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Abstract: A natural product propolis is commonly used as a folk remedy. It contains various chemical 
components and exhibits a broad spectrum of biological activities, including antibacterial, anticancer and 
antioxidant activities. Anthracyclines, potent anticancer drugs, are effectives against a wide range of human 
neoplasms but their use has been limited by their toxicity. The precise molecular mechanism of doxorubicin 
induced cardiotoxicity is still not well understood but it has been suggested that mitochondria plays a central 
role in this process by free radical generation. The purpose of this research was to investigate the protective 
mechanisms of propolis extract against doxorubicin (1µM) cardiotoxicity. The antiapoptotic effect of 
propolis extract on myocardic cells in culture treated by anticancer drugs at 20mg/Kg was analysed. Its long 
term oral administration effect at 100 mg/Kg daily for 60 days on rat heart and vascular tissues was also 
evaluated. The in vitro study was carried using culture cells (cardiomyocyts) and heart mitochondria isolated 
from rat. Caspases 3 and 9 activities, glutathione concentration, respiratory control ratio (RCR), superoxide 
radical production and lipid peroxydation were measured. The results revealed the protective effect of 
propolis extract against doxorubicin induced cardiotoxicity. It restored the cardiovascular functions and 
reduced the toxic effect of the drug. Doxorubicin induced apoptosis was corrected entirely. Decrease in lipid 
peroxidation, an increase in glutathione concentration and a restoration of mitochondrial functions and 
potential membrane altered by doxorubicin both in heart and vascular tissues were also noted. The long term 
treatment with propolis extract suggested that Algerian propolis has no side effects and can be used as a 
dietary supplement for cardiovascualr risk prevention. 
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INTRODUCTION 
Doxorubicin is a potent anticancer drug and is effective against a wide range of human 
neoplasms. However, its use has been limited by the development of serious cardiotoxic 
effects. Recently, it had been shown that propolis extract protected in vivo the liver and the 
blood tissues against cyclophosphamid and doxorubicin toxicity. Flavonoids in propolis 
may protect against the oxidative stress induced by chemotherapeutics agents (Lahouel and 
Fillastre, 2004; Lahouel et al., 2004). In addition to ATP synthesis, mitochondria constitute 
the major source of cellular production of reactive oxygen species, and was the subject of 
many studies. These free radicals are implied in much pathology and are responsible in 
particular of the neurodegenerative diseases, atherosclerosis, cardiovascular diseases, aging 
and cancer (Morin et al., 2001b; Marc et al., 2005; Finkel and Holbrook, 2000). 

Several natural products such as flavonoids, terpenoids and steroids draw 
considerable attention, due to their various pharmacological properties including the 
antioxidant and hepatoprotective activity. Antioxidant activities are able to attenuate the 
development of cancer and inflammatory diseases (DeFeudis et al., 2003; Banskota et al., 
2000). Considerable interest in these compounds extracted from propolis has arisen with 
the recognition for their antibacterial and antioxidant effects (Lemasters and Hackenbrock, 
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1976; Park et al., 2000). Propolis is a resinous substance collected by honeybees from 
various plant sources. It is extensively used in food and beverages to improve health and 
protect against diseases such as heart disease, diabetes, and cancer. The most important 
pharmacologically active constituents in propolis are flavanoids (flavones, flavonols, 
flavonones), phenolics, and aromatics. Flavanoids are thought to account for much of the 
biological activity in propolis. Studies on animals or cultured human cell lines have 
demonstrated antioxidant properties and a favourable role in the prevention of 
cardiovascular diseases and on other CVD risk factors (Kris-Etherton et al., 2002; Scalbert 
et al., 2005;  Zern and Fernandez, 2005). Mitochondrial target was proposed to explain the 
protecting effect of polyphenols (Morin et al., 2001; Horakova et al., 2001; Brooks et al., 
2002). Some polyphenols with antioxidant and free radical scavenging properties were 
shown to inhibit also lipid peroxidation (resveratrol, propolis, Ginkgo biloba) (Lemasters 
and Hackenbrock, 1976; Shen and Zhou, 1995; Santos et al., 1998; Zini et al., 1999). 

In this study, the effect of propolis extract on heart mitochondrial function and 
whether propolis flavonoids can protect cardiac cells against chemotherapeutic drugs 
toxicity was investigated by using rat heart mitochondria. The scavenging ability and the 
effects on mitochondrial swelling, superoxide radical production, lipid peroxydation and 
on oxidative phosphorylation in vivo and in vitro were evaluated at different concentrations 
of propolis. 
 

MATERIALS AND METHODS 
Materials 

Sucrose, EGTA, rotenone, malonate, antimycin A, oligomycin, succinate, malate, 
glutamate, NADH, ADP, were purchased from Sigma (Sigma Chem. Co., St. Louis, Mo., 
USA). KCl, MgCl2 and KCN were obtained from Prolabo. Tris base and KH2PO4 were 
purchased from Sigma. All drugs were solubilized in distilled water in order to obtain a 
stock solution 10-3 M. N,N,N’,N’-tetramethyl-p-phenylenediamine and oligomycin were 
solubilized in DMF (dimethylformamide). All the controls were carried out using the same 
mixture. The propolis extract solubilized in ethanol/water is added at different final 
concentrations, between 10-3g/l to 10-9g/l. 
Propolis extract preparation 

Propolis extract was separated using ethanol and methanol. The propolis (from 
Jijel, Algeria), was cut into small pieces; dipped in alcohol 95° for 15 days, filtered and 
evaporated 80°C using a rotary  evaporator (Evaporator E100). The residue was further 
treated using methanol 70% retracted overnight. After evaporation of the solvent, the 
produced extract was called; raw extract or propolis extract. 
Differential assessment of flavonoids 

Flavonoids content was determined by reactivity with AlCl 3 method as described 
by Boharun et al. (1996). In ethanolic solution 2%, the aluminium chloride forms a 
complex with the compounds flavonic that can be stable (Carbonyl in 4, OH in 5 and/or 3), 
or unstable (2 free OH in ortho position). 
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Animals:  Female Wistar rats were purchased from Pasteur institute, Algiers. The animals 
were maintained at 22°C during the experimental period. They have free access to food 
and water. Animals were divided into three groups: the first group was pretreated with 
propolis extract, the second was treated with doxorubicin, and control group received 
saline solution 0.9% (n=8 in each group). Pretreated rats received an oral administration of 
propolis extract (100 mg/kg/day) for four days before the intravenous injection of 
doxorubicin at 20 mg/Kg and were sacrificed after 24h. Likewise, rats received intravenous 
injection of doxorubicin or saline solution 0.9% (control group). To assess the long term 
effect and side effects of propolis extract, a group of 10 rats received an oral administration 
of propolis extract (100 mg/kg/day) for 60 days. 

The study was divided into three sections; the first one was the evaluation of the 
antioxidant effect of propolis extract on heart mitochondria in vitro in which tested 
molecule was in direct contact with mitochondria isolated from rat heart cells, the second 
one was the determination of the antiapoptotic capacity of propolis extract on cells in 
culture of rabbits and the last one was the long term effect of propolis extract occurring by 
its administration to rats. 
Cell cultures 

Cardiomyocyts were isolated from heart of untreated rabbit and cultured in medium 
without serum supplemented with DMEM 30ml, Kanamycine 300µl, Ampicilline 150µl, L 
Glutamine 15µl. Cultures were maintained in a humidified incubator at 37°C in 5% 
CO2/95% air for 8 hours with or without doxorubicin 1µM and propolis extract at 
concentrations that ranged between 0,1mg/ml to 1mg/ml association. 
Mitochondrial isolation and protein determination 
 Mitochondria were extracted from a homogenate of rat heart by differential 
centrifugations (Rustin et al., 1994). Briefly, rats (male Wistar, weighing 280-300 g) were 
killed by decapitation and the heart was removed and placed quickly in an ice-bath. The 
heart was then homogenized (6 ml / g of tissue) in ice-cold isolation medium (Mannitol 
225 mM, Sucrose 75 mM,  Hepes 5 mM, EGTA 1 mM and albumin 1 mg/ml, pH 7.4 at 
37°C) using a Potter-Elvejhem homogenizer. Mitochondria isolation was performed at 4°C 
without delay using differential centrifugations. The homogenate was centrifuged at 2000 g 
for 10 min to remove cell debris and nuclei, then mitochondria were separated from the 
supernatant by centrifugation at 12000 g for 5 min. The pellet (mitochondria) was washed 
and resuspended in a respiratory buffer (KH2PO4 1mM, Sucrose 50 mM, KCl 100 mM, pH 
7.4 at 37°C) for measuring mitochondrial enzymatic and respiratory activities. Protein 
concentration of the mitochondrial suspension was determined by the method of 
turbimetry. 
Mitochondrial oxygen consumption assay 

Oxygen uptake was determined with a Clark-type microelectrode (Hansatech). 
Each experiment was carried out as follows: an aliquot of mitochondria suspension 
equivalent to 1mg/ml were incubated with (or without) the tested drug for 1 min at 37°C in 
1000 µl of the respiratory buffer with or without the inhibitors (rotenone, malonate, 
antimycin A and oligomycin inhibitors of complex I, II, III and V respectively). Then the 
substrate (Pyruvate/malate 6mM) was added and oxygen consumption was checked (State 
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2). To initiate state 3 respiratory activity, 200 µM ADP was added to the cuvette. When all 
ADP was converted to ATP, the state 4 was measured. The following parameters were 
determined: the respiratory rates calculated as nanomoles of O2 per min. and per mg of 
mitochondrial protein and respiratory control ratio (RCR) expressed as the ratio of state 3/ 
state 4 oxygen consumption. 
Mitochondrial Superoxide anion (O2

.-) assay 
The generation of superoxide anion was achieved by measuring the reduction of 

nitroblue tetrazolium NBT in monoformazan that absorbed in 560nm (Ancerewicz et al., 
1998).Generation of O2

.- was achieved using rat heart mitochondria. Reaction mixture 
contained mitochondria (0.2 mg/ml), 1µM CsA (cyclosporine A) and nitroblue tetrazolium 
(NBT, 100 µM) in 1.2 ml of respiration buffer at 37°C. The reaction was started by adding 
malate/pyruvate (6 mM) in the assay cuvette and the rate of NBT reduction was measured 
at 560 nm. In absence of mitochondrial substrate (malate/pyruvate), there was no O2

.- 
production. 
Free radical scavenging assay 

The scavenging ability of propolis extract was determined using diphenyl-2-picryl-
hydrazyl stable free radical (DPPH) as previously reported (Ancerewicz et al., 1998). 
Tested compounds were added to an ethanol solution of DPPH 100 µM and the decrease in 
absorbance was recorded against time at 515 nm in a Hitachi U-3000 spectrophotometer. 
The curves allowed an estimation of the effective concentration of the compound tested 
producing a 50 % decrease in DPPH concentration at steady state (IC50). 
Cytosolic caspases 3 and 9 activities Measurement 

The activity of caspases 3 and 9 were determined by measurement of 
bioluminescence in the cytosolic supernatant using an AutoLumat LB953 luminescence 
photometer (Perkin Elmer Life Sciences, Wilbad, Germany) at the excitation and emission 
wavelengths of 503 and 527 nm. The substrates of the caspases 3 and 9 (N-acetyl-Asp-
Glu-Val-Asp-7-amino-4-trifluoromethylcoumarine (Ac-DEVD-AFC) and N-acetyl-Leu-
Glu-His-Asp-7-amino-4-trifluoromethylcoumarine (Ac-LEHD-AFC) respectively) are split 
in presence of their caspase and free a fluorescent molecule at 505 nm, the 7-amino-4-
trifluoromethylcoumarine (AFC). Determination of the caspases activities is achieved in 
96-well plates in a final volume of 100 µl.  30 µg of cytosolic proteins are introduced in the 
medium (Hepes 30 mM, EDTA 0.3 mM, NaCl 100 mM, DTT 10 mM). The activity was 
started by the addition of 200 µM of substrate. 
 Non specific caspases activity was measured in parallel experiments in the presence 
of substrate alone. Mediums were incubated at 37°C for 2 hours and then the fluorescence 
was measured. The enzymatic activities of caspases are reported in nmoles per mg proteins 
per hour (nmol/h/mg). They are deduced from a range of AFC (0 to 50 µM), which was 
prepared with the same conditions as assay did. 
Mitochondrial swelling measurement 

Changes in the status of mitochondrial permeability transition were assessed 
spectrophotometrically as described previously (Ligeret et al., 2004). Mitochondrial 
swelling was assessed by measuring the change in absorbance of the suspension at 540 nm 
(A540) using a Hitashi model UV-3000 spectrophotometer. Mitochondria (1 mg/ml) were 
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incubated in a total volume of 1.8 ml of buffer (KH2PO4 1mM, Sucrose 50 mM, KCl 100 
mM, pH 7.4 at 37°C) in the presence of malate/pyruvate 6 mM at 37 °C. 100 µM CaCl2
were added to induce Swelling by action on permeability transition pore before addition of 
increasing concentrations of the propolis extract. 
Mitochondrial lipid peroxidation assessment 

Lipid peroxidation was assessed as the generation of thiobarbituric acid-reactive 
substances (TBARS) according to (Okhawa et al., 1979). Liver mitochondria were 
suspended in NaCl 0.9% (0.2mg/ml) and incubated in a total volume of 1 ml in the 
presence of FeCl2 / FeCl3 for 30min at 37°C. After addition of 1 ml trichloroacetic acid 
(3%), all tubes were centrifuged at 20°C for 15 min at 3000 rpm and 1ml of each 
supernatant was added to 1ml of thiobarbituric acid (TBA 1%) and incubated for 30 min at 
95°C. After recoiling on ice, the generation of TBARS was determined by measuring the 
absorbance at 530 nm. Results were expressed as µM MDA / mg of mitochondrial 
membrane proteins. 
Measurement of hepatic glutathione 

Cellular glutathione content was measured as described previously by Ellman 
(Ellman, 1959). One gm of liver was homogenized in 3 volumes of trichloroacetic acid 
(TCA) 5% together with a homogenized of DOUNCE. Homogenized and centrifuged at 
2000 rpm/min. Then, 50 µl of the remaining were diluted in 10 ml phosphate buffer 0.1 M, 
pH 8. Consequently, were added 20 µl of DTNB (dithiobis nitro-benzoic acid) 0.01M to 3 
ml of dilution mixture. The measurement of the optic density was performed at 412 nm 
against a control prepared in the same conditions using TCA 5%. The concentrations are 
expressed in mmoles of glutathione/g of liver. They are deducted from a range of 
glutathione, which was prepared with the same conditions as dosage did. 
Statistical analysis 

Data are presented as the mean±SEM for the indicated number of separate 
experiments. Statistical analysis of data was performed with one-way analysis of variance 
(ANOVA) followed by a t-test and P-values less than 0.05 were considered significant. 
 

RESULTS 
Antioxidant effects of flavonoids 

Flavonoids displayed various bioactivities, especially significant antioxidant 
activities, such as an inhibitory effect on lipid peroxidation in rat heart mitochondria and a 
radical scavenging effect on 1, 1-diphenyl-2-picrylhydrazyl (DPPH). The scavenging 
activity of propolis extract was observed at 10-4 g/l showing it to be more than ten times 
stronger than that of the positive control, vitamin E (Fig. 1). One of the prominent 
properties of the flavonoids is their excellent radical scavenging ability. Differential 
assessment of flavonoids shows that propolis extract is a very rich source of flavonoids 
(360 mg/ml). 

In order to evaluate the antioxidant effect of flavonoids on heart mitochondria, 
superoxide anion production was measured in vitro on isolated heart mitochondria. To 
verify the effect of active components of propolis in vivo, the propolis extract mixture 
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treatment effect on superoxide anion production was compared. Figure 2 shows that 
flavonoids reduced the superoxide anion production at concentrations ranging between 10-4 
and 10-8 g/l in vitro either on mitochondria incubated with doxorubicin 1uM or control. In 
Vivo, propolis extract (100 mg/kg) given by oral administration daily for 5 days, starting 
four days prior to the administration of doxorubicin 20mg/kg significantly reduced the 
mitochondrial production of superoxide anion (p<0.01) as shown in Fig. 3. Results 
obtained revealed very interesting activity of propolis flavonoids as antioxidant molecules 
on the production of superoxyde anion and thereafter the attenuation of oxidative stress. 
 

Propolis extract showed also, a strong effect on lipid peroxidation of heart 
mitochondrial as shown in Fig. 4. In vivo, a significant reduction of malonedialdehyde 
(MDA) concentrations in heart cells of animals pre-treated with 100 mg/kg propolis extract 
daily for five days prior to doxorubicin 20mg/kg IV injection was observed. Percentages 
reduction of lipid peroxidation were 66% and 45% after administration of propolis extract 
for 60 days and association of this one with doxorubicin, respectively, as compared with 
the group treated with doxorubicin alone. However, an increase of glutathione was 
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Figure 1. Free radical- scavenging activity of propolis at 10-4 g/l, quercetine and vitamin E at 
10-4 M. Tested compounds were added to an ethanolic solution of DPPH (100 µM) and 
the decrease in absorbance was recorded against time at 515 nm. The propolis extract 
exhibits the greatest scavenger activity in comparison with quercetine and vit E 
considered as strong scavenging flavonoids.  
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observed in the group of rats receiving the extract of propolis, as compared with controls, 
while the rats treated by doxorubicin only showed a decrease of 60% in glutathione levels 
(p<0.001) (Fig. 5). 

Figure 2. Effect of doxorubicin (1 µg/kg) and different concentrations (ranged beetwen 10-4 and 
10-8 g/l) of propolis extract (prop) on mitochondrial production of super oxide anion in vitro. 
Control represents the non treated mitochondria. Heart mitochondria (0.2mg/ml) were 
incubated for 1 min in 1.2 ml respiration buffer supplemented with 2µM rotenone, 1 µM
cyclosporine A (CsA), and 100µM nitroblue tetrazolium. CsA was added to inhibit 
mitochondrial swelling, which slightly interfered with mitochondrial swelling. The 
production of superoxide was initiated by the addition of 6 mM succinate. Superoxide anion 
production is inversely correlated with the absorbance; doxorubicin at 1µM induced a robust 
production however propolis extract at 10 -4 g/l reduced it. The figure show representative 
results from (08) independent experiments. 
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Figure 3. Effect of doxorubicin (20mg/kg) and propolis extract on mitochondrial superoxide anion 
production in vivo. Tested molecules are administered to rats and the rate of superoxide anion 
production was achieved after two months (60 days). 
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Figure 4. Effects of long term administration of propolis extract (100 mg/kg/day) alone, 
doxorubicin alone at 20mg/Kg or in association with propolis on heart mitochondrial lipid 
peroxidation induced by doxorubicin 20mg/kg. Heart mitochondria (0.2mg/ml) were suspended in 
NaCl 0.9% and incubated in a total volume of 1 ml in the presence of FeCl2 / FeCl3. Generation of 
TBARS was determined by measuring the absorbance at 530 nm. The data represent the means ± 
SEM of (10) rats.  ***p<0.001 vs. control; ### p<0.001 vs. doxorubicin treated group.  
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Figure 5.  Effects of long term administration of propolis extract (100 mg/kg/day) alone and of 
doxorubicin (20 mg/kg) alone or in association with propolis extract (100 mg/kg for 5 days) on 
heart cytosolic glutathione levels (µg/g protein)  ***p<0.001. 

 
The effect of propolis extract (flavonoids) on mitochondrial functions 

Published data on the effect of flavonoids on heart mitochondrial respiratory 
functions are limited. Consequently different types of flavonoids like, quercetin, 
kaempferol and propolis extract were studied to elucidate this effect on isolated heart 
mitochondria. In vivo protective effect of propolis extract on doxorubicin cardiotoxicity 
was also investigated. 20 mg/kg doxorubicin increased the oxygen consumption (state3) 
and the inhibition of state 4, causing a decrease of respiratory chain ratio (RCR= V3/V4) 
and decrease of P/O also (Figures 6a and 6b). Propolis extract inhibits the effect of 
doxorubicin showing a restoration of RCR and PO in vitro and in vivo. Additional propolis 
extract to a mixture of rat heart mitochondria with 25µM calcium, inhibits slightly the rate 
and the amplitude of mitochondrial swelling at 10-5 and 10-6 g/l concentrations as shown in 
Fig. 7. The process was affected by the doxorubicin addition to the medium at a 
concentration of 1µM. 

Modification of the caspases activities is a signal of apoptotic process. Doxorubicin 
1%M induced apopotosis of cardiomyocyts in culture as shown by the activation of 
caspases 9 and 3. However the propolis extract seems to play an antiapoptotic role by the 
inhibition of the enzymes induced by doxorubicin 1µM as shown in Fig. 8. 
 

***
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Figure 6a. Effect of doxorubicin (20mg/kg) and the propolis extract on the mitochondrial   
respiratory function and the respiratory control (CR= V3/V4); V3 and V4 are the 
respiratory rate of states 3 and 4 respectively.  State 3 respiration was initiated by the 
addition of 200 µM ADP when all ADP was converted to ATP.  The values are mean ± 
SEM of three experiments for each animal (n=10)  ***p<0.001. 
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Figure 6b. Effect of doxorubicin administration alone or in association with propolis extract on 
the P/O ratio (ratio between ADP and oxygen levels)  **p<0.001. 
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Figure 7. Effect of doxorubicin and propolis extract on mitochondrial swelling. 
Mitochondrial swelling was monitored as described in Materials and Methods. 
Control mitochondria (a) in the presence of CaCl2,  (b) and (c) represent swelling of 
mitochondria isolated from rats treated with propolis + doxorubicin and doxorubicin 
only successively. Mitochondrial swelling corresponds to the progressive diminution 
of the absorbance at 540 nm. Diminution of absorbance after treatment with propolis 
in comparison with doxorubicin is explained by the inhibition of permeability 
transition pore. 
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Figure 8. Effect of doxorubicin and the propolis extract (10-3 to 10-9 g/l) on caspases 3 and 
9 activities of rabbit cardiomyocyts in culture.  ***p<0.001 

 

DISCUSSION 
Oxidative stress and mitochondrial disfunction are associated with disease and toxic 
process. It results from overproduction of reactive oxygen species (ROS), often leading to 
peroxidation of membrane phospholipids and production of reactive aldehydes (Korshunov  
et al., 1997; de Groot and Rauen, 1998; Sastre et al., 2000; Horakova et al., 2001). On the 
other hand, considerable interest in the flavonoids present in plants and propolis has arisen 
with the recognition for their antioxidant effects (Kubota et al., 2004; Stoclet et al., 2004; 
Mishima et al., 2005). In recent years, the biological and pharmacological properties of 
propolis have received great attention in the scientific community. This is mainly stemmed 
from the focus that propolis could exhibit a broad spectrum of biological activities, for 
instance, antibacterial, anti-viral, anti-inflammatory, anti-carcinogenic and antioxidant 
activities (Liu et al., 2004). 

The present study is an investigation of the effects of flavonoids extracted from 
propolis (from the East of Algeria, Jijel) during a treatment of female Wistar rat by a single 
dose of 20mg/kg doxorubicin and the assessment of the protective mechanism against the 
doxorubicin cardiotoxicity. The study is carried in vivo, in vitro using heart mitochondria 
isolated from rat and on cells in culture isolated from rabbits for the antiapoptotic effect. It 
was found that doxorubicin altered heart mitochondrial functions as proved by the decrease 
in respiratory control value and the activation of swelling. An overproduction of 
superoxide anion and of lipid peroxidation were also observed. Obtained data showed a 
restoration of mitochondrial functions and also a protective effect of polyphenols against 
the stress induced by the chemotherapeutic agent. Indeed, flavonoids of propolis extract 

***

***
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clearly reduced the toxic effect of the drug and the oxidative stress observed was corrected 
entirely. Similarly a decrease in lipid peroxidation, an increase in glutathione concentration 
and a restoration of mitochondrial functions altered by doxorubicin were observed. 

The chemical profiles analysis indicated that the nature of the compounds of the 
propolis extracts is about flavonoids of type flavones and flavonols (Lemasters and 
Hackenbrock, 1976). These last molecules have the capacity to capture and to deactivate 
the free radicals (Lemasters and Hackenbrock 1976; Korshunov et al., 1997). They act by 
inhibition of the interaction between free radicals and DNA, by the activation of the 
detoxication-system and by the protection of the lipidperoxidation and also the protection 
of cellular membranes (Hanasaki et al., 1994; Moreno et al., 1998; Horakova et al., 2001). 

Numerous studies showed that the antineoplasic drugs induced some 
transformations in the liver by the system of cytochrome P450. These transformations lead 
to the formation of highly toxic reactive metabolites for the cell (Grattagliano et al., 2002). 
Inner mitochondrial membrane is considered as targets of toxic process during 
chemotherapy, leading to ROS production (Lemasters and Hackenbrock, 1976; Morin et 
al., 2001a). The toxicity is a function of the quantity of free radicals formed and of the 
capacity of detoxification systems such as glutathione reserve and the available gluthation-
s-transférases. 

Treatment of Wistar rats with a single dose of 20mg/kg/IV doxorubicin leads to 
some effects in the heart mitochondrial functions especially an increase in MDA and 
superoxide anion production and decrease of respiratory control rate (RCR). Doxorubicin 
has a moderate effect on the hepatic functions. In the group of animals receiving 100mg/kg 
during five days before the treatment with 20mg/kg doxorubicin we observed a restoration 
of the RCR, a decrease of superoxide anion (O2

.-) production and an inhibition of the 
lipoperoxidation. The same effects are observed in vitro on heart mitochondria in the 
presence of increasing concentrations of propolis extract. The results allowed to clarify the 
prevention mechanism of propolis extract against doxorubicin cardiotoxicity. Indeed, 
doxorubicin is metabolized by liver to free radicals intermediates (Grattagliano et al., 
2002) which are responsible for apoptotic process and cell toxicity (Green and Kroemer, 
2004) and that they act on heart mitochondria by increasing O2

.- production, activation of 
membrane lipid peroxidation and therefore the fragilisation of the cell. Besides, propolis 
inhibits superoxide production by heart mitochondria. This effect is observed in vivo in the 
group of rats receiving propolis by oral way before the administration of doxorubicin 
whereas the rate of O2

.- is increased in animals treated by doxorubicin only at 20mg/kg. 
Our results confirm the anti-oxidizer role of the flavonoids (Moreno et al., 1998; Harborne 
and Williams, 2000; Fadillioglu et al., 2004). These last have the capacity to capture and to 
deactivate the free radicals (Moreno et al., 1998; Cotelle, 2001; Ichikawa et al., 2002; Silva 
et al., 2002). 

A semiquinone radical is formed during the liver doxorubicin metabolism (de 
Matteis., 1994). We think that the mechanism of action of the propolis is similar in part to 
trans-resveratrol. Indeed, the propolis flavonoids and trans-resveratrol, inhibits the O2

.- 
production in the cardiac and nervous cells respectively (Kamei  et al., 1996; Zini  et al., 
1996). This effect is of the partial inhibition of the complex III and more precisely of 
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decylubiquinon cycle (Degli-Esposti, 1998). The reduction of the O2
.- radical in the heart 

mitochondria can also be explained by the strong scavenger effect of flavonoids as 
observed in study of  Majiene et al. (2006). Corroborant their antiradical properties, the 
flavonoids have direct actions against the radical •OH (hydroxyl) and O2

.- (superoxide 
anion) that are species implied in the starting of lipid peroxidation (Moreno et al., 1998; 
Lahouel et al., 2004). Alternatively, it is also possible as suggested by Koller and Haid 
(2005) that restoration of mitochondrial membrane potential may be a way in the 
prevention of doxorubicin cardiotoxicity. Indeed, we have demonstrated in our study that 
flavonoids of propolis extract are able to restore the fall of membrane potential induced by 
doxorubicin and protect the cell against the apoptosis of the drug. We established also that 
the incubation of rabbit cardiomyocyts with propolis extract 10-4g/l can induce a total 
protection from apoptosis induced by doxorubicin 1uM. The results indicate a significant 
decrease in the caspase 3 and 9 activities. 
 

CONCLUSION 
The obtained results confirmed the role of propolis extract in protecting heart 

tissues from doxorubicin cardiotoxicity by protecting the mitochondria. It is evident from 
the present work that the Algerian propolis is a very interesting and rich product with 
therapeutic potentials. There is sufficient evidence to recommend consuming propolis 
extract rich in bioactive compounds.
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