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ABSTRACT 

 A grape (Vitis vinifera) is showing potential benefits against the diseases. Nicotine as most 

biologically active chemical in tobacco smoke. Nicotine has been reported to induce changes both 

in vivo and in vitro. Pathogen free, Wistar strain male albino rats were used in the present study, 

rats were divided into 4 groups of six in each group i)  Normal Control  (NC) (Control rats received  

0.9% saline) ; ii) Nicotine treatment (Nt),at a dose of 0.6 mg/ kg (0.5 ml) body weight by 

subcutaneous injection for a period of 2 months ; iii) Red Grape extract treated (RGEt) (red grape 

extract 50mg/kg body weight (after the standardization) via   orogastric tube for a period of 2 

months.); IV)) Nicotine + Red Grape (Nt+RGEt)  (Rats were received the nicotine at a dose as 

mentioned for Group II   through subcutaneous injection and , red grape extract as mentioned above 

Group III  via  orogastric tube for a period of 2 months). The animals were sacrificed after 24 hrs 

after the last treatment   by cervical dislocation and isolated the heart tissue such as the activites of 

the levels of, Succinate dehydrogenase (SDH), Malate dehydrogenase (MDH), are decreased in 

nicotine treated rats in the heart tissue and  increase was observed in the combination 

(Nt+RGEt),but at 50 mg/kg body weight found to be more effective. Lactate dehydrogenase (LDH), 

are increase in nicotine treated rats in the  heart tissue and  decreased was observed in the 

combination (Nt+RGEt), but at  50 mg/kg body weight found to be more effective.  This results 

stating that red grape extract treated rats are beneficial, especially for the nicotine  subjects to 

improve the heart status. 
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INTRODUCTION 

Grapes (Vitis vinifera) are one of the world’s widely grown fruit crops with an annual 

production of 58-61 million metric tons (Murthy et al., 2002). Grape growing plays a major role in 

the worldwide fruit production, with an international acreage of approximately 7.8 million hectares 

(Oiv 2008). In the 1980s, there was a high rate of global production of fresh grapes, but due to a 

reduction in the production surface area, there was a drop in the beginning of the 1990s. However, 

soon after, the production rate plummeted, due to an increase in output trends, favorable climatic 

conditions and increase in the partial geographical redistribution of vineyards during this period. 

America saw its 2005 production reach a record high with 142, 6 Mqx (millions of quintals) 

(Cantos et al., 2002). Total phenolic content, an index of dietary antioxidant strength, is higher in 

red varieties due almost entirely to anthocyanin density in red grape skin compared to absence of 

anthocyanins in white grape skin. It is these anthocyanins that are attracting the efforts of scientists 

to define their properties for human health (Cantos et al., 2002). Phenolic content of grape skin 

varies with cultivar, soil composition, climate, geographic origin, and cultivation practices or 

exposure to diseases, such as fungal infections.  

Nicotine is a naturally occurring alkaloid found primarily in the members of the Solanaceae 

family,which includes tobacco, potato, tomato, green pepper, and eggplant. Nicotine was first 

isolated and determined to be the major constituent of tobacco in 1828(Schevelbein, 1982). In 

commercial tobaccos, the major alkaloid is nicotine, accounting for about 95 % of the total alkaloid 

content (Jacob et al., 1993). Tobacco use is the leading cause of death in the world today. With 4.9 

million tobacco-related deaths per year, no other consumer product is as dangerous or kills as many 

people as tobacco (WHO.An international treaty for tobacco control ,2003). 

           Nicotine, as most biologically active chemical in tobacco   smoke, has been the subject of 

intense scientific scrutiny. Among the most well characterized chemicals found in  tobacco and 

tobacco smoke, are polycyclic aromatic hydrocarbons (PAHs) and the highly addictive alkaloid, 

nicotine and its metabolites (Campain, 2004). To further complicate the picture, nicotine is 

converted, during the production of cigarette and chewing tobacco, into two highly mutagenic 

nitrosamine, N_-nitrosonor nicotine (NNN) and 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone 

(NNK) and is metabolized into cotinine. These chemicals derivatives also exhibit a wide spectrum 

of biological activity as  compared to parent compound (Campain, 2004). Nicotine has been 

http://en.wikipedia.org/wiki/Cultivar
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reported to induce oxidative stress both in vivo and in vitro (Pigeolot et al., 1990). The mechanism 

of generation of free radicals by nicotine is not clear. But oxidative stress occurs when there are 

excess free radicals and/or low antioxidant defense, and result in chemical alteration of 

biomolecules causing structural and functional modification. Oxygen free radicals (OFR) 

production has been directly linked to oxidation of cellular macromolecules, which may induce a 

variety of cellular responses through generation of secondary metabolic reactive species (Chiarugi, 

2003).  

Nicotine plays an important role in the development of cardiovascular disease. It could 

promote atherosclerotic disease by its actions on lipid metabolism and coagulation, by 

haemodynamic effects, and/or by causing endothelial injury. Compared to nonsmokers, cigarette 

smokers have elevated low-density (LDL) and very-low-density lipoproteins (VLDL), as well as 

reduced high-density lipoprotein (HDL) levels, a profile associated with an increased risk of 

atherosclerosis (U.S. Department of Health and Human Services, 1989). Lipid peroxidation and 

generation of free radicals, increased in smokers, are the processes associated with the pathogenesis 

of atherosclerosis. The products of lipid peroxidation may cause irreversible damage to the 

membrane structure of the cells. Some studies show that nicotine administration to animals results 

in endothelial cell abnormalities and decreases the synthesis of prostacyclin (an inhibitor of platelet 

aggregation). Nicotine increases heart rate through the activation of the sympathetic nervous system 

(U.S. Department of Health and Human Services, 1989). 

The heart has a natural pacemaker system that controls the heartbeat. Some of the pathways 

of this system may develop fibrous tissue and fat deposits. The natural pacemaker loses some of its 

cells. These changes may result in a slightly slower heart rate with aging. A slight increase in the 

size of the heart, especially the left ventricle, is not uncommon. The heart wall thickens, so the 

amount of blood that the chamber can hold may actually decrease despite the increased overall heart 

size. The heart may fill more slowly.Heart changes cause the ECG of a normal, healthy older person 

to be slightly different than the ECG of a healthy younger adult. Abnormal rhythms (arrhythmias) 

such as atrial fibrillation are more common in older people. They may be caused by heart 

disease.Normal changes in the heart include deposits of the "aging pigment," lipofuscin. The heart 

muscle cells degenerate slightly with aging. The valves inside the heart, which control the direction 

of blood flow, thicken and become stiffer. A heart murmur caused by valve stiffness is fairly 

http://www.nlm.nih.gov/medlineplus/ency/article/003399.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003868.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001101.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000184.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002242.htm
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common in the elderly(Minakar,2011).This study was designed to investigate the effects of red 

grape extracts  on nicotine induced oxidative stress in the heart of male albino rat.  

 MEHTODOLOGY 

ANIMALS 

            Male pathogenic free wistar albino rats were obtained from the Department of Zoology, 

Animal House, S.V. University,Tirupati and Andhra Pradesh, India.  The animals were housed six 

to a polypropylene cage and provided with food and water add libitum.  The animals were 

maintained under standard conditions of temperature and humidity with an alternating 12hr 

light/dark.  Animals were fed standard pellet diet (Agro Corporation Pvt. Ltd., Bangalore, India) 

and maintained in accordance with the guidelines of the National Institute of Nutrition and Indian 

Council of Medical Research, Hyderabad, India.  

 

CHEMICALS:              

             

Nicotine and other fine chemical were obtained from Sigma chemical company, St. Louis, USA.  

All other chemicals and reagent used were of analytical grade.   

 

PREPARATION OF RED GRRAPE EXTRACTION: 

           Red Grapes, as large clusters with red berries, were brought from a local supermarket in 

Banglore  and identified as Vitis vinifera L.(Family Vitaceae). The grape were crushed (whole fruit) 

for juice and dried in shade and extract by maceration with 70% (v/v) alcoholic for 72 hours in 

ambient temperature. The red grape extract was filtered and then solvent evapored to dryness under 

reduced pressure in a rotary evaporator. The residual red grape extract was used for this study. 

EXPERIMENTAL DESIGN 

 Age matched rats were divided into 4 groups of six in each groups.                                       

i) Narmal Control (NC) (Six rats were put on a six-channel, the rats were treated with normal saline 

(0.9%) orally via orogastic tube for 5 days / week for a period of 2 months.). ii) Nicotine treatment 

(Nt) (Rats were received the nicotine at a dose of 0.6 mg/kg body weight (0.5ml) by subcutaneous 

injection for a period of 2 months). iii) Red Grape extracts treatment (RGEt) (Rats were received 

red grape extract 50mg/kg body weight via   orogastric tube for a period of 2 months), and iv) 
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Nicotine treatment + Red Grape extract treatment (Nt+RGEt), (Rats were received the nicotine at a 

dose of 0.6 mg/kg body weight (0.5ml) by subcutaneous injection and   red grape extract 50mg/kg 

body weight via orogastric tube for a period of 2 months).         

The animals were sacrificed after 24 hrs after the last treatment session by cervical 

dislocation and the heart tissue, were isolated at -4
0
, washed with ice-cold saline, immediately 

immersed in liquid nitrogen and stored at –80
0
 for biochemical analysis and enzymatic assays. 

Before assay, the tissues were thawed, sliced and homogenized under ice-cold conditions. Selected 

parameters were estimated by employing standard methods. 

BIOCHEMICAL ANALYSIS: 

The specific activity of SDH was assayed by the method of Nachlas et al.,(1960) as 

suggested by Prameelamma and Swami (1975) with slight modifications. 10% homogenates of the 

heart tissue were prepared in ice cold 0.25 M sucrose solution and centrifuged at 1000g for 15 

minutes at 4
0
C. The supernatant fraction was used for enzyme assay.  The reaction mixture in a 

final volume of 2 ml contained 40 μ moles of sodium succinate, and 100 μ moles of phosphate 

buffer (pH 7.0) and 4 μ moles of INT. The reaction was initiated by adding 0.2 ml of homogenate 

containing 20 mg of tissue. The incubation was carried out for 15 minutes at 37
0
C and the reaction 

was stopped by the addition of 5 ml of glacial acetic acid. The subsequent steps were followed same 

as described for LDH. The activity was expressed in μ moles of formazan formed / mg protein / 

hour.  

 The specific activity of MDH was measured by the method of Nachlas et al.,(1960) as 

suggested by Prameelamma and Swami (1975) with slight modifications. 10% homogenates of the 

heart tissue were prepared in ice cold 0.25 M sucrose solution and centrifuged at 1000g for 15 

minutes at 4
0
C. The supernatant fraction was used for enzyme assay.  The total volume 2 ml of 

reaction mixture contained 100 μ moles of phosphate buffer (pH 7.0) 40 μ moles of sodium malate, 

0.1 μ mole of NAD and 4 μ moles of INT. The reaction was initiated by the addition of 0.2 ml of 

homogenate containing 20 mg of tissue. The incubation was carried out at 37
0
C for 30 minutes and 

the reaction was arrested by adding 5 ml of glacial acetic acid. The rest of the procedure was same 

as described earlier for LDH. The activity was expressed in μ moles of formazan formed / mg 

protein / hour. 
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        Lactate Dehydrogenase activity was determined by the method described by Nachlas et al., 

(1960) as suggested by Prameelamma and Swami (1975) with slight modifications. 10% 

homogenates of the heart tissue were prepared in ice cold 0.25 M sucrose solution and centrifuged 

at 1000g for 15 minutes at 4
0
C. The supernatant fraction was used for enzyme assay. The reaction 

mixture in a final volume of 2 ml contained 40 μ moles of sodium lactate, 100 μ moles of phosphate 

buffer (pH 7.4), 0.1 μ mole of NAD and 4 μ moles of INT. The reaction was initiated by the 

addition of 0.2 ml of homogenate containing 20 mg of tissue and incubated for 30 minutes at 37
o
C 

and the reaction was stopped by the addition of 5 ml of glacial acetic acid. Zero time controls 

(ZTC) were maintained by addition of 5 ml of glacial acetic acid prior to the addition of the enzyme 

source to the incubation mixture. The formazan formed was extracted over night into 5 ml of 

toluene at 5
0
C. The color developed was measured at 495 nm in a Spectrophotometer against the 

toluene blank. The enzyme activity was expressed in μ moles of formazan formed / mg protein / 

hour. 

STATISTICAL ANALYSIS: 

 

 Statistical analysis has been carried out using INSTAT software.  The data was analyzed for 

the significance and the results were presented with the P-value. 

 

RESULTS:  

In the present study the  Succinate dehydrogenase activity was decreased in both (young and 

old) nicotine treated rats (young by -46.47 %; old by -29.21%) when compared to control rats. In 

red grape extract treated rats of both (young and old) an increased was observed when copared to 

the control rats (young by 15.78 %; old by 18.62 %). In the combination treatment (Nt+RGEt) 

slightly increased was observed when compared to control rats of both age groups. (Table.1).  

In our knowledge  the malate dehydrogenase activity was decreased in both (young and old) 

nicotine treated rats (young by -62.82 %; old by -45.33%) when compared to control rats. In red 

grape extract treated rats of both (young and old) an increased was observed when copared to the 

control rats (young by 39.68 %; old by 40.36%). In the combination treatment (Nt+RGEt) slightly 

increased was observed when compared to control rats of both age groups.  (Table.2).  
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In this investigation  the lactate dehydrogenase   activity was increased in both (young and 

old) nicotine treatment rats (young by 7.13%; old by 12.24%) when compared to control rats. In red 

grape extract treated rats of both (young and old) a increase (young by 2.61 %; old by 4.23 %) was 

observed when compared to control rats. In the combination treatment (Nt+RGEt) slightly 

increased was observed when compared to control rats of both age groups (Table. 3). 

Table –1: Changes in Succinate dehydrogenase (SDH) activity due to Nicotine  treatment (Nt), 

Red Grape  Extract treatment (RGEt) and  interaction of the both (Nt+RGEt) for a period of 2 

months over the  control  in Heart tissue  of male albino rats of young (3 months) and old (18 

months) age groups.  Values are expressed as  moles of formazan formed/mg protein/hour. 

Name 

of the 

tissue 

Young Old 

Control Nt RGEt Nt+RGEt Control Nt RGEt Nt+RGEt 

Heart 
93.43 

±5.21 

54.21** 

±6.90 

(-41.97) 

106.29** 

±9.33 

(+13.76) 

96.07
@

 

±5.21 

(+2.82) 

76.99 

±7.80 

54.44** 

±11.90 

(-29.28) 

84.84** 

±3.52 

(+10.19) 

79.65
@

 

±8.00 

(+3.45) 

 

                             All the values are ± SD of six individual observations. 

                    Values in parentheses denote per cent change over respective control. 

                                         ** Values are significant at P < 0.01 
                                                              @

 Values are not significant. 

 

Table –2: Changes in Malate dehydrogenase (MDH) activity due to Nicotine  treatment (Nt), Red 

Grape Extract treatment (RGEt) and  interaction of the both (Nt+RGEt) for a period of 2 months 

over the  control in Heart tissue  of male albino rats of young (3 months) and old (18 months) age 

groups.  Values are expressed as  moles of farmazan formed/mg protein/hour. 

                           

               

                          All the values are ± SD of six individual observations. 

           Values in parentheses denote per cent change over respective control. 

                                      ** Values are significant at P < 0.01 
                                                         @

  Values are not significant. 

 

  

Name 

of the 

tissue 

Young Old 

Control Nt RGEt Nt+RGEt Control Nt RGEt Nt+RGEt 

Heart 
45.16 

±9.97 

30.69** 

±5.02 

(-32.71) 

51.68** 

±6.48 

(+13.30) 

48.11
@

 

±9.97 

(+5.48) 

30.86 

±8.11 

23.27** 

±5.47 

(-24.59) 

37.79** 

±4.01 

(+22.45) 

32.66
@

 

±4.01 

(+5.83) 
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Table –3: Changes in Lactate Dehydrogenase (LDH) activity due to Nicotine  treatment (Nt), Red 

Grape  Extract treatment (RGEt) and  interaction of the both (Nt+RGEt) for a period of 2 months 

over the  control in Heart tissue  of male albino rats of young (3 months) and old (18 months) age 

groups.  Values are expressed as  moles of formazan formed/mg protein/hour. 

Name 

of the 

tissue 

Young Old 

Control Nt RGEt Nt+RGEt Control Nt RGEt Nt+RGEt 

Heart 
48.60 

±9.44 

50.56** 

±11.64 

(+4.03) 

49.85** 

±9.44 

(+2.57) 

49.95
@

 

±9.44 

(+2.77) 

35.18 

±9.18 

39.94** 

±4.81 

(+13.53) 

35.93** 

±3.89 

(+2.13) 

37.38
@

 

±5.15 

(+6.25) 

 

                                  All the values are ± SD of six individual observations. 

                               Values in parentheses denote per cent change over respective control. 

                                               **   Values are significant at P < 0.01 
                                                                     @

  Values are not significant. 

 

Narmal Control (NC) (Six rats were put on a six-channel, the rats were treated with normal 

saline (0.9%) orally via orogastic tube for 5 days / week for a period of 2 months). Nicotine 

treatment (Nt) (Rats were received the nicotine at a dose of 0.6 mg/kg body weight (0.5ml) by 

subcutaneous injection for a period of 2 months).  Red Grape Extracts treatment (RGEt) (Rats were 

received red grape extract 50mg/kg body weight via   orogastric tube for a period of 2 months) and 

iv) Nicotine treatment + Red Grape extract treatment (Nt+RGEt), (Rats were received the nicotine 

at a dose of 0.6 mg/kg body weight (0.5ml) by subcutaneous injection and   red grape extract 

50mg/kg body weight via orogastric tube for a period of 2 months).         

Heart Tissue ( Yong and Old age),Succinate dehydrogenase (SDH), Malate dehydrogenase (MDH, 

Lactate Dehydrogenase (LDH)  

 

DISCUSSION: 

The decrease in SDH activity due to the nicotine stress condition indicates reduction in the 

conversion of succinate to fumarate resulting in decreased oxidative metabolism.  From the data it 

can be observed that a decrease in the activity of SDH in nicotine  treated rats of both age groups.  

During stress conditions diversion of phosphoenolpyruvate leads to increased formation of fumarate 

resulting in product inhibition of SDH (Moorthy, 1983).  Similar inhibition of SDH activity was 

reported in animals under induced different toxic conditions (Hamilton and Gould, 1987; 

Veerababu, 1988; Gupta et al., 1991; Reddy and Rao, 1991).    Chennaiah et al (2011) reported the   

decreased SDH activity was observed in all skeletal muscle fibres of rats treated with nicotine, 

indicating depressed oxidative metabolism in mitochondria. Since the activity of SDH is reduced, it 

is evident that this might affect the conversion of malate to oxaloacetate by MDH because of low 
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succinate oxidation.  A decrease in oxygen consumption in stress condition also leads to inhibition 

of mitochondrial oxido-reductases (Segal and Mason, 1979; Moorthy et al., 1985).  The reduced 

availability of oxidized form of flavoproteins needed for succinate oxidation results in decreased 

activity of SDH (Swami et al., 1983).  Holownia et al., (1989) reported that an increase in ammonia 

levels and diminished levels of intermediates of citric acid cycle during acetaldehyde treatment 

result in mitochondrial swelling.  Some studies also have reported conflicting results on SDH 

activity under the influence of alcohol. SDH, an enzyme of the tricarboxylic acid cycle, is a marker 

of the electron transport system in the inner  membrane of the mitochondrion. Malgorzata et al 

.,(2004)  reported the  decrease in kidney tissue in SDH activity was  noted after  exposure to 50 mg  

cadmium (Cd) , might result from  poor glucose supply, on one hand, and from the inactivating  

effect of Cd, on the other. Strong reaction for  SDH in the cytoplasm accompanied by an increase in 

its diffuse character, indicate substantial damage to the  mitochondrial membranes and leakage of 

the enzyme to  the cytoplasm or an increased availability of substrate.  Butler et al., (1985) reported 

a decrease in SDH activity levels in the heart of rat on chronic treatment with ethanol.  Whereas, 

Cederbaum et al., (1976) reported a decrease in SDH activity following the administration of 

acetaldehyde to rats.  The results of the present study further confirm these earlier reports.   

AcRell et al., (1974) reported a decrease in SDH activity due to the feedback-inhibition by 

oxaloacetate accumulated during stress condition. The possible accumulation of oxaloacetate may 

also lead to an increased oxidation of citrate and isocitrate to generate NADPH and divert the 

metabolites into other pathways resulting in diminution of citric acid cycle oxidations.  The 

molecular basis of toxicity has been suggested to be irreversible inactivation of bound flavin in 

SDH leading to eventual impairement of cellular respiration and oxidative phosphorylation capacity 

(Cederbaum et al., 1974; Wahid et al., 1980).  Thus, the decreased SDH activity observed in the 

tissues of both age groups of rats treated with nicotine indicates depressed oxidative metabolism in 

mitochondria. Since the activity level of SDH is reduced, it is evident that this might affect the 

conversion of malate to oxaloacetate by MDH because of low succinate oxidation. The SDH 

activity was increased in the heart tissue of both the age groups treated with RGEt when compared 

to the control rats. The increase in maximal and specific activity of SDH by RGEt suggests the 

increased mitochondrial oxidative potential and energy synthesis utilizing carbohydrates and fats as 

substrates.  
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In the present study an increase was observed in the RGEt rats of both the age groups. The 

increase in specific activity of SDH in old age rats with response to  RGEt suggests the increased 

mitochondrial oxidative potential and energy synthesis utilizing carbohvdrates and fats as substrates 

function of mitochondria is energy production, isolated mitochondria generate reactive oxygen 

species during oxidative phosphorylation. Release of such intermediates accounts for an estimated 1 

to 5% of the oxygen consumed during respiration, depending on the substrate and respiration state. 

However, most studies used isolated mitochondria and the flux of oxidants was often estimated 

indirectly. 

This present study illustrate that the specific activity of SDH was dramatically decreased 

with advancement of age. Similar age related decrease in SDH activity was reported by Sailaja 

(1997) and Jhansi Lakshmi (1998). Age related decrease in the SDH activity was noticed in the 

hepatic tissue of rats reflects a general decline in oxidative potential of senescent tissues due to 

marked structural changes in mitochondria such as enlargement' matrix vacuolation and shortened 

cristae with the advancement of age as reported by Wardlaw et al.,(1986). The decrease in the SDH 

activity may also be due to diversion of TCA cycle intermediates such as ct-ketoglutarate, for the 

conversion into glutamate and glutamine to counter the toxic effects of ammonia produced during 

aging there by depleting TCA cycle intermediates. During physiological stress conditions diversion 

of phosphoenol pyruvate leads to increased formation of fumarate resulting in product inhibition of 

SDH. Aging may be considered as a type of stress, which leads to hypoxic condition in the tissues 

and consequent reduction on mitochondrial oxidoreductase activities (Moorthy et al., 1985). There 

is surprisingly little direct evidence for the generation of reactive species by mitochondria in intact 

cells of tissue (Leeuwenburgh and Heinecke, 2001). The combination treatment (Nt+RGEt) the up- 

regulation was observed in the heart tissue of both age groups. Thus differential response of SDH 

activity was observed in the  heart tissue of both age groups in the present study.   

The decrease in specific activity of MDH in heart tissue of both age groups of rats as a 

consequence nicotine treatment suggests decreased utilization of malate.  The reduced levels of 

TCA cycle intermediates may also be due to the decrease in MDH activity during nicotine-

treatment.  Concisely, the decreased MDH activity could be attributed to 1) low availability of 

substrate, 2) lesser conversion of succinate-fumarate-malate, and   3) the changes in the structural 

integrity of mitochondria.  A significant decrease in the specific activity of NADP-ICDH (Table.5 
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.Fig.5) and as a consequence of nicotine-treatment observed in the present study indicates reduced 

formation of malate.  The decrease in activity levels of dehydrogenases is consistent with the 

decreased CO2 formation (Cederbaum et al., 1976).  An increase in proteolytic activity during 

nicotine intoxication may also be responsible for the decreased MDH activity. A similar study, 

Chennaiah et al., (2011) reported     a decrease in specific activity of MDH was observed in  the 

muscle fibres of rats treated with nicotine, suggesting decreased utilization of malate. The decreased 

MDH activity could be attributed to low availability of substrate, lesser conversion of succinate-

fumarate-malate, and the changes in the structural integrity of mitochondria. Similar inhibition of 

MDH activity was reported in animals under  different toxic conditions (Veerababu, 1988; Tripathi 

and Shukla, 1990; Reddy and Yellamma, 1991).  Inhibition of MDH activity was observed in the 

present study suggests the prevalence of hypoxic condition in tissues and reduction in 

mitochondrial oxidative metabolism in tissues of rat administered with nicotine. Umadevi, (1992) 

reported decreased MDH activity with acetaldehyde treatment in hepatic tissue of rats. The activity 

of MDH depends on the rats of formation of oxaloacetate and phosphoenolpyruvate from malate the 

reduced oxidation of malate evidenced by decreased MDH activity indicates the possible divertion 

of malate through Wood-workman reaction undergoing decarboxylation leading to the formation of 

phosphoenolpyruvate. Alterations in the activities of TCA cycle enzymes cause mitochondrial 

dysfunction and integrity ultimately leading to energy crisis during induced nicotine toxicity. 

Preliminary studies have shown that NAD concentration is a key factor in the activation of 

mitochondrial malate dehydrogenase (Stuewe et al., 2000).  From the data it was observed, the 

activity levels of MDH were increased in the both age groups of heart tissue in the RGEt rats. The 

increased MDH activity both in response to age and red gape extract treatment suggests that higher 

utilization of malate.  The elevation in MDH activity reflects the upturn of oxidative metabolism 

and the turnover of carbohydrates and energy output that is required during development (Murray et 

al., 2000).Mitochondrial malate dehydrogenase enzyme activity was remarkably decreased in older 

rats compared to the younger rats.  Previously several scientists reported the decrease in MDH 

activity with increase of age. Sailaja, (1997) reported a decrease in MDH activity in the skeletal 

muscle tissue of old albino rats.  Ji and Thomas, (1991) observed a significant decrease in MDH 

activity in tissues of senile rats whereas training increased the enzyme activity levels.  Thus, these 

reports attest the present findings.The decrease in MDH activity in senile rat tissues suggests the 
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lower utilization of malate in the Kreb’s cycle.  The drop in the MDH activity denotes fluctuations 

of oxidative metabolism and also reflects the turnover of carbohydrates and energy out put.  

(Watanb and Aviado, 1974; Murray et al., 2000).   

    Mitochondrial dysfunction and accumulation of protein damage have been proposed to 

contribute to aging process (Bakala et al., 2003).  It has been recently demonstrated that impairment 

in mitochondrial respiration and oxidative phosphorylation elicits an increase in oxidative stress 

(Yan and Sohal, 1998).  Moreover, oxidative damage and large-scale depletion and duplication of 

mitochondrial DNA have been found to increase with age in various tissues of human beings.  In 

recent years, much data has been accumulated to suggest that mitochondria act like a timer that 

ticks all the way through the aging process (Wei and Lee, 2002). From the present study we report 

that the combination treatment (Nt+RGEt) exhibits a beneficial recovery of MDH activity in both 

the age groups of heart tissue.  This suggests that red grape extract treatment is very much useful 

for the nicotine subjects  to upregulate the decreased oxidative metabolism. 

   The rats witch, received nicotine showed a elevation of LDH activity in the heart   tissue in 

both the age groups. Moreover, the high per cent elevation of LDH was noticed in old (by 13.53%) 

group than the young group (4.03%) compared to their respective control rats. Several authors have 

reported increased LDH activity in afferent tissues with reference to different toxic conditions. 

LDH is a cytosolic enzyme, which allows the assessment of the process of anaerobic energy 

production by the cell. This enzyme is a marker of metabolic activity of renal glomeruli. A dose-

dependent increase in LDH activity, evident after 24 weeks of  cadmium (Cd) exposure, in the main 

tubules and glomeruli reflects intensification of  anaerobic respiration (Malgorzata et 

al.,2004).Cunningham and Ivester, (1999) reported that significant ethanol-related increase in 

lactate dehydrogenase activity released from both periportal and perivenous cell that occur under 

anoxic conditions or at low oxygen tensions. The release of LDH was greatest in perivenous-

ethanol hepatocyte, but was significantly different from control hepatocytes in both cell types. 

Strubelt et al., (1999) reported the increased LDH activity levels with alcohol treatment in the 

hepatic tissue of rat. In clinical as well as experimental studies, hepatotoxicity may be analyzed by 

assaying liver cytosol-derived enzymes such as lactate dehydrogenase. An increased leakage of 

these enzymes indicates damage of the cell membranes, which are attacked primarily by the toxic 

agents. McKarns et al., (1997) evaluated the release of LDH by rat liver epithelial cells in vitro after 
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acute exposure to 11 short chain alcohols. Many studies have shown that ethanol exerts 

hepatotoxicity due to metabolic changes that are induced following its oxygenation by alcohol 

dehydrogenase (Lieber, 1994; Lieber, 2004; Venkatraman et al., 2004). Alcohol treatment increases 

the lactate / pyruvate ratio within the tissue (Strubelt et al., 1999). According to yildiz D et al., 

(1999) LDH activity was increased due to nicotine induced oxidative stress. In our present 

investigations, the increased levels of LDH activity in nicotine treatments. This is due to the 

increased generation of ROS by nicotine that leads to cell damage and also indicated the low 

capacity to combat against ROS. 

The heart tissue LDH activity was increased with RGEt rats in both age groups when 

compared to control rats. This reports suggesting enhanced oxidative metabolism in RGEt rats to 

meet the increased energy demands of the animal. An increase in NAD dependent LDH activity in 

the heart tissue of rat subjected to RGEt, indicate the possible shift in the metabolic profile from the 

anaerobiosis to aerobiosis i.e., the NAD-LDH activity helps in the efficient conversion of lactate to 

pyruvate and its subsequent utilization in TCA cycle oxidative reactions.The lactate taken up by the 

tissue may be oxidized to carbon dioxide and water or used for glycogenesis. In both cases pyruvate 

is the first product (Rasmussen et al., 2002). Due to increased lactate levels in the tissue, the LDH 

activity may also increase to convert the high amount of lactate to pyruvate during red grape extract 

treatement.  

The lactate dehydrogenase activity was significantly decreased with  advancing of age in the 

heart tissue, young rats have high amount of activity. Generally during aging process oxidative 

metabolism decreases in the cell. Decreased formation of lactate / pyruvate leads to the decrease in 

LDH activity the tissues. The age related decrease in total LDH activity in the right ventricle of old 

age rats was reported by Anitha and Devi, (1996). The changes in the activity of enzyrnes related to 

the energy metabolism suggest that decreased glycolysis to lactate and simultaneously cause the 

low energy production in mitochondria. It is now generally accepted that the mitochondrial function 

decreases with advancing of age and decline with age associated respiratory function (wei and Lee, 

2002). Mitochondrial decay has been observed with aging. in' different tissues. This mitochondrial 

decay includes decreased mitochondrial content, decreased oxidative capacity and decreased 

enzyme activities (Rooyakers et al., 1996).  
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The lactate dehyclrogenase activity was  elevated with the combination treatrnent in both the 

age groups rats.According to Stuewe et al., (2000) increased glyceraldehyde dehydrogenase' may 

increase glycolysis and thereby elevated levels of lactic acid. The formation of pyruvate from 

lactate is catalyzed by lactate dehydrogenase, which is present in the sacroplasm at very high levels 

(Rasmussen et al.,2002).This has lead to the proposal of an intracellular lactate shuttle, which 

involves transport of lactate into mitochondrial matrix followed by oxidation to pyruvate, catalyzed 

by LDH (Brooks et al., 1999). However, the direction of LDH is determined by the lactate / 

pyruvate ratio multiplied by the NAD / NADH ratio' Lactate oxidation only occurs if this mass 

action ratio is larger than the equilibrium constant (Rasmuss et al., 2002). These evidences support 

the age related decreased in LDH activity in old age rat of heart tissue, however in the combination 

treatment (Nt+RGEt) the LDH activity was increased in both age groups. 

CONCLUSION: 

 

     This investigation draw a conclusion stating that this much of  red grape juice extracts to 

the old age as well as young age male subjects may be beneficial, especially for the nicotine 

subjects to improve the health status and life span.     
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