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Abstract 

Objective: Propolis is a natural product produced by bees. In this study, the free radical scavenger 
and hepatoprotective activity of green propolis extract (G1) was investigated.  

Methods: In vitro experiments on guinea pig isolated trachea tissues and in vivo study on rat liver 

tissues were performed. Hepatic damage was induced by oral administration of carbon 
tetrachloride (CCl4) to rats. Hepatoprotective effect was monitored by histological analysis of 

neutrophil margination (NM) on liver, aspartate and alanine transaminases (AST, ALT), and 

gamma-glutamil transferase (γ-GT) activity.  

Results: Chemical constitution of G1 by high performance liquid chromatography analysis 

resulted in the presence of phenolic compounds. G1 produced a reduction of the relative activity 

of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. G1 also exhibited high superoxide radical and 
potent hydroxyl radical scavenging activity. On guinea pig isolated trachea tissues, G1 inhibited 

the superoxide radical-induced contraction in vitro. After CCl4 administration, AST, ALT and  

-GT activities were found to be increased; these levels were reduced with G1 treatment.  

Conclusion: Taken together, our results suggest a potent antioxidant effect of G1, related with 

hepatoprotective action on liver damage induced by CCl4. 

© 2014 GESDAV 

 

INTRODUCTION 

Propolis or bee glue, is a natural resine produced by 

bees, which is produced by mixing the exudates 

collected from various plants by honeybees [1, 2]. 

Propolis is a traditional remedy, in folk medicine, and 

is widely used around the world for the treatment of 

numerous diseases, such as inflammatory airway 

affections, cutaneo-mucosal infections, viral infections, 

etc [3].  

It has been reported that water extract of propolis 

showed hepato-protective activity in both chemical and 

immunological liver injury models [4], antiviral 

activity, inhibition of platelet aggregation [5], and anti-

inflammatory activity [6]. However, there are few 

studies of propolis extracts from South of Brazil on 

reactive oxygen species (ROS) in and against 

autoxidation and free radicals, such as superoxide 

anion, 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 

hydroxyl radicals and their relation with the 

hepatoprotective effect of propolis.  

The Brazilian propolis G1, classified as BRG [11] from 

Shouteast of Brazil, induces a potent anti-nociceptive 

effect in the chemical models of nociception in mice 

[8]. In addition to the analgesic effect, we have 

demonstrated anti-edematogenic properties induced by 

Brazilian propolis G1 [9]. Recently, we have 

demonstrated, that Brazilian propolis G1 induce 

relaxation in the guinea pig isolated trachea in vitro by 

mean modulation of the several cellular signaling 

pathways, such as potassium channels, vasoactive 

intestinal polypeptide and nitric oxide (NO) [10].  

Chemical analysis of propolis show more than 150 

polyphenolic compounds including flavonoids, 

cinnamic acid derivatives and prenylated compounds 

[10, 11]. It has been reported that propolis and/or its 

active constituents exert potent biological actions such 

as free radical scavenging and antioxidant properties 

[12-14], anti-carcinogenic action [15-16], antiviral [3] 

and antibacterial [17] effects, anti-protozoan action 

against Tripanossoma cruzi [18], immunomodulatory 

and anti-inflammatory properties [19], which are 

related or not to propolis antioxidant properties. 

Recently, there has been growing interest in the 

involvement of ROS in several pathological situations, 

such as cell membrane disintegration, membrane 

protein damage and DNA mutation, which can further 

initiate or propagate the development of many diseases 

involved in the genesis of cancer, cardiovascular 

disease and liver injury [20, 21]. 

In the current study we therefore investigated the 

ability of standardized Brazilian propolis extract (G1), 

to act as scavenger of ROS, superoxide and hydroxyl 
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radicals in vitro and on guinea pig isolated trachea 

organ bath system in vitro. We investigated also, the 

hepatoprotective effect of G1 on hepatic damage 

induced by toxic concentration of carbon tetrachloride 

(CCl4) in rats.  

 

MATERIALS AND METHODS 

Standards and reagents 

Nitroblue tetrazolium (NBT) chloride, 2-thiobarbituric 

acid (TBA), TBA deoxyribose, 2-deoxy-d-ribose, 

xanthine, xanthine oxidase from butter milk (XOD; 

0.34 U/mg powder), 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) radical, ferric chloride anhydrous (FeCl3), β-

nicotinamide adenine dinucleotide (NADH), 

ethylenediaminetetraacetic acid (EDTA) disodium salt, 

ascorbic acid, CCl4, and acetaminophen were obtained 

from Sigma (St. Louis, MO, USA). All other reagents 

were of analytical grade. Ultra pure milli Q water was 

used through-out. Propolis extract were supplied by 

Pharmanectar Ltda (Belo Horizonte, MG, Brazil). 

Propolis extract preparations 

Standardized ethanolic extract of propolis, G1, obtained 

from commercial preparations available in Brazil, 

supplied by Pharmanectar Ltda, was prepared as 

follows: the alcohol of this preparation was evaporated 

and the dry resin was diluted in stock solution at a 

concentration of 10% (w/v). The propolis was collected 

from the beehive on March near Caeta city, in the 

Minas Gerais state, Brazil (following a sample frozen 

stocked in our labaratory). Propolis was triturated and 

mixed with an extractive solution containing 96GL 

alcohol. The mixture was left for 10 days, with a single 

mixing of 10 min once a day. After this period, the 

mixture was concentrated in Soxhlet extractor and the 

alcohol was removed from the solution to make a dry 

residue. The product of this extraction was diluted in a 

concentration of 10% (w/v) in 96GL alcohol. 

High performance liquid chromatography 

The ethanolic extracts of propolis were analyzed by 

means of an HPLC (Merck-Hitachi; Darmstadt, 

Germany), equipped with a pump (Merck-Hitachi: 

model L-6200) and a diode array detector (Merck-

Hitachi: model L-3000). Separation was achieved on a 

Lichrochart 125-4 column (Merck, Darmstadt, 

Germany; RP-18, 12.5 x 0.4 cm, 5 mm particle size) 

using water, formic acid (95:5, v/v) (solvent A) and 

methanol (solvent B). The elution was carried out with 

a linear gradient and a flow rate of 1 ml/min The 

detection was monitored at 280 nm and the compounds 

were identified and quantified by a method described 

previously [11]. For data analysis, the Merck-Hitachi 

D-6000 Chromatography Data Station-DAD Manager 

was used. The classification of propolis type was 

measured using commercial software. The exact 

concentration of major compounds of propolis was 

calculated by means of comparison with authentic 

standards previously isolated from Brazilian green 

propolis. 

Effect of propolis G1 on DPPH free radicals 

The effect of propolis G1 (1-100 g/ml) on DPPH 

radical was evaluated by the following assay: the 

mixture contained 0.3 ml of 1 mM DPPH radical 

solution, 2.4 ml of 99% ethanol, and 0.3 ml of sample 

propolis G1 solution. The solution was rapidly mixed 

and scavenging capacity was measured spectrophoto-

metrically by monitoring the decrease in absorbance at 

517 nm. Ascorbic acid (1 M) was used as positive 

control. 

Effect of propolis G1 on superoxide anion radical 

The effect of propolis G1 (0.1-10 g/ml) on superoxide 

anion radical production was evaluated by the method 

described by Nagai et al [22]. This system contained 

0.48 ml of 0.05 M sodium carbonate buffer (pH 10.5), 

0.02 ml of 3 mM xanthine, 0.02 ml of 3 mM 

ethylenediaminetetraacetic acid disodium salt (EDTA), 

0.02 ml of 0.15% bovine serum albumin, 0.02 ml of 

0.75 mM NBT and 0.02 ml of sample solution. The 

reaction was started by adding 6 mU XOD and carried 

out at 25ºC for 20 min. After this time, the reaction was 

stopped by adding 0.02 ml of 6 mM CuCl. The 

absorbance of the reaction mixture was measured at 

560 nm and the inhibition rate was calculated by 

measuring the amount of the formazan that was 

reduced from NBT by superoxide. Ascorbic acid 

(1 M) was used as positive control. 

Effect of propolis G1 on hydroxyl radical 

The effect of propolis G1 on hydroxyl radical 

production was assayed by using the deoxyribose 

method. The reaction mixture contained 0.45 ml of 

0.2 M sodium phosphate buffer (pH 7), 0.15 ml of 

10 mM 2-deoxyribose, 0.15 ml of 10 mM FeSO4-

EDTA, 0.15 ml of 10 mM H2O2, 0.525 ml of H2O, and 

0.075 ml of sample propolis G1 solution in an 

eppendorf tube. The reaction was started by the 

addition of H2O2. After incubation at 37ºC for 4 h, the 

reaction was stopped by adding 0.75 ml of 2.8% 

trichloroacetic acid and 0.75 ml of 1% of TBA in 

50 mM NaOH; the solution was boiled for 10 min, and 

then cooled in water. The absorbance of the solution 

was measured at 520 nm using a Hitachi u2010 

spetrophotometer. Hydroxyl radical scavenging ability 

was evaluated as the inhibition rate of 2-deoxyribose 

oxidation by hydroxyl radical [23]. Ascorbic acid 

(1 M) was used as positive control.  

Inhibition of superoxide-induced contraction of 

isolated guinea pig trachea 

Tissue preparations: guinea pigs (250-400 g) of both 

sexes were anesthetized and killed by cervical 
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dislocation [24]. This protocol was approved by the 

ethical committee at Universidade do Sul de Santa 

Catarina (UNISUL). The trachea was rapidly removed, 

and after being freed from connective tissue, each 

trachea was cut into six transverse rings (3-4 mm 

wide), each containing 3 cartilages as described 

previously [25]. The rings were opened (usually 6 

strips of 8-10 mm in length were obtained from the 

same animal) and were suspended in individual 10 ml 

jacketed organ baths containing Krebs-Henseleit 

solution maintained at 37ºC, pH 7.8, and gassed with a 

mixture of 95% O2 and 5% CO2. The Krebs solution 

had the following composition (mM): NaCl 118, 

KCl 4.4, MgSO4 1.1, CaCl2 2.5, NaHCO3 25, 

KH2PO4 1.2, glucose 11. Tissues were allowed to 

equilibrate for at least 60 min before drug addition, 

during which time the fresh buffer solution was 

renewed every 15 min, under a resting tension of 1 g. 

Isometric responses were measured by means of TRI-

201 force displacement transducers (Panlab apparatus; 

Barcelona, Spain) and were recorded on a polygraph 

(Letica Scientific Instruments; Barcelona, Spain). In 

most experiments, the epithelial layer of the trachea 

was gently removed with a cotton-tipped applicator. 

The integrity of the epithelium was assessed by the 

ability of bradykinin to induce relaxation [24]. The 

animals were used in accordance with current ethical 

guidelines for the care of laboratory animals. 

Experimental procedure; after the equilibration period 

of at least 60 min, the preparations without epithelium 

were contracted with histamine (1 mM, approx. the 

EC50) to evaluate the tonic responsivity of the smooth 

muscle. After 60 min and when tonic baseline became 

stable (usually after 5 min) they were exposed to the 

superoxide radicals producing system, in absence or in 

presence of G1 (0.1, 1 or 10 g/ml) or superoxide 

dismutase. Superoxide was generated in the organ bath 

by the xanthine/xanthine oxidase system following the 

reaction mixtures: xanthine (44 mM), xanthine oxidase 

(0.29 U/ml) in a final volume of 2.5 ml. Xanthine was 

dissolved in NaOH (1 mM) and after in phosphate 

buffered saline plus EDTA 0.1 mM, in pH 7.8; 

xanthine oxidase in EDTA 0.1 mM. Usually, two to 

three complete cumulative concentration-response 

curves were obtained in each preparation at 60 min 

intervals between curves. 

Hepatoprotective effect of propolis G1 on hepatic 

damage induced by carbon tetrachloride and 

acetaminophen in rats 

Male rats (180-250 g), from UNISUL facilities, were 

housed at 22 ± 2ºC under a 12 h light-dark cycle. Food 

and water were offered ad libitum. The animals were 

acclimatized to the laboratory for at least 1 day before 

testing and the experiments were carried out in 

accordance with current guidelines for the care of 

laboratory animals and ethical guidelines for 

investigations of experimental conscious animals [26] 

and the current ethical guideline to use of animals 

approved by Committee at UNISUL 021/2006.  

The animals were treated orally (p.o.) with propolis G1 

(1, 3 or 10 mg/kg) during 7 consecutive days, once a 

day. After treatment the animals received carbon 

tetrachloride (1.5 ml/Kg, p.o.) twice during 48 h. 

During the experiments, toxical effect and 

compartmental reactions were monitored. 

After the treatment, the rats were anesthetized and 

killed by cervical dislocation, and the liver and kidney 

were isolated by histological analysis. Slices of liver 

and kidney (near microvascular place) were cored by 

means of hematoxylin-eosin method and analyzed by 

mean optical microscopy. We evaluate the neutrophil 

migration and Kupffer cells on micro-vascular liver- 

and kidney-cored slices, respectively. In this time the 

blood (3 ml) was collected by cardiac pucture using 

sterile disposable syringes. Serum was separated by 

centrifugation (3000 rpm) and aspartate transaminase 

(AST), alanine trasnaminase (ALT) and gamma 

glutamyl transferase (-GT) were estimated on the 

same day using Merck Diagnostic kits on UNISUL 

Biochemical Laboratory. 

Statistical analysis 

Responses were expressed as means ± SD. Statistical 

analysis of the results was carried out by means of the 

unpaired Student’s t-test (Graph Pad InStat software), 

by comparison of individual points of the treated 

groups with the control groups, during the experiments. 

P < 0.05 was considered as indicative of significance. 

The IC50 values were determined from individual 

experiments for the complete dose-response by 

graphical interpretation test. The IC50 values are 

reported as geometric means accompanied by their 

respective 95% confidence limits. 

 

RESULTS 

Phenolic composition of Brazilian propolis G1 

The chemical composition of green propolis was 

evaluated by HPLC analysis (Fig.1), showing high 

levels of phenolic compounds. The total content of 

phenolic compounds is 151.69 mg/g of dried extract.  

Antioxidant effect of Brazilian propolis G1 

DPPH radical scavenging assay: DPPH is a free 

radical compound and has been widely used to test the 

free radical scavenging ability of various chemicals and 

natural products around the world. Our results showed 

Brazilian propolis G1 produced a significant and dose-

dependent reduction of the relative activity of DPPH 

with mean IC50 of 0.96  0.4 g/ml. In these 

experiments, ascorbic acid (0.1 or 1 mM) was used as 

positive control (Fig.2). 
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Figure 1. The chemical composition of G1 has been determined by 
high performance liquid chromatography: The amount of phenolic 

compounds was estimated as follows (mg/g): (1) coumaric acid 3.81, 

(2) rutin 9.87, (3) pinobanksin 3.48, (4) quercetin 2.15, (5) 
kaempferol 0.78, (6) apigenin 1.86, (7) pinocembrin 22.55, (8) 

pinobanksin-3-acetate 4.1, (9) chrysin 2.49, (10) galangin 4.14, (11) 

kaempferide 5.59, (12) tectochrysin 2.90, (13) artepillin C 87.97. 

 

 
Figure 2. Effect of propolis (1, 10 or 100 g/ml) or ascorbic acid 

(AA, 1 M) on DPPH relative activity in vitro. The results represent 
the mean of three experiments. *P < 0.05 for control vs treated group. 

 

 
Figure 3. Effect of propolis (1, 10 or 100 g/ml) or ascorbic acid 

(AA, 1 M) on superoxide production in vitro. The results represent 

the mean of three experiments. *P < 0.05 for control vs treated group. 

 
Superoxide-scavenging activity of propolis 

Superoxide-scavenging activity of Brazilian propolis 

extract G1 was measured using the xanthine–xanthine 

oxidase system and these results are indicated as the 

superoxide productivity. Our results showed that 

propolis G1 (0.1-10 g/ml) exhibited high superoxide-

scavenging activity by dose dependent manner with 

mean IC50 of 0.28  0.09 g/ml and the pre-incubation 

of 10 g/ml completely inhibited the production of 

superoxide in this system. The activities of propolis G1 

were higher than that of 1 mM ascorbic acid (Fig.3). 

Hydroxyl radical scavenging activity of propolis 

We used the Fenton reaction to determine the 

scavenging effect of propolis G1 (1-100 g/ml) against 

hydroxyl radical. We have shown here that propolis G1 

present a potent hydroxyl radical scavenging activity 

and its activity was increased with concentration of the 

sample and completely abolished the hydroxyl radical 

when 100 g/ml was add on solution. The mean IC50 of 

this effect was 15.7  2.5g/ml (Fig.4). 

Effect of propolis on superoxide radical-induced 

contraction in the guinea pig isolated trachea 

Cumulative addition of the standardized propolis 

extract (G1) (0.1, 1 or 10 g/ml) inhibited the 

superoxide radical-induced contraction in the guinea 

pig isolated trachea, with significant inhibition rate of 

56.6 ± 4.2% or 97.3 ± 2.2% to 1 or 10 mg/ml, 

respectively, and with IC50 mean of 0.79 ± 0.2 g/ml 

(Fig.5). 

 

 
Figure 4. Effect of propolis (1, 10 or 100 g/ml) or ascorbic acid 

(AA, 1 M) on hydroxil production in vitro. The results represent the 

mean of three experiments. *P < 0.05 for control vs treated group. 

 

 
Figure 5. Effect of propolis (1, 10 or 100 g/ml) or superoxide 

dismutase (SOD) on guinea pig trachea contraction induced by 

superoxide system in vitro. The results represent the mean of 3 
experiments. *P < 0.05 for control vs treated group. 
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Figure 6. Effect of propolis (1, 3 or 10 mg/Kg) on neutrophil 

migration on rat’s liver after oral treatment with CCL4. The results 
represent the mean of five experiments and * P < 0.05 are significant 

difference between control and treated group. 

 

 

 

 
Figure 7. Effect of propolis (1, 10 or 100 mg/kg) on AST, ALT or  

-GT activity in blood from rats treated with CCl4. The results 

represent the mean of five experiments. *P < 0.05 for control vs 
treated group. 

Effect of propolis on CCl4-induced neutrophil 

margination on liver 

CCl4-induced hepatic injuries are commonly used 

models for hepatoprotective drug screening. CCl4 can 

be converted into halogenated free radicals that spread 

propagation of the alkylation as well as peroxidation, 

causing damage to macromolecules in membrane, focal 

neutrophil margination and inflamation. In in vivo 

experiments, propolis extract G1 (1, 3 or 10 mg/kg, 

p.o., during 7 consecutive days), inhibited the hepatic 

neutrophil margination induced by CCl4 with IC50 mean 

of 5.78  0.9 mg/kg. Our results showed that propolis 

G1 can be a potent lipoperoxide free radical scavenger 

and this effect can be related with hepatoprotective 

action on liver damage induced by CCl4. 

Effect of propolis G1 on liver biochemical funtion 

during CCl4-induced hepatotoxicity 

The transaminases and -GT levels were determined in 

rat’s serum before induction of. The initial values of 

serum AST, ALT and -GT in control (saline + vehicle) 

group (169  25, 70  3 and 0.25  0.02 U/l, 

respectively) were found to be increased (755  72, 

475  32 and 3.55  0.25 U/l, respectively) after 

administration of the toxic dose of CCl4 (1.5 mg/kg, 

p.o.). 

Treatment with propolis G1 (1, 10 and 100 mg/kg, p.o., 

during 7 consecutive days) reduced the AST (578  43, 

354  30 and 184  12 U/l, respectively), ALT 

(325  29, 170  18 and 77  5 U/l, respectively) and  

-GT (2.8  0.2, 1.8  0.2, and 1.2  0.1 U/l, 

respectively) levels significantly (Fig.7). 

 

DISCUSSION 

Propolis is a natural product produced by bees and used 

in the folk medicine to treat many pathologies, 

including pain, inflammatory diseases, cancer, etc. We 

have recently shown that Brazilian propolis can induce 

a potent relaxant effect on guinea pig isolated trachea 

by means of potassium channel, NO and VIP receptor 

modulations [9]. In a recent review Marcucci and 

Bankova [7] described that Brazilian propolis have a 

complex chemical composition with a majority of 

compounds linked to phenolic and prenylated 

compounds family. 

Phenolic compounds are substances of low molecular 

weight and are present in several plants and other 

natural products. It was previously shown that phenolic 

compounds isolated from Brazilian propolis, such as  

3-prenyl-4-hydroxycinnamic acid, 2,2-dimethyl-6-car-

boxyethenyl-2H-1-benzopyran, 3,5-diprenyl-4-hyd-

roxycinnamic acid and 2,2-dimethyl-6-carboxyethenyl-

8-prenyl-2H-1-benzopyran, have potent anti-protozoan, 

antibacterial and relaxant effect on guinea pig isolated 
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trachea [27]. Kimoto et al [28, 29] showed that  

3,5-diprenyl-4-hydroxycinnamic acid has anti-tumoral, 

anti-leukemic and anti-carcinogenic effects in isolated 

cell line. In addition, flavonoids and phenolic 

compounds possess anti-inflammatory, antioxidant, 

anti-allergic, hepatoprotective, anti-thrombotic, 

antiviral and anti-carcinogenic activities [30].  

In this work we showed that Brazilian propolis, named 

G1, present a chemical constitution based on phenolic 

and prenylated compounds. This propolis sample show 

antioxidant effect, scavenging ability on free radicals 

and inhibitory effect on the superoxide radical 

mediated contractile activity of guinea pig isolated 

trachea. 

It has been shown that free radicals can induce several 

pathologies including aging, atherosclerosis, neuro-

degenerative diseases [31], hepatic damage and 

inflammatory response [32]. Some flavonoids and 

phenolic compounds act by antioxidant mechanisms 

including the inhibition of enzymes involved in the 

formation of ROS (xanthine oxidase, protein kinase C, 

lipoxygenase, cyclooxygenase, NADH oxidase, etc) or 

the chelation of trace elements (free iron or copper) 

which are potential enhancers of free radical generation 

or stabilizing free radicals involved in oxidative 

processes by complexing with them [33, 34].  

The pharmacological effect of propolis G1 on free 

radical system, i.e. inhibiting DPPH, superoxide and 

hydroxyl radicals can establish its relationship with 

anti-inflammatory and hepatoprotective properties, 

shown here on hepatic toxicity experiments. We have 

demonstrated that the treatment with propolis G1, 

orally, can induce a potent reduction of the CCl4-

induced inflammatory response and hepatotoxicity, 

clearly mediated by lipoperoxide free radical reaction. 

On the other hand, when the hepatoxicity were 

paracetamol-mediated, the treatment with propolis G1 

was poorly effective to prevent the neutrophil 

migration on liver or on the enzymatic hepatic function. 

The increase in serum levels of ASP, ALT and -GT 

has been attributed to the damaged structural integrity 

of the liver induced by CCl4, because these are 

cytoplasmic in location and are released into circulation 

after cellular damage. The treatment of the animals 

with propolis G1 seems to preserve the structural 

integrity of the hepatocellular membrane producing a 

significant reduction in the paracetamol and CCl4-

induced increase in serum enzymes of rats. The results 

of this study indicate that propolis G1, a common folk 

remedy in several countries, exhibits hepatoprotective 

activity, related with antioxidant effect, and the 

presence of phenolic and prenylated compounds in this 

propolis extract confirmed, at least in part, the folkloric 

use of propolis in hepatic damage or to treat other 

pathologies with free radical-mediated inflammation. 

In fact, our research group has studied several samples 

of propolis and recently published a report on the anti-

inflammatory and analgesic effects of green propolis 

from Brazil. We have shown that green propolis 

produces potent anti-edematogenic, anti-inflammatory 

and analgesic effects using several animal models and 

molecular biology methods. Propolis G1 inhibits 

prostaglandin E2 production during the acute 

inflammation induced by carrageenin, the NO 

production in the murine macrophage cell line RAW 

264.7 and the nuclear factor kappa B (NF-κB) over-

expression in human embryonic kidney (HEK) cells. 

This inhibitory effect reduced the transcription and 

expression of the inducible nitric oxide synthase 

(iNOS) and inducible cyclooxygenase (COX2). These 

results are also reproducible for artepillin C [35]. 

Therefore, the incubation of green propolis on vascular 

endothelial cells did not affect the activity or 

expression of endothelial nitric oxide synthase (eNOS), 

but it did have a dual effect on the protein kinase B 

(PKB)/Akt activity in smooth muscle cells from rat 

aorta in the presence of angiotensin II: in low 

concentration it induced phosphorylation and the 

activation of this system, and in high concentration it 

decrease the phosphorylated form and the activity. This 

pharmacological effect may indicate that green propolis 

from Baccharis dracunculifolia induces the analgesic 

and anti-inflammatory effect, at least in part, by means 

of NF-B modulation. 

We also have shown that artepillin C, the main 

compound identified in G1, reduced NF-κB expression 

suggesting anti-inflammatory activity, particularly 

during acute inflammation. Lastly, artepillin C was 

absorbed after an oral dose (10 mg/kg) with maximal 

peaks found at 1 h [36].  

In addition, Fonseca et al [37] suggest the potential 

applicability of propolis extracts for preventing UV-

induced skin damages. Green propolis extracts 

exhibited considerable antioxidant activity and 

inhibited UV irradiation-induced GSH depletion. In 

aggreement of this effect demonstrated that 

B.dracunculifolia exhibit potent antioxidant activity 

protecting liver mitochondria against oxidative damage 

and such action probably contribute to the antioxidant 

and hepatoprotective effects of green propolis [38].  

The antioxidant effect is directly linked to the anti-

inflammatory action, as demonstrated by Szliszka et al 

[39] showed that propolis exerted strong antioxidant 

activity and significantly inhibited the production of 

ROS, reactive nitrogen species (RNS), NO, cytokines 

IL-1α, IL-1β, IL-4, IL-6, IL-12p40, IL-13, TNF-α,  

G-CSF, GM-CSF, monocyte chemotactic protein-

(MCP)-1, macrophage inflammatory protein (MIP)-1α, 

MIP-1β, and RANTES in stimulated J774A.1 

macrophages.  
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Collectively, our results showed for the first time that 

propolis G1 can protect the liver from oxidative stress 

and that its effect can be modulated by antioxidant and 

anti-inflammatory action mediated, at least in part, by 

prostaglandin E2 and NO inhibition through NF-κB 

modulation. This effect was produced by phenolic 

compounds that exhibited bioavailability after oral 

administration, such as artepillin C. Taken togheter, our 

results suggest a strong evidence to use propolis G1 

like an antioxidant and anti-inflammatory natural 

remedy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACKNOWLEDGEMENTS 

The authors are grateful to MEDLEX Gestao de Informacoes 

& Cursos Ltda and to the Pharmanectar Ltda for providing 

propolis sample. 

 

 

 

 

COMPETING INTERESTS 

The authors declare that they have no conflict of interest. 

REFERENCES 

1. Walker P, Crane E. Constituents of propolis. Apidologie 1987; 
18:327-34. 

2. Miyataka H, Nishiki M, Matsumoto H, Fujimoto T, Matsuka M, 
Satoh T. Evaluation of propolis I. Evalution of Brazilian and 

Chinese propolis by enzymatic and physic-chemical methods. 

Biol Pharm Bull 1997; 20:496-501. 

3. Amoros M, Lurton E, Boustie J, Girre L. Comparison of the anti-

herpes simplex virus activities of propolis and 3-methyl-but-2-
enyl caffeate. J Nat Prod 1994; 57:644-7. 

4. Basnet P, Matsushige K, Hase K, Kadota S, Nanba T. Four di-O-
caffeoyl quinic acid derivatives from propolis. Potent 

hepatoprotective activity in experimental liver injury models. 

Biol Pharm Bull 1996; 19:1479-84. 

5. Serkedjieva J, Manolova N, Bankova V. Anti-influenza virus 
effect of some propolis constituents and their analogues (esters 

of substituted cinnamic acids). J Nat Prod 1982; 55:294-7. 

6. Khayyal MT, El-Ghazaly MA, El-Khatib AS. Mechanisms 

involved in the antiinflammatory effect of propolis extract. 

Drugs Exp Clin Res 1993; 19:197-203. 

7. Marcucci MC, Bankova VS. Chemical composition, plant origin 

and biological activity of Brazilian propolis. Curr Top 
Phytochem 2000; 2:116-23. 

8. De Campos RO, Paulino N, Da Silva CH, Scremin A, Calixto 
JB. Anti-hyperalgesic effect of an ethanolic extract of propolis in 

mice and rats. J Pharm Pharmacol 1998; 50:1187-93. 

9. Paulino N, Okuyama CE, Silva C, Scremin A, Marcucci MC, 

Calixto JB. Anti-oedematogenic effect of a standardized ethanol 

extract of Brazilian propolis in mice. Honeybee Science 2002; 

23:23-6. 

10. Paulino N, Scremin FM, Raichaski LB, Marcucci MC, Scremin 
A, Calixto JB. Mechanisms involved in the relaxant action of the 

ethanolic extract of propolis in the guinea pig trachea in vitro. J 

Pharm Pharmacol 2002; 54:845-52. 

11. Greenaway W, May J, Scaysbrook T, Whatley FR. Identification 

by gas chromatography-mass spectrometry of 150 compounds in 
propolis. Z Naturforsch 1991; 46:111-21. 

12. Scheller S, Wilczok T, Imielski S, Krol W, Gabrys J, Shani J. 
Free radical scavenging by ethanol extract of propolis. Intern J 

Radiat Biol 1990; 57:461-5. 

13. Pascual C, Gonzalez R, Torricella RG. Scavenging action of 

propolis extract against oxygen radicals. J Ethnopharmacol 1994; 

41:9-13. 

14. Matsushige K, Basnet P, Hase K, Kadota S, Tanaka K, Namba T. 

Propolis protects pancreatic beta-cells against the toxicity of 

streptozotocin (STZ). Phytomedicine 1996; 3:203-9. 

15. Mitamura T, Matsuno T, Sakamoto S, Maemura M, Kudo H, 
Suzuki S, Kuwa K, Yoshimura S, Sassa S, Nakayama T, 

Nagasawa H. A new clerodane diterpenoid isolated from 

propolis. Effects of a new clerodane diterpenoid isolated from 
propolis on chemically induced skin tumors in mice. Anticancer 

Res 1996; 16:2669-72. 

16. Jaiswal AK, Venugopal R, Mucha J, Carothers AM, Grunberger 

D. Caffeic acid phenethyl ester stimulates human antioxidant 

response element-mediated expression of the NAD(P)H: quinone 
oxidoreductase (NQO1) gene. Cancer Res 1997; 57:440-6. 

17. Bankova V, Christov R, Kujumgiev A, Marcucci MC, Popov S. 
Chemical composition and antibacterial activity of Brazilian 

propolis. Z Naturforsch C 1995; 50:167-72. 

18. de Castro SL, Higashi KO. Effect of different formulations of 

propolis on mice infected with Trypanosoma cruzi. J 

Ethnopharmacol 1995; 46:55-8. 

19. Ivanovska N, Dimov V, Pavlova S, Bankova V, Popov S. 

Immunomodulatory action of propolis. V. Anticomplementary 
activity of a water-soluble derivative. J Ethnopharmacol 1995; 

47:135-43. 



Paulino et al: Antioxidant and hepatoprotective effect of green propolis 

50  DOI 10.5455/oams.150214.or.058 

20. Liao KL, Yin MC. Individual and combined antioxidant effects 
of seven phenolic agents in human erythrocyte membrane ghosts 

and phosphatidylcholine liposome systems: Importance of the 

partition coefficient. J Agric Food Chem 2000; 48:2266-70.  

21. Valentao P, Fernandes E, Carvalho F, Andreade PB, Seabra RM, 

Bastos ML. Antioxidant activity of Hypericum androsaemun 
infusion: scavenging activity against superoxide radical, 

hydroxyl radical and hypochlorous acid. Biol Pharm Bull 2002; 

25:1320-3. 

22. Nagai T, Sakai M, Inoue R, Inoue H, Suzuki N. Antioxidative 

activities of some commercially honeys, royal jelly, and propolis. 
Food Chem 2001; 75:237-40. 

23. Chung SK, Osawa T, Kawakishi S. Hydroxyl radical-scavenging 
effects of species and scavengers from brown mustard (Brassica 

nigra). Bios Biotec Biochem 1997; 61:118-23. 

24. Paulino N, Cechinel-Filho V, Yunes RA, Calixto JB. The 

relaxant effect of extract of Phyllanthus urinaria in the guinea-
pig isolated trachea. Evidence for involvement of ATP-sensitive 

potassium channels. J Pharm Pharmacol 1996; 48:1158-63. 

25. Paulino N, Pizollatti MG, Yunes RA, Filho VC, Creczynski-Pasa 

TB, Calixto JB. The mechanisms underlying the relaxant effect 

of methyl and ethyl gallates in the guinea pig trachea in vitro: 
contribution of potassium channels. Naunyn Schmiedebergs 

Arch Pharmacol 1999; 360:331-6. 

26. Zimmermann M. Ethical guidelines for investigations of 

experimental pain in conscious animals. Pain 1983; 16:109-10. 

27. Marcucci MC, Ferreres F, García-Vigueira C, Bankova V, De 

Castro SL, Dantas AP, Paulino N. Phenolic compounds from 

Brazilian propolis with pharmacological activities. J 
Ethnopharmacol 2001; 74:105-12.  

28. Kimoto T, Aga M, Hino K, Koya-Miyata S, Yamamoto Y, 
Micallef MJ, Hanaya T, Arai S, Ikeda M, Kurimoto M. 

Apoptosis of human leukemia cells induced by Artepillin C, an 

active ingredient of Brazilian propolis. Anticancer Res 2001; 
21:221-8. 

29. Kimoto T, Koya-Miyata S, Hino K, Micallef MJ, Hanaya T, Arai 
S, Ikeda M, Kurimoto M. Pulmonary carcinogenesis induced by 

ferric nitrilotriacetate in mice and protection from it by Brazilian 

propolis and artepillin C. Virchows Arch 2001; 438:259-70. 

30. Nagai T, Inoue R, Inoue H, Suzuki N. Preparation and 
antioxidant properties of water extract of propolis. Food Chem 

2003; 80:29-33. 

31. Dean RT, Fu S, Stocker R, Davies MJ. Biochemistry and 

pathology of radical-mediated protein oxidation. Biochem J 

1997; 324:1-18. 

32. Canty TG Jr, Boyle EM Jr, Farr A, Morgan EN, Verrier ED, 

Pohlman TH. Oxidative stress induces NF-kappaB nuclear 
translocation without degradation of IkappaBalpha. Circulation 

1999; 100(19 Suppl):II361-4. 

33. Middleton Jr E, Kandaswami C, Theoharides TC. The effects of 

plant flavonoids on mammalian cells: implications for 

inflammation, heart disease, and cancer. Pharmacol Rev 2000; 
52:673-751. 

34. Pietta PG. Flavonoids as antioxidants. J Nat Prod 2000; 63:1035-

42. 

35. Paulino N, Teixeira C, Martins R, Scremin A, Dirsch VM, 

Vollmar AM, Abreu SR, de Castro SL, Marcucci MC. 

Evaluation of the analgesic and anti-inflammatory effects of a 
Brazilian green propolis. Planta Med 2006; 72:899-906. 

36. Paulino N, Abreu SR, Uto Y, Koyama D, Nagasawa H, Hori H, 
Dirsch VM, Vollmar AM, Scremin A, Bretz WA. Anti-

inflammatory effects of a bioavailable compound, Artepillin C, 

in Brazilian propolis. Eur J Pharmacol 2008; 10; 587:296-301. 

37. Fonseca YM, Marquele-Oliveira F, Vicentini FT, Furtado NA, 

Sousa JP, Lucisano-Valim YM, Fonseca MJ. Evaluation of the 
Potential of Brazilian propolis against UV-induced oxidative 

stress. Evid Based Complement Alternat Med 2011; pii:863917. 

38. Guimaraes NS, Mello JC, Paiva JS, Bueno PC, Berretta AA, 

Torquato RJ, Nantes IL, Rodrigues T. Baccharis dracunculifolia, 

the main source of green propolis, exhibits potent antioxidant 
activity and prevents oxidative mitochondrial damage. Food 

Chem Toxicol 2012; 50:1091-7. 

39. Szliszka E, Kucharska AZ, Sokol-Lętowska A, Mertas A, Czuba 

ZP, Krol W. Chemical composition and anti-inflammatory effect 

of ethanolic extract of Brazilian green propolison activated 
J774A.1 macrophages. Evid Based Complement Alternat Med. 

2013; 2013:976415. 

 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits 

unrestricted, non-commercial use, distribution and reproduction in any medium, provided that the work is properly cited. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Paulino%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Martins%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Scremin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Dirsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Vollmar%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Abreu%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Castro%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Marcucci%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=16902858
http://www.ncbi.nlm.nih.gov/pubmed/16902858
http://www.ncbi.nlm.nih.gov/pubmed?term=Paulino%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Abreu%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Uto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Koyama%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagasawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Hori%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Dirsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Vollmar%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Scremin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed?term=Bretz%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=18474366
http://www.ncbi.nlm.nih.gov/pubmed/18474366
http://www.ncbi.nlm.nih.gov/pubmed/20953396
http://www.ncbi.nlm.nih.gov/pubmed/20953396
http://www.ncbi.nlm.nih.gov/pubmed/20953396

