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Abstract 
 

 Dietary magnesium deficiency as well as excess sucrose has been shown to be associated with the 

generation of reactive oxygen species (ROS). Nitric oxide (NO) and induction of nitric oxide synthase 

(NOS) are two important markers of nitrosative stress. The present study was planned to investigate the 

effect of low magnesium diet on magnesium status and nitric oxide production in sucrose fed rats. Male 

Wistar rats were divided into two groups: a control group (C); and high sucrose low magnesium diet group 

(HSLM). These animals were studied longitudinally over a period of three months. The urine magnesium 

excretion exhibited a significant decline in HSLM group. Tissue magnesium profile of various organs 

revealed that whereas, the magnesium content of liver, muscle and heart showed a significant decrease in the 

HSLM group, the magnesium content of kidneys, however, exhibit a reverse trend by showing an increase in 

the HSLM groups. The biochemical analysis showed a significant increase in the plasma nitrite as well as 

citrulline levels in the HSLM groups. These findings suggest that high sucrose and low magnesium diet may 

cause nitrosative stress in rats as reflected by increased production of nitric oxide and nitric oxide synthase 

activity. 
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1.  Introduction 

 

 In recent years, a great volume of research has 

been diverted towards exploring the association 

between dietary manipulation of magnesium as 

well as sucrose and the development of reactive 

oxygen species (ROS). Reactive oxygen species 

are important mediators of cellular injury via 

damage to membranes or alterations of enzyme 

activity. The poly-unsaturated fatty acids of the 

membranes and of the lipoprotein particles are 

particularly susceptible to free radical attack, 

ultimately forming lipid hydroperoxides, lipid 

peroxides, hydrocarbons and aldehydes as their 

stable degradative products; these are implicated 

in many pathologies such as atherosclerosis, 

ageing, cancer, diabetes etc. [1]. High sucrose 

intake was reported to be an important factor 

contributing towards generation of ROS. It was 

reported that short term consumption of sucrose 

rich diet has a pro oxidant effect in rats [2]. Faure 

et al. [3] reported that the fructose component of 

the sucrose diet has a deleterious effect on the 

antioxidant defense system. Similarly sucrose 

feeding has been shown to cause reduced anti-

oxidant defense in rats [4]. Reduced levels of non-

enzymatic low molecular weight anti-oxidants 

were observed in high sucrose diet fed rats [5]. 

Furthermore, it was recently reported that high fat 

and high sucrose diet causes substantial 

hyperglycemia and hyperlipidemia in rats [6] 

which may be considered responsible for 

contributing towards the development of oxidative 

stress.  

 Low magnesium intake is considered to be 

another important factor responsible for the 

development of nitrosative stress. Rock and co-

workers [7] demonstrated that nitric oxide 

concentration is markedly increased in the plasma 

of magnesium deficient rats. Animal models of 

magnesium deficiency have demonstrated a 

systemic pro-inflammatory, pro-oxidant state, 

involving multiple tissues/organs including 

neuronal, hematopoitic, cardiovascular, and 

gastrointestinal systems; during later stages of 

magnesium deficiency [8]. Long term chronic 

magnesium deficiency led to oxidative stress, 

apoptosis and an acceleration of aging in rat liver 

[9]. Wolf and colleagues [10] have recently 

investigated the effect of low magnesium on 

oxidative stress in human endothelial cells in-vitro 

and reported that magnesium deficiency has a pro-

oxidant effect.   

 Nitric oxide is relatively harmless, but along 

with superoxide radical becomes precursor of 

many toxic species, such as peroxy and hydroxyl 

radicals, hydrogen peroxide, and peroxynitrite. 

Recently, White and colleagues have reviewed the 

effects of nitrosative modifications of protein and 

lipid signaling molecules by reactive nitrogen 

species [11]. We have already reported that 

feeding of a high sucrose low magnesium diet to 

male Wistar rats for a period of three months 

produced substantial oxidative stress in rats [12]. 

In the present study we have investigated the 

effect of low magnesium high sucrose diet on 

magnesium status, production of nitric oxide and 

its potential implication in induction of nitrosative 

stress in rats.   

 

2. Materials and Methods 

 

 Chemicals: Methyl thymol blue (MTB), poly 

vinyl pyrollidine (PVP), ethylene glycol tetra 

acetic acid (EGTA) were from Sigma Chemical 

Company, St. Louis, Mo. USA and were kindly 

provided by Prof. Ronal R. MacGregor, 

Department of Anatomy and Cell Biology, 

University of Kansas Medical Centre, Kansas 

City, Kansas, USA. All other chemical used were 

of analytical reagent grade.  

 Animals and Diet: Male Wistar rats each 

weighing approximately 130 g were procured 

from Central Animal House, Panjab University, 

Chandigarh. The animals were kept in 

polypropylene cages under controlled conditions 

of temperature and light. Rats were randomly 

divided into two groups of six animals each and 

fed the respective diets for a period of three 

months. Control group animals were fed a control 

diet and high sucrose low magnesium diet group 

(HSLM) rats were fed a low magnesium high 

sucrose diet. Diet compositions are shown in 

Table 1. Rats were given feed in small metal 

dishes just before the beginning of dark cycle. 

Any spillage was collected in the morning and its 

weight equivalent was added to the following 

day’s feed. Diets were freshly made every 3-4 
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days and stored at 4C. The rats were allowed free 

assess to deionized water to avoid consumption of 

magnesium from normal drinking water.  

 Sample Preparation:  Rats were fasted 

overnight and blood samples were drawn every 

month from the orbital sinus of the eye under ether 

anesthesia. Plasma was collected immediately and 

estimations of nitrite and citrulline were executed. 

At the end of three months of feeding 

experimental diets, the animals were killed by 

exsanguinations from heart under diethyl ether 

anesthesia. The tissues namely liver, kidney, heart 

and thigh muscle were removed immediately and 

washed thrice with 0.9% NaCl. Tissues were 

blotted, weighed and digested completely with 5.0 

ml of digestion mixture (HNO3:HClO4; 3:1). The 

magnesium content was then estimated in the 

digestion mixture. For the estimation of urine 

magnesium status, 24 hour urine of the animals is 

collected and mixed thoroughly.  

 
Table 1. Composition of the experimental diets. 

Ingredients 
(g/kg diet) 

Control 
High Sucrose  

Low Magnesium (HSLM) 

Starch 650 - 

Sucrose - 650 

Casein 200 200 

Corn oil 50 50 

Cellulose 50 50 

Salt mixture
1,2

 35 35 

Vitamin mixture
3
 10 10 

DL-methionine 3 3 

Choline chloride 2 2 
 

1
Salt mixture expressed in g/kg: CaHPO4, 60 g; KCl, 200 g; NaCl, 120 g; MgO, 21.0 g; MgSO4.. 2H2O, 100 g; Fe2O3, 6 g; FeSO4. 

7H2O, 10 g; trace elements 10 g/kg including Mn, 0.8 g; CuO, 125 g; Co, 0.0009 g; Zn, 0.450 g; I, 0.0049 g. 
2 
A similar composition was used in all the experimental groups, except for the addition of MgO and MgSO4.2H2O to provide (per 

kg) 507.0 mg of Mg in the control diets and 90.0 mg of Mg in the high sucrose low magnesium diets. 
3 

Expressed per kg of the vitamin mixture: retinol, 539 mg; cholecalciferol, 6.250 mg; thiamine, 2000 mg; riboflavin, 1500 mg; 

niacin, 7000 mg; pyridoxine, 1000 mg; cyanocobalamine, 5 mg; ascorbic acid; 80.000 mg; D,L-α-tocophenyl acetate, 17,000 mg; 

menadione, 1000 mg/kg; nicotinic acid, 10,000 mg; folic acid, 500 mg; para-amino benzoic acid, 5000 mg; biotin, 30 mg/kg.  

 

 
    Table 2. Time course evaluation of plasma nitrite and citrulline levels in the experimental animals 

 
   Mean values with their standard deviations, n = 6.  HSLM, High Sucrose Low Magnesium 
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Figure 1.  Magnesium content of rat tissues (mg/g wet tissue) after three months of feeding experimental diet. 

Mean values with their standard deviations, n = 6, C, control; HSLM, high sucrose low magnesium *significantly 

different from control group, *p<0.05, **P<0.01, ***P<0.005.  

 

 Biochemical analysis: Tissue as well urine 

magnesium was estimated by the modified method 

of Thuvasethakul & Wajjwalku [13]. The plasma 

nitrite was estimated by the method of Green et al. 

[14]. The inducible nitric oxide synthase activity 

(plasma citrulline levels) was measured by the 

method of Boyde et al. [15]. 

 Statistical Analysis: Statistical analysis was 

performed using GraphPad InStat (GraphPad Inc., 

San Diego, CA, USA) software package. Results 

were expressed as mean and SD of 6 observations 

in each group. Further, the statistical significance 

of the differences among the various dietary 

groups was determined by subjecting the data to 

one way ANOVA with diet as the main effect, 

followed by inspection of all differences between 

pairs of means by Tukey’s test. Differences were 

considered statistically significant at P <0.05.   

 

3. Results 

 

 Data in Table 2 presents the time course 

evaluation of plasma nitrite and citrulline 

following chronic feeding of the experimental 

diets. The levels of plasma nitrite in HSLM group 

increased significantly by the end of 1
st
 month of 

feeding the experimental diet and this elevation 

was maintained up to the end of 2
nd

 month of 

feeding. However, a slight decline was observed 

in the NO concentration after 3 months of feeding 

the experimental diets compared to the values 

observed at the end of first and second month of 

feeding. Almost similar results were obtained in 

case of plasma citrulline which showed significant 

increase in the HSLM group by the end of 1
st
 as 

well as 2
nd

 month of feeding the experimental 

diets and a slight decline by the end of 3
rd

 month 

of feeding. Figure 1 presents the tissue magnesium 

content of animals at the end of three months of 

feeding the experimental diets. The magnesium 

content of liver, thigh muscle and heart decreases 

significantly in HSLM group. However, kidney 

showed a reverse trend whereby the magnesium 

content was increased in the HSLM group. Figure 

2 depicts the urine magnesium content (mg/24 hr 

urine) of rats after three months of feeding the 

experimental diets. The urine magnesium content 

reduced drastically in HSLM group.  
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Figure 2.  Urine magnesium content (mg/24 hr. urine) 

of rats after three months of feeding experimental diet. 

Mean values with their standard deviations, n = 6, C, 

control; HSLM, high sucrose low magnesium 

*significantly different from control group, *p<0.05, 

**P<0.01, ***P<0.005.  

 

 

4. Discussion 

 

 Within the first week of feeding the 

experimental diets, classical signs of magnesium 

deficiency (including hyperemia of ears, growth 

retardation, hair loss and edema of paws) were 

observed in the HSLM group animals. The 

deficiency in dietary intake of magnesium was 

reflected by a significant reduction in urine 

magnesium levels in HSLM group. Urine 

magnesium levels are considered to be a reliable 

indicator of magnesium deficiency. Chutkow [16] 

reported negligible urinary excretion of 

magnesium in magnesium-depleted rats. Similar 

results were reported by Elin et al. [17]. Tissue 

magnesium profile of liver, heart and muscle 

demonstrate that cellular magnesium content was 

also decreased along with extra-cellular 

magnesium content indicating that 

hypomagnesaemia was successfully induced in the 

animals of HSLM group. Some earlier studies 

have also reported similar results. Davidson and 

Blackwell [18] noticed a progressive fall in 

magnesium content of skeletal muscle in a 62-

day period of magnesium deficiency in squirrel 

monkeys. Whang and Welt [19] found that feeding 

magnesium deficient diets to rats for a period of 

60 days results in a decrease in muscle magnesium 

content. Liver magnesium was significantly 

reduced after 62 days of feeding magnesium 

deficient diet to rats [20]. Lim and Jacobs [21-23] 

have suggested that muscle magnesium is the most 

freely exchangeable and thus the first to fall 

during magnesium depletion. An increase in the 

magnesium content of kidney in magnesium 

deficient animals may be due to the increased re-

absorption of magnesium by the loop of Henle 

during magnesium deficiency as it is the major site 

of magnesium re-absorption in the renal tubule 

and principal locus of renal control of magnesium 

excretion [24]. The cells within this loop sense the 

concentration of magnesium through receptors and 

when the serum magnesium concentration is low, 

kidney reabsorb magnesium, which may be the 

cause for higher magnesium observed in the 

kidney of HSLM group animals. 

 The nitrite is the degradative product of NO, 

and the enzyme nitric oxide synthase produced 

NO during the conversion of L-arginine to L-

citrulline. Therefore the measurement of nitrite 

and citrulline in rat plasma is indirectly an 

estimation of nitric oxide (NO) and nitric oxide 

synthase (NOS), respectively. Magnesium 

deficiency in rats leads to nitrosative stress as the 

concentration of NO is markedly increased in 

plasma of magnesium deficient rats [7]. 

Decreasing the magnesium concentrations in the 

culture medium from 0.39 mM to 0.021 mM, 

increased NO release from alveolar macrophages 

for 2 hour [25]. Mak and colleagues [26] 

investigated the effect of dietary magnesium 

deficiency on NO production and its role in 

mediating oxidative depletion of RBC glutathione 

in rats. They found increased plasma nitrate plus 

nitrite levels during the first week on magnesium 

deficient diet and a subsequent RBC glutathione 

depletion. Maurya and Rizvi [27] have observed 

significant increase in NO level as a function of 

human age. They further reported that increased 

NO may contribute to the development of 

nitrosative stress during aging. In earlier study 

plasma nitrite and nitrate levels were found to be 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maurya%20PK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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significantly higher in the sucrose group compared 

to the starch group [2]. An initial rise and a 

subsequent fall in the activity of NOS was 

observed in female fischer rats placed on a sucrose 

rich diet [28]. Various reactive oxygen species 

(ROS) viz. superoxide, hydrogen peroxide, and 

hydroxyl radicals can inactivate NO, For example, 

superoxide combines with NO to produce 

peroxynitrite (ONOO-), a potent cytotoxic reactive 

nitrogen species that subsequently reacts with 

protein, lipids and DNA to induce tissue damage 

[29]. This inactivation of NO by ROS may explain 

the fall in levels of NO in the animals of HSLM 

group after 3 months of feeding high sucrose low 

magnesium diet. However, NO has also been 

shown to be cytoprotective through its reaction 

with lipid radicals as well as with transition metal 

iron [30]. Whether NO acts as a pro oxidant or is 

increased in the experimental groups in response 

to oxidative stress needs further investigation. 

 

5. Conclusion 

 

 Magnesium deficiency is common and is 

considered as a causative factor towards the 

development of nitrosative stress. Sucrose is 

reported to be another pro-oxidant component of 

the diet. Combined together, a diet high in sucrose 

and low in magnesium may be considered as a 

potential risk factor for the development of 

nitrosative stress and its potential implication in 

the development of Diabetes Mellitus and other 

related complications.  
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