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Trace metals such as zinc, manganese, and iron are necessary for the growth and function of the brain. The trans-
port of trace metals into the brain is strictly regulated by the brain barrier system, i.e., the blood-brain and blood—
cerebrospinal fluid barriers. Trace metals usually serve the function of metalloproteins in neurons and glial cells, while a
portion of trace metals exists in the presynaptic vesicles and may be released with neurotransmitters into the synaptic
cleft. Zinc and manganese influence the concentration of neurotransmitters in the synaptic cleft, probably via the action
against neurotransmitter receptors and transporters and ion channels. Zinc may be an inhibitory neuromodulator of
glutamate release in the hippocampus, while neuromodulation by manganese might mean functional and toxic aspects in
the synapse. Dietary zinc deficiency affects zinc homeostasis in the brain, followed by an enhanced susceptibility to the
excitotoxicity of glutamate in the hippocampus. Transferrin may be involved in the physiological transport of iron and
manganese into the brain and their utilization there. It is reported that the brain transferrin concentration is decreased in
neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease and that brain iron metabolism is also
altered. The homeostasis of trace metals in the brain is important for brain function and also for the prevention of brain

diseases.

Key words——essential trace metal; brain function; brain disease; zinc; manganese; iron

1. [FL®IC

EREEDEMDOERD 95%1F/Kk#E (H), K#E
(©), ##% (N), BFE (0O) D4LETHRINT
B, BRODSBEHERL TWDEHDONIFIILT
HBH. IFXTIINOHT, MRIZHRERITTFEELT,
TV L (Ca), U2 (P), g (S), HUTL
K), #hUwLA (Na), HFE (C), ITXITL
Mg), & (Fe), #igh (Zn), <> > (Mn), §f
(Cu), L > (Se), a3w# (D, EUTF >
Mo), znr/ (Cr), a/)N)b k (Co) @ 16 FEEEM
HBD. TOHRTE, Hish, ~>H>, i, 2L,
aAv#E, BEUTTFY, rah, ANV D9 TEHEIT
KOBTOHEERNDIEEWEY, MEITE TN
TWa. V%R, MEBELROSNIEOESRE LD

FRI IR R SR E TR R A d b = (T422-8526
el T 4R 52-1)

e-mail: takedaa @u-shizuoka-ken.ac.jp

AT, TR 16 - H A ERFINIREE O ZH %
LR L TR L7=dDThH 5.

2, 7vHER F), F1F S, NFPUL V),
Zwa)b (Ni), ##FE (As), A X (Sn) ® 6 FD
WEILENDBHATH D EEALNTNDS, I HIT,
JFh (L), #Ib~v= L (Ge), B#E (Br),
NWeZoL Rb), XNFPTL (PD), HEITA
(Cd), $h (Pb) R EDWMEILHEOMHATH S AlHE
Wb, ZOLDIT, HEMCICEMIETOMERE
WCELS DMBETLENBETHD I ENHSMNITE
N, ZOHREMENLSFF#HINDODHS. Lnl,
AR N TC DR TC 35 O PR HE R R TN A2 FRRY
BENI S BB TFHIT3HMzIN TR, K
12, MIZBWTIEARGENZN, 2, K
MBI & g E BRI D 2 DD N 77—
AT LMD B0, MEITLEDIKNDBEIT LKA
WMOEEICO hO—)INTNDE T & ERT
%, ¥£7z, WMEITTHEDMKNIREIZ RS & i
% & —RITHRD TR <, = OCH R E N 29D
MEICE OBREMATIIITEN TW 2, High, 8
RO RBREZHNTLERKIC, MOFEE,



578

Vol. 124 (2004)

BEICARRIRTH D EMNS, £T N5 DEMKME
SIBDORNENREE NA A A A= T T F T4 H —
IZ K D ERENTE CTHRETL 72, #igh,>Y <~ >0
49 8RO DIRINARE O E R L, BHERDSINE 5
B Lo —h—E5 I E2WEMI U KN
MHRIEB 5 A F Iy 7 ICHEHT MM EY N >
IZDNWTIE, INSOEBEN T T 7 ARIROMHRRA
EWEL NIVEEAD I EENOTRUE £z,
AP EEUAR AT PE S it REre g,  BdP i 5 e AR
BLH EONRRE & OB Rz, 22 TiE, bh
DN DOFERR DMEE Z LTI 5,

2. YU HESEORARIT

T i PN B A EL D B 6 A © BB IR A BE P
VAN E I 2 bR < B RICHEIE S 5. —7, BRi&
# E R O BB R A D S Bk S ik B B P
MEICHFEMET S (Fig. 1), A ERMESEINEE
MG SN D DI DONY 7 — 2 AT L%
Wi T 206ENH 0, ARMEDREOMAERLICI
MEHBEFIMNEETH D EZA6NTER, L
L, v b, IXUATOEKRMESEDBEER
K% A WZIMND RN S, e~ >0 >k
MEICHDIAERN, MRAKESEEEM 2 L TN
NBITTDZEMNAFA A= T T F I —

Brain

Endothelial cell /

Choroidalfepithebum ©
Choroidal

capillary
A [

Fig. 1. Zinc Transport into the Brain
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Zinc bound to albumin and amino acids, i.e., histidine and cysteine, serve as the exchangeable zinc pool in the plasma. The zinc may be involved in zinc trans-
port into the brain via the blood-brain and the blood—CSF barriers. Some transporters such as DMT1, ZIP2 and PHT1 might be involved in the zinc transport. A
large portion of zinc functions as zinc metalloproteins. A portion of zinc is sequestered in the synaptic vesicles of zinc-containing glutamatergic neurons and released

from the neuron terminals.
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Fig. 2. Inhibitory Zinc Action against Presynaptic and
Postsynaptic Glutamate Release in the Hippocampus
In the hippocampus, zinc may attenuate presynaptic glutamate release.
GABA release from interneurons by zinc may be involved in this attenuation,
followed by the attenuation of postsynaptic glutamate release. KA: kainate,
R: receptor.
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Fig. 3. Enhanced Susceptibility to Glutamate Excitotoxicity
by Zinc Deficiency
Extracellular glutamate concentration in the hippocampus during exces-
sive stimulation is more increased by zinc deficiency. This increase might be
due to the enhanced glutamate release from neurons and astrocytes. Zinc
concentration in synaptic vesicles is decreased by zinc deficiency and the
amount of zinc released from neuron terminals is also decreased.
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Zinc is easily transported into the extracellular fluid in brain tumor tissue, because the blood-brain barrier does not exist there. The zinc may be utilized for cell
proliferation. As shown in bottom panels, C6 glioma, which was transplanted into the hippocampus, was positively imaged with 5Zn. The middle and right panels

are brain autoradiograms 1 h after intravenous injection of ZnCl,.
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Fig. 5. Manganese Action in the Glutamatergic Synapse
Manganese may be released with glutamate from the neuron terminals.
The manganese may influence neurotransmitter concentrations in the synap-
tic cleft, possibly via the action against neurotransmitter receptors and trans-
porters and channels, e.g., voltage-dependent calcium channels (VDCC) .
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EIHIEMNEBEZLNS.

XA B EFBRICIEERE R A EA L, M
HEE*HZ 5, XN EBINLENTIE, <>
T ISR IR L TN—F > > & a1
UHERZERT. £/, YO0 22 &0k A
EMIEG 2 oz BECEEFREEREE TS, #Hi
MRI % (KINEEZE TO®EESL) e~ 2H
IR E R IC RE R T S 2 LA &7
72.9¥Mn-kF > 27 1) > & *MnCL DN Fi
T D &, DAY — AL TWiER, 4
A& *MnCL DN N> 7257 £z, BFEER
TR I 2AT7 Y VIEMEREIRIC RO 2
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CORIMEER IR ENOERBENES L7 Ih
IZHLUT, FI2AT7 22 EOREEHENRNEED
FREERTIIMANSKEE MU 2>/ < 2H
> EBROMNBATIE EFEEEN A EHE TH D b
FGUAT Y EDREBHEIZRDRESZEINS
ZEERWHL .

8. &HYIC
HERMESEOMBITAN AL, Z2—0O2%
U TR HBTHI0AA, eNENOMNT
OHERE, MBI 227 —3 3 2 ICBIT 5 %E
EVWTNHTHITERHI N TV, MERD A
ICHHFZRIFEEL <, BREIIZ <IN TWD, ERK
BB OEREFBITIIMNRENBEETH S 2 &N
ARRTH D, —F, HEMERE DR
3RO THNZDIT, ZTDIRAF ALY T ZIEMH D
e S B RICERT 5. Thbb, MIAIL>
UL EFREZS EMESEOIEREER S THD,
ZTOERICIIEESINERIND EEASGNS. £
NP 212, ERMESEICHE S E B\ NIFZER,
LA RICBWTIHEZ ML, MEEZTH, B
BT LHETHRETETHEELRD ETFHINS.
SHIOWRTBHENREERT DI LML
Y

BIEE AWFISERME SRR AR A L
FHETEITINZDDOTHD, —IERDIFTTIC
1L T2z B85 A, RFEBAEITD K DR
WL ET.
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