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S u m m a r y 
Cardiovascular disorders are the primary causes of 
morbidity and mortal i ty in pat ients with diabetes 
mellitus (DM). Agents that improve lipid profile and 
reduce oxidative stress have been shown to reduce 
the ensuing risk factors. In the present study, we 
investigated whether increased magnes ium intake 
could improve hyperg lycaemia , dysl ipidaemia, and 
reduce oxidative stress in al loxan-induced diabetic 
rats. Male Wistar rats were divided into non-diabetic 
(ND), diabetic ( D M ) and diabet ic fed on a high 
m a g n e s i u m d i e t ( D M - M g ) g r o u p s . P l a s m a 
c o n c e n t r a t i o n s of t h i o b a r b i t u r i c acid r e a c t i v e 
subs tances ( T B A R S ) w e r e used as m a r k e r s of 
oxidative s t ress . P l a s m a levels of ascorbic acid, 
magnes ium and c a l c i u m w e r e a l so de t e rmined . 
Diabetes was induced by in ject ing alloxan (lOOmg/ 
kg B.W). T h e fas t ing b lood g lucose levels were 
significantly lower in the D M - M g rats than in the 
DM rats. P l a s m a total cho le s t e ro l , t r ig lycer ide , 
T B A R S leve ls w e r e s i g n i f i c a n t l y h ighe r wh i l e 
plasma H D L - c h o l e s t e r o l , HDL-cho le s t e ro l / t o t a l 
c h o l e s t e r o l r a t i o , a s c o r b i c a c i d l e v e l s w e r e 
significantly lowered in D M rats compared with the 
ND rats. Increased intake of magnes ium significantly 
abrogated these alterations. There were no significant 
differences in the p lasma levels of magnes ium and 
calcium between the D M and N D groups. However , 
plasma levels of m a g n e s i u m but not calcium were 
s i g n i f i c a n t l y e l e v a t e d in D M - M g r a t s w h e n 
compared with o ther groups . In conclusion, these 
results suggest that diet rich in magnes ium could 
exert cardioprotective ef fec t through reduced plasma 
total cholesterol, t r iglycer ide, oxidat ive stress and 
ameliorated HDL-choles terol / to ta l cholesterol rat io 
as well as i n c r e a s e d p l a s m a a s c o r b i c ac id and 
magnesium in diabet ic rats. 

K e y w o r d s : Diabetes mellitus, hypercholes-
terolemia, magnesium, oxidative stress 

R e s u m e 
Les desordres c a r d i o v a s c u l a i r e s sont les c a u s e s 
primaires de la morbid ite et la mortal i te chez les 
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patients ayant le diabete mellite. Les agents pouvant 
amel io re r le profi l des l ipides et de r edu i re les 
oxyda t ions sont connus reduisant les f ac teu r s a 
r isque. Cet te e tude eva lue si [ ' a u g m e n t a t i o n du 
magnesium pourrait ameliorer 1 'hyperglycemic, la 
dyslipidemie et la reduction des oxydat ions chez les 
rats diabetiques induites par 1'alloxane. Les rats males 
e t a i e n t d i v i s e s en g r o u p e : non d i a b e t i q u e s , 
diabetiques et diabetiques nourris avec un regiment 
c o n c e n t r e en m a g n e s i u m . Les c o n c e n t r a t i o n s 
plasmiques des substances des react ions d ' a c i d e 
thiobarbituriques etaient utilisees c o m m e marqueurs 
des reactions d 'oxyda t ion . Les taux p l a s m i q u e s 
d 'ac ide ascorbique, de magnes ium et de ca lc ium 
etaient determines. Le diabete etait induit en injectant 
l 'alloxane (lOOmg/kg). Les taux de g lucose a j eune 
etaient s igni f ica t ivement plus fa ib les au g r o u p e 
diabetique a regiment eleve de magnes ium qu ' aux 
groupes de rats diabetiques. Les taux to taux du 
cholesterol, des triglycerides et des marqueurs etaient 
s ignificat ivement plus e leves alors que les taux 
d 'acide ascorbique et de la lipoproteines-cholesterole 
etaient significativement bas aux rats diabet iques 
compares aux non diabetiques. L 'augmenta t ion de 
la consommat ion du magnes ium inf luen^ai t ces 
c h a n g e m e n t s ; il n ' y ava i t pa s d e d i f f e r e n c e 
s ignif icat ive entre les taux de m a g n e s i u m et de 
calcium plasmiques entre les groupes diabet iques et 
non d i a b e t i q u e s . En c o n c l u s i o n , c e s r e s u l t a t s 
suggerent que les regiments riches en magnes ium 
pourraient exercer un effet cardioprotective par la 
r educ t ion du total c h o l e s t e r o l p l a s m i q u e , d e s 
triglycerides, des reactions d 'oxydations et ameliorer 
les proportions des lipoproteines cholesterolique bien 
que 1 'augmentat ion de I 'ac ide a sco rb ique et du 
magnesium plasmique chez les rats diabetiques. 

Introduction 
Diabetes melli tus (DM) has been identified as a 
primary risk factor for cardiovascular complications 
and al tered lipid me tabo l i sm [1]. S tudies have 
d e m o n s t r a t e d an e x c e s s i v e p r o d u c t i o n of f ree 
radicals and a reduct ion in enzymat ic and non-
enzymatic antioxidants in diabetes and cardiovascular 
disorders 12,3). Lipid peroxidation is a key event in 
the initiation, progression and rupture of atheromatous 
plaque. Lipid peroxidation results f r o m exaggerated 
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oxida t ive stress, and there is accumula t ing ev idence 
that this a l so accoun t s for hypercho les te ro lemia-
induced vasculopathies [2|. A decreased plasma level 
of water -soluble antioxidant vi tamin, ascorbic acid 
has been reported in patients [4,5] and exper imental 
a n i m a l m o d e l s of D M [6,7] . I nc reased u r ina ry 
excretion of ascorbic acid [7] and impaired enzymatic 
regeneration of ascorbic acid [6] has been implicated. 
Ex tens ive e f for t s are under way to de te rmine agents 
that may have the potential to improve or prevent 
card iovascular compl ica t ions of DM. Interventions 
that improve lipid profile, especially those capable of 
l ower ing choles te ro l , as well as prevent ing lipid 
peroxidation reduce cardiovascular disease morbidity 
and mortal i ty in patients with DM [2,3]. 

Magnes ium is the fourth most abundant cation 
in the o rgan i sm and it is an important cofactor in all 
kinases, and other ATP-related enzymes and channels 
regulat ing insulin action [8]. Epidemiological studies 
have demons t ra ted that magnesium intake has a role 
in r e d u c i n g t h e i n c i d e n c e of c a r d i o v a s c u l a r 
c o m p l i c a t i o n s [9). It has been reported that low 
d i e t a r y m a g n e s i u m is a s soc i a t ed wi th a d v e r s e 
a l t e r a t i o n s in the p l a s m a lipid p r o f i l e [10-12] . 
Increased magnesium intake, on the other hand, has 
b e e n s h o w n to p r e v e n t the d e v e l o p m e n t of 
atherosclerosis in cholesterol-fed animals by inhibiting 
cholesterol accumulation in the aortic wall [13]. 

S e v e r a l p o t e n t i a l b e n e f i c i a l a c t i o n s of 
m a g n e s i u m supplementat ion have been reported in 
h u m a n and e x p e r i m e n t a l type 2 D M , inc luding 
i n c r e a s e d insul in sens i t iv i ty [14 ,15] , improved 
g lucose disposal [ 14] and improvement of metabolic 
control [8,15,16]. However, studies on the effect of 
increased magnes ium intake on plasma lipid profile, 
o x i d a t i v e s t r e s s , in type 1 D M h a v e not been 
conducted . Therefore , the present study investigated 
the ef fec t of increased dietary magnes ium intake on 
f a s t i n g b l o o d g l u c o s e , l ip ids , o x i d a t i v e s t ress , 
ascorbic acid, magnesium and calcium in the alloxan-
induced diabetic rats. 

Materia ls and methods 
Animals and treatments 
Male a lb ino Wistar rats weighing 18()-200g were 
o b t a i n e d f r o m t h e A n i m a l H o u s e , C o l l e g e of 
M e d i c i n e , Univers i ty of Ilorin (I lor in, Niger ia) . 
An ima l s were housed in wire-bot tomed stainless 
steel cages in a well ventilated room on 12-h light/ 
12-hr dark cyc l e at 2 2 ± 2 ° C and supp l i ed wi th 
standard pellet diet (Bendel Feeds and Flourmills 
Ltd; Benin city, Niger ia) ad libitum. P rocedures 

involving an imals and their care were conducted in 
conformi ty with the inst i tut ional guideline of the 
Col lege of Medic ine , Univers i ty of Ilorin (Ilorin, 
N ige r i a ) and in a c c o r d a n c e wi th the American 
Phys io log ica l S o c i e t y ' s " G u i d i n g pr inciples for 
Research Involving A n i m a l s " T h e animals were age-
a n d w e i g h t - m a t c h e d a n d d i v i d e d in to th ree 
experimental groups i.e. non-diabetic rats (ND; n=8), 
diabetic rats ( D M ; n=8) and diabet ic rats whose diet 
was enriched with m a g n e s i u m ( D M - M g ; n=8). The 
ND and DM rats cont inued on c h o w containing 0.1% 
(w/w) magnes ium, whereas D M - m g rats were on 1% 
(w/w) magnes ium. Extra magnes ium was supplied 
in chloride salt o therwise the c h o w s were identical. 
D i a b e t e s w a s i n d u c e d by a s i n g l e in t r avenous 
injection of al loxan ( A L X ; lOOmg/kg B.W, Sigma, 
St Louis, M O , U S A ) d isso lved in cold 0 .9% saline 
immediately be fore use. T h e N D rats were injected 
with 0 .9% sal ine (as vehicle) . Diabetes was verified 
72h post- inject ion based on a blood glucose level 
higher than 300mg/d l (16 .7mmol / l ) . Blood glucose 
levels were d e t e r m i n e d wi th a blood glucometer 
(Diascam-S; H o m e Diagnost ics Inc. Eaton town NJ). 
Rats were started on a high m a g n e s i u m diet 48h after 
injection of ALX. T h e blood g lucose concentration 
was monitored in venous blood f r o m the tail vein, 
every week af te r 12h fast. A f t e r 4 weeks of diabetes 
induct ion , the rats w e r e a n a e s t h e t i z e wi th ether 
f o l l o w i n g a 12h o v e r n i g h t f as t a n d b lood was 
collected f r o m the abdomina l aorta in heparinized 
tubes and cen t r i fuged at 3 0 0 0 r p m for lOmin. The 
p l a s m a w a s f r o z e n f o r d e t e r m i n a t i o n of o ther 
biochemical parameters . 

Plasma lipid, lipid peroxidation and ascorbic acid 
levels 
P l a s m a leve ls of to ta l c h o l e s t e r o l , h igh-dens i ty 
lipoprotein ( H D L ) choles tero l and triglyceride were 
determined by the me thods of Allain et al [ 17], Hino 
et al [181 and Bucco lo and David [ 19] respectively, 
using assay kits obta ined f r o m Randox Laboratory 
Ltd ( C o . A n t r i m , U.K.) . P l a s m a l o w - d e n s i t y 
lipoprotein ( L D L ) choles terol level was calculated 
with the use of F r i edewa ld ' s formula [20]. Plasma 
levels of t h ioba rb i tu r i c acid reac t ive subs tances 
( T B A R S ) , p r o d u c t s of m a l o n y l d i a l d e h y d e were 
a s s a y e d by m e a s u r i n g t h e p i n k - c o l o u r e d 
chromophore formed by the reaction of thiobarbituric 
acid with malony ld ia ldehyde [211. Plasma ascorbic 
acid concentra t ion was de termined by a colorimetric 
procedure that involves generat ion of a complex of 
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ferrous iron with a a1 dipyridyI after reduction of 
fen ic to ferrous iron by ascorbic acid |22 | . 

Plasma magnesium and calcium 
Plasma levels of magnesium (23) and calcium |24) 
were determined by colorimetric method, using assay 
kits supplied by PPC Pharm-tec GmbH (Essen, 
Germany). 

Statistical analysis 
All values were expressed as m e a n s ± S E M of 
measurements . A one-way analysis of variance 
(ANOVA) was used, followed by Duncan's multiple 
range tests for pair-wise comparison. All statistical 
c o m p a r i s o n s and tes ts were p e r f o r m e d using 
Statistical Package for Social Sciences (SPSS Inc., 
Chicago, IL., USA) for Windows. P<0.05 was 
accepted as significant. 

Results 
Survival and blood glucose 
After 4 weeks of treatment, the survival rate was 
100, 60 and 90% in ND, DM and DM-Mg groups, 
respectively. It appears that diet rich in magnesium 
reduced the mortality rate in diabetic rats. Injection of 
ALX led to a significant increase in blood glucose levels 
throughout the duration of the experimental period. 
However, the blood glucose levels were significantly 
lower in DM-Mg group compared with the DM group 
in the 3rd and 4,h weeks of treatment (Fig. 1). 

Fig. 1: Blood glucose levels in the non-diabetic (ND), 
alloxan-diabetic (DM) and alloxan-diabetic+Mg (DM-
Mg) rats (mean+/-SEM); Groups not sharing common 
letter arc significantly different (P<0.05). 

Plasma lipids, lipid peroxidation and ascorbic 
acid 
As shown in tables 1 and 2, the levels of plasma total 
cho le s t e ro l , t r i g lyce r ide , and T B A R S were 
significantly increased while the plasma levels of 
HDL-cholesterol, HDL-cholesterol/total cholesterol 
ratio and ascorbic acid were significantly decreased 
in DM rats when compared with the ND rats. A high 
magnesium diet abrogated all these alterations. 
Compared with N D rats , D M - M g rats had 
signif icantly lower levels of total cholesterol, 
triglyceride, LDL-cholesterol and TBARS and 
s ign i f i can t ly h ighe r H D L - c h o l e s t e r o I / L D L -
cholesterol and ascorbic acid (Tables 1 and 2). 

Plasma magnesium and calcium 
Table 3 summarizes the levels of plasma magnesium 
and calcium in all 3 experimental groups. Plasma 
levels of magnesium in DM rats were similar to those 
of the ND rats. However , D M - M g group had 
significantly higher values (p<0.05) of plasma 
magnesium than those observed in the ND and DM 
groups. Plasma calcium levels were comparable in 
all the three groups. 

Discussion 
There has been an increased usage of dietary 
supplements for glycaemic control in DM due to the 
side effects associated with the existing conventional 
hypoglycaemic drugs [25]. In the present study. Type 
1 DM was induced in rats by intravenous injection 
of alloxan. The subsequent increases in fasting blood 
glucose, plasma cholesterol , triglyceride, lipid 
peroxidation and decreases in LDL-cholesterol and 
ascorbic acid, were comparable to those observed 
previously in experimental animals [6,7,26] and 
patients [ 1,4] with Type 1 DM. The increases in total 
cholesterol and triglyceride and reductions in HDL-
cholesterol, HDL-cholesterol/total cholesterol ratio 
in the diabetic group were abrogated by a high 
magnesium diet. These results are consistent with 
p rev ious s tud ie s r ega rd ing magnes ium 
supplementation and lipid profile [ 13,27]. i he lipid-
lowering effect of magnesium supplementation may 
be due to the ability of magnesium to reduce hepatic 
lipogenic enzymatic activity, increase lipoprotein 
lipase activity or enhance insulin action [28,29). It 
has been known that Type 1 DM is due to insulin 
deficiency. Insulin deficiency leads to alterations in 
the metabolism of carbohydrate, lipids and central 
feature of the syndrome is chronic hyperglycaemia. 



158 LA Olai miji and AO Soladoye 

Tabic 1: Plasma lipid concentrations in the non-diabetic (ND), alloxan-diabetic (DM) and alloxan-diabetic+M" 
(DM-Mg) rats 

ND DM DM-Mg 

Total cholesterol (mmol/l) 
Triglyceride (mmol/l) 
LDL-cholesterol (mmol/l) 
HDL-cholesterol (mmol/l) 
HDLcholestcrol/ LDL-cholesterol ratio 
HDL-cholesterol/ total cholesterol ratio 

2.39 ± 0.07" 
0.75 ± 0.02" 
0.91 ±0.06" 
0.69 ± 0.03" 
0.75 ± 0.06" 
0.29 ±0.04" 

2.88 ±0.07" 
0.99 ± 0.04b 

0.79 ± 0.08" 
0.47 ± 0.04" 
0.59 + 0.08" 
0.15 + 0.04" 

1.77 ±0.06c 

0.69 ± 0.04c 

0.40 ±0.03" 
0.67 ±0.02" 
1.68 ±0.06" 
0.37 ±0.06-

Values arc mean ± SEM. n=S per group. Means in rows sharing different superscript letters" 
different at p<0.05. 

are significantly 

Table 2: Plasma levels of lipid peroxidation index, thiobarbituric-reactive substances (TBARS) and ascorbic acid in 
non-diabetic (ND), alloxan-diabetic (DM) and alloxan-diabetic+Mg (DM-Mg) rats 

ND DM DM-Mg 

TBARS (imol/l) 
Vitamin C (imol/l) 

2.21 ±0.04" 
86.6±2.2.1" 

2.79 ± 0.05" 
73.5 ± 2.6" 

1.78 ±0.08° 
139.8 ± 6.1c 

Values are presented as means ± SEM, n=S per group. Means in rows sharing different superscript letters"1'' are 
significantly different at p<0.05. 

Table 3: Plasma concentrations of magnesium and calcium in non-diabetic (ND), alloxan-diabetic (DM) and alloxan 
diabetic+Mg (DM+Mg) rats 

ND DM DM-Mg 

Magnesium (mmol/l) 0.82 ±0.04" 0.88 ±0.05" 1.09 ±0.07" 
Calcium (mmol/l) 2.32 ± 0.06" 2.35 ±0.07" 2.37 ± 0.05-

Values are presented as means ± SEM, n=S per group. Means in rows sharing different superscript letters"1' are 
significantly different at p<0.05. 

Insulin also increases the transcription of lipoprotein 
lipase (LPL) gene [30]. Thus, in Type 1 DM, where 
insulin is deficient, the reduction in LPL activity 
predisposes to hyperlipidaemia because of reduced 
catabolism of circulating lipoproteins [30]. It is 
important to note that the occurrence of vascular 
disease accounts for the majority of the clinical 
complications in DM [ 1 ]. Studies have shown an 
exaggerated degree of oxidative stress in DM, this 
condition leads to inactivation of nitric oxide, thus 
resulting in vascular disease [2,3]. Plasma levels of 
TBARS have been proposed to be reliable markers 
of lipid peroxidation [5,21 ] and in the present study; 
plasma level of TBARS was increased in untreated 
'iabetic rats compared with the non-diabetic rats. 

Increased lipid peroxidation is thought to contribute 
to cardiovascular complications associated with DM 
[5,30]. Indeed, reduction in plasma lipid peroxidation 
with increased antioxidant vitamins, such as vitamin 
C [31] and vitamin E [30] decrease cardiovascular 
complications in patients with DM. One possible 
explanation for the pathophysiological role of lipid 
peroxida t ion may be that this f ree radical can 
inactivate nitric oxide and decrease prostacyclin 
formation, hence impair the endothelium dependent 
vasodilation [30]. 

A study from this environment by Anetor ct 
al [32] showed that serum level of magnesium was 
significantly lower in patients with type 2 DM than 
in non-diabetics. The importance of magnesium on 
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glucose metabolism has been described in patients 
with type 2 DM (8,15.16,). However, the benefits of 
magnes ium supp lemen ta t ion , especia l ly on risk 
factors for cardiovascular disease associated with 
DM remains to be fully evaluated [ 16). The results 
from this study showed that diabetic rats treated with 
magnesium-enriched diet demonstrated remarkable 
increase in p l a sma m a g n e s i u m levels that was 
accompanied by improvement in hyperglycaemia, 
h y p e r c h o l e s t e r o l e m i a , h y p e r t r i g l y c a e m i a and 
reduced lipid peroxidation. These results provide 
evidence for the potential utility of oral magnesium 
supplementation to bring about an increase in plasma 
magnesium levels and to prevent hyperglycaemia-
related hyperl ipidaemia in Type 1 DM, even when 
plasma magnes ium is within a physiological range. 

Previous studies have shown that diabetic rats 
e x h i b i t s i m i l a r a b n o r m a l i t i e s in v i t a m i n C 
metabolism that are seen in patient with DM. Such 
abnormalities include reduced plasma ascorbic acid; 
dec rease a s c o r b a t e / d e h y d r o a s c o r b a t e ra t io and 
increased urinary excretion of ascorbate (6,7]. In the 
present study, diabetic animals had reduced plasma 
ascorbic acid concentrat ions in comparison with the 
non-diabetic animals. The possible explanation for 
th is o b s e r v a t i o n m a y be due to the inc reased 
utilization, increased urinary excretion, decreased 
regeneration of ascorbic acid or may relate to free 
radicals. Ascorbic acid is a water-soluble antioxidant, 
said to be more potent than other plasma components, 
such as v i t a m i n E and p lays a cr i t ica l ro le at 
suppressing formation of advanced glycoscylating 
end-produc ts (g lyca t ion) in p lasma and t issues , 
inhibiting g lyco-ox ida t ion . and prevent ing lipid 
peroxidation by trapping the peroxyl radicals in the 
aqueous phase before it can interact with lipids in 
plasma and cell membrane (33]. Decreased plasma 
ascorbic acid and increased lipid peroxidation observed 
in untreated DM rats in this study suggests that lipids, 
glucose and proteins in the plasma and/or tissues are 
not protected against oxidation. This finding is in 
agreement with reports of other studies (2-7). 

In the present study, diabetic animals fed on 
magnesium-enriched diet had significantly increased 
plasma ascorbic acid and this effect is accompanied 
by a decrease in plasma lipid peroxides. These results 
imply that a high magnesium diet could improve anti-
oxidant capacity and reduce susceptibility of lipids 
in plasma or in tissue to oxidation. The improvements 
in ascorbic acid levels could be attributed to a sparing 
effect of magnesium on ascorbic acid by attenuating 

the oxidation of ascorbic acid [34|. This finding is in 
consonance with the study in non-diabetic subjects 
with chronic fatigue, where supplementation with 
magnesium led to significant increases in plasma 
v i t a m i n E c o n c e n t r a t i o n and r e d u c t i o n in 
s u s c e p t i b i l i t y of l ip id to p e r o x i d a t i o n [35] . 
Furthermore, HDL is an important antioxidant, which 
may improve the avai labi l i ty of nitric oxide by 
decreasing the formation of peroxynitrite [36]. The 
results from the present study show that increased 
intake of magnesium significantly increased plasma 
levels of HDL-cholesterol , HDL-cholesterol/ total 
c h o l e s t e r o l r a t io and H D L - c h o I e s t e r o I / L D L -
cholesterol ratio. Hence improved lipid profile. The 
increased HDL-cholesterol levels especially may 
also play significant role in the cardioprotect ive 
effect of magnesium supplementat ion in patients 
with DM. The re fo re , the abi l i ty of m a g n e s i u m 
supplementation to increase plasma level of ascorbic 
ac id , i m p r o v e l ip id p r o f i l e and r e d u c e l ip id 
peroxidat ion may at least , par t ia l ly , j u s t i fy the 
po t en t i a l u t i l i ty of o ra l s u p p l e m e n t a t i o n of 
magnesium or food-enriched with magnesium (such 
as fruits and vegetables) as adjunct agent in the 
management of DM [32]. 

Interestingly, in the ALX-diabe t ic rats not 
s u p p l e m e n t e d w i t h m a g n e s i u m , the p l a s m a 
magnesium and calcium levels seem to be unchanged 
when compared with the non-diabet ic rats. This 
f i n d i n g is c o n s i s t e n t w i t h o t h e r s t u d i e s in 
experimental animals [14] and humans [16] with 
Type 2 DM. In contrast, we found elevation in the 
plasma levels of magnesium but not in the plasma 
calcium in ALX-diabetic rats fed on a magnesium-
enr iched diet . Th i s f i n d i n g impl ie s that e i ther 
alloxan-induced DM or increased magnesium intake 
in alloxan-induced DM rats would not alter plasma 
calcium homeostasis. Thus , altered plasma calcium 
concentrations may not be linked to alterations in 
glucose and lipid metabolism, and oxidative stress 
associated with DM. This study also suggests that 
Type 1 DM may not be associated with depressed 
plasma levels of magnesium (Table 3). The elevated 
levels of plasma magnesium levels in diabetic rats 
fed on a high magnesium diet is in consonance with 
the reports of studies in patients with Type 2 DM 
[15) that used MgCI as employed in this study. 
Nevertheless, the study of Lima et al (161 that used 
MgO supplementation did not reveal increase in 
plasma magnesium levels in patients with Type 2 
DM when compared with the non-diabetic control 
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subjects. The discrepancies in these studies might 
be due to differences in the magnesium salts or doses 
used. However, this study provides further evidence 
that a high-magnesium diet or oral supplementation 
with magnesium may be a necessity to achieve an 
elevated plasma magnesium concentration required 
to p r even t the d e v e l o p m e n t of c a r d i o v a s c u l a r 
complications in patidrits with DM, even without 
depressed plasma magnesium levels. 

In conclusion, the results of the present study 
s u g g e s t that Type 1 DM in an ima l m o d e l s is 
associated with detrimental plasma lipid profile, 
increased lipid peroxidation and depressed plasma 
a s c o r b i c acid levels . T h e bene f i c i a l e f f e c t of 
increased intake of magnesium could thus be due to 
r e d u c e d to ta l c h o l e s t e r o l , t r i g l y c e r i d e , l ipid 
peroxidation, and enhanced HDL-cholesterol/total 
cholesterol ratio, HDL-cholesterol/LDL-cholesterol 
ratio and increased plasma ascorbic acid levels. 
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