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Effect of NMDA receptor antagonist on hepatic oxidative stress and inflammatory
response induced by magnesium deficiency in rats
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Summary
Excessive action of N-methyl-p-aspartate (NMDA) receptor is induced by magnesium deficiency, which causes oxi-

dative stress and inflammation in the heart. In the present study, we examined the effect of an NMDA receptor an-

tagonist (dizocilpine, MK-801) on the hepatic oxidative stress and inflammatory response induced by magnesium defi-

ciency in rats. Male Sprague-Dawley rats were divided into four groups of six rats as a 2 X 2 factorial arrangement

(control and magnesium deficiency, and MK-801 and placebo treatment). The experiment was conducted for one

week. Hepatic level of reactive oxygen species was increased by magnesium deficiency but MK-801 administration

did not affect the level of reactive oxygen species. Magnesium deficiency increased the hepatic mRNA levels of

Mac-1 and CD45 expressed by leukocyte-related cells such as macrophage, monocyte and neutrophil, and the mRNA

level of Mcptl expressed by mast cells but MK-801 administration did not affect the increased levels of these

mRNA by magnesium deficiency. As a conclusion, the excessive action of NMDA receptor was unlikely to be in-

volved in hepatic oxidative stress and inflammatory response induced by magnesium deficiency in rats
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Table 1 Sequence of the PCR primers for amplification

Genes Forward primer Reverse primer

Mac-1 5-CAAGGTCGTTGTGACCAGTG-3' 5-CACAGGCAACTCCAACTGAG-3'
CD45 5-ACAAGACAGAAGGGTGCAGAC-3' 5-CATTGAACATGGGGAAGCAT-3
Mcptl 5-GCAAAATGCAGGCCCTACTA-3"  5-GCGGGAGTGTGGAATAGACT-3'

Gapdh 5-ACAACTTTGGCATCGTGGA-3

5-CTTCTGAGTGGCAGTGATGG-3'
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Fig. 1 Effect of magnesium deficiency and the NMDA recep-
tor antagonist on the inflammation score in the skin of
rats.

Values are means with their standard errors repre-
sented by vertical bars (n = 6).

<>, rats given the magnesium-deficient diet; l, rats
given the magnesium-deficient diet with administered
the NMDA receptor antagonist.

Lesions were not observed in the rats the control diet
and the rats given the control diet with administered
the NMDA receptor antagonist throughout the exper-
imental period. Therefore, inflammation scores were
not shown in the figure, and the data of one group
were adopted as representative data in the statistical
analysis.

Statistical significance was not observed between both
groups given the magnesium- deficient diet.

* Mean values were significantly different from the
groups given control diet (P < 0.05).
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Table 2 Effect of magnesium deficiency and the NMDA receptor antagonist on plasma magnesium and plasma calcium concentration,
body weight gain, feed intake, feed efficiency, organ weights, and hepatic level of reactive oxygen species.

Group C MgD C + MK MgD + MK ANOVA Effect (P)
Mean SE Mean SE Mean SE Mean SE Mg MK Mg x MK
Plasma Mg (mg/L) 21.10 1.07 340 0.64 20.76 0.64 2,57 011 <0001 0415 0.730
Plasma Ca (mg/L) 124.42 464 13191 231 11820 356 12042 2.80 0.355 0.443 0.629
Weight gain (g/d) 5.73 021 5.82 0.18 598 0.12 6.13 0.16 0441 0.142 0.765
Feed intake (g/d) 14.94 0.05 14.83 0.15 14.90 0.08 14.76 0.23 0.404 0.718 0.907
Feed efficiency (g/g) 0.38 0.01 0.39 0.01 0.40 0.01 0.40 0.02 0.105 0.266 0.718
Liver weight (g) 7.04 0.20 791 0.26 742 0.21 8.19 0.20 0.001 0.147 0.827
Spleen weight (g) 0.49 0.03 0.63 0.07 049 0.02 0.69 0.05 0.002 0.563 0.586
Liver ROS (nmol/g protein) 2945 5.15 4858 13.65 26.23 2.39 50.7 12.1 0.034 0.956 0.782

Mean values with their standard errors (n = 6).
Feed efficiency = Weight gain/Feed intake

C, rats given the control diet; C + MK, rats given the control diet with administered the NMDA receptor antagonist (MK-801); MgD,
rats given the magnesium-deficient diet; MgD + MK, rats given the magnesium-deficient diet with administered the NMDA receptor
antagonist; Mg, Magnesium; ROS, reactive oxygen species; MK, MK-801.



Table 3 Effect of magnesium deficiency and the NMDA receptor antagonist on the expression of Mac-1, CD45, and Mcptl mRNA.

Group C MgD C + MK MgD + MK ANOVA Effect (P)
Mean SE Mean SE Mean SE Mean SE Mg MK Mg x MK
Mac-1 1.00 0.56 2.53 091 0.46 0.17 3.26 0.81 0.008 0.985 0.588
CD45 1.00 0.28 2.24 0.55 1.00 0.29 2.58 0.70 0.013 0.898 0.893
Mcptl — 1.00 043 — 0.51 0.20 — 0.714 —

Mean values with their standards errors (n = 6).

C, rats given the control diet; C + MK, rats given the control diet with administered the NMDA receptor antagonist (MK-801); MgD,
rats given the magnesium-deficient diet; MgD + MK, rats given the magnesium-deficient diet with administered the NMDA receptor

antagonist; Mg, Magnesium; MK, MK-801.

The expression of Mac-1 and CD45 mRNA was expressed as the relative value to the control group.
The expression of Mcptl mRNA was expressed as the relative value to the MgD group because Mcptl mRNA was not detected in

most rats of the C and C-MK groups.
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