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Although the essential roles of manganese ion (Mn) and requirement of its home-
ostasis have been studied in various biological systems, little is known about how Mn
actually- plays physiological roles. Our interests are -focused on the determination of
the redox passway of Mn through which Mn is transffered to an appropriate location
for its function.

We determined the tissue and subcellular distributions of Mn (II), determined by
ESR (electron spin resonance), and of total Mn, .determined by neutron activation
analysis combined with chemical separation, differentiating two species of Mn in rats
with and without MnCl,-treatment.

In controls, total Mn content was high in the thyroid, hypophysis, adrenal,
pancreas, liver and kidney, but Mn(Il) contents of these tissues were low. In animals
treated with MnCl,, the total Mn content of all tissues increased, but the Mn(Il)
content‘ reméined low. In subcellular distribution, the total Mn content was high in
nuclear and mitochondrial fractions of liver and kidney, and in the microsomal and
supernatant fractions of the pancreas. The ratio of Mn(Il) to total Mn was relatively

high in microsomes of the liver and kidney of control rats, and in the nuclear fraction
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of pancreas of Mn-treated rats.
Partially purified liver nuclei and mitochondria were found to contain higher
levels of Mn than the crude compartments, indicating that Mn is tightly bound in each

cellular compartment.
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Fig. 1. Gamma-ray spectrogram after chemical sepa-
ration of the rat liver treated with manganese chloride
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Fig. 2.. ESR spectra of thyroid homogenate of rat
treated with manganese chloride. A and B: 77K,
C: 293K

Table 1. Distribution of total and divalent manganese in various rat tissues

Organ Control MnCl; - treated Percent
Mn level (nmol/g protein)  Ratio (%) Mn level (nmol/g protein)  Ratjo (%) change of

ol M MnTT Mn?*jtotal Mn Total Mo Mnit Mn®*jtotalMn  fotalMn

Cerebrum 10.5(0.22) n.d. — 70.7(0.77) 1.6 2.3 573
Cerebrum 13.1(0.27) n.d. - 38.3(0.42) 2.3 . 6.0 ‘ 192
Hypophysis 35.4(0.73) n.d. - 265.4(2.89) 1.4 5.3 650
Thyroid 58.6(1.21) n.d. - 152.6(1.66) 4.0 2.6 160
Thymus 4.0(0.08) n.d. — 27.1(0.30) 0.3 1.1 578
Heart 6.6(0.14) n.d. - 32.5(0.35) 2.8 8.6 392
Lung 5.5(0.11) n.d. - 13.6(0.15) n.d. - 147
Liver 48.3(1.00) 0.6 1.2 91.7(1.00) 3.5 3.8 90
Spleen 4.9(0.10) n.d. - 15.8(0.17) 0.7 4.4 222
Pancreas 19.5(0.41) 1.2 6.2 571.9(6.24) 146 2.6 2833
Kidney 19.8(0.40) 3.1 15.6 191.8(2.09) 5.3 2.8 869
Adrenal 32.2(0.67) 0.4 1.2 217.4(2.37) 4.4 2.0 575
Testils 6.8(0.14) 0.1 1.5 96.7(1.05) 1.3 1.3 1322

Data are means of two replicate experiments on pooled samples from five rats. Values in parentheses are ratios of the total
Mn level in the tissue to that in the liver. n.d., not detected. Percent change in total Mn was calculated by the following
equation: [(total Mn in MnCl,-treated rats)—(total Mn in control rats)}/(total Mn in control rats) x 100,
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Table 2. Distributions of total and divalent manganese in subcellular fractions of rat liver, kidney
and pancreas

Subecellular Liver Kidney Pancreas
fraction Mn level Ratio Mn level Ratio Mn level Ratio
(nmol/g prot.) (%) (nmol/g prot.) (%) (nmol/g prot.) (%)
total Mn Mn?* total Mn  Mn?* total Mn  Mn?*

Control
Nuclei 109.3 1.8 1.6 36.3 0.9 2.5 36.7 2.8 7.6
Mitochondria 144.6 2.9 2.0 64.0 1.5 2.3 55.6 6.8 12.2
Microsomes 12.6 3.5 20.7 5.1 0.7 13.7 82.5 12.8 15.5
Supernatant 23.2 0.8 3.4 0.0 nd. - 63.5 5.2 8.2

MnCl, - treated
Nuclei 173.2 4.4 2.5 296.1 8.0 2.7 86.0 49.8 57.9
Mitochondria 176.7 5.3 3.0 577.0 .13.7 2.4 845.6 57.9 6.8
Microsomes 26.0 2.8 10.8 178.0 8.4 4.7 1918.0 93.7 4.9
Supernatant 55.8 1.0 1.8 120.2 1.7 1.4 1144.2 59.6 5.2

Values are means of two replicate experiments on pooled samples from five rats. Ratio (%) means (an*/total Mn) x 100.

Table 3. Total manganese contents of crude and purified nuclear and mitochondrial fractions of
rat liver

Fraction Total Mn content (nmol/g protein) Percent change
f
crude partially purified of Mn ?gntefmt a
. . on purification
fraction fraction
(A) (B)
Nuclei control 36.7 429.8 ) 1071
MnCl,-treated 86.0 880.5 924
Mitochondria control 44.3 92.5 109
MnCl,-treated 68.4 170.7 150

Values are means for two replicate experiments on pooled samples from four rats.
2 Calculated by the following formula: [[(B)—(A)]/(A)] x 100,
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