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Abstract 
Preventive effects of ellagic acid against doxorubicin induced cardiac oxidative, inflammatory and apoptotic stress were examined.  This agent at 0.25, 0.5 or 1% was added in feed and supplied to mice for 8 weeks, and followed by doxorubicin treatment.  Ellagic acid intake increased its deposit in heart.  Pre-intake of this compound at 0.5 and 1% significantly attenuated doxorubicin caused increase in plasma creatine phosphokinase activity.  Doxorubicin treatment decreased glutathione content, increased reactive oxygen species (ROS), malonyldialdehyde, interleukin (IL)-6, IL-10, monocyte chemoattractant protein-1 and tumor necrosis factor-alpha levels, declined glutathione peroxidase (GPX) and superoxide dismutase (SOD) activities, and enhanced xanthine oxidases (XO) activity in heart.  Ellagic acid intake dose-dependently reserved glutathione content, lowered ROS and malonyldialdehyde levels, and reduced XO activity.  This compound at 0.5 and 1% retained GPX and SOD activities, and decreased cytokines in heart.  Doxorubicin treatment raised cardiac activity and protein production of caspase-3, nuclear factor kappa B (NF-κB) p50 and p65.  Ellagic acid dose-dependently lowered caspase-3 activity and cleaved caspase-3 formation, and at 0.5 and 1% declined activity and protein level of NF-κB.  Doxorubicin treatment also up-regulated cardiac expression of p-p38, p-ERK 1/2 and p-JNK; and, ellagic acid at 0.5 and 1% suppressed p-p38 expression, and at 1% down-regulated p-ERK 1/2 expression.  These findings suggest that ellagic acid is a potent cardiac protective agent against doxorubicin.
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Abbreviation:

AT, antithrombin; CPK, creatine phosphokinase; CRP, c-reactive protein; GPX, glutathione peroxidase; GSH, glutathione; IL, interleukin; LDH, lactate dehydrogenase; MAPK, mitogen-activated protein kinase; MCP, monocyte chemoattractant protein; MDA, malonyldialdehyde; NF-κB, nuclear factor kappa B; plasminogen activator inhibitor, PAI; ROS, reactive oxygen species; SOD, superoxide dismutase; TNF, tumor necrosis factor; XO, xanthine oxidases
Introduction 

Doxorubicin (also called adriamycin) is a widely used chemotherapeutic agent for a variety of cancers such as melanoma, breast, ovarian and uterine cancers [1, 2].  Its practical therapeutic use is limited because of its acute and chronic cardiotoxicities [3, 4].  It is reported that doxorubicin evoked oxidative stress in heart, especially in sub-mitochondrial particles, and increased the production of reactive oxygen species (ROS) and caused cardiomyocyte apoptosis [5, 6].  Moreover, it has been indicated that nuclear factor kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) are involved in doxorubicin-induced cardiotoxicity [5, 7], and the activation of these pathways facilitates the production of ROS and inflammatory cytokines such as tumor necrosis factor (TNF)-alpha.  Furthermore, doxorubicin enhances caspase-3 activity and/or cleaved caspase-3 protein formation, which promotes cardiac apoptotic stress [8, 9].  In addition, Swystun et al. [10] reported that doxorubicin augmented thrombin-antithrombin complex formation, and favored coagulation or thrombosis.  Therefore, any agent with the ability to decline cardiac NF-κB and MAPK pathways or exhibit anti-oxidative, anti-inflammatory, anti-apoptotic and anti-coagulatory activities might provide cardiac-protective effects against doxorubicin. 
Ellagic acid is a phenolic acid naturally occurring in many plant foods such as carrot, tomato, strawberry and blueberry [11].  It has been documented that this phenolic acid possesses non-enzymatic anti-oxidative activities such as scavenging free radicals and chelating metal ions [12, 13].  Other studies indicated that this compound exhibited anti-inflammatory and anti-fibrotic activities in rats with Cronh's disease or alcohol-induced hepatotoxicity [14, 15].  Our previous study reported that ellagic acid treatment at 2% in diet for 8 weeks resulted in its deposit in heart, and effectively attenuated oxidative, inflammatory and coagulatory injury in cardiac tissue of diabetic mice via enhancing glutathione peroxidase (GPX) activity, reducing inflammatory cytokines, and raising plasma antithrombin (AT)-III and protein C activity [16].  Kannan and Quine [17] reported that oral pretreatment of ellagic acid prevented isoproterenol induced myocardial oxidative stress in rats.  Although those previous studies suggested that ellagic acid was a potent agent for cardiac protection, the effect of this compound upon doxorubicin induced cardiac injury is unknown.  It was hypothesized that ellagic acid could alleviate doxorubicin induced cardio-toxicity via its bio-activities such as anti-oxidative and anti-inflammatory effects.  
The major purpose of this present study was to examine the preventive effects and action modes of ellagic acid against doxorubicin induced cardiac oxidative, inflammatory, apoptotic and coagulatory stress.  This compound at various doses was supplied to mice, and its influence upon several biomarkers was measured.  The impact of this compound on cardiac protein expression of NF-κB, MAPK and caspase-3 was also evaluated.

Materials and Methods
Materials
Ellagic acid (EA, 99.5%) and doxorubicin hydrochloride were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).  All chemicals used in these measurements were the highest purity commercially available.

Animals 
Three-week-old male C57BL/6 mice were obtained from National Laboratory Animal Center (National Science Council, Taipei City, Taiwan).  Use of the mice was reviewed and approved by China Medical University animal care committee.  Mice were housed on a 12-h light-12-h dark schedule, and fed with mouse standard diet for one week acclimation.  
Experimental Design
EA at 0.25, 0.5 or 1 g was mixed with 99.75, 99.5, or 99 g power diet (PMI Nutrition International LLC, Brentwood, MO, USA).  Two groups of mice were treated with normal diet.  After 8 week supplement, one group of mice with normal diet and all EA treated groups were given one single i.p. injection with doxorubicin (20 mg/kg).  After 72 h, mice were killed with carbon dioxide.  Blood sample was obtained via cardiac puncture, and plasma was separated from erythrocytes immediately.  Cardiac tissue was collected and perfused for 2 min by phosphate buffer saline (PBS, pH 7.2) to remove the remaining blood.  Then, 0.1 g cardiac tissue was homogenized with 2 ml PBS (pH 7.2) in a motordriven Teflon glass homogenizer (Glas-Col Co., CA, USA) at high speed.  After filtration through a whatman No.1 filter paper, filtrate was collected.  The protein concentration of filtrate was determined by Bio-Rad protein assay reagent (Bio-Rad Laboratories Inc. Hercules, CA, USA).  Sample was diluted to 1 mg protein/ml, and used for determining malondialdehyde (MDA) and glutathione (GSH) levels, and activity of GPX, superoxide dismutase (SOD) and xanthine oxidase (XO). 
Cardiac EA Content Measurement

The HPLC method described in Yamada et al. [18] was used to analyze the cardiac content of intact form of EA, in which an Agilent 1100 series HPLC system equipped with an octadecylsilica column (4.6 x 250 mm, Wakopak, Wako Pure Chemical Industry, Tokyo, Japan) and a diode array and fluorescence detector was used.  The mobile phase consisting of 95.6% H20, 4.1% ethyl acetate and 0.3% acetic acid was used at 30°C with a flow rate of 0.8 ml/min.
Blood Analyses
Plasma lactate dehydrogenase (LDH) and creatine phosphokinase (CPK) activities were assayed using commercial kits (Randox, UK).  C-reactive protein (CRP) level ((g/ml) was determined by a commercial ELISA kit (Anogen, ON, Canada).  Partial blood, 100 (l, was collected in tube containing 3.8% trisodium citrate solution (9:1, v/v), and used for the following hemostatic analyses.  Plasma fibrinogen level (g/l) was measured by a commercial kit (Iatroset Fbg, Iatron Laboratory, Tokyo, Japan).  Plasminogen activator inhibitor (PAI)-1 activity (kU/l) was assayed by a commercial kit (Trinity Biotech plc, Co. Wicklow, Ireland).  The activity (%) of AT-III and protein C in plasma was determined by chromogenic AT-III and protein C kits (Sigma Chemical Co., St. Louis, MO, USA), and was shown as ratio of those in normal human plasma.  
Oxidative and Anti-oxidative Factors Measurement
Cardiac MDA and GSH levels were measured by using commercial kits (OxisResearch, Portland, OR, USA).  The method described in Privratsky et al. [19] was used to analyze the amount of ROS in cardiac tissue.  Briefly, 10 mg tissue was homogenized in 1 ml of ice cold 40 mM Tris-HCl buffer (pH 7.4), and further diluted to 0.25% with the same buffer.  Then, samples were loaded with 2′, 7′-dichlorofluorescin at 37°C for 30 min.  After rinsing, the fluorescence intensity was measured by a fluorescent microplate reader with excitation wavelength at 480 nm and emission wavelength at 530 nm.  Results are expressed as relative fluorescence unit (RFU) per mg protein.  Activity (U/mg protein) of GPX and SOD was determined by commercial assay kits (Calbiochem Inc., San Diego, CA, USA).  XO activity was measured spectrophotometrically by monitoring the formation of uric acid from xanthine through the increase in absorbance at 293 nm.  

Inflammatory Factors Measurement
Cardiac tissue was homogenized in 10 mM Tris-HCl buffered solution (pH 7.4) containing 2 M NaCl, 1 mM EDTA, 0.01% Tween 80, 1 mM PMSF, and centrifugated at 9000 xg for 30 min at 4°C.  The supernatant was used for cytokine determination.  The levels of IL-6, IL-10, TNF-alpha and MCP-1 were assayed by cytoscreen immunoassay kits (BioSource International, Camarillo, CA, USA).  
Determination of Caspase-3 Activity
Activity of caspase-3 was detected by fluorometric assay kit (Upstate, Lake Placid, NY, USA) according to the manufacturer’s protocol.  In brief, 10 mg cardiac tissue was homogenized in 50 ml cold lysis buffer containing 10 mM HEPES (pH 7.9), 1.5 mM MgCl2, 10 mM KCl, 0.1 mM EDTA, 1 mM DTT, 1 mM PMSF and 0.6% Nonidet P-40, and incubated in ice for 10 min.  After centrifugation at 9000 xg for 10 min at 4°C, 50 (l supernatant was mixed with 50 (l reaction buffer and 50 (l fluorogenic substrates specific for caspase-3 in a 96-well microplate.  After incubation at 37 °C for 1 h, fluorescent activity was measured by a fluorophotometer with excitation at 400 nm and emission at 505 nm.  Data were expressed as percentage of the control, and the control group was designated as 100%. 
Preparation of Nuclear Extract 

Cardiac tissue, 40 mg, was homogenized in ice cold lysis buffer, and followed by centrifugation at 1200 xg for 10 min at 4°C.  Nuclear pellets were re-suspended in buffer containing 20 mM HEPES, 0.4 M NaCl, 1 mM EDTA, 1 mM DTT and 25% glycerol.  After incubation at 4°C for 30 min and centrifugation at 21000 xg for 30 min, supernatant containing nuclear protein was collected.  Protein concentration was measured by Bio-Rad protein assay reagent (Bio-Rad Laboratories Inc. Hercules, CA, USA).
NF-κB p50/65 Assay
NF-κB p50/65 DNA binding activity in nuclear extract of heart was determined by a commercial kit (Chemicon International Co., Temecula, CA, USA).  The binding of activated NF-κB was examined by adding a primary polyclonal anti-NF-κB p50/p65 antibody, and a secondary antibody conjugated with horseradish peroxidase, and the 3,3′,5,5′-tetramethylbenzidine substrate.  The absorbance at 450 nm was read.  Value was expressed as relative optical density (OD) per mg protein. 

Western Blot Analysis
Cardiac tissue was homogenized in buffer containing 0.5% Triton X-100, and protease-inhibitor cocktail (1:1000, Sigma-Aldrich Chemical Co., St. Louis, MO, USA).  This homogenate was further mixed with buffer (60 mM Tris-HCl, 2% SDS, and 2% β-mercaptoethanol, pH 7.2), and boiled for 5 min.  Sample at 40 μg protein was applied to 10% SDS-polyacrylamide gel electrophoresis, and transferred to a nitrocellulose membrane (Millipore, Bedford, MA, USA) for 1 h.  After blocking with a solution containing 5% nonfat milk for 1 h, membrane was incubated with mouse anti-cleaved caspase-3 (1:1000), anti-NF-κB p50 (1:1000), anti-NF-κB p65 (1:1000), anti-p38, anti-phospho-p38, anti-JNK, anti-phospho-JNK, anti-ERK1/2, anti-phospho-ERK1/2 (1:2000) monoclonal antibody (Boehringer-Mannheim, Indianapolis, IN, USA) at 4ºC overnight, and followed by reacting with horseradish peroxidase-conjugated antibody 3.5 h at room temperature.  The detected bands were quantified by Scion Image analysis software (Scion Corp., Frederick, MD, USA), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a loading control.  The blot was quantified by densitometric analysis.  Results were normalized to GAPDH, and given as arbitrary units (AU).
Statistical Analysis
The effect of each treatment was analyzed from 10 mice (n = 10) in each group.  All data were expressed as mean ± standard deviation (SD).  Statistical analysis was done using two-way analysis of variance, and post-hoc comparisons among groups were carried out using Dunnet's t-test.  Differences with P < 0.05 were considered statistically significant.
Results
Ellagic acid intake and doxorubicin treatment did not affect mice feed intake, water intake, final body weight and heart weight, as well as failed to alter blood level or activity of fibrinogen, PAI-1, protein C and AT-III (P>0.05, Table 1), but ellagic acid intake dose-dependently increased its content in cardiac tissue.  As shown in Figure 1, doxorubicin treatment elevated LDH and CPK activities.  Ellagic acid pre-intake at 0.5 and 1% resulted in 31 and 53% reduction in LDH activity; this agent at these two dosages led to 24 and 50% decrease in CPK activity (P<0.05).
   Doxorubicin treatment decreased GSH content, increased ROS and MDA levels, declined GPX and SOD activities, and enhanced XO activity in heart (Table 2, P<0.05).  Ellagic acid pre-intake dose-dependently reserved GSH content, lowered ROS and MDA levels, and reduced XO activity (P<0.05).  This compound at 0.5 and 1% retained cardiac GPX and SOD activities (P<0.05).  As shown in Table 3, doxorubicin treatment increased plasma CRP and cardiac IL-6, IL-10, TNF-alpha and MCP-1 levels (P<0.05).  Ellagic acid pre-intake dose-dependently decreased plasma CRP and cardiac IL-10 and MCP-1 levels (P<0.05), and at 0.5 and 1% significantly lowered cardiac IL-6 and TNF-alpha levels (P<0.05).  
Doxorubicin treatment elevated cardiac caspase-3 activity and cleaved caspase-3 protein production (Figure 2, P<0.05).  Pre-intake of ellagic acid dose-dependently decreased cardiac caspase-3 activity (2a, P<0.05), and these treatments lowered 15, 27 and 53% protein expression of cleaved caspase-3 (2b, P<0.05).  As shown in Figure 3, doxorubicin treatment augmented cardiac activity and protein production of NF-κB p50 and p65 (P<0.05).  Ellagic acid pre-intake at 0.5 and 1% decreased NF-κB activity (3a, P<0.05) and protein production (3b, P<0.05), in which 1% treatment led to 54, 60 and 51% reduction in NF-κB activity, NF-κB p50 protein expression and NF-κB p65 protein expression.  Doxorubicin treatment up-regulated p-p38, p-ERK 1/2 and p-JNK expression in heart (Figure 4, P<0.05).  Pre-intake of ellagic acid at 0.5 and 1% suppressed cardiac expression of p-p38 (P<0.05), in which 1% treatment had greater suppressive effect than 0.5% treatment (P<0.05).  Ellagic acid pre-intake only at 1% caused 37.5% down-regulation in cardiac p-ERK1/2 expression (P<0.05).  These treatments did not affect protein expression of other test factors (P>0.05, densitometric data not shown).
Discussion
Doxorubicin was a strong stimulator for cardiac oxidative, inflammatory and apoptotic stress [3-6].  Patients with doxorubicin therapy should consider taking the supplement of appropriate agent in order to attenuate these adverse effects.  Our present study found that dietary intake of ellagic acid at 0.25, 0.5 and 1% for 8 weeks could be absorbed and deposited in mice heart, which in turn protected heart against doxorubicin induced cardiac injury by suppressing NF-κB and MAPK pathways, sparing GSH, retaining enzymatic antioxidant defense, reducing inflammatory cytokines release, and lowering cleaved caspase-3 formation.  These findings supported that ellagic acid could provide anti-oxidative, anti-inflammatory and anti-apoptotic protection for heart.
   It has been reported that doxorubicin could activate both NF-κB and MAPK pathways in heart, and promote cardiac oxidative, inflammatory and apoptotic reactions [20-23].  In our present study, ellagic acid at 0.5 and 1% declined NF-(B activity, down-regulated cardiac protein expression of NF-(B p50, NF-(B p65, p-p38 and p-ERK1/2.  These results suggested that the molecular mechanism responsible for cardiac protection of ellagic acid against doxorubicin could be partially ascribed to ellagic acid mediate NF-(B and MAPK pathways.  Since the activation of these two regulatory pathways had been substantially inhibited, the lower downstream production of oxidative, inflammatory and apoptotic factors such as ROS, TNF-alpha and caspase-3 could be partially explained.  

Ellagic acid possesses non-enzymatic anti-oxidative activities such as scavenging free radicals and chelating metal ions [12, 13].  Thus, this compound might attenuate doxorubicin elicited cardiac oxidative stress by scavenging ROS and MDA.  However, our present study further found that this compound could reserve GSH content and maintain GPX and SOD activities in heart.  These results suggested that ellagic acid was able to spare GSH, GPX and SOD, and benefited antioxidant defense.  In addition, it is interesting to find that doxorubicin raised cardiac activity of XO, a powerful oxygen radical-generating source.  It has been reported that inhibition of XO activity could improve some biomarkers in patients with cardiovascular diseases [24, 25].  In our present study, ellagic acid pre-intake dose-dependently decreased cardiac XO activity, which also contributed to lower ROS generation and diminish cardiac oxidative stress.  These results support that this compound could protect heart to conquer doxorubicin evoked oxidative injury via both enzymatic and non-enzymatic actions.  

Morris et al. [26] indicated that elevated CRP was an early indicator of doxorubicin induced cardiotoxicity.  Teng et al. [27] reported that doxorubicin increased serum IL-10 level, which was highly associated with myocardial inflammation.  MCP-1 is a chemotactic factor for activating monocytes and macrophages, and raised MCP-1 favored the development of coronary artery diseases [28].  Thus, the increased plasma CRP, and cardiac IL-10 and MCP-1 levels from doxorubicin treatment in our present study suggested that these mice were at risk for cardio-vascular complications including atherosclerotic vascular and coronary artery diseases.  Our data revealed that ellagic acid pre-intake at 0.5 and 1% markedly decreased plasma CRP and cardiac IL-10, MCP-1, IL-6 and TNF-alpha levels.  These findings suggest that ellagic acid was able to protect heart against doxorubicin induced inflammatory stress by decreasing cardiac release of these inflammatory and chemoattractant factors, which also reduced the risk of other cardio-vascular complications.  Enhanced caspase-3 activity and cleaved caspase-3 protein production are biomarkers of doxorubicin induced cardiac apoptotic injury [29].  We found that ellagic acid pre-intake effectively reduced cardiac caspase-3 activity and cleaved caspase-3 protein formation, which consequently mitigated doxorubicin caused cardiac apoptotic stress.  These findings supported that ellagic acid could provide anti-inflammatory and anti-apoptotic protection for heart against doxorubicin.  Furthermore, the lower plasma activity of LDH and CPK, two cardiac injury markers, in ellagic acid treated mice also agreed that this compound alleviated doxorubicin evoked cardio-toxicity.  
Kim et al. [30] and Swystun et al. [10] reported that doxorubicin altered hemostatic balance and favored coagulation.  AT-III and protein C are important anticoagulants.  Fibrinogen is a cofactor in platelet aggregation, and PAI-1 is the primary physiologic inhibitor of fibrinolysis.  In our present study, we found that doxorubicin did not affect blood level or activity of these four factors.  These results might imply that these factors were not involved in doxorubicin induced hemostatic disorders.  Further study is necessary to examine the influence of doxorubicin and ellagic acid upon other coagulatory and anti-coagulatory factors in order to elucidate the effect of ellagic acid upon doxorubicin associated coagulation.  Ellagic acid is a phenolic acid naturally occurring in many plant foods such as pomegranate, jabuticaba and grumixama [31, 32], which implies that this compound might be safe for human.  It is reported that ellagic acid could exhibit anti-angiogenic and apoptotic activities to some cancer cells [33, 34], and this agent has been used clinically for patients with hormone refractory prostate cancer and melasma to improve chemotherapy induced toxicity or oxidative injury [35-37].  Thus, the dietary intake of ellagic acid for patients might not only alleviate doxorubicin induced cardio-toxicity but also benefit cancer therapy.  This compound at 0.5% dietary intake for mice is equal to 22 g per day for a 70-kg man.  Further human study regarding its effects and safety at this dose is necessary before it is applied for patients. 
In conclusion, doxorubicin caused cardiac oxidative, inflammatory and apoptotic injury via activating NF-(B and MAPK pathways, and increasing cardiac generation of cleaved caspase-3.  Ellagic acid pre-intake at 0.5 and 1% effectively suppressed NF-(B and MAPK pathways, decreased ROS, inflammatory cytokines and cleaved caspase-3 formation.  These findings suggest that ellagic acid is a potent cardio-protective agent against doxorubicin. 
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Table 1 Feed intake (FI), water intake (WI), body weight (BW), heart weight (HW), cardiac ellagic acid (EA) content, and blood activity or level of PAI-1, fibrinogen, protein C, AT-III in mice treated with normal diet (control) or 0.25, 0.5 or 1% EA for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.
	
	control
	Dox
	EA, 0.25+Dox
	EA, 0.5+Dox
	EA, 1+Dox

	FI, g/day/mouse
	2.0(0.7a
	1.8(0.4a
	2.1(0.6a
	2.0(0.5a
	1.9(0.6a

	WI, ml/day/mouse
	1.8(0.5a
	1.9(0.6a
	2.0(0.4a
	2.1(0.7a
	2.0(0.5a

	BW, g/mouse
	29.6(1.4a
	30.2(1.7a
	29.2(1.0a
	30.4(1.3a
	29.8(1.2a

	HW, mg/mouse
	146(7a
	151(5a
	148(8a
	153(6a
	144(6a

	EA, mg/100 g wet tissue
	-*,a
	-a
	4.2(1.0b
	9.3(1.4c
	15.1(2.1d

	
	
	
	
	
	

	PAI-1, kU/l
	7.2(0.4a
	7.6(0.6a
	7.5(0.7a
	7.3(0.5a
	7.0(0.6a

	fibrinogen, g/l
	2.33(0.12a
	2.45(0.09a
	2.41(0.11a
	2.35(0.14a
	2.29(0.07a

	Protein C, %
	95(7a
	90(4a
	91(6a
	92(3a
	90(7a

	AT-III, %
	131(14a
	119(10a
	123(12a
	116(9a
	125(13a


*Means too low to be detected.

a-dMeans in a row without a common letter differ, P<0.05.
Fig. 1 Plasma LDH and CPK activities in mice treated with normal diet (control), or ellagic acid (EA) at 0.25, 0.5 or 1% for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.  a-dMeans among bars without a common letter differ, P<0.05.
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Table 2 Cardiac level of GSH, ROS, MDA, and activity of GPX, SOD and XO in mice treated with normal diet (control) or 0.25, 0.5 or 1% ellagic acid (EA) for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.
	
	control
	Dox
	EA, 0.25+Dox
	EA, 0.5+Dox
	EA, 1+Dox

	GSH, nmol/mg protein
	21.0(1.0e
	13.4(0.6a
	15.2(0.5b
	17.1(0.3c
	19.0(0.6d

	ROS, RFU/mg protein
	0.19(0.05a
	1.42(0.13e
	1.20(0.08d
	0.91(0.09c
	0.63(0.06b

	MDA, (mol/mg protein
	0.32(0.04a
	1.35(0.12e
	1.10(0.10d
	0.87(0.06c
	0.61(0.05b

	
	
	
	
	
	

	GPX, U/mg protein
	34.6(1.0c
	29.1(0.7a
	29.8(0.8a
	32.3(0.4b
	32.7(0.6b

	SOD, U/mg protein
	31.2(0.8c
	25.2(0.9a
	26.0(0.5a
	28.2(0.6b
	29.3(0.7b

	XO, U/mg protein
	0.21(0.05a
	0.97(0.10e
	0.78(0.06d
	0.63(0.04c
	0.40(0.06b


a-eMeans in a row without a common letter differ, P<0.05.
Table 3 Plasma CRP level, and cardiac IL-6, IL-10, TNF-alpha and MCP-1 levels in mice treated with normal diet (control) or 0.25, 0.5 or 1% ellagic acid (EA) for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.
	
	control
	Dox
	EA, 0.25+Dox
	EA, 0.5+Dox
	EA, 1+Dox

	CRP, (g/ml
	12(3a
	82(6d
	77(8d
	58(5c
	36(4b

	IL-6, pg/mg protein
	19(5a
	75(11c
	72(9c
	50(8b
	45(6b

	IL-10, pg/mg protein
	14(3a
	84(7d
	83(4d
	54(7c
	33(5b

	TNF-alpha, pg/mg protein
	20(5a
	67(10c
	64(12c
	46(9b
	43(7b

	MCP-1, pg/mg protein
	17(3a
	93(4e
	83(2d
	65(5c
	49(4b


a-eMeans in a row without a common letter differ, P<0.05.
Fig. 2 Cardiac caspase-3 activity (a) and cleaved caspase-3 protein level (b) of caspase-3 in mice treated with normal diet (control) or 0.25, 0.5 or 1% ellagic acid (EA) for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.  a-eMeans among bars without a common letter differ, P<0.05.
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Fig. 3 Cardiac activity (a) and protein level (b) of NF-(B p50 and NF-(B p65 in mice treated with normal diet (control) or 0.25, 0.5 or 1% ellagic acid (EA) for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.  a-dMeans among bars without a common letter differ, P<0.05.
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Fig. 4 Cardiac expression of MAPK in mice treated with normal diet (control) or 0.25, 0.5 or 1% ellagic acid (EA) for 8 weeks and followed by doxorubicin (Dox) treatment.  Values are mean ( SD, n=10.  a-dMeans among bars without a common letter differ, P<0.05.
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