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Brain regional distributions of manganese, iron, copper and zinc during development.
and their influences on neurodegenerative disorders - Rat model experiments -

Abstract

Regional distributions of manganese, iron, copper and zinc were examined in the brains
of normal rats during development and 6-hydroxydopamine-induced parkinsonian rats,
using inductively coupled plasma mass spectrometry (ICP-MS) and a radioactive multitracer.
Manganese, Fe, Cu and Zn concentrations increased region-specifically with age, and their regional
distributions showed some characteristics at the stage of the growth process. High concentrations
of Mn, Fe and Zn were observed in the substantia nigra compared with those in neighboring regions.
Manganese, Fe, Cu and Zn levels of the 6-OHDA-induced brains were observed to increase in
all regions during three weeks after treatment. In the substantia nigra, the increase of Mn level
occurred rapidly from 3 to 7 days and preceded those of the other elements reaching a plateau in
the 6-OHDA brains. Iron and Zn levels increased gradually until 7 days and then increased
rapidly from 7 to 10 days. Our results suggested that, in the 6-OHDA-treated substantia nigra,
increasing Mn could accelerate the increases in levels of Fe and other elements and should lead
to neurodegenerative disorders. Manganese may be trigger of 6-OHDA Iesioning to induce

terminal injuries and neuronal cell loss.
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Fig.1 Regional distribution map of Mn, Fe, Cu and Zn in the brain of 1-, 3-, 5-, 7-, 14-, 21-, 42-, 77- and 147-day-old rats. For each metal group, the maximum
value of the concentration is assumed to be 100 % (black) and the minimum value (0 ppm) is to be 0 % (white)
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Fig.2 Changes in Mn, Fe, Cu and Zn concentrations in the substantia nigra (L), globus pailidus (P), putamen (G)
and amygdale regions of control and 6-OHDA treated rats 1, 3, 7, 10, 14, and 21 days after treatment

Table 1 Accumulation rates of “Sc, *Mn, ®Zn and ®Rb in the substantia nigra, striatum, globus pallidus and hypothalamus 1 and 2 weeks after treatment.
Tracer Substantia nigra Striatum Globus pallidus Hypothalamus
control 6-OHDA ratio]  control 6-OHDA ratiol  control 6-OHDA ratiol  control 6-OHDA ratio’
1 week after treatment
¢ 1.15 £ 004 1.33 £ 0.03 12 097 %006 1.10 = 0.05 1.1 108 =002 09 +£005* 08 0.8 =005 121 =004 ***15
S*%Mn 0.08 +001 036 +0.03 ***45 010 +0.02 035 £ 001 ***35 011 +002 032 003 ***29 0.12 + 0.04 035 + 0.01 **29
857n 037 =001 060 £ 0.04 ***1.6 036 002 059 +£ 004 ***16 029 =+ 003 0.53 =003 ***18 040 + 001 0.63 + 0.04 ***16
®Rb 071 £001 087 £0.04 ** 12 072 £002 095 £ 005 ** 13 044 =001 090 = 005 *#*20 082 =+ 0.03 095 = 0.06 12
2 weeks after treatment
43¢ 044 +£005 1.57 £0.08 ***36 143 + 007 1.75 £ 008 *** 12 071 + 006 095 =003 ***13 153 = 0.05 230 =+ 0.03 *** 15
i 0.15 +001 058 + 003 ***39 023 +0.02 037 =004 ***16 015 £0.02 029 =002 ***19 033 +0.01 039 £003 * 12
$7n 070 =001 146 £006 ***21 127 =004 145 + 006 ** 1.1 048 + 004 1.01 =006 ***21 165 = 005 1.890 + 0.07 *** 11
5Rb 034 +001 140 + 009 ***41 116 + 003 148 =008 ***13 070 =006 1.02 + 0.10 ***15 129 =+ 0.01 201 +0.02 ***16
Values represent means + S.D.(standard deviation) for four rats. .
- Statistical significance was evaluated using Student’s ¢ test, *p<0.05, **p<0.01 and ***p<0.005 vs contro} value.
ratio’ = 6-OHDA / control,
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