with type II collagen.  AF-08 at 0, 30, or 100 mg/kg was administered orally to the immunized mice once daily for three 
weeks before and/or three times daily for two weeks after the onset of CIA.  The development of arthritis of the paws 
and inflammatory cytokine levels in serum were examined.  AF-08 at 100 mg/kg significantly reduced the incidence and 
severity of CIA prophylactically and therapeutically and reduced the rise of systemic interleukin-6 (IL-6) and tumor 
necrosis factor (TNF)-α levels in the early phase of CIA.  In the early phase of CIA, the reduction of inflammatory cytokine 
levels by AF-08 correlated with the amelioration of symptoms of CIA.  AF-08 might inhibit the initiation of cytokine-
mediated disease rather than suppressing disease progression without toxicity.  AF-08 was confirmed to possess 
cytokine-modulatory activity in vivo.  It is possible that AF-08 is a potential prophylactic and therapeutic agent for 
autoimmune diseases.  
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1. Introduction

Cytokine is an important factor in modulating immune responses and establishing the host defense system against 
microbial infection.  Also, it plays primary roles directly or indirectly in the onset and development of inflammatory and 
autoimmune diseases and microbial infection [1-7]. The modification of cytokine production is suggested to contribute 
to the severity of symptoms and pathogenesis in cytokine-mediated diseases.  Development of a material that modulates 
cytokine production in vivo could be of value in improving the management of microbial infection and autoimmune 
diseases. 

We previously showed that traditional herbal medicines, dietary supplements, probiotics, and some components of 
them were effective in alleviating or exacerbating symptoms correlated with the changes of cytokine productions in 
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mice [4-15].  Among them, Brazilian propolis AF-08 as a dietary supplement was shown to be effective in alleviating 
herpetic symptoms and augmenting immunological activity associated with IFN-γ production-inducing Th1 immunity 
in mice [6]. In a model of respiratory syncytial virus (RSV) infection in mice, propolis AF-08 showed immunomodulatory 
activity against intranasal RSV infection [7]. The modification of immunological activity associated with cytokine 
production by propolis AF-08 in mice was suggested to contribute to the elucidation of various pharmacological actions 
of AF-08 in health and disease.  Propolis AF-08 is possibly a potential cytokine modulator. 

A model of collagen-induced arthritis (CIA) in mice has been shown to be useful to evaluate the importance of the 
inflammatory cytokines [16].  The murine model reflected inflammatory polyarthritis with similarities to rheumatoid 
arthritis (RA) and demonstrated that pro-inflammatory cytokines are important mediators of the pathogenic process 
in a model in the study of anti-cytokine therapy for RA [17] and analysis of IL-6 deficient mice [18, 19].  This murine 
model is also useful to evaluate the in vivo cytokine-modulatory activity of propolis AF-08 and its therapeutic efficacy.  
Thus, in this study, to evaluate the potential of propolis AF-08 for the treatment of autoimmune diseases, we examined 
its prophylactic and therapeutic and cytokine-modulatory activities in a CIA model.  

2. Material and methods 

2.1. Propolis AF-08 

Propolis AF-08 was harvested as Myrceugenia euosma (Berg) D. Legrand in the area of Brazil that is considered its major 
botanical origin [6].  The voucher specimen AF0308 (propolis AF-08) was deposited at Amazonfood Co., Ltd., Tokyo, 
Japan, and supplied by the company.  Briefly, the harvested propolis was extracted with 95% ethanol (1:1, w/w) at room 
temperature and dried in a drying machine under vacuum [6].  Finally, propolis AF-08 was prepared as a paste of the 
ethanol extract as described previously [6, 7, 20].  The propolis paste contained water at 5–7% (w/w), and about 30% 
(w/w) of the original propolis was recovered.  The paste was dissolved in 1% dimethyl sulfoxide (DMSO) and 
administered orally to mice [6, 20].  

2.2.  Mice 

Female DBA/1 mice (7-week-old, 15–17 g) were purchased from Charles River, Yokohama, Japan, and housed 5 per 
cage under a 12 h light/12 h dark diurnal cycle (light at 7.00 a.m.) at 23 ± 2°C.  The mice were given normal chow (CE2, 
Kyudo Animal Laboratory, Kumamoto, Japan) and water ad libitum and acclimated for at least 5 days before starting an 
experimental procedure.  The experimental protocols were approved by the Animal Experiment Committee of 
University of Kyushu University of Health and Welfare, Japan (23-1-07), and the animal experimentation guidelines 
were followed in the animal studies.  

2.3.  CIA model in mice   

We examined the efficacy and cytokine-modulatory activity of propolis AF-08 in a murine CIA model, as shown in Figure 
1.  Freund’s complete adjuvant (Difco, Detroit, MI, USA) and 2% bovine collagen type II (Elastin Products, Owensville, 
MO, USA) dissolved in 0.1 M acetic acid were equally mixed to produce an emulsion [21].  Then, the emulsion (0.2 
ml/mouse) was intradermally injected into the buttocks of DBA/1 mice as priming.  The immunized mice were 
intradermally boosted with the emulsion (0.2 ml) 21 days later.  Propolis AF-08 at 0, 30, or 100 mg/kg was orally 
administered to the primed mice (10 or 5 mice/group) once daily from day 0 to day 21 after priming and then three 
times daily from day 22 to 37 after priming.  As a control, mock-immunized mice (n=5) were administered propolis AF-
08 at 0 or 100 mg/kg in the same manner as the immunized mice to evaluate the toxicity of propolis AF-08.  Each mouse 
was weighed daily after the booster.  Each paw was assessed once daily for development of arthritis and scored 
simultaneously at least by two persons as: 0, no swelling; 1, swelling of one or two toes or slight swelling of an ankle; 2, 
swelling of one or two toes accompanied by slight or moderate swelling of an ankle; or 3, extensive swelling of paws; 
the score of each mouse was expressed as the sum of scores of four paws [21].  

After exsanguination at 37 days after priming, four paws of 10 mice in each group were extirpated at about 8 mm above 
the wrist and ankle joints, and the paws were weighed.  The removed paws were fixed in buffered formalin and 
decalcified in 5% EDTA.  The paws were subsequently embedded in paraffin, sectioned, stained with hematoxylin and 
eosin, and analyzed histologically [21].  

2.4. Enzyme-linked immunosorbent assay (ELISA) of serum 

On days 28, 32, and 37 after priming, serum was drawn from 5 mice in each group, and the concentrations of cytokines 
(IL-6 and TNF-α) were determined by ELISA kits (Amersham Pharmacia Biotech, Buckinghamshire, England, or 
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BioSource, Camarillo, CA, USA) according to the manufacturer’s instructions.  Detection sensitivities of the kits were IL-
6, 4 pg/ml and TNF-α, 8 pg/ml.  The intra- and inter-assay coefficients of variation for these ELISA were less than 10%. 

2.5. Statistical analyses   

Student’s t-test was used to evaluate the significance of differences in mean cytokine levels at days examined.  Fischer’s 
exact test was used to evaluate the significance of differences in incidences of arthritic symptoms.  The repeated 
measure two-way ANOVA (RM-ANOVA) was used to analyze the interaction between a treated group and a control in 
mean scores for days 28 to 37 after priming.  A p-value of less than 0.05 was statistically defined as significant.  

3. Results  

3.1. Efficacy of propolis AF-08 on CIA   

The efficacy of propolis AF-08 was evaluated in a CIA model using DBA/1 mice.  In a preliminary experiment, the 
administration of propolis AF-08 at 100 mg/kg significantly reduced the incidence of CIA compared with propolis AF-
08 at 0 mg/kg (p<0.05 by Fischer’s exact test, Table 1), although the reduction by AF-08 at 30 mg/kg was not statistically 
significant.  Also, the administration of AF-08 at 100 mg/kg was significantly effective in reducing the mean weight of 
forepaws (p<0.05 by Student’s t-test, Table 1), but that of AF-08 at 30 mg/kg was not.  We repeated the experiment and 
confirmed that the development of CIA was significantly retarded by propolis AF-08 at 100 mg/kg for days 28 to 37 
(p<0.05 RM-ANOVA for days 28 to 37, Figure 2), although propolis AF-08 at 30 mg/kg was not significantly effective.  
However, for days 28 to 32, both doses of propolis AF-08 at 30 and 100 mg/kg were significantly effective in suppressing 
the symptoms of CIA (p<0.05 RM-ANOVA for days 28 to 32, Figure 2).  There was no significant difference between the 
mean weights of mock-immunized mice administered propolis AF-08 at 0 and 100 mg/kg at 37 days (18.3 ± 0.3 g and 
17.6 ± 0.4 g, respectively).  Thus, propolis AF-08 protected mice from the onset and in the early phase of CIA and 
exhibited prophylactic and therapeutic efficacy against CIA in mice without toxicity. 

Table 1 Effects of propolis AF-08 on collagen-induced arthritis in DBA/1 mice 

Compound 
Dose 

(mg/kg) 
Incidence 

Mean weight 

of 4 paws 

Mock-immunized mice 0 0/5 0.385 ± 0.008 

Collagen-immunized mice    

AF-08 0 9/10 0.396 ± 0.009b 

AF-08 30 5/10 0.389 ± 0.006 

AF-08 100 4/10a 0.385 ± 0.008c 

AF-08 at 0, 30, and 100 mg/kg was orally administered to collagen-immunized DBA1 mice after priming. Incidence of paws of 10 mice in a group were 
determined on day 37 after priming. The mean weights of 4 paws of 10 mice were determined on day 37 after priming. Values except in the incidence 
are the mean ± SE. ap<0.05 vs. AF-08 at 0 mg/kg by Fischer’s exact test. bp<0.05 vs. mock-immunized mice by Student’s t-test.cp<0.05 vs. AF-08 at 0 
mg/kg by Student’s t-test. 

3.2. Histological analyses of collagen-induced arthritis  

We histologically evaluated the effect of propolis AF-08 at 100 mg/kg on CIA.  No arthritic symptoms were observed for 
21 days after priming in collagen-immunized mice with and without propolis AF-08, but mild inflammatory arthritis in 
the toes or the metatarsophalangeal joints were gradually observed from 28 days after priming (Figures 1 and 2).  The 
immunized mice without propolis AF-08 exhibited inflammatory cell infiltration with prominent pannus formation and 
the joint space was filled with granulation tissue on day 37 compared with mock-immunized mice.  Some severe 
deforming arthritis in collagen-induced mice without AF-08 was also observed at 37 days after priming (Table 2 and 
Figure 3, C1 and C2).  On the other hand, in histological analysis of joints at 37 days after priming, propolis AF-08 
noticeably alleviated inflammation of joint synovia in the collagen-immunized mice and moderately reduced the 
frequency of bone lysis and pannus formation (Table 2 and Figure 3, D1 and D2).  In mock-immunized mice with and 
without propolis AF-08, arthritic symptoms were not observed at 37 days of priming (Figure 3, A and B).  Thus, propolis 
AF-08 seemed to be histologically effective in alleviating CIA in mice.         
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Table 2 Histopathological alleviation of collagen-induced arthritis by propolis AF-08      

Histopathological changes Score of lesion 

 Forepaw of mice Hind paw of mice 

 1 2 3 4 1 2 3 4 

Mock-immunized mice without AF-08         

1. Inflammation of joint synovium - - - nd - - - nd 

2. Bone lysis - - - nd - - - nd 

3. Formation of pannus - - - nd - - - nd 

Mock-immunized mice with AF-08         

1. Inflammation of joint synovium - - nd nd - - nd nd 

2. Bone lysis - - nd nd - - nd nd 

3. Formation of pannus - - nd nd - - nd nd 

Collagen-immunized mice without AF-08         

1. Inflammation of joint synovium ++ + +++ +++ ++ +++ +++ nd 

2. Bone lysis - - + ++ - + ++ nd 

3. Formation of pannus - - - ++ - - ++ nd 

Collagen-immunized mice with AF-08         

1. Inflammation of joint synovium - - + nd + - - + 

2. Bone lysis - - ++ nd - - - - 

3. Formation of pannus - - +++ nd - - - - 
                            Scores of paws of 4 mice in each group were determined on day 37 after priming. nd: not done. 

 

 

 

Figure 1 Experiment schedule of collagen-induced arthritis in mice. 
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Figure 2 Prophylactic and therapeutic protection against CIA by propolis AF-08.  Propolis AF-08 at 0 (○), 30 (▲), or 100 
mg/kg (●) was orally administered to immunized mice (n = 10 per group) after priming as described in Materials and 
Methods.  Control shows mock-immunized mice (○).  Progression scores of diseases are expressed by the mean score ± 
SE of mice in a group.  *p<0.05 vs. propolis AF-08 at 0 mg/kg by RM-ANOVA for days 28 to 37.  **p<0.05 vs. propolis AF-
08 at 0 mg/kg by RM-ANOVA for days 28 to 32. 

 

Figure 3 Effect of propolis AF-08 administration on histological features of joints from collagen-immunized mice.  A, 
mock-immunized mice without propolis AF-08 at 100 mg/kg.  B, mock-immunized mice with propolis AF-08 at 100 
mg/kg.  C1 and C2, immunized mice without propolis AF-08 at 100 mg/kg.  D1 and D2, immunized mice with propolis 
AF-08 at 100 mg/kg. 
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3.3. Effect of propolis AF-08 on pro-inflammatory cytokine production in CIA 

Pro-inflammatory cytokine (TNF-α and IL-6) levels in the sera of immunized mice treated with and without propolis 
AF-08 at 100 mg/kg in the CIA model were compared (Tables 3 and 4).  In mock-immunized mice, propolis AF-08 at 
100 mg/kg did not affect the basal levels of TNF-α on days 28 and 37 (Table 3).  In immunized mice treated without 
propolis AF-08 at 100 mg/kg, the TNF-α level increased from day 28 to day 32 and the increased level decreased on day 
37 (Table 3).  However, TNF-α levels in the mice treated with propolis AF-08 at 100 mg/kg were lower than that in the 
mice treated without propolis AF-08 on day 28, although it was not statistically significant.  On days 32 and 37, reduction 
of the TNF-α level was not observed in mice treated with propolis AF-08 at 100 mg/kg.  Propolis AF-08 seemed to be 
effective in reducing the TNF-α level in the early phase of CIA. 

Table 3 Effects of propolis AF-08 on TNF-α levels of sera in collagen-immunized DBA/1 micea. 

Treatment 
TNF-α levels (pg/ml) after priming 

28 days 32 days 37 days 

Mock-immunized mice 

Control 

Propolis AF-08 (100 mg/kg) 

 

20.5 ± 5.0 

28.7 ± 23.5 

 

30.2 ± 21.0 

- 

 

< 8.0 

< 8.0 

Immunized mice 

Control 

Propolis AF-08 (100 mg/kg) 

 

192.2 ± 31.0 

141.7 ± 25.9 

 

214.0 ± 37.9 

221.7 ± 71.2 

 

141.6 ± 17.1 

200.6 ± 99.4 

TNF-α levels in the sera prepared from mock-immunized or immunized mice (5 mice in each group) on days 28, 32, and 37 after priming.   
Values indicate mean ± SE for 5 mice in each group. 

In mock-immunized mice, propolis AF-08 at 100 mg/kg did not affect the basal levels of IL-6 on days 28 and 37 (Table 
4).  IL-6 levels were significantly reduced by propolis AF-08 at 100 mg/kg on days 28 and 32 (Table 4).  However, on 
day 37, propolis AF-08 at 100 mg/kg did not affect the IL-6 level in immunized mice without propolis AF-08 at 100 
mg/kg.  Propolis AF-08 at 100 mg/kg was effective in reducing IL-6 level in the early phase of CIA.  

Table 4 Effects of propolis AF-08 on IL-6 levels of sera in collagen-immunized DBA/1 mice 

Treatment 
IL-6 levels (pg/ml) after priming 

28 days 32 days 37 days 

Mock-immunized mice 

Control 

AF-08 (100 mg/kg) 

 

40.2 ± 11.0 

11.7 ± 10.1 

 

11.0 ± 14.6 

- 

 

< 4.0 

30.1 ± 42.6 

Immunized mice 

Control 

AF-08 (100 mg/kg) 

 

137.9 ± 34.3 

43.9 ± 5.1a 

 

209.4 ± 20.8 

94.5 ± 14.6b 

 

114.2 ± 33.4 

156.5 ± 15.0 

IL-6 levels in the sera prepared from mock-immunized or immunized mice (5 mice in each group) on days 28, 32, and 37 after priming.  
Values indicate mean ± SE for 5 mice in each group. ap<0.05 vs. control by Student’s t-test.  bp<0.01 vs. control by Student’s t-test. 

4. Discussion 

We evaluated the prophylactic and therapeutic efficacy and cytokine-modulatory activity of propolis AF-08 in a CIA 
model.  Propolis AF-08 was effective in alleviating the symptoms of CIA and suppressing the rise of systemic levels of 
inducible TNF-α and IL-6.  The suppression of TNF-α and IL-6 levels correlated with the alleviation of symptoms in the 
early phase of CIA.  Thus, propolis AF-08 may be a potential prophylactic and therapeutic supplement for autoimmune 
diseases such as RA.  

Prophylactic and therapeutic oral administration of propolis AF-08 at 100 mg/kg alleviated CIA in DBA/1 mice till day 
37 after priming (Table 1 and Figure 2).  No significant weight changes of mock-immunized mice were observed due to 
the oral administration of propolis AF-08 at 100 mg/kg compared with control, indicating that propolis AF-08 is not 
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toxic.  Propolis AF-08 at 100 mg/kg exhibited noticeable suppressive action on the hitopathological features of joints 
on day 37 after priming (Table 2 and Figure 3).  Finally, propolis AF-08 reduced the incidence of arthritis, and the 
efficacy of propolis AF-08 was associated with the protection of joints against severe damage (Table 2 and Figure 3).  
When 30 mg/kg of propolis AF-08 as well as its 100 mg/kg was orally administered, the development of arthritic 
symptoms on days 28 to 32 was significantly suppressed (Figure 2).  In the development of arthritis in collagen-
immunized mice, mild inflammatory of joints arthritis, manifested as the swelling of the paws, developed initially and 
then severe deforming arthritis was observed [21].  Thus, propolis AF-08 prophylactically appeared to be effective in 
suppressing the onset of arthritis.  The significant reduction in the incidence of arthritis and the significant protection 
against severe damage might result from suppression of the initial development of arthritis.  Therefore, the efficacy of 
propolis AF-08 given prophylactically and therapeutically may render it a candidate for the treatment of autoimmune 
diseases such as RA. 

Cytokines, especially pro-inflammatory cytokines, play a pivotal role in the pathology of RA [22].  Their biological 
actions appear to contribute to acute and chronic inflammation, cell proliferation, and tissue destruction/fibrosis in the 
pathology of RA.  IL-6 plays a key role in the development of arthritis [18, 19].  A high level of IL-6 was observed in both 
the serum and synovial fluids of RA patients [22] and was suggested to be useful marker for RA activity [23].  In this 
study, propolis AF-08 at 100 mg/kg significantly suppressed the rise of IL-6 level in serum in the early phase of CIA 
(Table 4), and the suppression correlated with the reduction of the severity of arthritis (Figure 2).  In our murine CIA 
model, the systemic IL-6 levels were higher at the early phase of CIA than at the phase of severe arthritis, and these high 
levels were significantly suppressed by propolis AF-08 (Table 4).  Thus the efficacy of propolis AF-08 was related to the 
systemic suppression of the IL-6 level in mice.  Propylactic propolis AF-08 was suggested to inhibit the onset of CIA, 
possibly by suppressing the elevated IL-6 level at the initiation of arthritis.   

The disease-promoting role of TNF-α in RA has been well established [24], and agents that reduce levels of systemic 
TNF-α are in clinical use [25].  TNF-α is easily detectable in synovial fluid [26, 27], and many investigators have 
demonstrated worsening of CIA following treatment with TNF-α [28, 29].  In our CIA model (Table 3), propolis AF-08 
moderately reduced the systemic TNF-α level on day 28 corresponding to the initiation of arthritis, but did not affect 
the systemic TNF-α levels on days 32 and 37 corresponding to the development of severe arthritis.  Propolis AF-08 
might not initially contribute to the suppression of severity of CIA through the reduction of systemic TNF-α levels.  

Propolis AF-08 reduced systemic levels of IL-6 and TNF-α in the CIA model (Tables 3 and 4).  Previously, propolis AF-
08 was shown to inhibit transcription of IL-1α, TNF-α, and IL-6 in lipopolysaccharide-treated murine macrophage-like 
P388D1 cells [15].  In a murine endotoxin shock model, propolis AF-08 suppressed the rise of IL-6 and TNF-α levels in 
serum [15].  However, propolis AF-08 administration did not affect the basal levels of IL-1α, TNF-α, and IL-6 in normal 
mice [15].  Thus, the differences may be due to the inducing stimuli, the target cells, and their sensitivity in responding 
to propolis AF-08.  Propolis AF-08 may have a novel ability to modulate specific cytokine levels only in response to 
specific stimuli without affecting the basal levels in vivo. 

5. Conclusion 

In this study, we demonstrated that propolis AF-08 exhibited prophylactic and therapeutic efficacy against CIA.  The 
results presented here suggest that the cytokine-suppressive activity of propolis AF-08 is associated with its efficacy.  
Propolis AF-08 reduced the rise of systemic levels of IL-6 to their basal levels in the serum of normal mice.  Propolis AF-
08 is a cytokine-modulator specific for inducible cytokines, especially pro-inflammatory cytokines, in cytokine-
mediated diseases, and would be a potential prophylactic and therapeutic agent for cytokine-mediated diseases.  
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