Three pentacyclic triterpenes protect H9c2 cardiomyoblast cells against high glucose induced injury 
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Abstract

H9c2 cardiomyoblast cell line was used to examine the protection of three triterpenes, asiatic acid, boswellic acid and oleanolic acid, at 5 or 10 (M against high glucose induced injury.  High glucose stimulated reactive oxygen species (ROS), oxidized glutathione (GSSG), interleukin-6, tumor necrosis factor-alpha and monocyte chemoattractant protein-1 production, as well as decreased glutathione peroxidase (GPX), glutathione reductase (GR) and catalase activities and protein expression.  However, pre-treatments of three triterpenes reserved glutathione, maintained activity and expression of GPX, GR and catalase, as well as lowered ROS, GSSG and inflammatory cytokines generation.  High glucose reduced Na+-K+-ATPase activity, raised nuclear factor kappa (NF-() B and caspase-3 activities, up-regulated protein expression of NF-(B, mitogen-activated protein kinase, Bax and cleaved caspase-3, as well as down-regulated Bcl-2 expression.  Pre-treatments of three triterpenes retained Na+-K+-ATPase activity, declined NF-(B and caspase-3 activities, reserved Bcl-2 expression, as well as suppressed protein expression of NF-(B, p-p38, Bax and cleaved caspase-3.  These findings suggest that these triterpenes are potent cardiac-protective agents.
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AA, asiatic acid; BA, boswellic acid; DMEM, Dulbecco’s modified Eagle’s medium; DMSO, dimethyl sulphoxide; GPX, glutathione peroxidase; GSH, glutathione; LDH, lactate dehydrogenase; IL, interleukin; MAPK, mitogen-activated protein kinase; MCP, monocyte chemoattractant protein; NF-(B, nuclear factor kappa B; OA, oleanolic acid; ROS, reactive oxygen species; TNF, tumor necrosis factor
Introduction 
Hyperglycemia induced cardiac injury is the major cause of mortality in people with diabetes [1].  Several studies indicated that hyperglycemia enhances cardiac production of free radicals such as reactive oxygen species (ROS) and inflammatory cytokines such as interleukin (IL)-6, tumor necrosis factor (TNF)-alpha and monocyte chemoattractant protein (MCP)-1; and these free radicals and cytokines impair cardiac contractile function and promote the development of myocardial infarction, cardiac hypertrophy and even heart failure [2,3].  Furthermore, it is reported that hyperglycemia activates both nuclear factor kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) pathways in myocardial cells, which in turn elicits transcription of genes encoded for oxidative and inflammatory factors in cardiac tissue, and facilitates progression of cardiac disorders [4,5].  In addition, mitochondrial apoptotic pathway is involved in high glucose caused myocardial cell death, in which the protein expression of apoptotic factors such as Bax and caspase-3 is raised, but the expression of anti-apoptotic factors such as Bcl-2 is reduced [6,7].  Thus, any agent(s) with anti-oxidative, anti-inflammatory and anti-apoptotic activities may potentially protect cardiomyocytes against high glucose induced injury.     
Asiatic acid (AA), boswellic acid (BA) and oleanolic acid (OA) are pentacyclic triterpenes naturally occurring in many vegetables and fruits such as glossy privet fruit (Ligustrum lucidum Ait.), basil (Ocimum basilicum) and brown mustard (Brassica juncea) [8,9].  It is reported that these triterpenes could decline activity or expression of NF-κB and MAPK, and reduce apoptotic stress via lowering caspase-3 activity and Bax formation in neurons and brain [10-12].  Thus, these compounds might benefit cardiac cell survival through regulating these signaling pathways.  The improvement of AA upon hyperglycemia in diabetic rats has been observed [13]; however, the cardiac protective effect of this agent under diabetic condition remains unknown.  So far, less attention was paid to the impact of BA upon diabetic complications.  Our previous animal study found that OA via anti-oxidative and anti-inflammatory activities alleviated the progression of diabetic nephropathy in mice [14].  It is reasonable to speculate that this compound may also provide cardiac protection against the progression of hyperglycemia induced cardiac injury.  In addition, Mapanga et al. [15] indicated that OA post-treatments, acting like a therapeutic agent, in high glucose treated H9c2 cells attenuated oxidative damage and improved cell viability.  Thus, it is highly possible that pre-treatments of OA, acting like a preventive agent, in cardiac cells could exhibit protective effects to counteract subsequent high glucose evoked injury.
In our present study, the protection of AA, BA and OA at various doses against high glucose induced oxidative, inflammatory and apoptotic stress in H9c2 cell line, a rat embryonic cardiomyoblast cell line, was examined.  The effects of these compounds upon activity and protein expression of NF-(B, MAPK, Bcl-2, Bax and caspase-3 were evaluated.  OA was used not only for further demonstration regarding its cardiac-protective effects but also for comparison.    
Materials and methods  

Chemicals 
Asiatic acid (AA, 98%), boswellic acid (BA, 98.5%), oleanolic acid (OA, 99%), and other chemicals were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).  Medium, plates, antibiotics, and chemicals used for cell culture were purchased from Difco Laboratory (Detroit, MI, USA).  All chemicals used in these measurements were the highest purity commercially available.  
Cell culture
H9c2 cells obtained from American Type Culture Collection (ATCC, Rockville, MD, USA) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing 1.5[image: image1.png]


g/l NaHCO3 and 5.5 mM glucose, supplemented with 10% fetal bovine serum, 100[image: image2.png]


U/ml penicillin, and 100[image: image3.png]


U/ml streptomycin under 95% air/ 5% CO2 at 37°C.  The culture medium was changed every three days, and cells were subcultured once a week.  The medium was changed to serum-deprived medium, and cells were washed with serum-free DMEM 24 hr before experiments and replanted in the 96 well plates.  A phosphate buffer saline (PBS, pH 7.2) was used to adjust the cell number to 105/ml for various experiments and analyses.
Experimental design
AA, BA or OA was dissolved in dimethyl sulfoxide (DMSO), and diluted with the medium.  The final concentration of DMSO in the medium was 0.5%.  At this concentration, DMSO did not affect any measurements (data not shown).  H9c2 cells (105 cells/ml) were treated with OA, AA and BA at 5 or 10 (M for 48 hr at 37°C, which led to 97.5% incorporation of test agent into cells.  After washing with serum-free DMEM, cells were further treated with medium containing glucose at 5.5 mM (G5.5) or 33 mM (G33) for 24 hr at 37°C.  Cells treated with G5.5 alone (without triterpenes) were control groups.  Mannitol at 5.5 and 33 mM was also used to examine the influence of hyperosmolarity.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
MTT assay was performed to examine cell viability.  Briefly, H9c2 cells were incubated with 0.25 mg MTT/ml for 3 hr at 37°C.  The amount of MTT formazan product was determined by measuring absorbance at 570 nm (630 nm as a reference) using a microplate reader (Bio-Rad, Hercules, CA, USA).  Cell viability was expressed as a percentage of control groups.
Lactate dehydrogenase (LDH) assay
The plasma membrane damage of H9c2 cells was evaluated by measuring LDH variation.  Fifty (l of culture supernatants were collected from each well.  LDH activity (U/l) was analyzed by a colorimetric LDH assay kit (Sigma Chemical Co., St. Louis, MO, USA). 

Analyses for glutathione (GSH), oxidize glutathione (GSSG), ROS, and activity of glutathione peroxidase (GPX), glutathione reductase (GR) and catalase
Cells were washed twice with PBS (pH 7.2), then were scraped from the plates and followed by homogenizing in PBS containing 0.5 mM butylated hydroxytoluene to prevent sample further oxidation.  The homogenate was centrifuged at 3000 xg for 20 min at 4°C, and the supernatant was used for these assays according to the manufacturer’s instructions.  GSH or GSSG concentration (ng/mg protein) was quantified by commercial colorimetric assay kits (OxisResearch, Portland, OR, USA).  ROS level was determined using an oxidation sensitive dye, 2',7'-dichlorofluorescein diacetate.  Cells were incubated with 50 μM dye for 30 min and washed with PBS.  Fluorescence value was measured by using a fluorescence microplate reader at excitation and emission wavelengths of 485 and 530 nm, respectively.  Relative fluorescence unit (RFU) was the difference in fluorescence values obtained at time 0 and 5 min.  Results are expressed as RFU/mg protein.  The activity (U/mg protein) of GPX, GR and catalase in H9c2 cells was assayed by using assay kits (EMD Biosciences, San Diego, CA, USA).  Protein concentration was measured by Bio-Rad protein assay reagent (Bio-Rad Laboratories Inc. Hercules, CA, USA). 
Cytokine measurement
After washed and homogenized, the released level of IL-6, TNF-alpha and MCP-1 in supernatant was measured by ELISA method using cytoscreen immunoassay kits (BioSource Int., Camarillo, CA, USA).  The sensitivity of assay with the detection limit was 5 pg/mg protein for IL-6, and 10 pg/mg protein for TNF-alpha and MCP-1.  
Na+-K+-ATPase activity assay
Na+-K+-ATPase activity was detected by measuring the amount of inorganic phosphate (Pi) released from ATP according to the method of Torlinska and Grochowalska [16].  The reaction mixture contained 100 mM NaCl, 20 mM KCl, 2 mM ATP, 30 mM Tris-HCl buffer (pH 7.4) and the freshly isolated cellular mitochondria.  The assay was initiated by adding ATP, and terminated by adding 15% trichloroacetic acid after 15 min incubation at 37°C.  The released Pi was assayed by measuring the absorbance at 640 nm.  A unit was defined as (mol Pi/mg protein/hr.  The values of treated cells were expressed as percentage of control groups.  
Measurement of caspase-3 activity 

Control or treated cells were lysed 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 followed by centrifugation at 10,000 xg for 10 min at 4°C.  The supernatant from lysed cells was added to the reaction mixture containing dithiothreitol and caspase-3 substrate (N-acetyl-Asp-Glu-Val-Asp-p-nitroanilide), and further incubated for 1 hr at 37°C.  Caspase-3 activity was determined by a commercial caspase-3 activity assay kit (Upstate, Lake Placid, NY, USA).  Data were expressed as percentage of control groups. 
Preparation of nuclear extract
Cells were washed in cold PBS, and re-suspended in above lysis buffer, and followed by centrifugation at 1200 xg for 10 min.  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 21,000 xg for 30 min, supernatants containing nuclear protein were collected.  
NF-κB activity assay
NF-κB p50/65 DNA binding activity in the nuclear extract of H9c2 cells 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, a secondary antibody conjugated with horseradish peroxidase, and the 3,3′,5,5′-tetramethylbenzidine substrate.  Absorbance at 450 nm was read.  Values are expressed as relative optical density (OD)/mg protein.
Western blot analysis
H9c2 cells were 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 hr.  After blocking with a solution containing 5% nonfat milk for 1 hr to prevent non-specific binding of antibody, membrane was incubated with mouse anti-cleaved caspase-3 (1:1000), anti-Bcl-2 (1:2000), anti-Bax (1:1000), anti-GPX, anti-GR, anti-catalase (1:500), anti-NF-κB p65, anti-NF-κB p50 (1:1000) and anti-MAPK (1:2000) monoclonal antibody (Boehringer-Mannheim, Indianapolis, IN, USA) at 4ºC overnight, and followed by reacting with horseradish peroxidase-conjugated antibody for 3.5 hr at room temperature.  The detected bands were quantified by an image analyzer (ATTO, Tokyo, Japan), 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 ten different preparations (n=10).  Data were reported as means ( standard deviation (SD), and subjected to analysis of variance.  Differences among means were determined by the Least Significance Difference Test with significance defined at P<0.05.
Results
As shown in Figure 1a and 1b, 5.5 and 33 mM mannitol did not affect MTT or LDH assays when compared with 5.5 mM glucose (P>0.05).  Thus, the influence of hyperosmolarity from 33 mM glucose was ruled out.  High glucose (33 mM) significantly reduced 55% cell viability (1c) and raised 220 U/l LDH activity (1d) (P<0.05); however, triterpene pre-treatments enhanced 21-42% cell survival and decreased 67-181 U/l LDH activity (P<0.05), in which 10 (M AA treatment resulted in the lowest LDH activity (P<0.05).  
High glucose lowered GSH level, stimulated ROS and GSSG production; also decreased activity and expression of GPX, GR and catalase in H9c2 cells (Table 1 and Figure 2, P<0.05).  However, pre-treatments of triterpenes significantly preserved GSH level at 11-37 ng/mg protein, maintained GPX activity at 6.2-19.6 U/mg, GR activity at 5.9-19.9 U/mg protein, catalase activity at 0.4-1.3 U/mg protein, as well as reduced ROS and GSSG levels at 0.57-1.38 RFU/mg protein and 0.33-1.04 ng/mg protein, respectively (P<0.05), in which 10 (M BA treatment had the highest GSH content and GPX activity, and the lowest ROS level when compared with other triterpenes treatments (P<0.05).  As shown in Table 2, high glucose increased the release of IL-6, TNF-alpha and MCP-1 (P<0.05); and triterpene pre-treatments decreased these cytokines level at 18-54, 24-51 and 26-57 pg/mg protein, respectively (P<0.05), in which cells pre-treated with 10 (M AA had the lowest levels of IL-6, TNF-alpha and MCP-1 when compared with other triterpenes treatments (P<0.05).
As shown in Figure 3, high glucose reduced 63% Na+-K+-ATPase activity (3a) and raised 2.7 folds caspase-3 activity (3b) (P<0.05).  The pre-treatments of test triterpenes increased 13-43% retain in Na+-K+-ATPase activity and lowered caspase-3 activity to 1.5-2.1 folds of controls (P<0.05).  High glucose increased 3.3 folds NF-(B activity (Figure 4a), and enhanced 4.4, 3.1 and 5.7 folds protein expression of NF-(B p50, NF-(B p65 and p-p38 (4b, P<0.05).  Triterpenes pre-treatments declined NF-(B activity to 1.5-2.5 folds of controls; and suppressed NF-(B p50 expression to 1.7-3.8 folds of controls (P<0.05).  These triterpenes only at 10 (M down-regulated NF-(B p65 and p-p38 expression, in which 10 (M AA had the lowest p-p38 expression (P<0.05).  High glucose suppressed 78% Bcl-2 expression, and increased 7.4 and 7.6 folds protein production of Bax and cleaved caspase-3 (Figure 5, P<0.05).  Test triterpenes dose-dependently down-regulated cleaved caspase-3 expression to 3.3-5.8 folds of controls (P<0.05), but only at 10 (M reserved Bcl-2 expression and suppressed Bax expression (P<0.05).

Discussion 
Mapanga et al. [15] reported that post-addition of oleanolic acid at 20 and 50 (M in high glucose treated H9c2 cells could decrease oxidative stress and increase cell viability.  Our present study revealed that pre-treatments from oleanolic acid and other two triterpenes, asiatic acid and boswellic acid, at 5 or 10 (M effectively protected H9c2 cardiomyoblast cells to resist subsequent high glucose evoked oxidative, inflammatory and apoptotic stress, which consequently benefited membrane integration and survival of H9c2 cells.  Furthermore, we found that these triterpenes maintained Na+-K+-ATPase activity, and suppressed NF-(B and p38 activation in this cardiomyoblast cell line.  These findings support that oleanolic acid, asiatic acid and boswellic acid at lower doses may act as preventive agents to protect cardiac cells against high glucose induced injury.  
Oxidative stress derived from hyperglycemia is a crucial factor responsible for the progression of diabetes related cardiac disorders [17,18].  Particularly, it is documented that ROS overproduction facilitated deterioration in insulin-resistant or obesity related heart diseases [19,20].  Our present study found that three triterpenes pre-treatments at two doses efficiently decreased ROS production in H9c2 cells, which contributed to reduce oxidative stimulation in these cells.  Furthermore, these triterpenes effectively preserved GSH content, lowered GSSG formation, as well as retained GPX and GR activities and protein expression in H9c2 cells.  These data revealed that these agents could promote glutathione redox cycle to exert anti-oxidative action.  In addition, we found that test triterpenes substantially reserved catalase activity and protein expression.  Apparently, these agents could enhance anti-oxidative defense of H9c2 cells through mediating multiple factors, and counteracted subsequent high glucose evoked oxidative stress.  On the other hand, ROS has been considered as a crucial stimulator for cardiac mitochondrial apoptotic pathway in diabetic progression [21,22].  Since triterpenes treatments already lowered ROS formation, the observed greater mitochondrial stability and less apoptotic stress in triterpenes-treated H9c2 cells could be explained.  The development of diabetic cardiomyopathy is usually accompanied with a local rise in cytokines such as IL-6 and TNF-alpha in cardiac cells [23,24].  Our present study found that pre-treatments of these triterpenes diminished subsequent high glucose elicited inflammatory stress in H9c2 cells via lowering IL-6, TNF-alpha and MCP-1 formation.  These results agreed that these agents could provide anti-inflammatory protection for cardiac cells.  Younce et al. [25] indicated that MCP-1 was mainly responsible for hyperglycemia-induced cardiomyocyte death because its overproduction exacerbated ROS formation and endoplasmic reticulum oxidative stress, which finally caused autophagy.  In our present study, triterpenes-treated H9c2 cells had lower MCP-1 and ROS levels.  Thus, the observed protective effects from these compounds could be partially ascribed to their anti-MCP-1 activity.  Since oxidative and inflammatory injury were mitigated, it was reasonable to observe the greater cell viability and less LDH activity in these triterpenes-treated H9c2 cells.  

Enhanced activation of NF-(B and MAPK pathways promoted the progression of diabetic cardiomyopathy via up-regulating several sets of genes involved in the reactions of oxidation, inflammation, endothelial dysfunctions and apoptosis [26-28].  Westermann et al. [29] reported that the inhibition of p38 MAPK prevented cardiac inflammation and attenuated left ventricular dysfunction in diabetic cardiomyopathy.  We found the pre-treatments from test triterpenes markedly abated subsequent high glucose stimulated NF-(B activation and p38 phosphorylation in H9c2 cells, which contributed to suppress oxidative and inflammatory reactions, and decrease ROS and cytokines production.  These findings implied that these compounds might prevent high glucose induced cardiotoxicity through declining NF-(B and p38 activation.  In addition, we notified that asiatic acid exhibited greater effects than other two agents in lowering NF-(B activity, NF-(B protein expression and inflammatory cytokines production; but boswellic acid was more effective in decreasing ROS generation and p38 phosphorylation.  It seems that the protective mechanisms of these three triterpenes upon H9c2 cells were not identical.  It is highly possible that other pathways are involved in the action modes of these agents for cardiac cells against high glucose induced injury.  Further studies using NF-(B and p38 inhibitors, and examining other pathways should be processed in order to clearly elucidate the roles of these pathways upon the mechanism of these triterpenes. 

     The impairment of Na+-K+-ATPase activity in mitochondria and sarcoplasmic reticulum of cardiac cells affected sodium, potassium and calcium homeostasis, and retarded contraction and relaxation of myocardia [30,31].  Cai et al. [32] indicated that hyperglycemia related myocardial apoptosis was partially mediated by mitochondrial caspase-3 activation pathway.  In our present study, test triterpenes effectively maintained Na+-K+-ATPase activity and repressed caspase-3 activity.  These results revealed that these triterpenes were able to stabilize mitochondrial membrane of H9c2 cells against subsequent high glucose caused disturbance.  Bcl-2 is an anti-apoptotic molecule, and Bax and caspase-3 are pro-apoptotic molecules.  We found test triterpenes at 10 (M retained Bcl-2 expression, and down-regulated Bax and cleaved caspase-3 production, which consequently diminished apoptotic injury and benefited cell survival.  These findings implied that these compounds could penetrate into H9c2 cells and mitigate apoptotic stress under high glucose condition by regulating both anti-apoptotic and pro-apoptotic molecules.  The study of Yin et al. [9] reported that dietary intake of several triterpenes including oleanolic acid, asiatic acid and boswellic acid resulted in their deposit in heart of normal mice.  Thus, the application of these triterpenes through dietary intake to increase cardiac protection against diabetic cardiomyopathy seems feasible.  Further studies including other cardiac cell lines such as HL-1 could be helpful to verify the cardiac protection from these triterpenes.  Also, further in vivo study is encouraged to ensure the effects and safety of these agents upon the progression of diabetes associated cardiac disorders.  
In conclusion, pre-treatments from oleanolic acid, asiatic acid, and boswellic acid protected H9c2 cells to resist subsequent high glucose induced injury.  These agents exhibited anti-oxidative, anti-inflammatory and anti-apoptotic effects via lowering ROS production, enhancing glutathione redox cycle, suppressing NF-(B and p38 activation, and down-regulating the protein expression of Bax and cleaved caspase-3.  These findings suggest that these triterpenes are potent cardiac protective agents.  
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Figure 1. Effect of glucose or mannitol at 5.5 or 33 mM alone upon cell viability determined by MTT assay (1a) and plasma membrane damage determined by LDH assay (1b).  Effects of OA, AA or BA at 5 or 10 (M, and post-treated by 33 mM glucose (G33) upon MTT assay (1c) and LDH assay (1d).  Cells contained no triterpenes and treated with 5.5 mM glucose were used as control.  Data are mean(SD (n=10).  a-eMeans among bars without a common letter differ, P<0.05.
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Table 1. Effect of OA, AA or BA upon level of ROS, GSH, GSSG, and activity of GPX, GR and catalase.  H9c2 cells were pre-treated with OA, AA or BA at 5 or 10 (M, and followed by adding 33 mM glucose (G33).  Cells contained no triterpenes and treated with 5.5 mM glucose were used as control.  Data are mean(SD (n=10). 
	
	ROS
RFU/mg protein
	GSH
ng/mg protein
	GSSG

ng/mg protein
	GPX

U/mg protein
	GR

U/mg protein
	Catalase

U/mg protein

	Control
	0.24(0.08a
	91(6e
	0.56(0.11a
	81.3(3.2e
	72.1(2.3e
	2.9(0.3d

	G33
	1.95(0.21e
	41(2a
	1.87(0.21e
	44.6(2.5a
	40.6(1.9a
	0.8(0.4a

	OA, 5+G33
	1.34(0.18d
	52(3b
	1.54(0.17d
	50.8(2.1b
	46.4(1.5b
	1.3(0.2b

	OA, 10+G33
	0.87(0.10c
	65(4c
	1.10(0.18c
	56.7(1.3c
	53.8(2.0c
	1.8(3.0c

	AA, 5+G33
	1.38(0.13d
	53(5b
	1.46(0.09d
	51.4(2.0b
	47.0(1.6b
	1.2(0.5b

	AA, 10+G33
	0.90(0.09c
	64(6c
	1.03(0.10c
	58.3(1.8c
	54.1(2.2c
	1.9(2.7c

	BA, 5+G33
	1.22(0.17d
	61(3c
	1.18(0.12c
	57.0(1.9c
	52.8(1.8c
	1.4(0.4b

	BA, 10+G33
	0.57(0.05b
	78(4d
	0.83(0.08b
	64.2(1.7d
	60.3(2.4d
	2.1(2.4c


a-eMeans in a column without a common letter differ, P<0.05.
Figure 2. Effect of OA, AA or BA upon protein expression of GPX, GR and catalase.  H9c2 cells were pre-treated with OA, AA or BA at 5 or 10 (M and followed by adding 33 mM glucose (G33).  Cells contained no triterpenes and treated with 5.5 mM glucose (G5.5) were used as control.  Data are mean(SD (n=10).  a-eMeans among bars without a common letter differ, P<0.05.
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Table 2. Effect of OA, AA or BA upon level (pg/mg protein) of IL-6, TNF-alpha and MCP-1.  H9c2 cells were pre-treated with OA, AA or BA at 5 or 10 (M, and followed by adding 33 mM glucose (G33).  Cells contained no triterpenes and treated with 5.5 mM glucose were used as control.  Data are mean(SD (n=10). 
	
	IL-6
	TNF-alpha
	MCP-1

	Control
	16(2a
	18(4a
	21(5a

	G33
	90(8e
	105(7e
	114(9e

	OA, 5+G33
	72(6d
	81(5d
	88(6d

	OA, 10+G33
	53(4c
	62(4c
	68(5c

	AA, 5+G33
	63(5d
	74(4d
	83(5d

	AA, 10+G33
	45(3b
	55(2b
	57(4b

	BA, 5+G33
	68(7d
	79(6d
	88(7d

	BA, 10+G33
	56(4c
	65(3c
	70(6c


a-eMeans in a column without a common letter differ, P<0.05.

Figure 3. Effect of OA, AA or BA upon activity of Na+-K+-ATPase (a) and caspase-3 (b).  H9c2 cells were pre-treated with OA, AA or BA at 5 or 10 (M, and followed by adding 33 mM glucose (G33).  Cells contained no triterpenes and treated with 5.5 mM glucose were used as control.  Data are mean(SD (n=10).  a-eMeans among bars without a common letter differ, P<0.05. 
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Figure 4. Effect of OA, AA or BA upon NF-(B activity (a), expression of NF-(B and MAPK (b).  H9c2 cells were pre-treated with OA, AA or BA at 5 or 10 (M, and followed by adding 33 mM glucose (G33).  Cells contained no triterpenes and treated with 5.5 mM glucose (G5.5) were used as control.  Data are mean(SD (n=10).  a-fMeans among bars without a common letter differ, P<0.05.
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Figure 5. Effect of OA, AA or BA upon expression of Bcl-2, Bax and cleaved caspase-3.  H9c2 cells were pre-treated with OA, AA or BA at 5 or 10 (M and followed by adding 33 mM glucose (G33).  Cells contained no triterpenes and treated with 5.5 mM glucose (G5.5) were used as control.  Data are mean(SD (n=10).  a-dMeans among bars without a common letter differ, P<0.05.
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