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Changes of Mannganese Concentration in Various Tissues and Pyruvate
Carboxylase Activity in Liver of Magnesium Deficient Rats

Mieko KIMURA, Mayumi UJIHARA and Yoshinori ITOKAWA

Department of Hygiene, Faculty of Medicine, Kyoto University

Wistar male rats were divided into two groups. To one group magnesium deficient diet was given
and to the other group magnesium sufficient diet was given for 2 weeks. The biochemical properties of
pyruvate carboxylase in crude rat liver mitochondria fractions were investigated with the method of the
spectrophotometrical assay. The significant changes seen in magnesium deficient rats were as follows:
Pyruvate carboxylase acitivity in liver crude mitcondrial fraction of magnesium deficient rats was de-
creased and manganese concentration was decreased in plasma and all tissues except blood. Positive cor-
relation between pyruvate carboxylase activity and manganese concentration in liver was found. Magne-
sium concentration was decreased in brain, spinal cord, lung, spleen, kidney, testis; bone, blood and plas-

ma, and was increased in liver.
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—DTHHI T L ERME L, ARECEII I AV TARZT v MCBIFAEGN Y T OB &
CENE VB VEF Y T — Bt L B MCRET 2 R 720

b1 &
A1% 3 BB O Wistar BT v MOILE 2 BICHT, <7337 ARZRUTEFE OABSE (Table 1)
2T 2 BRESER, RV 77— VERE T IS CHEEREIIR & b RiMtk, SRR L RE L. UBHIRR

Table 1. Composition of experimental diet

Control Mg def.
Sucrose 15.00 15.00
Starch 38.30 38.30
Casein 30.00 30.00
Olive oil 10.00 10.00
Cellulose 2.00 2.00
Salt mixture 4.00 0
Salt mixture
(Mg free) 0 4.00
Vitamin mixture 0.50 0.50
Choline chloride 0.20 0.20

CTEBRIRILL, v v A Y ik 7 L— AV ARTFRESHNLER (AA-646, BEREFR ). €
DMETEI AT NVBEE Y — 2TV Y vV - 77 A RHAHEEE (ICPS-1000 I, BEREERTR  5H)
¥ AVWCHlE L7z,

s~ v % Y BEE T 5 pyruvate carboxylase iEHEDPEEICOWVTLUT D & ) 2=iRE % mz,
crude mitochondria fraction % Ji 7= B I SE ¥ % B %S, AR#E% AV CHFEEH pyruvate carboxylase {if
P& IsE L7z, BlE, Table 2435 v b FB#LEL crude mitochondria fraction DM 2 7R L 720
5 Bk R % A\ 72 Seructton & OFEV % BB LT, Table 3 AW FMEERT & 5 LR crude

Table 2. Preparation of rat liver crude mitochondria

Liver homogenate with 9 volumes of 0.25 mmol/L sucrose
containing 10 mmol/L potassium phosphate buffer (pH 7.5)

¢

The homogenate centrifuge at 700 X g for 10 min.

¥
The supernatant centrifuge at 5,000 X g for 10 min.

¥
The pellet suspend in 10 mmol/L pottasium phosphate buffer (pH 7.5)
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Table 3. Assay of pyruvate carboxylase in rat river

Reaction system (in total volume of 1 ml)
enzyme (crude mitochondria of liver)
100 mmol/L Tris-HCI (pH 7.8)
2.5 mmol/L potassium ATP
5 mmol/L MgCl,
15 mmol/L KHCO3
0.1 mmol/L Acetyl-CoA
0.225 mmol/L NADH
5 units malate hydrogenase
and 250 ug of Triton X-100/total volume of 1 mL
v
5 min. at 37°C for preincubation
¥
Reaction start by addition of sodium pyrivate (final 10 mmol/L)
v
Follow by decrease in absorbance at 340 nm
in double beam spectrophotometer

mitochondria fraction 2 HWTEE L7, Fig. 1, 2, 3IRTEIHIC, BHELLT1-6 £g {HVWT
% oxalacetate B & DHWVIZIZ L WAHENE SN, pH7.0 205 7.6 T TOME D pH KM, 25CTH» 5
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Fig. 1. Linearity with enzyme concentration of the formation of oxaloacetate from pyruvate and
CO2 with malate dehydrogenase and NADH.
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Fig. 2. Effect of pH on pyruvate carboxylase activity in rat liver mitochondria fraction.
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Fig. 3. Effect of temperature on pyruvate carboxylase activity in rat liver mitochondria frac-

tion.
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Fig. 4. Growth curves.

Table 4 IZ= 27 % 27 MBEER L7z, B, BHE M6, BRI B, 2A, & 0 WERvsp
Y LEERT AT ARZESAEBEIKT LS, R CEEED LA %/R L7, Table 537V
T NEERIR Lo B, BB, B, BB, S, MEF AT MRS TR DY ARZHDE
FIZFAL, BICERCTREZEL VY ABREOLRSED LN, B, METEIAENKTELRL

Table 4. Magnesium concentration in various tissues ( #g/g)

Control Mg def.

Brain 176.26 = 0.87 163.14+ 095 #
Spinal cord 20775+ 4.19 17814+ 271 #
Heart 258.13 £ 1.58 25055+ 764

Lung 157.04 £ 2.05 14387 = 4.40 *
Liver 263.05+ 3.03 28039+ 371 #
Spleen 249.74 = 4.07 237.04 & 441 %
Kidney 237.02+ 278 20450+ 281 #
Testis 186.10 = 1.13 166.25+ 279 #
Bone 2495.89 + 37.93 980.70 + 20.40 #
Blood 48.17 £ 0.65 2227+ 042 #
Plasma 2312+ 0.74 424+ 017 #

Mean * SE.
% . Significant difference (p < 0.05) as compared to control.
# © Significant difference (p < 0.01) as compared to control.
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Table 5. Calcium concentration in various tissues ( re/g)
Control M;g def.

Brain 54.79 + 4.14 56.79 £ 4.97
Spinal cord 440.97 + 94.48 344.77 + 102.5
Heart 39.26 = 0.68 4227+ 233
Lung 7731+ 058 86.44 + 2.75 %
Liver 3792+ 1.22 4876 + 141 #
Spleen 3741+ 084 5672+ 3.06 #
Kidney 64.32+ 1.02 40551+ 7293 #
Testis 39.88 = 0.48 5044 = 190 #
Bone 135.20 + 28.64 102.46 + 12.36 %
Blood 6146+ 0.72 7354+ 161 %
Plasma 132.83 + 3.94 10844+ 138 #

Mean £+ S.E. (1) . mg/g)

% . Significant difference (p < 0.05) as compared to control.
# . Significant difference (p < 0.01) as compared to control.

Table 6. Manganese concentration in various tissues ( #g/g)

Control Mg def.

Brain 0.46 +0.014 0.40 £ 0.013 #
Spinal cord 0.46 £ 0.029 0.35 £ 0.021 *
Heart 0.36 + 0.013 0.31 £0.021 #
Lung 0.20 % 0.006 0.15 £ 0.006 #
Liver 2.80 =+ 0.089 1.87 +£0.099 #
Spleen 0.24 £0.013 0.18 £ 0.008 #
Kidney 1.14 + 0.024 0.81 £ 0.021 #

" Adrenal gland 0.47 = 0.008 0.61 £ 0.015 *
Testis 0.39 + 0.012 0.36 = 0.011
Bone 0.68 +0.031 0.60 % 0.020 *
Blood 1319 £ 0.33 14.37 £ 0.23
Plasma 5.64 £0.14 3581011 #
Mean * S.D.

% . Significant difference (p < 0.05) as compared to control.
# . Significant difference (p < 0.01) as compared to control.
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Table 6 [Cw Y HVIBERRLZ, vV A VIBEE, E¥FHETy MIHBLTI ATV TLRZET v
kOB, B ML, L, BF, M, BE, FRCMECHEEORTIRD b, T, MEPIREZE
BOETIRO LN, ENFREICIEROERIEIRDON o7z TNITIZRT AT AR
FHICBIF B Y Y ERREICET A MEIEZ Las, & ORICE LOHERFEARD 51 s L,
EBWK2MOEM LA F ¥ THY, w72 ARZIZENV2 72T 720N I H Y ORA
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Fig. 5. Pyruvate carboxylase activities, and correlation between pyruvate carboxylase activity
and manganese concentration at rat liver mitochondria fraction.
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