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Summary

Several researchers suggested that magnesium (Mg) deficiency induces metabolic disturbance in the liver. Skeletal
muscle is an important organ for metabolism such as glucose and amino acids, and skeletal muscle is one of the
organs affected by Mg deficiency. Because Mg deficiency is known to decrease feed intake, some researches adopted
a pair-feeding control diet. However, restricted feeding changes feed-intake pattern, ie., rapid and large consumption
of feed just after feeding, which probably affect many metabolisms. In the present experiment, we determined low-mo-
lecular-weight and hydrophilic metabolite concentrations by non-targeted semi-quantitative analysis with GC-MS/MS
in skeletal muscle of ovariectomized (OVX) rats because OVX induces hyperphagia and Mg deficiency is unlikely to
induce the reduction of feed intake in OVX rats. Although Mg deficiency did not affect feed intake, body weight
gain and feed efficiency were decreased in the Mg-deficient rats. One hundred and twenty-one metabolites were
identified in the gastrocnemius muscle, in which 15 metabolite concentrations were affected by Mg deficiency. An
enrichment analysis showed that Mg deficiency affected pentose phosphate pathway, purine metabolism, and panto-
thenic acid and CoA biogenesis. These results suggest that Mg deficiency disturbs these metabolisms in the skeletal

muscle, which may be one of pathogenesis of Mg-deficient diseases.
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Table 1 Effect of Mg deficiency on body weight, feed intake, feed efficiency, muscle
weight and plasma Mg concentration in ovariectomized rats

Control Mg deficiency
Initial body weight (g) 3013 = 151 3007 = 97
Body weight gain (g/day) 15 = 01 1.1 = 01"
Feed intake (g/day) 186 = 08 180 = 05
Feed efficiency (g/g) 008 = 0.002 006 = 0.005
Gastrocnemius weight (g) 217 = 011 201 = 007
Plasma Mg (mg/L) 189 = 03 77 = 107

Values are the mean=SEM (n = 5).
* Significantly different from control group (P < 0.05).
Feed efficiency = Body weight gain / Feed intake
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Fig. 1 Effects of Mg deficiency on metabolite contents related to pentose phosphate pathway, purine metabolism, and pantothenate
and CoA biosynthesis in the skeletal muscle of ovariectomized rats.
Open column shows control group and closed column shows Mg-deficient group.
Data were expressed as percentage of control group.
Values are means + SEM (n = 5).
* Significantly different from the control group (P < 0.05).
i Tended to be different from the control group (0.05 = P < 0.10).
a, Metabolite related to pentose phosphate pathway.
b, Metabolite related to purine metabolism.
¢, Metabolite related to pantothenate and CoA biosynthesis.
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Fig. 2 Mg affecting metabolic pathways suggested by an enrichment analysis in the skeletal muscle of ovariectomized rats
Up arrow indicated the metabolites increased by Mg deficiency.
Down arrow indicated the metabolite decreased by Mg deficiency.
Open arrow showed the significant difference between the two groups (P < 0.05).
Closed arrow showed the tendency of difference between the two groups (0.05 = P <0.10).
Right arrow indicated the metabolites not affected by Mg deficiency.
The metabolites without arrow indicated not detected.
G6P, Glucose 6-phosphate; F6P, Fructose 6-phosphate; GAP, Glyceraldehyde 3-phosphate; E4P, Erythrose 4-phosphate; S7P, Se-
doheptulose 7-phosphate; Xu5P, Xylulose 5-phosphate; Rib5P, Ribulose 5-phosphate; PRPP, Phosphoribosyl pyrophosphate;
IMP, Inosine monophosphate; XMP, Xanthosine monophosphate; GMP, Guanosine monophosphate; ADS, Adenylosuccinate
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