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CHAPTER 1 

INTRODUCTION 

Vitamin B-6 and magnesium contents have been studied 

separately or jointly in various disease states. These two 

nutrients have been used in the management of several 

diseases and conditions including autism ( 1, 2), calcium 

oxalate urolithiasis (3), and premenstrual tension syndrome 

( 4' 5) . Both of the nutrients have been reported to cause 

neurological toxicity syndrome when administered at high 

dosage levels < 6, 7, 8, 9, 1 OJ. 

It has been reported that vitamin B-6 deficiency leads 

to an increased excretion of oxalate, and to the formation 

of renal stones< 11). An increase in dietary magnesium 

appeared to be effective in reducing the formation of renal 

stones in vitamin B-6 deficient rats <3>. These two 

nutrients were reported to produce behavioral improvement in 

autistic children when administered in combination <2>. 

Deficiency of either magnesium or vitamin B-6 has been 

reported to cause anemia <12, 13, 14, 15, 16). 

Autoimmune complications caused by high-dosage 

penicillamine therapy may be due to loss of cellular zinc 

and magnesium ( 17>. In 1982, Seelig (17> found that zinc, 

magnesium, and pyridoxine supplementation decreased side 

1 



effects of penicillamine therapy and concluded that 

pyridoxine is necessary for cellular accumulation of 

magnesium and zinc. 

2 

In 1960, Aikawa < 18) investigated the effects of 

injecting 100 mg pyridoxine into rabbits on the uptake of 

28
Mg. Increased uptake of 28 Mg by appendix and heart tissues 

was observed. It was suggested that pyridoxine 

supplementation appeared to have an effect on the rate of 

tissue uptake of magnesium. 

Conflicting reports of plasma or serum and red cell 

magnesium levels after vitamin B-6 supplementation are in 

the literature. A significant increase in mean plasma and 

red blood cell magnesium levels was found in nine healthy 

women given an oral dose of 200 mg pyridoxine hydrochloride 

< PN-HCL) per day for one month < 19). From this study it was 

theorized that .vitamin B-6 may facilitate transport of 

magnesium across cell membranes. In contrast, Lee and 

Leklem ( 20) found that a physiological dosage < 8.1 mg/day) 

of PN-HCL did not elicit alterations in plasma or RBC 

magnesium levels. 

High dose vitamin B-6 supplementation may be associated 

with neurotoxicity but is still in use as a treatment mode 

for several diseases or conditions. The exact relationship 

between vitamin B-6 and magnesium has not been clarified. 



An effect of vitamin B-6 supplementation on plasma and RBC 

magnesium levels has been reported but the effect of high 

dosages of vitamin B-6 on tissue magnesium values has not 

been tested. 

3 

The purpose of this study was to determine the effect of 

varying dosages of PN-HCL on plasma and tissue magnesium 

levels in rats fed normal or deficient magnesium diets. 



CHAPTER 2 

LITERATURE REVIEW 

~ Distribution and physiological 
functions of magnesium 

Magnesium is second only to potassium as the major 

cation within cells and is the fourth most abundant cation 

in the body < 6). Eighty-nine percent of all the magnesium 

in the body is found in bone and muscle (21). Bone contains 

half of the total body magnesium which is about 90 mEq/kg 

(1080 mg/kg) wet weight. The remaining magnesium is 

distributed equally between muscle and other soft tissues 

( 7) . Of the soft tissues, liver and muscle contain the 

highest concentrations of magnesium <23). 

Since skeletal muscle contains a large portion of the 

total body magnesium, this tissue is the most reliable index 

for detecting change in the magnesium level <28). As 

intracellular magnesium depletion may occur, the 

intracellular level of the mineral is important for 

determination of body deficit <27>. 

In 1973, Veloso and his coworkers < 22) measured the 

total magnesium in the brain, liver, and kidney of the rat 

by atomic absorption spectroscopy. The magnesium content 

was found to be 6. 92 mmol/kg ( 166. 08 mg/kg), 8. 25 mmol/kg 
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( 198 mg/kg), and 10.4 mmol/kg ( 249.6 mg/kg) wet weight for 

brain, kidney, and liver respectively. 

5 

Extracellular magnesium accounts for approximately 1% of 

the total body content <7>. The iatio of extracellular to 

intracellular magnesium concentration has been reported to 

be 1 to 20 ( 24>. Serum magnesium concentrations have been 

reported to range from 0. 75 mmol to 1. 05 mmol <6>. 

Approximately 33% of the extracellular magnesium is bound to 

plasma proteins. The magnesium content of human 

erythrocytes has been reported to be 2. 2 to 3. 0 mmol < 25>. 

The plasma and erythrocyte magnesium concentrations of the 

rat were found to be similar to those of the human ( 26). 

Magnesium plays an important role in many enzymatic 

reactions. It is involved in phosphorylation of glucose, 

oxidation of fatty acids, and als~ in protein synthesis 

( 2 9) . Magnesium deficiency causes the failure of Ca-ATPase 

activity, which provides the energy for the movement of 

calcium across the cell membrane of cardiac and vascular 

tissues < 30>. Hence, one of the functions of magnesium is 

to modulate the effect of calcium ions on neuromuscular 

activity. 

In 1963, Smith and Field ( 42> suggested the requirement 

of magnesium of adult rats is 50 mg/kg of diet for the 

replacement of endogenous losses. This was the same amount 
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proposed by Tufts and Greenberg (35). Normal erythrocyte 

and plasma magnesium concentrations were found in the study 

of Elin and coworkers ( 38) when rats were fed a diet 

containing 419 mg magnesium per kg. According to National 

Research Council ( 43) 400 mg/kg appears to be the 

requirement for the growing rats. 

~Magnesium in disease states 

Magnesium deficiency or excess leads to a number of 

human and animal symptoms. Several clinical syndromes have 

been observed in magnesium-deficient humans, including 

ataxia, tetany, convulsions, hallucinations, confusion, 

depression, muscular weakness, gross muscular tremor, and 

agitation (7). 

Clinical magnesium deficiency in experimental animals, 

characterized by neuromuscular hyperirritability, apathy 

dermatitis, edema, tetany, and convulsions have been studied 

by a number of authors ( 6, 12, 31). Many of the clinical 

manifestations of magnesium deficiency in humans are similar 

to those described for the rat. In 1932, Kruse and his 

coworkers ( 31) fed wealing rats a diet containing 1. 8 mg/kg 

magnesium and observed signs of neuromuscular 

hyperirritability which finally developed into seizures. 
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Mazzoco et al. < 32) found that in magnesium deficient 

rats ulcerated lesions developed about the head and neck and 

hair became rough. Development of jaundice also has been 

reported in magnesium deficient ariimals < 33). Magnesium 

deficiency results in depression of growth rate< 12, 13, 34, 

4 5) . Elin and his coworkers < 13) studied the changes of 

magnesium dependent enzymes in magnesium deficient and 

control rats. The magnesium content of the deficient diet 

was 0.11 mmoles/kg ( 2. 64 mg/kg) and in the control diet was 

16. 5 mmoles/kg ( 396 mg/kg). During the experiment 

comparison of the weights of animals showed a decrease in 

the ability of animals to gain weight on the magnesium 

deficient diet. However, when the deficient groups were 

switched to the control diet, the animals were able to gain 

about 60% more weight than the c~ntrols. 

In 1937, Tufts and Greenberg first observed ( 35) that 

the serum magnesium concentration of magnesium deficient 

rats decreased to about one third or less and red cell 

magnesium concentration decreased to about half of control 

levels. Little change in the magnesium content of other 

tissues was noted. 

Shils (36) used seven humans for his-study and placed 

them on a magnesium-deficient diet ( 0. 7 mEq/day). Within 7 

to 10 days plasma magnesium concentration of all subjects 
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were found to decline to a range of 10 to 30% of the control 

values. In another study ( 37) it was found that serum 

magnesium concentration of rats decreased remarkably with 

severe magnesium deficient diets. In this experiment, 

magnesium-deficient animals showed a significant elevation 

in arterial blood pressure and a reduced blood flow in the 

capillaries. From th1s exper1ment the authors concluded 

that adequate magnesium intake might be helpful to prevent 

vascular disease. 

A decrease in the number of erythrocytes in magnesium 

deficient rats was observed by Elin et al. ( 13). In the 

same study the animals were found to develop red ears and 

they became progressively anemic. Anemia in magnesium-

deficient rats has also been observed in other studies < 12, 

14, 38>, but the relationship be~ween magnesium deficiency 

and anemia is unclear ( 26, 38>. 

An experiment on human subjects with clinical magnesium 

deficiency had shown that intracellular magnesium was 

affected by deficiency <44>. In this study < 44> the authors 

analyzed bone and muscle biopsy samples and found that 

muscle magnesium was reduced to about two-thirds of normal, 

whereas concentration of bone magnesium was almost 

unaffected. 
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According to Abraham and Lubran <4> magnesium deficiency 

may be a factor in the etiology of premenstrual tension 

syndrome. In their study they found that red cell magnesium 

concentration was significantly lower< 1. 28 ± 0.10 mmol/L) 

in premenstrual tension patients than normal subjects < 1. 85 

± 0.10 mmol/L). They concluded that magnesium therapy may 

be useful in the treatment of premenstrual tension. 

Development of nephrocalcinosis was observed in 

experimental rats fed magnesium deficient diets and renal 

calcification was reduced by maganesium supplementation < 39, 

40, 41). Goulding and Malthus ( 41) found that with 50 mg/kg 

Mg diet the mean kidney weight of 10 male rats was 1. 88 g 

but with a 410 mg/kg Mg diet the mean weight of kidney was 

1. 55 g. Increased kidney weight was due to deposition of 

minerals in the kidney. Magnesium seems to increase the 

solubility of both calcium oxalate and calcium phosphate 

( 41 ) . However, the exact mechanism by which renal 

calculosis may be prevented by magnesium is unknown <40>. 

The effect of magnesium deficiency on thyroid function 

in young male rats was studied by Hsu et al. < 45>. Dietary 

magnesium depletion was shown to cause thyroidal malfunction 

in rats. In this study <45) rats were fed a diet containing 

12 ppm Mg <deficients> or 662 ppm Mg <controls) and a 

significant decreased body weight gain occurred in magnesium 
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deficient rats. In the same study no significant difference 

in liver and kidney magnesium concentrations were observed 

between deficient and control rats. Since magnesium plays a 

key role in the growth process, a study on rats had shown 

that tumor growth can be inhibited by dietary magnesium 

depletion ( 46>. 

The effect of excess magnesium on the nervous system has 

been studied since 1900 <6>. It has been reported that 

excess magnesium decreases the release of acetylcholine and 

blocks transmission at the neuromuscular junctions and 

sympathetic ganglia (7). So hypermagnesia can cause 

paralysis of peripheral muscle and respiratory depression by 

raising the serum magnesium concentration (70>. Serum 

magnesium concentration above 2 mmol/L are usually 

associated with symptoms of toxicity <7>. 

~ Distribution and phvsiological 
functions of vitamin B-6 

Vitamin B-6 acts as a coenzyme in many phases of amino 

acid metabolism and hence the formation of special proteins 

( 4 7) . It is a coenzyme constituent in gluconeogenesis, 

erythrocyte formation and production of new hormones, bile, 

and unsaturated fatty acids ( 47). 
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Pyridoxal phosphate <PLP> acts as a coenzyme for the 

synthesis of protoporphyrin for heme production, synthesis 

of pyridine nucleotides and decarboxylation of glutamic acid 

to Y-aminobutyric acid in the brain ( 49). 

Vitamin B-6 is essential for humans, because it is 

important in normal development and functioning of the 

central nervous system. The coenzyme of pyridoxine is 

needed for decarboxylation of amino acids and has an 

important role in the synthesis of brain amines which act 

as synaptic transmitters ( 48). 

Pyridoxal kinase is the key enzyme which phosphorylates 

the three forms of vitamin B-6, pyridoxine < PN>, pyridoxal 

< PL>, and pyridoxamine (PM>. Liver is the most active organ 

for vitamin B-6 metabolism because the activity of PL kinase 

is highest in liver <50>. 

Rat muscle contains 60% of the vitamin B-6 and 75-96% of 

the vitamin is present in mouse muscle associated with 

glycogen phosphorylase< 50). Since muscle accounts for more 

of the body weight than other tissues, 70 to 80% of total 

body store of vitamin B-6 is associated with muscle (51). 

4-pyridoxic acid is the main excretory product of 

pyridoxine and 70 to 90% of its excretion occurs via kidney 

as 4-pyridoxic acid < 49). 

dietary intake in humans. 

Excretion of pyridoxine exceeds 

It has been demonstrated that the 



intP.stinal florR can synthesize pyridoxine in diffP.rent 

animals and absorption of pyridoxine from the intestinal 

tract is very rapid in animals including man ( 49>. 

1 2 

Pyridoxal phosphate in plasma ·and erythrocytes is 

tightly bound to protein <52). The plasma FLP concentration 

in human subjects varies from 57 ± 26 nM to 72 t 11 nM by 

different methods of measurement< 53). With a pyridoxine 

intake of 15 mg per day, the total blood levels are 

i ncr e as e d from about 1 . 8 ..u g I d L t o 8 . 5 -u g I d L 1 n norm a l 

subjects < 49). 

In 1965, Beaton and Cheney (54) reported that the 

requirement of vitamin B-6 for growth of rat is about 7 

mglkg in diets containing 20% casein and 20% fat. In 1978, 

the National Research Council <43> suggested the requirement 

of 5 mglkg of diet for growth and reproduction. But, a 

moderate supplementation of vitamin B-6, 35 mg PN-HCLikg 

diet, has not been noted to produce any alterations in body 

weight or behavior in rats (8). 

~ Vitamin B-6 in disease states 

Vitamin B-6 is an essential nutrient, which is of 

particular importance 1n the nutrition of nervous system 

( 9) . Since 1934, it has been known as the "antidermatitis 

factor" when Gyorgy <55) was able to separate vitamin 
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B-6 as the B factor. Deficiency or excesses of vitamin B-6 

in the diet of various experimental animals result in 

different neurological symptoms ( 8, 9, 10). 

After consumptions of a high dose of pyridoxine 

<2 to 6 g> sensory ataxia and neurologic disability 

developed in seven adult patients ( 10>. However, the 

neurologic disability improved when the patients stopped 

taking pyridoxine. 

In 1976, Driskell and Loker <8> fed groups of female 

rats diets containing high levels of vitamin B-6 equivalent 

to 10, 25, 100 or 200 times recommended levels and a 

control or a high protein diet for 16 weeks. General 

activity and curiosity of rats were measured and it was 

found that rats consuming megadoses of vitamin B-6 exibited 

abnormal behavior patterns. Another experiment (56) with 

rats showed disease entities like paralysis, marked ataxia, 

and severe lameness with intakes of 600 to 1200 mg PN-HCL 

per kg body weight per day. A neuropathological study using 

monkeys found abnormalities in the nerve cell which had a 

strong resemblance to those seen in human pellagra (9). 

In the rat, fed a high pyridoxine diet, the body weight 

and liver weight were found to be increased 20% and 40% 

respectively <61>. But the weight of brain, pancreas, or 

kidney was not affected. From this experiment Cohen et al. 



(61) suggested that large amounts of pyridoxine allowed a 

more efficient utilization of food. 

Megadoses of vitamin 8-6 have been reported to produce 

several therapeutic benefits. Severe convulsions and 

retarded mental development can be controlled in some cases 

by continuous treatment at early stages of the diseases with 

large dosages of vitamin B-6 (57). Seizures and neurologic 

damage may continue without early treatment with vitamin B-6 

supplements (58). Natta and Reynolds (59) suggested that 

another use of high dose pyridoxine supplementation might be 

partial control of symptoms of sickle cell anemia, since 

plasma PLP levels were lower, and erythrocyte PLP levels 

were higher in sickle cell anemia patients than controls. 

Administration of vitamin B-6 at doses of 200-800 mg/day 

was reported to result in improvement of symptoms in 

subjects with premenstrual tension syndromes ( 5). Most 

commonly, premenstrual tension is associated with elevated 

blood estrogen and low blood progesterone levels and 

symptoms such as nervous tension, irritability, and anxiety. 

It has been observed that vitamin B-6 supplementation 

reduces estrogen and increases progesterone. 

Oral doses of pyridoxine produce an increase in blood 

serotonin and the PLP content of hyperactive children (60>. 



Blood serotonin levels of hyperactive children were lower 

than those of controls before treatment. 
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There is some evidence that pyridoxine deficiency causes 

anemia (15, 16, 52>. Snyderman et al. ( 1 5) used two 

severely mentally defective infants for their study. 

reported that both subjects failed to gain weight and 

anemia, convulsions and other symptoms developed after 

withdrawal of vitamin B-6 from their diet. 

They 

Vitamin B-6 deficiency in human infants may cause 

epileptiform convulsions, abnormal distress, vomiting, and 

hyperirritability <62>. In adults, deprivation of vitamin 

B-6 may result in depression and confusion <63). 

Convulsions have been observed in rats ( 64>, dogs ( 16> and 

other animals with vitamin B-6 deficiency. 

Eight adult dogs developed severe anemia when maintained 

on diets containing B vitamins, thiamin, riboflavin and a 

filtrate factor but not vitamin B-6 ( 16). However, after 

treatment with B-6 concentrates the hemoglobin levels and 

erythrocytes were increased in those animals. In the same 

experiment the animals not receiving vitamin B-6 became 

erratic and their appetites declined. Symptoms of cardiac 

failure were also observed in these deficient animals. 

Change in the tissue concentration of vitamin B-6 was 

observed in rats ( 65) and humans ( 66) with variations in 
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dietary vitamin B-6 levels. Blood content of vitamin B-6 

dropped to non-detectable levels in eight college students 

when fed low vitamin 8-6 diet (66). When the subjects were 

given a 100 mg supplement of PN-HCL, the blood concentration 

of the vitamin became significantly higher within one day. 

In 1978, Lumeng and coworkers ( 67) indicated that plasma 

PLP levels are an indicator of vitamin B-6 status. In their 

study, rats were fed diets containing 0, 4, 12, 24, and 100 

~g pyridoxine/day. It was also found that with the 

increasing consumption of pyridoxine th~ plasma and muscle 

PLP continued to rise whereas the liver and brain PLP became 

maximal with 12 .ug/day. 

Plasma PLP appeared to decrease in man with the 

depletion of vitamin B-6 (68). However, a marginal level of 

vitamin did not change the PLP concentration of plasma, but 

a high level (50 mg/day) of vitamin showed higher 

concentration than pre-depletion values. 

~ Vitamin B-6 and magnesium 
interactions 

The exact mode of interaction between vitamin B-6 and 

magnesium has not been elucidated but these two nutrients 

have been studied together in many disease states. It has 

been theorized that vitamin B-6 may facilitate transport of 

magnesium across cell membranes ( 18, 19). 
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In 1981, Abraham et al. C19) studied the effect of 

PN-HCL supplementation in nine premenopausal women. They 

found significant increases in mean plasma and red blood 

cell magnesium levels of subjects given an oral dose of 100 

mg PN-HCL twice a day for one month. Of the nine subjects, 

three had low plasma magnesium levels and all had low RBC 

magnesium levels before being given the vitamin B-6 

supplementation. They concluded that their results 

supported the theoretical role of vitamin B-6 as a 

facilitator of transport of minerals across cell membranes. 

Excess or deficiency of pyridoxine appears to alter the 

tissue uptake of magnesium. In a study, Aikawa C 18) made an 

investigation of magnesium uptake in rabbits. An increased 

uptake of 28 Mg by appendix and heart tissues of rabbits 

given 100 mg pyridoxine intravenously was observed in this 

study. There were no significant changes in the relative 

radioactivity in muscle, bone, lung, kidney, or liver 

tissues. In this study a significant increase of mean body 

weight of the rabbits was observed with pyridoxine 

supplementation. 

It has been reported that pyridoxine is needed for 

cellular accumulation of magnesium, because these two 

nutrients were found to be synergistic in the management of 

D-penicillamine toxicity C 17). Autoimmune complications, 



which may be caused by h1gh dosages of penicillamine were 

found to be treatable with both pyridoxine and magnesium 

supplementation. 

Vitamin B-6 and magnesium supplements have been used 
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together as therapeutic agents in autism ( 1, 2>. Martineau 

and coworkers (2) demonstrated that a combination of vitamin 

B-6 and magnesium was more effective in producing 

behavioral improvement of autistic children than pyridoxine 

or magnesium administered alone. They reported results from 

four double blind therapeutic trials of magnesium and/or 

vitamin B-6 supplementation on 60 autistic children which 

evaluated the behavioral and other effects. Clinical 

improvement was observed with the vitamin B-6 and magnesium 

combination. In 1978, Rimland et al. (69) combined vitamin 

B-6 and magnesium for the treatment of some side effects in 

autistic children, such as irritability and sound 

sensi ti vi ty. 

It has been reported that vitamin B-6 deficiency leads 

to an increased excretion of oxalate, and to the formation 

of renal stones ( 11>. Rats fed a vitamin B-6 deficient diet 

containing dietary levels of magnesium ( 40 mg/100 g of diet) 

showed a significant increase in oxalate excretion and a 

decrease in urinary citrate ( 3). In the same study vitamin 

B-6 deficient animals with high magnesium intakes reported a 



significant increase in urinary citrate. It appears that 

the citric acid may increase the solubility of oxalates in 

the urine. From these investigations it can be inferred 

that an increase in dietary magnesium appears remarkably 

effective in reducing the formation of renal stones in 

vitamin B-6 deficient rats ( 3, 11). 
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Ten premenopausal and seven postmenopausal women were 

treated with physiological dosages of vitamin B-6 by Lee and 

Leklem ( 20>. During the first four weeks of treatment the 

subjects consumed a diet containing 2. 3 mg of vitamin B-6 

and during the final three weeks, 8.1 mg of PN-HCL per day 

were administered orally. Plasma and RBC magnesium levels 

< 2. 0 to 2. 3 mg/dL and 5. 3 to 7. 3 mg/dL respectively) were 

found to be unchanged in all subjects. From these results, 

the researchers inferred that the usual intake of PN-HCL 

failed to influence the level of plasma and RBC magnesium. 

As described, disease states like anemia, premenstrual 

syndrome, ataxia, and neurologic abnormalities may be 

associated with a deficiency and/or excess of both magnesium 

and vitamin B-6. Based on past experimental investigations, 

these two nutrients appear to be participating in the 

pathogenesis and complications of a number of chronic 

disorders. 



CHAPTER 3 

MATERIALS AND METHODS 

~ Animals and diets 

A total number of 60 female Fischer rats <Sasco/King 

Animal Labs, Omaha, Nebraska) initially weighing 51-75 g, 

were used in this study. Animals were housed in stainless 

steel wire cages in a room at 20-24° C with alternate 12 hrs 

period of light and dark. After their arrival animals were 

fed a Rodent Lab Chow for one night. On the following day 

animals were divided into two groups (see Table 1) and were 

maintained for three weeks on either an adequate or low 

magnesi urn diet containing 7 mg PN-HCL/ kg <Phase I). Animals 

from each of these two groups were randomly assigned to one 

of three •Ji tami n B-6 intake groups <Phase I I). They were 

maintained for an additional three weeks with adequate (7 mg 

PN-HCL/kg), moderate ( 35 mg PN-HCL/kg>, and high ( 1500 mg 

PN-HCL/kg) diet. 

Diets were analyzed for magnesium content using 

procedures outline in section 3. 2. 3. The magnesium content 

of low and adequate magnesium diets were found to be 101.5 

and 632.42 ppm, respectively. Consumption of a diet with a 

similar low level of magnesium (100 mg/kg diet> by rats has 

been reported to decrease plasma and RBC magnesium levels 

?.0 
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Table 1. Experimental design 

Phase 1 3 weeks 
----------------------------------------------------------

Group A Group B 

----------------------------------------------------------

Dietary 
group* 

Group 1 
( 7 

Group 2 
( 3 5 

Group 3 
( 1 5 00 

Low Mg 

100 mg/kg diet 

<7 mg PN-HCL/kg diet> 

n=30 

Phase II 

Low mg 

B-6 contents 

Adequate 
mg PN-HCL/kg diet> 

Moderate 
ffi<J PN-HCL/kg diet> 

High 
mg PN-HCL/kg diet> 

Adequate Mg 

650 mg/kg diet 

(7 mg PN-HCL/kg diet> 

n=30 

3 weeks 

Adequate Mg 

Dietary 
groupA 

Group 4 
( 7 

Group 5 
( 3 5 

Group 6 
( 1 500 

mg 

mg 

mg 

B-6 contents 

Adequate 
PN-HCL/kg diet> 

Moderate 
PN-HCL/kg diet> 

high 
PN-HCL/Kg diet) 

----------------------------------------------------------
A n=10 
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and produce signs of magnesium deficiency within three weeks 

without any premature death in a 12 week consumption period 

( 1 2) . The moderate vitamin B-6 supplemented diet is higher 

than levels considered adequate but has not been known to 

produce alterations in body weight or behavior that are 

observed at the high dose level of 1500 mg PN-HCL/kg diet 

(8, 61>. The experimental design of this study is 

illustrated in Table 1. 

During the 6-week period, the animals were fed diets 

with different levels of magnesium and vitamin B-6. 

Information on the diet composition is given in Table 2. 

Two levels of magnesium were added as MgO < J. T. Baker 

Chemical Co., Phillipsburg, NJ> and vitamin B-6 was added as 

PN-HCL (United State Biochemical Corp., Cleveland, OH>. 

Animals were fed deionized water and the appropriate diet ad 

libitum throughout the experimental period. Animals were 

weighed once a week and observed for signs of magnesium 

deficiency and/or vitamin B-6 toxicity. After 6 weeks 

animals were sacrificed by ether and blood samples were 

obtained by branchial bleeding. All the organs and blood 

samples were frozen at -20° C until assayed. 



Table 2. Diet compos1tion* 

Component Diet(%) 

--------------------------------------------------------
C 

. 1 ase1n 

Sucrose 2 

Methionine 1 

AIN-76 vitamin mixture 1 

AIN-76 mineral mixture 1 

without magnesium 

Corn oil 3 

2 5. 0 

64. 7 

0. 3 

1 . 0 

4. 0 

5. 0 

1 Diet without magnesium and with adequate vitamin B-6 

2 United State Biochemical Corp., Cleveland, OH. 

3 
Food Club, Topco Associates, Inc., Skokie, IL. 
Hesson, Beatrice Companies, Inc., Fullerton, CA. 

3. 2 Analytical methods 

3. 2. 1 Blood hematocrit determination 

Hematocrits were determined in duplicate with the use of 

a laboratory microhematocrit centrifuge. Blood was 

collected from each of the sacrificed animals into two 

heparinized microhematocrit tubes <Fisher Scientific 

Company, Pittsburgh, PA. >. The tubes were sealed with seal-

ease. The blood in the tubes was centrifuged for 10 minutes 

at 3000 rpm. Hematocrits were determined by expressing the 

volume of red blood cells as percent of whole blood. 
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3. 2. 2 Plasma and RBC magnesium analysis 

For the determination of plasma and RBC magnesium, blood 

was collected in tubes containing demineralized heparin. 

The blood samples were centrifuged ( Sorvall Instruments, 

Norwalk, CT, GLC-4, general laboratory centrifuge) at 

600 Xg, at room temperature for 20 minutes to separate 

plasma from the buffy coat and RBC' s. 

frozen for subsequent analyses. 

Plasma and RBC' s were 

The plasma magnesium was analyzed by slight modification 

of the method of Lim and coworkers (28>. To 0. 1 ml of a 

plasma sample, 5 ml of 0.1% lanthanium chloride was added 

and mixed. The mixture was then analyzed for magnesium 

using an atomic absorption spectrophotometer <Perkin Elmer 

Model 5000, Norwalk, CT> with the wavelength set at 285.2 nm 

and the burner with a reducing acetylene-air flame. 

blank was measured first and the absorbance of two 

calibration standards were stored. 

A 

For RBC magnesium analysis 0.10 to 0. 20 g of RBC samples 

were weighed in a disposable borosilicate tubes and ashed in 

a muffle furnace following the procedure for determination 

of tissue magnesium. The ashed samples were dissolved in 

25% HCL < Mallinckrodt, Inc., St Louis, MO>, 6. 25% lanthanium 

chloride, and were made to a volume of 5 ml with deionized 

water to a final concentration of 5% HCL and 0. 25% 
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lanthanium chloride. The diluted solution analyzed for 

magnesium by atomic absorption spectrophotometry. 

3. 2. 3 Determination of tissue magnesium 

Samples of liver, kidney, muscle (right gastrocnemius), 

uterus, heart, and brain were collected from the animals and 

frozen. Samples <approximately 0. 4 g from the low magnesium 

groups and approximately 0. 2 g from the adequate magnesium 

groups> were weighed into 12 X 75 mm borosilicate culture 

tubes and were dried at 1'0° C for 24 hrs. Dried samples 

were again weighed. Samples were then ashed in a muffle 

furnace by increasing the temperature 50° C per hour from 

100° C to 300° C and raised to 480° C for 24 hours. The 

cooled samples were dissolved in 50 ~1 deionized water, 50 

~1 concentrated HN03 < Mallinckrodt Inc., St Louis, MO> and 

50 .ul of 50% H202 (Fisher Chemical Co., Fair Lawn, NJ>. The 

samples were then dried at 100° C and ashed again at 480° C 

for an additional 12 hours. This procedure was repeated 

until all samples were white. The ash was diluted in 10.5% 

HCL, 6. 25% lanthanium chloride, and were made to a volume of 

10 ml with deionized water in a final concentration of 5% 

HCL and 0. 25% lanthanium. These diluted samples were 

analyzed by atomic absorption spectrophotometry by using the 

method of Gochman and Givelber <71). 



~ Statistical analyses 

Statistical Analysis System ( S. A. S.) was used for the 

calculation of analysis of variance and Duncan's Multiple 

Range Test to determine if values ~from the six groups were 

significantly different from each other (72). 
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CHAPTER 4 

RESULTS AND DISCUSSION 

It has been reported that magnesium deficiency causes 

the development of ulcerated lesions about the head and neck 

of rats ( 32). In this same study (32) the hair of magnesium 

deficient rats became rough. In the present study, 23. 3% of 

rats on the low magnesium diet showed loss of hair, 

especially around the head and neck and developed a 

hyperplasia like growth on the neck. A few of the animals 

in the low magnesium groups showed yellowish body color, 

indicati~e of the development of jaundice ( 33) and red ear 

lobes were also observed in some animals ( 13). 

In the present study the mean bodJ weight of animals in 

the adequate magnesium groups was significantly higher than 

those of the low magnesium groups <Table 3>. A similar 

inability to gain weight in magnesium-deficient rats has 

been noted by many investigators ( 13, 34, 45>. In the 

present study the body weight of rats with different vitamin 

B-6 intake did not show any significant difference from each 

other. In contrast to these findings, Cohen et al. ( 61) 

found a 20% increase in the body weight of rats with 500 mg 

PN-HCL/kg diet. 

27 
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Table 3. Body weights and kidney weights of rats fed two 
levels of dietary magnesium with different levels 
of vitamin B-6. *, U 

------------------------------------------------------------
Group Mg Vitamin Body weight Kidney weight 

B-6 ** ( g) ( g) 

------------------------------------------------------------
1 Low 7 1 37. 9 ± 1 1 . 4b 1 . 62 ± 0. 29b 

2 Low 35 1 37. 4 ± 4. 9b 1 . 60 ± 0. 13b 

3 Lo~o~ 1500 1 3 5. 8 ± 1 0. 5b 1 . 61 ± 0. 19b 

4 Adequate 7 1 53. 2 ± 5. 3a 1 . 29 ± 0. OBa 

5 Adequate 35 1 54. 9 ± 6. Ba 1 . 25 ± 0. 09a 

6 Adequate 1500 1 53. 3 ± 1 1 . 1 a 1 . 24 :1" 0. 09a 

* Values are Mean ± SO, ten animals per group 
U Means in the same column with different superscripts are 
significantly different < P<O. 05> using Duncan's Multiple 
Range Test. 
** mg PN-HCL/kg diet 

Analysis of kidney weights showed that all low magnesium 

rats had significantly higher kidney weights than all 

adequate magnesium rats <Table 3). Within the three levels 

of vitamin B-6 there were no significant differences. 

Similarly, Goulding and Malthus < 41 > found a significantly 

decreased kidney weight in control rats compared to 

magnesium-deficient rats. A similar finding was also 

observed by Woodard and Jee < 40), which supports that 

magnesium deficiency causes enlargement of kidneys. Heights 

of liver, brain, heart, uterus, and muscle were not 



signlficantly different in the low magnesium groups as 

compared to the adequate magnesium groups. 

Plasma and RBC magnesium concentrations and hematocrit 

values of rats are shown in Table 4. The magnesium 
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concentration of plasma and RBC of the low magnesium rats 

were significantly lower than the adequate magnesium groups. 

In a previous study <73), the plasma magnesium concentration 

of deficient and control rats was reported to be 0. 72 mgldL 

< 0. 296 mmoliL) and 1. 95 mgldL C 0. 802 mmoliL> respectively by 

using the diet containing 45 mg Mglkg diet (deficient> and 

650 mg Mglkg diet <control>. In the same experiment (73), 

the RBC magnesium was found as 4. 36 mgldL ( 1. 794 mmoliL> and 

5. 8 3 mg 1 d L ( 2. 3 9 8 mmo 1 I L) i n the de f i c i en t and con t r o 1 rats. 

In the present study, plasma magnesium concentration of 

group 1 was 0. 331 mmoliL C 0. 81 mgldL) and of group 4 was 

0. 866 mmoliL ( 2. 09 mgldL) and RBC magnesium concentration of 

group 1 was 1. 671 mmoliL ( 4. 06 mgldL> and group 4 was 2. 449 

mmo 1 I L ( 5. 9 5 mg I d L) . The plasma and RBC magnesium 

concentrations of the current study were similar to those of 

the previous studies ( 13, 26, 38, 73). 

Among the three dietary levels of vitamin B-6 there were 

no significant differences in RBC magnesium concentration. 

The plasma magnesium concentration of group 3 was 

signicantly higher than group 1 or group 2. However, no 
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significant difference of plasma magnesium concentration was 

found among groups 4, 5 and 6. Adequate and moderate intake 

of vitamin B-6 did not influence the plasma and RBC 

magnesium in humans in normal magriesium status ( 20> or in 

rats in the present study. Since plasma magnesium 

concentration of group 3 was significantly higher than 

groups 1 or 2, very high vitamin B-6 appeared to alter the 

plasma magnesium level ( 19>. 

Table 4. Plasma and RBC ~agnesium concentrations and 
hematocrit ( Hct> values of rats fed two levels of 
dietary magnesium with different levels of vitamin 
B-6. * i.i 

Group 

1 

2 

3 

4 

5 

6 

Plasma 
<mmol/L) 

0. 331 :t 0.103b 

0. 400 ± 0.168b 

0. 537 ± 0. 153c 

0. 866 ± 0.111a 

0. 889 ± 0. 070a 

0. 881 ± 0. 087a 

RBC 
( mmol/ L> 

1. 671 ± 0. 184b 

1. 790 ± 0.180b 

1. 799 ± 0. 391b 

2. 449 ± 0. 090a 

2. 429 ± 0. 1 99a 

2. 440 ± 0. 074a 

Hct 
( %) 

42. 5 ± 4. 1 c 

43.9 .± 4.9c,b 

44.6 ± 2.4c,b 

46. 1 ± 2. 6a' b 

46. 9 ± 2. 7a' b 

47.8 ± 1.6a 

-----------------------------------------------------------* Values are Mean ± SD. ten animals per group 
i.i Means 1n the same column with different superscripts are 
significantly different ( P<O. 05) using Duncan's Multiple 
Range Test. 



Elin and coworkers ( 38) reported the hematocrit values 

of magnesium deficient < 18.6 mg/kg diet> and control < 419 

mg/kg diet) rats as 41.0% and 44.3% respectively after 6 
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weeks of treatment. These values are similar in the present 

study <Table 4). The hematocrits of groups 2, 3, 4, and 5 

were not significantly different from each other, but group 

1 was significantly lower than group 4, 5, or 6. Moderate 

and high levels of vitamin B-6 may be a cause of the 

increased hematocrit value. 

Magnesium concentrations of liver, kidney, and muscle of 

low magnesium rats were significantly lower than those of 

the high magnesium rats <Table 5). In a previous study <45) 

no significant difference was observed in liver and kidney 

magnesium concentration between deficient and control rats. 

However, studies in humans ( 44) showed a reduction of muscle 

magnesium to about two thirds of the normal level due to a 

magnesium deficiency. In the present study muscle contained 

a higher magnesium value than any other tissue (23). 

In comparing the three levels of vitamin B-6 in rats fed 

diets with two levels of magnesium, liver magnesium in group 

1, 2, and 3 were significantly different from each other 

<Table 5). Group 4 was significantly different from group 5 

or group 6, whereas, the magnesium concentration of liver of 

group 3 was not significantly different from group 5. 
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The magnesium concentration of kidney tissues in group 

3, 4, 5 and 6 were not significantly different from each 

other <Table 5), but the magnesium concentration of group 3 

was significantly higher than group 1 or 2. 

Table 5. 

Group 

1 

2 

3 

5 

6 

Magnesium concentrations of liver, kidney, and 
muscle of rats fed two levels of dietary magnesium 
with different levels of vitamin B-6. * U 

Liver 
( g/kg dry wt.) 

0. 633 ± 0. 057e 

0. 7 45 ± 0. 091 d 

0. 899 ± 0. 068b 

0. 825 ± 0. 082c 

Kidney 
( g/kg dry wt.) 

0. 827 ± 0. 064c 

0. 898 ± 0. 048b 

0. 955 ± 0. 072a 

0. 947 ± 0. 078a 

0. 926 ± 0. 119a, b 0. 966 ± 0. 069 3 

0. 963 ± 0. 054a 0. 993 ± 0. ossa 

Muscle 
( g/kg dry wt.) 

1.135 ± 0.084b 

1. 142 ::!: 0. 077b 

1. 140 ± 0. 051 b 

1.196 ± 0. 097a 

1. 205 .± 0. 060a 

1. 201 ± 0. 097a 

-----------------------------------------------------------* Values are Mean ± SO, ten animals per group 
U Means in the same column with different superscripts are 
significantly different < P<O. 05), using Duncan's Multiple 
Range Test. 

Magnesium concentrations of heart and uterus of low 

magnesium rats were significantly lower than those of the 

high magnesium rats <Table 6). Brain magnesium 

concentration of group 3 was significantly higher than any 

other groups <Table 6). 



In a previous study of tissue uptake of 28 Mg Aikawa 

< 18) showed no significant difference in the relative 

radioactivity of liver and kidney in control and pyridoxine 

supplemented groups. 

Table 6. Magnesium concentrations of heart, brain, and 
uterus of rats fed two levels of dietary magnesium 
with different levels of vitamin B-6. * U 

Group 

1 

2 

3 

4 

5 

6 

Heart 
(g/kg dry wt.) 

0. 626 

0. 630 

0. 653 

0. 71 6 

0. 723 

0. '7 1 5 

:t 0. 039b 

± 0. 069b 

± 0. 096b 

± 0. 068a 

± 0. 094a 

Brain 
(g/kg dry wt.) 

0. 771 ± 0. 027a 

0. 801 ± 0. 031 a 

0. 88 5 

0. 779 ± 0. 027a 

0. 7 81 

0. 771 ±- 0. 050a 

Uterus 
( g/kg dry wt.) 

0. 469 

0. 4 71 

0. 504 

0. 64 2 

0. 677 

0. 6 81 

± 0.103b 

± 0. 071b 

± 0.091b 

a ± 0.129 

± 0. 096a 

. a 
± 0. 053 

* Values are Mean ± SO, ten animals per group 
U Means in the same column with different superscripts are 
significantly different ( P<O. 05) using Duncan's Multiple 
Range Test. 

In the current study muscle, heart, and uterus magnesium 

concentration did not change significantly with different 

levels of vitamin B-6. Vitamin B-6 may have some effects on 

some tissue levels of magnesium when rats are fed a low 

magnesium diet. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The effect of different levels of vitamin B-6 on plasma 

and tissue magnesium concentrations of 60 rats was 

investigated. Results from this experiment indicate that: 

1. Final body weights of rats were significantly higher in 

adequate magnesium groups compared to low magnesium 

groups. Magnesium deficiency may be a cause of 

depressed growth. Kidney weights of low magnesium rats 

were significantly higher than adequate magnesium 

groups, which may be due to the calcification of kidney 

1n magnesium deficiency. There were no significant 

differences in the body weight or kidney weight within 

three dietary levels of vitamin B-6. 

2. Plasma and RBC magnesium levels of the adequate 

magnesi 'lm groups were significantly higher than values 

of the low magnesium groups. Plasma magnesium 

concentration of low magnesium group with high level of 

vitamin B-6 was significantly higher than adequate or 

moderate vitamin B-6 groups. But RBC magnesium levels 

were not altered significantly at any of the vitamin B-6 

levels. Hematocrit values of low magnesium groups with 

moderate or high vitamim B-6 were not significantly 



different than the adequate magnesium groups. 

3. Tissue levels of magnesium were affected by low dietary 

magnesium intake. Magnesium concentrations of liver, 

kidney, muscle, heart, and uterus were significantly 

lower in low dietary magnesium groups compared to 

adequate dietary magnesium groups. 

4. Different levels of vitamin B-6 did not significantly 

alter the tissue level of magnesium in muscle, heart, 

or uterus within either low and adequate magnesium 

groups. 

5. Supplementation with vitamin B-6 produced significantly 

higher concentration of liver, kidney, and brain 

magnesium in rats in the low magnesium groups. Liver 

magnesium level was significantly higher in moderate and 

high vitamin B-6 ~roups than hormal level in both 

magnesium deficient and adequate groups with different 

levels of vitamir B-6. In kidney and brain, vitamin B-6 

did not change the magnesium levels in the adequate 

groups. 

Supplementation with vitamin B-6 mny increase plasma and 

some tissue magnesium levels in magnesium deficient animals. 

Further studies are needed to clarify the interaction of 

magnesium and vitamin B-6. 
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