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Abstract 

Ethnopharmacological relevance: Propolis is a bee product with numerous biological and 

pharmacological properties, such as immunomodulatory and anti-inflammatory activities. 

It has been used in folk medicine as a healthy drink and in food to improve health and 

prevent inflammatory diseases. However, little is known about its mechanism of action. 

Thus, the goal of this study was to verify the antioxidant activity and to explore the anti-

inflammatory properties of propolis by addressing its intracellular mechanism of action. 

Caffeic acid was investigated as a possible compound responsible for propolis action.  

Materials and Methods: The antioxidant properties of propolis and caffeic acid were 

evaluated by using the 2,2-diphenyl-1-picrylhydrazyl free radical (DPPH) scavenging 

method. To analyze the anti-inflammatory activity, Raw 264.7 macrophages were treated 

with different concentrations of propolis or caffeic acid, and nitric oxide (NO) production, 

a strong pro-inflammatory mediator, was evaluated by the Griess reaction. The 

concentrations of propolis and caffeic acid that inhibited NO production were evaluated on 

intracellular signaling pathways triggered during inflammation, namely p38 mitogen-



activated protein kinase (MAPK), c-jun NH2-terminal kinase (JNK1/2), the transcription 

nuclear factor (NF)-�B and extracellular signal-regulated kinase (ERK1/2), through 

Western blot using specific antibodies. A possible effect of propolis on the cytotoxicity of 

hepatocytes was also evaluated, since this product can be used in human diets. 

Results: Caffeic acid showed a higher antioxidant activity than propolis extract. Propolis 

and caffeic acid inhibited NO production in macrophages, at concentrations without 

cytotoxicity. Furthermore, both propolis and caffeic acid suppressed LPS-induced 

signaling pathways, namely p38 MAPK, JNK1/2 and NF-�B. ERK1/2 was not affected by 

propolis extract and caffeic acid. In addition, propolis and caffeic acid did not induce 

hepatotoxicity at concentrations with strong anti-inflammatory potential. 

Conclusions: Propolis exerted an antioxidant and anti-inflammatory action and caffeic acid 

may be involved in its inhibitory effects on NO production and intracellular signaling 

cascades, suggesting its use as a natural source of safe anti-inflammatory drugs.  
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1. Introduction  

Propolis is a resinous product used by bees to seal holes in the hive, smooth out the 

internal walls and protect the entrance against intruders, and its chemical composition 

depends on the collection site and local flora (Bankova, 2005). This product has attracted 

researchers’ interest in the last decade because of its numerous biological and 

pharmacological properties, such as antimicrobial (Sforcin et al., 2000; Freitas et al., 2006; 

Búfalo et al., 2009), antitumoral (Bazo et al., 2002), immunomodulatory (Sforcin, 2007), 

anti-inflammatory (Silva et al., 2012), antioxidant (Kumazawa et al., 2010), among others. 

Propolis has been extensively used as a healthy drink, and in food, to improve 

health and prevent inflammatory diseases. It is also used in folk medicine due to its 

hepatoprotective activity; however, little is known about its mechanisms of action 

(Kolankaya et al., 2012). The knowledge of phytochemicals molecular mechanisms 

became a good strategy in the search for new anti-inflammatory compounds. 

Inflammation is the central feature of many physiopathological conditions in 

response to tissue injury and as part of host defense against microorganisms (Brodsky et 

al., 2010). In inflammatory processes, macrophages have a key role in providing an 



immediate defense against foreign agents. Upon activation with an inflammatory stimulus, 

such as lipopolysaccharyde (LPS), macrophages produce pro-inflammatory mediators, 

including nitric oxide (NO). NO is produced through inducible nitric oxide synthase 

(iNOS) by certain activated cells and acts as a host defense by damaging pathogenic DNA 

and as a regulatory molecule with homeostatic activities; however, excessive NO 

production may be pathogenic for host tissues because it acts as a reactive radical directly 

damaging normal cells. Thus, natural products inhibiting NO production induced by 

inflammatory stimuli may represent a beneficial therapeutic strategy (Nagaoka et al., 

2003).  

The expression of pro-inflammatory molecules is regulated by several transcription 

factors and signalling pathways. The functional nuclear transcription factor-�B (NF-�B) 

protein is a heterodimer composed mainly for p65 and p50 subunits. Under normal 

conditions, NF-�B is present in the cytoplasm in an inactive state, bound to inhibitory 

protein �B (I�B). Activation with pro-inflammatory stimulus initiates an intracellular 

signalling cascade, resulting in the phosphorylation and subsequent degradation of I�B by 

the 26S-proteasome (Tanaka et al., 2001). I�B phosphorylation is mediated by the 

inhibitory protein kappaB kinase (IKK), complex that contains two catalytic subunits 

named IKK� (IKK1) and IKK� (IKK2) and a non-catalytic regulatory subunit named NF-

�B essential modulator (NEMO) or IKK� (Tang et al., 2003). The degradation of I�B� 

releases NF-�B, allowing it to translocate into the nucleus and to induce the expression of 

cytokines, chemokines, anti-apoptotic and cell growth factors that are essential mediators 

of immune and inflammatory responses and tumorigenesis (Li and Verma, 2002). Thus, 

inhibition of NF-�B activation has attracted attention as a therapeutic approach for 

intervention in immune and inflammatory events (Lee et al., 2010). 

Furthermore, LPS activates not only NF-�B, which is a pivotal transcription factor 

for inflammatory gene expression, but also induces phosphorylation of mitogen-activated 

protein kinases (MAPKs), which in turn leads to the activation of NF-�B in macrophages 

(Jung et al., 2008; Ha et al., 2010). MAPKs are signalling molecules that play critical roles 

in the regulation of cell growth, differentiation, cell survival/apoptosis, cellular response to 

cytokines, stress and inflammation. Three major groups of MAP kinases are identified: p38 

MAP kinase family, extracellular signal-regulated kinase (ERK) family and c-Jun NH2-

terminal kinase (JNK) family (Platanias, 2003). MAPKs activity is also required for the 

expression of several macrophage functions, including NO production and can control the 



synthesis and release of pro-inflammatory mediators by LPS-activated Raw 264.7 cells 

(Cho et al., 2003).  

The modulatory effect of natural products on macrophages/monocytes-triggered 

inflammatory processes could contribute to the establishment of new therapeutic 

alternatives for the treatment of pathologies with a strong inflammatory component. This 

study aimed to explore the antioxidant and anti-inflammatory properties of propolis by 

addressing its molecular mechanism of action, through evaluation of its effect on NO 

production, activation of MAPKs and NF-�B signalling pathways in vitro. A possible 

effect of propolis on human hepatic carcinoma cell line (HepG-2) was investigated, since it 

is a useful model in vitro to determine hepatotoxicity, considering that this product can be 

used in human diets. Caffeic acid was studied as possible compound responsible for 

propolis action. Propolis composition was investigated as well. 

 
2. Material and Methods 

2.1. Propolis sample and caffeic acid  

 

Propolis was collected in the Beekeeping Section, UNESP, Campus of Botucatu. 

Propolis was ground and ethanolic extracts of propolis were prepared (30 g of propolis, 

completing the volume to 100 mL with 70% ethanol), in the absence of bright light, at 

room temperature, with moderate shaking. After a week, extracts were filtered and the dry 

weight of the extracts was calculated (110 mg/mL) (Sforcin et al., 2005).  

Propolis was diluted in Dulbecco’s Modified Eagle Medium (DMEM, Sigma-

Aldrich Química, Madrid, Spain), supplemented with 10% non-inactivated fetal bovine 

serum (Gibco, Paisley, UK), 100 U/mL penicillin and 100 μg/mL streptomycin, and 

specific dilutions from this solution were prepared for each assay, in order to achieve 

different propolis concentrations: 5, 10, 25, 50 and 100 μg/mL.  

The chemical analysis of propolis samples revealed that its main components were 

phenolic compounds. Caffeic acid, the major compound of hydroxycinnamic and phenolic 

acids in general (Touaibia et al., 2011), was purchased from Acros Organics (Morris 

Plains, NJ, USA) and diluted in 100 μL of 70% ethanol and DMEM media (1 mg/mL), 

preparing different concentrations: 5, 10, 25, 50 and 100 μg/mL. The same procedure was 

carried out with 70% ethanol (propolis and caffeic acid solvent) in order to obtain 0.03, 



0.06, 0.15, 0.29 and 0.59% ethanol, which are the respective concentrations of alcohol 

found in propolis and caffeic acid concentrations. 

 

2.2. Analysis of phenolic compounds composition in propolis by HPLC-PDA-ESI/MS3   

 

Propolis phenolic composition was assessed on a Surveyor high performance liquid 

chromatography coupled to photodiode-array detector - PDA (Surveyor) and interfaced 

with a Finnigan LCQ Advantage Ion Max tandem mass spectrometer (Thermo Fisher 

Scientific, Waltham, MA, USA) equipped with an API-ES ionization chamber (HPLC-

PDA-ESI/MSn). Separation was performed on a Spherisorb ODS-2 column (150 x 2.1 mm 

i.d.; particle size, 3 �m; Waters Corp., Milford, MA, USA) and a Spherisorb ODS-2 guard 

cartridge (10 x 4.6 mm i.d.; particle size, 5 �m; Waters Corp., Milford, MA, USA) at 25 

ºC. A mobile phase constituted by 2% aqueous formic acid (v/v) (A) and methanol (B) was 

used with a discontinuous gradient of 5% B (0-2 min), 5–15% B (2–10 min), 15–25% B 

(10–15 min), 25–50% B (15–50 min), 50–80% B (50–60 min), 80–100% B (60–70 min) 

followed by an isocratic elution (70–75 minutes), at a �ow rate of 200 �L/min. The �rst 

detection was done with a PDA detector in a wavelength range 200–450 nm, followed by a 

second detection in the mass spectrometer. Mass analyses were obtained in the negative 

ion mode. The mass spectrometer was programmed to perform three consecutive scans: 

full mass (m/z 50–1500), MS2 of the most abundant ion in the full mass and MS3 of the 

most abundant ion in the MS2. Source voltage was 4.7 kV and the capillary voltage and 

temperature were -7 V and 275 ºC, respectively. Nitrogen was used as sheath and auxiliary 

gas at 20 and 7 Finnigan arbitrary units, respectively. The normalized energy of collision 

was 41%, using helium as collision gas. Data treatment was carried out with XCALIBUR 

software (Thermo Scientific, Waltham, MA, USA). 

The extract of propolis (5 mg/mL) was solubilized in 25% methanol (1 mL) and 

analyzed by comparison retention times and spectra with chemical standards: caffeic, p-

coumaric, chlorogenic and ferulic acids (Sigma Chemical Co., St. Louis, USA). 

 
2.3. Cell lines 

 
Raw 264.7 cells, a mouse leukaemic monocyte macrophage cell line (ATCC TIB-

71), were cultured in DMEM media supplemented with 10% inactivated fetal bovine 



serum, 100 U/mL penicillin and 100 μg/mL streptomycin, at 37 ºC in a humidified 

atmosphere of 95% air and 5% CO2.   

Human hepatic carcinoma cell line (HepG-2 – ATCC HB-8065) cells were grown 

in DMEM supplemented with 1 g/L of glucose and pyruvate, 10% inactivated fetal bovine 

serum, 100 U/ml penicillin, 100 μg/ml streptomycin and 1.5 g/L of sodium bicarbonate, at 

37 ºC in a humidified atmosphere of 95% air and 5% CO2. Along the experiments, both 

cells were monitored by microscopic observation in order to detect any morphological 

change. 

 
2.4. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) – Antioxidant assay 
 

DPPH was purchased from Sigma-Aldrich (St Louis, USA). Free radical-

scavenging activity was evaluated according to Blois (1958). Aliquots of 100 μL were 

assessed by their reactivity with methanolic solution of 500 μM DPPH (500 μL) in the 

presence of 0.2 M acetate buffer, pH 6.0 (1 mL). Reaction mixtures (3 mL) were kept for 

30 min at room temperature and in the dark. The decreases in the absorbance were 

measured at 517 nm, in a Cintra 101 GBC UV-Vis spectrophotometer. The DPPH• 

concentration (μg/mL) in the reaction medium was calculated from the calibration curve 

determined by linear regression. Butylhydroxytoluene (BHT – Sigma Chemical Co., St. 

Louis, USA), a synthetic antioxidant, was used as reference standard. 

2.5. Cell viability by MTT assay 
 

Assessment of metabolically active cells was performed using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT, Sigma Aldrich, St. Louis, 

USA) reduction colorimetric assay, as previously reported (Francisco et al., 2011). Raw 

264.7 cells (0.3 x 106 cells/well) or HepG-2 cells (0.2 x 106 cells/well) were plated and 

allowed to stabilize for 12 h. Afterwards, cells were either maintained in culture medium 

(control) or pre-incubated with different concentrations of propolis, caffeic acid or the 

vehicle 70%  ethanol for 1 h, and later activated with 1 μg/mL LPS (from E. coli - serotype 

026:B6, Sigma Chemical Co., St. Louis, USA) for 24 h. After treatments, a solution of 

MTT (5 mg/mL in phosphate buffered saline) was added and cells were incubated at 37 ºC 

for 15 min (Francisco et al., 2011). Supernatants were removed and dark blue crystals of 

formazan solubilized with 300 μL acid isopropanol (0.04N HCl in isopropanol). 

Quantification of formazan was performed using an ELISA automatic microplate reader 

(SLT, Austria) at 570 nm, with a reference wavelength of 620 nm. 



 

2.6. Nitrite production by the Griess assay 
 

NO production was measured by nitrite accumulation in the culture supernatants, 

using a colorimetric reaction with the Griess reagent (Green et al., 1982). Briefly, 170 �L 

of culture supernatants were mixed with an equal volume of Griess reagent [0.1% (w/v) N-

(1-naphthyl) ethylenediamine dihydrochloride and 1% (w/v) sulphanilamide containing 5% 

(w/v) H3PO4] and maintained during 30 min in the dark. Nitrite concentration was 

determined by measuring the absorbance at 550 nm with a micro-plate reader (SLT, 

Austria). All measurements were performed in duplicate and expressed as NO micromolar 

concentrations. 

 
2.7. Preparation of total protein extracts and Western blot analysis 
  

Raw 264.7 cells (1.2 x 106 cells/well) were plated and, after stabilizing for 12 h, 

cells were either maintained in culture medium (control), or pre-incubated with 10 μg/mL 

of propolis, or 10 μg/mL of caffeic acid – concentrations that inhibited NO generation and 

were noncytotoxic, for 1 h and then 1 μg/mL LPS was added for 30, 15 or 10 minutes, to 

verify the exact period of the phosphorylation of proteins. Cells were lysed with RIPA 

buffer (50 mM Tris–HCl, pH 8.0, 1% Nonidet P-40, 150 mM NaCl, 0.5% sodium 

deoxycholate, 0.1% sodium dodecyl sulfate and 2 mM ethylenediamine tetraacetic acid) 

freshly supplemented with 1 mM dithiothreitol, protease and phosphatase inhibitor 

cocktails and sonicated (four times for 4 s at 40 μm peak to peak) in Vibra Cell sonicator 

(Sonics & Material INC.) to decrease viscosity. The nuclei and the insoluble cell debris 

were removed by centrifugation at 4 ºC, at 12.000 x g for 10 min. The postnuclear extracts 

were collected and used as total cell lysates. Protein concentration was determined by the 

bicinchoninic acid protein assay and cell lysates were denaturated in sample buffer (0.125 

mM Tris pH 6.8, 2% (w/v) sodium dodecyl sulfate, 100 mM dithiothreitol, 10% glycerol 

and bromophenol blue). Western blot analysis was performed to evaluate the levels the 

activation of MAPKs and NF-�B signaling pathways. Briefly, equivalent amounts of 

protein (30 μg) were separated by 10% (v/v) SDS-PAGE followed by Western blotting. To 

examine the different proteins, the blots were incubated overnight at 4ºC with the 

respective primary antibodies: phospho-p38 MAPK (1:1000), phospho-JNK1/2 (1:1000), 

phospho-ERK1/2 (1:1000), phospho-I�B and total I�B (1:1000), all obtained from Cell 

Signaling Technologies (Danvers, MA, USA). Protein detection was performed using the 



enhanced chemifluorescence system and the membranes were scanned for blue excited 

fluorescence on the Storm 860 (GE Healthcare). The generated signals were analyzed 

using the software TotalLab®. To demonstrate equivalent protein loading, membranes 

were stripped and reprobed with antibodies against the total form of MAPKs or with anti-

�-tubulin antibody (Sigma Aldrich, St. Louis, USA). 

 
2.8. Statistical analysis 
 

Data were expressed as mean ± standard deviation (SD) of 3 similar and 

independent experiments. For cell viability and NO production, one-way Anova followed 

by Dunnett’s test were performed. For western blot assays, two-sided unpaired t-test was 

used. The statistical tests were applied using GraphPad Prism, version 5.02 (GraphPad 

Software, San Diego, CA, USA). A P value < 0.05 was considered statistically significant. 

 
3. Results  

3.1. Propolis composition by HPLC-PDA-ESI/MSn 
 

Propolis phenolic composition was evaluated by HPLC-PDA. Hydroxycinnamic 

acids and mainly caffeic acid derivatives were detected through chromatographic and UV 

spectral profiles (Fig. 1; Table 1), and only trace amounts of flavonoids were identified 

(Table 2). Structural elucidation was performed essentially on the basis of the HPLC-PDA-

ESI/MSn analysis (Tables 1 and 2).  

Caffeic and p-coumaric acids (Rt 20.04 and 27.16, respectively) were identified by 

comparison of their Rt and UV spectra with standard compounds. 

A derivative of chlorogenic acid (caffeoylquinic acid derivative) with Rt = 21.26 

was identified on the basis of its fragments at m/z 353 and 191, corresponding to 

caffeoylquinic acid and quinic acid, respectively, this last fragment obtained in MS3 by 

loss of one caffeic acid molecule. With similar UV spectra more three compounds were 

identified on the basis of their mass spectra. 

Compound with Rt = 37.98 presented a pseudomolecular ion at m/z 515 and a 

fragmentation pattern typical of a dicaffeoylquinic acid. MS2 data showed fragments at 

m/z 353 [(M-H)-162]- and 191 [(M-H)-324]-. Since the fragment at m/z 203 was not 

detected, the structure proposed for this compound was the 1,3-dicaffeoylquinic acid, 

according to Clifford et al. (2005). 



Compound with Rt = 43.60 also showed a pseudomolecular ion at m/z 515. 

However, MS2 data evidenced the fragment at m/z 203 [(M-H)-312]-. Given the relative 

abundance of the fragments 203 [(M-H)-312]- and 179 [(M-H)-336]- the structure proposed 

for this compound was 4,5-dicaffeoylquinic acid (Clifford et al., 2005). 

Compound with Rt = 54.87 presented a pseudomolecular ion at m/z 677 and a 

fragmentation pattern typical of a tricaffeoylquinic acid. MS2 data exhibited fragments at 

m/z 515 [(M-H)-162]- and 353 [(M-H)-162-162]-, this last signal corresponding to 

chlorogenic acid, which resulted from the loss of two caffeic acid molecules. The 

fragments at m/z 299, 255 and 203 with a relative intensity less than 7% suggested the 

presence of 3,4,5-tricaffeoylquinic acid as referred by Clifford et al. (2007).  

Compound with Rt = 30.44 showed an UV maximum absorption (� = 322 nm) 

slightly lower than that of caffeic acid and similar to the ferulic acid, and a deprotonated 

ion at m/z 461. MS2 analysis evidenced a base peak at m/z 341 [(M-H)-120]- and a minor at 

m/z 371 [(M-H)-90]-, which are fragments related to one C-hexosyl unit. In MS3 the most 

abundant ion observed at m/z 326 involves the loss of 15 a.m.u. [M-H-120-15]-, occurring 

a minor fragment at m/z 149, which may be resulting of ferulate ion decarboxylated.       

Flavonoids identification (Table 2) was performed according to the fragmentation 

pattern referred in Figueirinha et al. (2008). 

 

3.2. Antioxidant activity 

 
The antioxidant activity of propolis and caffeic acid was addressed by the DPPH 

method. The determination of the effective concentration (EC50) value expresses the 

amount of sample necessary to decrease the absorbance of DPPH by 50% (Antolovich et 

al., 2002). The EC50 was 4.67 μg/mL for BHT, 18.51 μg/mL for propolis and 2.5 μg/mL 

for caffeic acid, demonstrating that caffeic acid showed a higher antioxidant activity than 

propolis extract and BHT. Accordingly, caffeic acid derivatives present in our propolis 

sample can contribute to the antioxidant activity verified.  

 
3.3. Effect on cell viability 
 

The in vitro cytotoxic effect of propolis and caffeic acid on macrophages viability 

was represented as percentage of control (non-treated cells), as shown in Fig. 2. Viability 

higher than 80% was observed in concentrations lower than 25 μg/mL. A cytotoxic effect 

was observed using 25, 50 and 100 μg/mL of propolis and caffeic acid. 70% ethanol, in all 



dilutions (0.03, 0.06, 0.15, 0.29 and 0.59% – the respective concentrations of alcohol found 

in propolis and caffeic acid concentrations, had no effect on cell viability (data not shown).  

As to HepG-2 cells, no cytotoxic effects were seen using 5 and 10 μg/mL of 

propolis and caffeic acid (Fig. 3). These preliminary data suggested that such 

concentrations exhibited a strong anti-inflammatory potential without affecting cell 

viability.  

 
3.4. Propolis effect on NO production 
 

As shown in Fig. 4, untreated macrophages Raw 264.7 produced low levels of 

nitrites (1.3 ± 0.19 μM). After macrophages activation with LPS for 24 h, nitrite 

production increased to 13.9 ± 0.90 μM. On the other hand, macrophages pre-treatment 

with propolis or caffeic acid decreased the LPS-induced nitrite production in all non-

cytotoxic concentrations (10.4 ± 1.3 and 5.5 ± 1.541 for 5 and 10 μg/mL of propolis, 

respectively; 10.2 ± 1.90 and 5.2 ± 0.78 for 5 μg/mL and 10 μg/mL of caffeic acid, 

respectively).  

The concentration of propolis and caffeic acid used in the assays of intracellular 

signalling pathways by Western blot was chosen based on the absence of cytotoxicity, but 

inhibiting more than 50% of NO production (10 μg/mL of propolis and 10 μg/mL of 

caffeic acid). 

 
3.5. Effect of propolis and caffeic acid in the NF-�B intracellular signalling pathways 
 

Since propolis and caffeic acid inhibited NO production triggered by the strong pro-

inflammatory stimulus LPS, we next evaluated whether these two compounds could block 

LPS-induced NF-�B translocation, preventing I�B� degradation. Raw 264.7 cells were 

pretreated with propolis or caffeic acid (10 μg/mL) for 1 h and incubated with LPS for 30, 

15 and 10 min. As shown in Fig. 5 and Fig. 6, treatment with LPS for 10 min started the 

phosphorylation and subsequent degradation of I�B�, and at 15 min there was almost a 

complete degradation of cytosolic I�B�, indicating an increase in the NF-�B activity and 

consequently an increase in the production of inflammatory mediators, such as iNOS 

expression and NO production. After 30 min, this effect on degradation of I�B� remained. 

Pre-treatment with propolis (Fig. 5A) and caffeic acid (Fig. 6A) inhibited LPS-

induced phosphorylation of I�B and partially prevented I�B� degradation (Fig. 5B and 



Fig. 6B, respectively) indicating an inhibitory effect in the LPS-induced NF-�B activity (at 

10 min). 

 
3.6. Effect of propolis and caffeic acid in the activation of MAPKs  
 

The effect of propolis and caffeic acid on the activation of ERK1/2, JNK1/2 and 

p38 MAP kinases pathways was examined by detecting their phosphorylated forms by 

Western blot using specific antibodies. As shown in the Fig. 7 and Fig. 8, LPS stimulation 

for 30, 15 and 10 min induced phosphorylation of all MAPKs. On the other hand, pre-

treatment with propolis and caffeic acid inhibited the LPS-induced phosphorylation of 

JNK1/2 (Fig. 7A and Fig. 8A, respectively) and p38 MAPK (Fig. 7B and Fig. 8B, 

respectively) at a short time (10 min), but had no effect in the ERK1/2 pathways (Fig. 7C 

and Fig. 8C, respectively). Propolis and caffeic acid alone added to control cells did not 

stimulate MAPKs signalling pathways. To demonstrate equivalent protein loading, 

membranes were incubated with antibodies against the total form of MAPKs, and there 

was no change in the proteins expression in our assays conditions (data not shown). 

 

4. Discussion 

Propolis chemical composition is very complex and dependent upon the source 

plant and local flora, so different biological activities are expected. Cinnamic acid 

derivatives and flavonoids were frequently reported in Brazilian propolis, which may be 

associated to antiulcer activity in green propolis (Lemos et al., 2007), while flavonoids 

such as C-glycosylflavones have been rarely identified. According to Righi et al. (2011), a 

C-glycosylflavone was referred, for the first time, in propolis, by studying the Brazilian red 

propolis. In Brazil, green propolis is obtained mainly in the southeast region and derived 

from apices of Baccharis dracunculifolia (Asteraceae), containing predominantly 

prenylated phenylpropanoids (artepillin C), chlorogenic and benzoic acids and 

triterpenoids. Brazilian red propolis may be found in the northeast region (Alagoas State) 

and has been chemically characterized as containing pterocarpans, isoflavonoids, 

chalcones, prenylated benzophenones and phenylpropanoids (Salatino et al., 2005; Awale 

et al., 2008). The phenolic profile of our propolis sample by HPLC-PDA-MSn showed that 

its main compounds were hydroxycinnamic acids (di- and tricaffeoylquinic acids and p-

coumaric acid, among others). Curiously, three apigenin C-glycosides were also detected, 

but at very low concentration.  



Caffeic acid and its conjugates such as chlorogenic and caftaric acids demonstrated 

to be powerful antioxidants (Fukumoto and Mazza, 2000). Cinnamic acid derivatives from 

Brazilian propolis showed a potent antioxidant activity as well (Banskota et al., 2000). 

Besides, caffeic acid showed antiproliferative properties and cytotoxic activity against 

different human cancer cell lines (Bufalo et al., 2010; Touaibia, et al., 2011). Since there 

are few data on the anti-inflammatory activities of caffeic acid, this work investigated its 

involvement in propolis action. Propolis extract has shown a cytotoxic action towards a 

variety of tumor cell lines, but not to normal cells (Kouidhi et al., 2010). Our results 

demonstrated that only higher concentrations (25, 50 and 100 μg/mL) of our propolis 

sample and caffeic acid exerted a cytotoxic action on Raw 264.7 cells and on HepG-2 

cells. 

NO production was evaluated using noncytotoxic concentrations of propolis and its 

isolated compound, and in an attempt to identify a possible mechanism for their inhibitory 

effect on NO production we further analyzed signaling pathways by Western blot, such as 

the activation of MAPKs and the transcription factor NF-�B. Data showed that propolis 

and caffeic acid inhibited LPS-induced NO production by Raw 264.7 macrophages in a 

concentration-dependent manner, acting at the transcriptional level and suggesting that 

their anti-inflammatory effect were mediated by down-regulating NF-�B, p38 MAP kinase 

and JNK1/2, but not ERK1/2.  

Ansorge et al. (2003) reported the effect of isolated constituents from propolis on 

ERK-2 mRNA in human peripheral blood mononuclear cells (PBMC), observing a 

decreased ERK-2 expression when phythemagglutinin (PHA)-activated PBMC were 

exposed to quercetin, hesperidin, or caffeic acid phenethyl ester (CAPE). These data 

suggested that propolis constituents modulated the MAP kinase ERK-2; however, this 

finding did not exclude additional signal pathways and transcription factors targeted by 

caffeic acid derivatives or plant flavonoids on immunomodulatory activities of propolis. 

No significant differences were found in the ERK1/2 signalling pathway after Raw 264.7 

cells incubation with propolis or caffeic acid and subsequently stimulated by LPS in 

different periods of time. Thus, a different chemical composition of propolis can support 

these results.  

NF-�B activation may be responsible, in part, for increased inflammatory mediators 

production, including NO (Wang et al., 2010). Activation of MAPKs can regulate NO 

production by controlling the activation of NF-�B (Jung et al., 2008), and various 



intracellular signaling pathways are involved in the modulation of NF-�B and 

inflammatory mediators’ expression. MAPKs are a group of signaling molecules that play 

an important role in inflammatory processes (Jung et al., 2008) and it has been previously 

demonstrated that LPS regulates NO production through MAPK signaling pathways 

activation. LPS treatment results in the phosphorylation of p38 MAPK, ERK1/2 and 

JNK1/2, leading to activation of NF-�B in macrophages (Cario et al., 2000). Interestingly, 

only the phosphorylation of p38 MAPK and JNK1/2 in response to LPS was decreased by 

propolis and caffeic acid treatments, whereas no significant changes were observed in 

LPS-induced phosphorylation of ERK1/2 in response to both treatments. These results 

suggested that p38 MAPK and JNK1/2 but not ERK1/2 were involved in the inhibitory 

effect of propolis and caffeic acid on LPS-induced NF-�B activation and NO production. 

Accordingly, previous studies demonstrated that JNK1/2 (Zhou et al., 2008) and p38 

MAPK, but not ERK1/2 (Chen and Wang, 1999) modulated NO production in LPS-

stimulated Raw 264.7 macrophages. 

Among propolis constituents, anti-inflammatory properties have also been 

demonstrated for hydroxycinnamic acids, namely p-coumaric and ferulic acids, in LPS-

stimulated Raw 267.4 macrophages, showing that the inhibition of NO production was 

mainly due to down-regulation of the expression of NF-�B-mediated iNOS gene (Kim et 

al., 2012). Moreover, caffeic acid derivatives also showed inhibitory effects on LPS-

induced NO production in Raw 264.7 cells (Uwai et al., 2008). CAPE is the most 

extensively studied caffeic acid derivative of propolis, which has been reported as an anti-

inflammatory compound and also as a potent and specific inhibitor of NF-�B activation 

and protein kinase B (A�t) phosphorylation in T cells, with no effect on p38 MAP kinase 

phosphorylation (Wang et al., 2010).  

Caffeoylquinic acid derivatives inhibited LPS-induced Raw 264.7 macrophage 

inflammation by suppressing NO/iNOS and prostaglandin E2/cyclooxygenase-2 pathways 

through inhibiting nucleus translocation of NF-�B subunits, p50 and p65 (Puangpraphant 

et al., 2011). Tricaffeoylquinic acid seems to attenuate TNF-�-stimulated inflammatory 

mediators production by keratinocytes, suppressing the activation of Akt and NF-�B 

pathways which may be mediated by reactive oxygen species, suggesting that this 

compound may exert inhibitory effects against the pro-inflammatory mediator-induced 

skin disease (Lee et al., 2011). Another active component present in the propolis (p-



coumaric acid) showed anti-inflammatory effects in adjuvant-induced arthritic rats by 

decreasing TNF-� expression (Pragasam et al., 2013).  

Taken together, our data are in agreement with those found in literature, since 

propolis and caffeic acid exerted a potent in vitro anti-inflammatory effect by inhibiting 

NO accumulation, what could be mediated by down-regulating NF-�B pathways, through 

preventing I�B� degradation. Therefore, it is likely that propolis and caffeic acid 

attenuated LPS-induced NO production possibly by inhibiting phosphorylation of p38 

MAPK and JNK1/2, suggesting that both compounds selectively inhibit different LPS-

induced pro-inflammatory signalling cascades. Caffeic acid highly contributed to the anti-

inflammatory properties of propolis extract, since it seemed to be involved in the inhibition 

of LPS-induced NF-�B, p38 MAPK and JNK1/2 activation. 

In addition, propolis and caffeic acid showed no hepatotoxicity using the same anti-

inflammatory concentrations. This is a crucial information, since propolis is extensively 

used in food, beverage and in folk medicine for treating various ailments, and may be a 

potential product for the development of new anti-inflammatory drugs (Sforcin and 

Bankova, 2011). 
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Table 1. UV-vis and MS spectra and proposal for the main hydroxycinnamic acids identification in propolis. 

Rt
(min) 

HPLC-PDA 
� max (nm) 

HPLC-ESI/MSn (m/z)

[M-H]- MS2 MS3 Proposed compound 

20.04 256, 295sh, 
326 nd - - caffeic acid 

21.26 252, 295sh, 
325 467 353(100) 191(100) caffeoylquinic acid 

derivative   

27.16 244, 291sh, 
306 nd - - p-coumaric acid 

30.44 
265, 295sh, 

322
461

446(2), 371(2), 
341(100), 326(2), 313(2)

326(100), 313(70), 
298(55), 254(2), 149(2) ferulic acid derivative 

37.98 253, 295sh, 
328 515 379(10), 353(100), 

179(2) 191(100), 179(80) 1,3-dicaffeoylquinic 
acid 

43.60 253, 295sh, 
328 515 379(10), 353(100), 

335(15), 203(20) 
173(100), 179(95), 

191(18), 135(9) 
4,5-dicaffeoylquinic 

acid 

54.87 256, 295sh, 
327 677 582(2), 515(100), 353(5)

469(2), 353(100), 
299(5), 255(3), 
203(4),173(10) 

3,4,5-tricaffeoylquinic 
acid 

sh: sholder; nd: not detected 

Table 2. UV-vis and MS spectra and proposed flavonoids identification in propolis. 

Rt
(min) 

HPLC-PDA 
� max (nm) 

HPLC-ESI/MSn (m/z)

[M-H]- MS2 MS3 Proposed compound 

27.61 273, 295sh, 
326

593 575(10), 503(35), 
473(100), 353(45), 

325(2) 

455(2), 383(20), 
353(100), 325(2) 

6,8 Di-C-hexosyl 
apigenin 

31.06 271, 331 563 545(20), 503(65), 
473(100), 353(60), 

311(5), 171(2) 

455(2), 383(5), 
353(100), 326(2) 

6-C-Pentosyl-8-C-
hexosyl apigenin 

37.49 272, 329 563 545(5), 473(60), 
443(100), 353(30), 

311(2), 251(2) 

383(10), 353(100), 
337(2) 

6-C-Hexosyl-8-C-
pentosyl apigenin 

sh: sholder 



Fig. 1. HPLC profile of a propolis methanol extract, recorded at 320 nm, providing two 

major fractions: hydroxycinnamic acids and flavonoids. Identification of caffeic acid 

derivatives is proposed in Table 1. 



A                                                                      B 

C P5
P10 P25 P50

P10
0

0

50

100

150

***

*** ***

###

### ###

C
el

l v
ia

bi
li

ty
 (%

) o
f c

on
tr

ol

C
CA5

CA10
CA25

CA50

CA10
0

0

50

100

150

***

***

***

###

###

C
el

l v
ia

bi
li

ty
 (%

) o
f c

on
tr

ol
Fig. 2. Cell viability (% of the control) of Raw 264.7 cells after incubation with (A) 

propolis (P) or (B) caffeic acid (CA) (5, 10, 25, 50 and 100 μg/mL) for 1 h, followed 

incubation with LPS (white bar) or without LPS (black bar) for 24 h. Data represent 

mean ± SD of 3 independent assays. ***P < 0.001, compared to control without LPS; 
###P < 0.001, compared to control with LPS. 
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Fig. 3. Cell viability (% of the control) of HepG-2 cells after incubation with (A) 

propolis (P) or (B) caffeic acid (CA) (5, 10, 25 μg/mL) for 24 h. Data represent mean ± 

SD of 3 independent assays. ***P < 0.001, compared to control. 
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Fig. 4. Effect of (A) propolis (P) or (B) caffeic acid (CA) on NO levels (μM). Raw 

264.7 cells were maintained in culture medium (control) or pre-incubated with propolis 

or caffeic acid (5 and 10 μg/mL) for 1 h, and then stimulated with 1 μg/mL LPS for 24 

h. Data represent mean ± SD of 3 experiments. ##P < 0.01; ###P < 0.001, compared to 

LPS. 

           A                                                                  B 

Fig. 5.  Effect of propolis (P) on the phosphorylation of I�B (A) and total I�B (B) in 

LPS-stimulated Raw 264.7 cells. Cells were pre-treated with propolis (P-10 μg/mL) for 

1 h and then incubated with LPS (1 μg/mL) for 30, 15 and 10 min. An anti-� tubulin 



antibody was used to confirm equal protein loading. The blot is representative of 3 

similar blots. **P < 0.01, compared to LPS10; pI�B�= 40 kDa and I�B�= 39 kDa. 

             A                                                                  B 

Fig. 6. Effect of caffeic acid (CA) on the phosphorylation of I�B (A) and total I�B (B) 

in LPS-stimulated Raw 264.7 cells. Cells were pre-treated with caffeic acid (P-10 

μg/mL) for 1 h and then incubated with LPS (1 μg/mL) for 30, 15 and 10 min. An anti-

� tubulin antibody was used to confirm equal protein loading. The blot is representative 

of 3 similar blots. ***P < 0.001; *P < 0.05, compared to LPS10; pI�B�= 40 kDa and 

I�B�= 39 kDa. 
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Fig. 7. Effect of propolis on pJNK1/2 (A), pP38 MAPkinase (B) and pERK1/2 (C) 

activation in LPS-stimulated Raw 264.7 cells. Cells were pre-treated with propolis (P-

10 μg/mL) for 1 h and then incubated with LPS (1 μg/mL) for three time points (30, 15 

and 10 min). The blot is representative of 3 similar blots. *P < 0.05; **P < 0.01, 

compared to LPS10; pJNK= 46, 54 kDa; pP38= 43 kDa; pERK= 42, 44 kDa.  
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Fig. 8. Effect of caffeic acid on pJNK1/2 (A), pP38 MAPkinase (B) and pERK1/2 (C) 

activation in LPS-stimulated Raw 264.7 cells. Cells were pre-treated with caffeic acid 

(CA-10 μg/mL) for 1 h and then incubated with LPS (1 μg/mL) for three time points 

(30, 15 and 10 min). The blot is representative of 3 similar blots. **P < 0.01, compared 

to LPS10; pJNK= 46, 54 kDa; pP38= 43 kDa; pERK= 42, 44 kDa. 
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