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Summary
Trace elements such as manganese (Mn), zinc (Zn) and copper (Cu) are essential elements, but excess amounts of
these elements are known to cause many neurodegenerative diseases including Alzheimer’s disease (AD) and Parkin-
son’s disease (PD). The risk of excessive intake of Mn, Zn and Cu is increased by taking food plus supplements.
Some of botanical or animal origin supplements have been reported to contain high concentrations of Mn, Zn and
Cu. We investigated the effects of long-term exposure to Mn, Zn and Cu on learning and memory in aged mice.
The effects of

Mn, Zn and Cu on non-spatial long-term memory were investigated using step-through-type passive avoidance task

20-week-old ICR-JCL male mice were given 100 ppm Mn, Zn or Cu via drinking water for 58 weeks.
in male aged mice after 56-weeks administration. In the retention trials of the passive avoidance test, latencies to
enter a dark compartment were shorter in the Mn- and Cu-exposed mice, compared to control mice. The behavior-

al test indicated the possibility that long-term exposure to Mn and Cu inhibited long-term memory.

MRICEDIAIET B E R ZIERDE L, AR HRAEH A
L%, LAL, TNOHOILEZBRIBIT 2 & @RS %
BT IEDMONT VDS, ZORZIEVHN L 1L ER
FEDHHN 2 BEOMAHVOVMETEOHHMTHL Ve <
Y# v (Mn), High (Zn) BLOE (Cu) I2BWVWTYH,
ZORMEEIEE L, EhEFEREREE MRS 59 2T
WhRBROEGEE L TEEREHER L Tw5, FlZ
X, Mnlf, EVEVEBANKRF Y S—EBRA—I—F F
YRV ALY—F (SOD) FOMEOHMKET L LTHw
Twb, Zn L, Bl &HA, H KEOMRH S DNA,
RNA OGBS T 2BRICAN KT, AARERICERE
e R L Cwb, T2, Culd, MM CE LR
THEOHKNT & Lz o AEBERICEESLTWwS 2,
RZIE & BFHEICE L TOMENH Y, Mn ORZIEE L
THURREE, SRR, MRS, #EES LT Mn
flige/S—% v VEEEE (PD) &SR TWwb, Zn D

RZIEE LTHEBER, WREE, BZ2OBEIHEITT
WD, BEHEOHEBIEA v, Cu R ZIZHIM, O
Mg B IR, MdiREERL R R %, Cu ML
filllh K2 g g€, FEEA, HETRIAZIIEREITLINATY
57, THETHMEILEORZIEICOVTIIZ ISR
T&77205, BEHEICOWTIE, @HFOEENETIRI S
Wiz, WIREDEATI oz, LL, WEDY Y
AV PERFILDETH/FEANETICLY, BT X b
LW A DB XY BREERIGSE 2 2 WD
%o Fex OWZEICBVTDH, FEEOL FDL I3RS
BRMoTHEHEZLTVBIZLPDDbOLTA T EE L,
AR ITCRDTIRMG S N RRER 2 G LT T Y AV
MNEBE - HHEAT 27 H 5 2 EFHLNIRD,
FT) AL M XD R RER OMBE A Z 5]
BetEARIE S Y

WAR, R IeHE L MM R A OBIRIER ShTw

*IAEHD © BORR T A7 X P SO E P IT 38 (T 615-0082)
*xTAEHD © KB BT RS S K AAT 1-4-3 (F545-8585)



% MEYY L bASETIE, 65 il ok A A 2 B
LTHBY, 20134E9 F 15 H AT, A D 584
X 250% &R0 TWwb, 29 Lz ALDEE LI, 7
WINA < —=TZRAGE (AD) % PD DO EME 2% WK
MRV BN L CTE TV D, iRz ths B & i
TELOMBRERTHEE LT, Zn, Cu, # (Fe) 1 4
Y13 AD TEALT 2 KINH B TR L XLV TH D,
e & BICWTO Cu, Fe A F Y LRVHPLERT S
&Y AD THALNBEANIIZIX, Zn, Cu, Fe A F ¥as
HEFHET, Cuk Zn BT IS FER (A) &
EEHBGLTABZRMNICILE S, BARIEE I
LI EY BHMENRENTVE, EBAF VIS
BALZ b L AL ) ARAEEABZ 52 L RSN T
57, Zn, Cu, Mn & AD % PD O M# %2 /R85 % #Hifk b
b, LhL, REFMZWHS IR > TW RV,
ARAFFETIE, Wy~ A2 Mn, Zn BL U CuzEnZ
NRMEP G-, MERREEISE 2 - T b 2% fTEER
B L OB ORHHRE AR X VRO THET S,

KRBT &

1. EERENM

ICR-JCL (7 8#) M~ A% HAZ L 7okRatt (]
30 5 41 VEEA L7z, Hil 22 + 3T, BB 55 + 5%,
B A 7V 12 KR E M o SPF Bl B ST, R o —
AA—bMROFr—YICAN GUIE/1 47—, 7272 LR
o1 r—U0H60L), 2081275 F TREMEEH
FIEN S CHE L, FEBICHEH L,

2. BRSHEOCHR

Wik~ Ay () WA (MnCl: - 4H:0) B X O
FlESH () TR (CuSOs - 5H20) &, FIjLitserk
K&t (KR OYFMBAIEE Wiz, LIS (ZnClw)
&, BR et at () OREHREEL w7z, &5
F® 100 ppm Mn Ki#E#1E, MnCl: - 4H.0 1.801 g %= /K12
%A LC500mL & L 1000 ppm Mn K& & L2k,
HAML TWRL 720 H5 D 100 ppm Zn KEH I,
ZnClz 1.042 g % KIZ# A L T 500 mL & L 1000 ppm Zn
R e Lz, HFHRL CHE L7, 100 ppm Cu K
WL, CuSOs - 5H20 1.965 g % KIZEHD LT 500 mL &
L 1000 ppm Cu KB & L7tk HEARL THEL 72

3. KERETE
20 34 5 ICR-JCL M~ 7 A % xf B ## 11 PT, Mn, Zn,

CufGHEZNZN 10 LD 4 FEITH0F, wFHEEIC Ik %,

Mn #5- #1212 100 ppm Mn K& %, Zn #5821
100 ppm Zn KEW %, Mn &%5-8121% 100 ppm Mn K&
WaEZnEnEgpke LCh8 MM HE BRS¢, &5
Wi, 1AM 1 EARE L HOKEZWE Lz, 56 B
H1%, FH - GBI OWT AT v 7 AV — RIS B[]

BEERERIC X Bl 24T o 720 AT v T AV —BISZ B [a]
R T HO¥E 58 M HIC, YF VT —F VEREET
TV 7 ADIME % CIRERII X 0 BRI, W, T s
L, \EEZME L. FRIULE X U g2 58 L, Ak
ML LT, &y 827 (TP), 7TV 7 3 (Alb),
ThVNTIrvru7Ty ik (A/G), FE—NVIEEHAER
(TTT), 7ANLVF—F+7 I/ SV AT725—F
(AST), 79=v73I/b+5vA725—¥ (ALT), 7
VWHYFAT 7% —¥ (ALP), y-Z V¥ INVFT VA
RT7F¥—=¥ (y-GPT), 2V YT A7 5—+¥ (ChE),
73I95—%¥ (Amy), Z L 7F =" (Cre), REEH
(BUN), +hUw2a (Na), 7V 72 (K) BLUFro—
WV (Cl) DPEEAT-> 720 T LWL, S~ v
ENT T4 val, A XYY Y -2+ Y Y (HE)
Yt s X ORI 2 et % L, SRR Bl &
1otz B, BWENVLAZEE, CREHRE O [H%E
RIS BT 2 B ERSE O EREI T 5 AR CF
1% 18 AEHEAT) (i o THES 7z TRBR S K &# By 9285k
BHHE] #MF LT, EFRT o b a—vid, KBl
SRS AT b X By SRR B R DK A 720

4. 27y 72 —EIZERYEE R

ATy T A —RZ W BRI, /N PR pE SRR
24 () WO F v T AN =< A 528 b
FOSFERE 2 W CHEIE L 7. BRI, %5 56 8
BBICRD X ) ATk o720 7 A % FEEREBRBEIC 10 5
MBS 7%, FEEHUZHE (13WoEKETHED
LRERCEEE) AN, 10 BFRGRBICELYE, < AN
BT T BB 5 F CICBE LI GEIRE) 23l L
oo BFEIC A2, BEHICXus v F72Ho, 58%
I203mA, SHMOBEBLRYavy 72527, <7 AR
AR L) R EOBBRSERE L2 & ik
BEEBT, BEbllh—a7r—VITR Lz, #ERIToRA,
FERITEZRD X 912470 720 BERITERBICYY 2%
HZEICAN, BEENOBITHHCTH 22 WE L7, 72
2L, BRIBALLZYYAICERY 3 v 2713527, &%
REOWE LR2 3008 & L7ze X512, 3HZE 7 HIRIZ
LRBICHAERIT 21T o0 2B, *REE L 5O
X, FAERITIREOBR O MEE L OIE FBE 300 £ &
ZTHBIBALL 57277 ADHEETIT> 72,

5. REEMBIEIRE

< 2L DR LA RV~ o CTREER, WIS
WRT T4 aiL, YREEARZIER L7, HE J«fal
SIS CTEN L WIS Lz, X512, 7%
a-Y X7 VA Y PREERL, AREEREN;IToTw
BV RHARDL 2D, 85T 4 VA U7 EAR s
774 %, FENENGLY VLS T Hik (ab32057 1 T
TH AR ER), BY v Biba- ¥ X ¥ LA ik
(ab52168 : 7 7 4 AR A % v CRIEMARL Y



Table 1 Serum biochemistry parameters in male ICR-JCL mice after 58-week treated with Mn, Zn and Cu

Control Mn Zn Cu

TP (g/dL) 50 £ 0.1 50 £ 0.1 50 = 0.2 50 = 0.2
Alb (g/dL) 29 =01 29 = 0.1 27 =01 28 = 0.1
A/G 1.3 £00 14 £ 0.1 12 £01 14 £ 01
TTT (U) 1.3 =03 06 +01° 08 = 0.1 0.7 =00
AST (IU/L) 78 £ 9 77 = 11 73 = 20 68 = 3
ALT (IU/L) 34 £2 40 £ 3 29 £ 4 36 +6
ALP (IU/L) 121 + 13 153 + 22 140 = 24 163 = 11
y-GPT (IU/L) 20 20 10 10
ChE (IU/L) 24 £ 2 27 £ 2 23 £ 2 23 £ 2
Amy (IU/L) 939 = 52 1150 £ 195 948 + 67 1010 = 120
Cre (mg/dL) 0.07 = 0.00 0.06 = 0.01 026 = 0.19 0.06 = 0.01
BUN (mg/dL) 30 =4 24 £ 2 52 = 27 28 £ 2
Na (mEq/L) 155 = 1 156 = 1 156 £ 0 157 £ 1
K (mEq/L) 47 =07 6.5 + 0.6 75 =08 6.6 = 0.2
Cl (mEq/L) 113 =1 115 = 1 114 = 1 117 = 1*°
T-Bil (mg/dL) 0.1 =00 0.1 =00 01 =01 01+0

Data are represented as the mean = SE.
* Significantly different from control group (P < 0.05)

Toxicologically significant changes were not found in serum biochemistry parameters.
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Fig. 1 Body weight curves of male ICR-JCL mice administered
Mn, Zn or Cu during the 58week experimental period.
Values represent the mean = SE.
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Fig. 2 Effects of 56 week-administration of Mn, Zn and Cu to
aged male mice on step through latency (A) and on the
impaired acquisition response (% of the over 300 sec)
(B) 1 day, 3 day and 7 day later in a passive avoidance
task. Mn, Zn and Cu treated groups were not signifi-
cantly different from control group (P < 0.05).
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