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Study on relationship between manganese level and neurodegeneration induced by chronic aluminum overload in mice
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Abstract ;: Objective

Methods

To investigate the possible mechanism of neurodegeneration caused by chronic aluminum overload in mice.
140 healthy male NIH mice were selected and randomly divided into the aluminum overload group and the control group,
70 cases in each group. 45% aluminum gluconate solution(0. 2 mL/10 g) was given by intragastric gavage in the aluminum overload
group,once a day,6 d per week for 12 weeks. The control group was given isovolumetric distilled water. The learning and memory
functions, histopathogical changes of hippocampus,as well as the concentrations of manganese in hippocampus and cerebra were
compared between the two groups. Results Both functions of passive learning and memory and spatial recognition were significant-
ly decreased from 4 weeks. Hippocampal neurocytes showed pyknosis and lost,as well as the manganese level was significantly in-
creased from 6 weeks in time-dependent manner. Conclusion Chronic aluminum overload can cause neurodegeneration and learning
and memory dysfunction in mice obviously,its mechanism may be related with the aluminum-induced metabolic disturbance of in-
tracerebral manganese metal ions.

Key words: aluminum; manganese; neurodegeneration; aluminum overloading

R — i AT 8 2R A A A R AT T A R M e 2 T
Yoo w51 2 2 A2 BN T RE e Ak HEAIL R 9 B S AR B 3%
fﬁ*ﬂzli?ﬁﬁj%m A UFFEUE W] L i N 3 A S B AT R B
NI 2B AT S S S AR B O 5 L B T A2 T R

SRR O [ Ay Al SIZ-2 R HL K 42 [ 3 R 45 Morris
K RE /N light-dark WY 508y AP T B 2 B 27 15 24 W) BT
TR 3 2 B T U 5T R 3 63 23 D66 B2 X Plasmad 00 11 [
F%E PE XA,

%ﬁﬁ,ﬁfﬂfﬁ ZOUHE R B AT BRI ET L3 BAIRE TAAEM 1.2.3.4.6.8.12 J& 7 A B E
AE 7 A R LA M 28 TR AT Rk AS I N B B T EELRE S W /D B 2T I IC T R USRI Do B 25 2 AR AL I E R R
52*&% Wtz RGO, WL AP RMEE BiESZ  MESSEEEF 58T

BN R PR AR R R LS 2 TR AT U SN & R 1.4
il 5 T Y 5% AR5 AT 4R 5 40 B e B R 2GR AT M AR 1Y T RE o I

/J\Ejm&"ﬂéfigﬁ A BN 10 RSk E b i AR %
FICHEBME (36 V, AC), i 5% 5 min N/NR 1 IR A

HLHI ﬁiﬁ R i BT o BSOS (6] 18] B OB AR 309D LBl 32 v ol B9 K
1 MREFE GERREO . 24 h DG  HE FiRiRIE,
L1 3y e et NIH N 140 RO R E R K 3) L5 /N Morris K E K A A BUNRL 10 HEF I,

S g v B A AR IE S - SCXK (11) 20020001 ], 44 i 120 ~
25 g.4 G . BEMLAY AAS FUAT AL S X IR A4 70 K, A 4 B
5 AICL « 6H, O I FH i 25 18 7K Bt )8 45 20 4 245 8 IR 40 7%
W MAMA"REE ST 45 %A 0.2 mL/10 g(HH
ZF APT 400 mg/kg) s X IR 45 T SR BUZE K B 6 K,
HEE 12 .

1.2 R 5408 AR AICL « 6 H,O.25% Py 2 3

A

A J@iAEE, Tel: (023)68485038 ; E-mail : cqzhouqx(@ yahoo. com. cn,

IR E K AE TR 24~25 °C U2 iR 5 min, SE58 4 kil
B B A B B . DN R B - R 22 25 4 A, VT4 Bl
BERBESE 4 AN R I ATK A B /0 BUTHT ) 9t BE A K Tt I 7 1)
AT EE G . WERH B4 5 Rk AT MR 6 6/ R
AR BRGNS L R Wi AT 2 R F & 0 B iR (S
G tED ,# it 5 min A 5 min 718,

1.6 )=l aE e 7E  SABUMNR S JL Wkt



FTREF 201255 A% 41 55 14 0

BE 53 B B 2 RN Ty R AR B R SIS A 25 %6 0 Z 3 A A Ak
% (8 mL/g) .80 “CIH R I b I W B ARG MWK ER T
10 mL, & ] Plasma 400 5 & & J5 7 & 51 635 4306 06 B A
AFME . BB E P 309, 3 nm, 46 I E K 257, 6 nm,
1.7 FERE R A& A% KA S IE RN B, A B
AL L Y TT M R B O, Sk NS O = A S
BE AT Z 19 0. 1 mol/L #§ R 2% M (phosphate buffer solution,
PBS) [ 5 . 5 1 [7) Hsf 8 55 JFF R AR A 988 0 W K L W 0 3 s 10 5 1
N BB R AR S TSk A B AL R A TR E W . 2~7 d )R
TR H HE J 68 5 U8 B A

1.8 Siitzpab s B F SPSS1L. 5 483+ 4k 14 3 47 B 4> #r
PFEBERIL Tds Ro8 ALIR] FEBOR F ¢ 5 . R A SASS. 12 %K
PEHEAT 2 AR B, L P<<0.05 WESG S5 E L.

2 & 7

2.1 BN EROEER AT s NGRS T, 5
it BRZH /IS BURE B 5 B A 2708 BT AR DTN 4 TR T 4 522 i) 44K o
T W S 4 e, T A2 R R S R RO RS 2 (P <0, 05), I

#1.
F1 A NRBEET AN (ZEs,n=10)
WA () FEIRIREL ()
B 8]
R 0 A 2H X AL UL X i 2
15 273.9429.6  275.2430.1 1.3+1.0  1.1£0.8
2 JH 243.4-+86.1  273.1+44.4 1.1+0.8  1.0+0.8
3 235.8450.2  266.0+12.9 1.3+1.0  1.1+1.0
4 176.3423.4" 230.0£35.6 2.1£0.8*  0.940.8
6 JH 78.0422.2% 270.5+37.2 2.3+1.0"  1.0+0.8
8 JH 48.8417.1% 265.6+29.6 3.0E1.1*  0.940.8

w
w

12 J# 19.5212.4% 286.4+24.¢ L9£1.0%  0.940.8

©:P<C0. 05, 5% B H#K .

2.2 SR/ Morris K 28 S & IR0 /) BLK
PR WK, 5 X AL B B 58 7R AL/ B 4 T AR
F AR F TR (P<0.05), L& 2,
x2 BARMNMRKET S &M E
M (xLts,n=10)

i 1] RN X B AL

14 19.0+12.2 21.4+13.8
2 J8 21.4+9.2 20.8+9.5
3 J 21.0+£41.6 19.247.2
4 1 41.6+14.7° 23.246.7
6 J5 90.4-+8.8" 22.24+4.5
8 Jl 153.2+13.3" 24.846. 1
12 J 149.0-+16.5" * 22.4+8.6

*:P<<0. 05, 5% A L #K .

2.3 Rt X RO S EE S NS HE Qe
J5 AT L, o R A /N BR A% I () i T A 2 0 2 A L HE S
B TR AU W 5 48 B0 2P T N 6 S T I BE 4B B A I IT) A
A M S 22 T SR AN T L A TR 35 R A [ 4 e A

1359

AR (B 2 [ D,
2.4 SRR/ R 4 )R B S s ISE R S50 BRAL
BRAH L o 4R 70 /N BN 6 SR I I, B2 2 FifE B AL Min g F &%
RGN £ 1 2 I E] AR (P<C0. 06), L3R 3~4,
* 3 BAENIMREALREBEFEIEN
2 (xEs,n=5)

240 ol /L)
] HHRAL

1J# 30.3748.37 35.27£15.64

T3 4R B (pmol /L)
VL] Xof B4l
139.14+13.26 142, 54+25. 87

I fi]

2 4 34.87418.86  32.25+12.91 143.76+27. 14 141.77+17.75

3JH 32.9945. 14 31.07£9. 25 155.9£27.78  132.8774=33.90

4 J4 51.5747.38  40.54415.78 145.82£49.70  128.79£13.26

6 JH 67.416.34*  41.23+12.53 212.56426.00% 124, 13+28. 54

8 J# 84.9946.25%  42.73%13.13 197.02417.32* 136. 53428, 29

12 J& 70.8749.98*  43.6348.03 186. 84£20. 33* 137.83£16. 10

* 1 P<C0. 05, 5 X I Lt AL,

F 4 A MNRRAREEFESEN
i (x+s,n=>5,pmol/L)

KEHET T
i [i]

LU i X HEZH A X HEZH
1A 2.77£0.53 3.02£0.33 16.2646.2  15.49£3.12
2 J4 2.3070.30 3.5941.45 16.3444.74  14.2545.56
34 3.07£0. 44 2.46+1.72 16.8544.68 15,5948, 46
4 4.4740.59"  2.7340.62 19.944:6.71%  14.01£4. 25
6 )4 5.67£0.81" " 2.7140.90 24.54+2.92*  15.2643.59
8 JH 8.43£0.58" " 3.694-0.88 25.1840.82" * 14.9243.02

12 J# 7.93£1.22" 3.06=E1. 20 24.1641.29%  15.7344.72

* L P<C0.05," * ; P<<0.01, 5% B4 FL#k .

2.5 /NELEE SIS A 5 IR N BB T KT 8938 A [l U R )
M B2 B5R B KP4 R /N B Morris JK 28 B -6 I R] &
KA B (P<0.05) , B JZ 5l B 1 19 b v fii 21 )9 2% %0 (B
o 35. 36, FRiEIR A 6. 47, F=29.88,P=0.0054,
3 04 it

SR EEA i AR DE P I I S U E RN A
PV A H PR 2R AT B £ 2 R TE . A RSB AT VRS
JE— 2K AR B OEAOC R M HEAT M 0 2 R G L (L AR BT R
FUF B (Alzheimer' s diseases, AD) | JJL 25 45 ) & i 1k i
(amyotrophic lateral sclerosis, ALS) . 1] 4> %% %% (Parkinson’ s
diseases, PD) . % & fiji %5 ( Huntingtos's disease, HD) 4, X &
i 25 Z8 G SR AT I B 903 19 R i 78 Sz T A% O AR [ o (ELE FP AR
P2 R G v B B S R E X P TR B AR T, BT
P2 B AT 19 B AL G AN T o B . BR R b ST R
BEEEMGBITRZ — WE B AT ANEF %k
XOHEABFEOMET M. /BN E N AR XA
HIBA BB S T Ik S B & RGBT R B E R
BERIEM R AT . BRAMET R BIH S A8 &t w
KBRS EOE R R BT LAY R IR L 12 MG T



1360

AN R 58 BUR M AR b TR RL, DLOE I X i 2 2 e A2 T g
RIS RGBS T H R msm, RS R ER,
HIEE R AR WA S 12 B R R 2/ R sl o T
e 7 HEAT P55 25 [B) 1R 3 0 R ) 2R AT P R A 5 1 H K
TURLE L AR T 45 L k2R I AR B N . B R A5 R
AR H AR FEE B 12 A B SO iBAT M BUE BB HE S R
i P9 42 B S AL S M A R GRAT RSO I R A R R
PIARSET S, [ P AN 5T 0 T8 3 R L FE 22 R 68 BB B iR
AT RS BT AR B P4 B B SR B R ERAELD T . A
i Bk S 2o 4 T TT R TE UL IR T RO HL A R IR A L T
FEF TR B 3t B el R CHnEE S0 0 8 O AR . AR BDIRAS
K AR Y B E S TR LA A I 1 T R A N I FR S B (n
e AL B AL D {E 5 BER 2SR W BT 4 Fenton, Haber-Weiss
SR AR BUEEPE BT ORI B R Ak Y A WL IR 1 de R B e T e
ST S B BT KR R BT AR A AR T R A 2 TR AT
A B WA,
HRAMEFAQG SR P LT HMECRZ—, BF 2
T 1Y A OO AR R . (RO R Ao e A R A AT
TR E L EEET T SRR B AT O & R SR AT M
PR S A I MEER 2 T K U B M R L A 1 E L B
P n & SR 5 R & S AR W 4 AR 2 AL AE AR IR T
XIR7R P2 RGBT YRR 9 19 & A ] BE 5 i A s e AR
FALA G, ARFFRE R BN B AR/ BRE S R RS T
ARG N 6 JE T A6 s B A 3 e TR AR P Tk BR 2R /DN BTG
WFRR X ORI L0 A B & R SR AT PR R 1 i
R, B 2 R DA B A R S B ) iR IS T RE R AR 1Y
JRRZ—7 T2 AW OR R 7 47 20N BROKE 2 RN B A s -
i 5K E T 6 IR R S R A T £ o0 0 Il I LAY
ST AR BRI S SR TS R R R
BT R AT AN R 2 iR IZ I RERE R A B, X
PR i A 3 KT B 1 S TR A 2 TT IR AT R i R Tl R 4R
TEREMER BB RN R R — PR

2% 3k

[1] Barnham K], Masters CL, Bush Al Neurodegerative dis-
eases and oxidative stress[ ] ]. Nat Rev Drug Discover,
2004,3(3) :205-214.

[2] Niizuma K,Endo H,Chan PH. Oxidative stress and mito-
chondrial dysfunction as determinants of ischemic neuro-
nal death and survival[ J]. ] Neurochem, 2009,109 (Suppl
1):S133-138.

I R A EL AR I 5L B T R A BT 4R SO 28 T
B AR PR AP PR L . o [ 24 B 2 5@ 41 . 2008, 24.(6) : 800~
804.

(3]

[4]

(5]

L6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

FREF20I12F5 A% 4155 148

A T R BB L A AR D S R S A7 4 B0/ B R 4208 R
7555 B AR 2R A 1 OC FR LT ] b [ 2 B 2 5 R A
& +2006,20(1) :66-70.

Molina-Holgado F. Hider RC, Gaeta A, et al. Metals ions
and neurodegeneration[ ] ]. Biometals,2007,20(3/4) :639-
654.

Shcherbatykh I, Carpenter DO. The role of metals in the
etiology of Alzheimer’ s disease[J]. J Alzheimers Dis,
2007,11(2):191-205.

Fattoretti P, Bertoni-Freddari C, Balietti M, et al. Chronic
aluminium administration to old rates results in increased
levels of brain metal iron and enlarged hippocampal mossy
fibers[J]. Ann N'Y Acad Sci,2004,1019:44-47.

Hamai D, Bondy SC, Becaria A, et al. The chemistry of
transition metals in relation to their potential role in neu-
rodegenerative processes[ J|. Curr Top Med Chem, 2001,
1(6):541-551.

Milatovic D, Zaja-Milatovic S, Gupta RC, et al. Oxidative
damage and neurodegeneration in manganese-induced neu-
rotoxicity[ J ]. Toxicol Appl Pharmacol, 2009, 240 (2):
219-225.

Milatovic D, Yin Z, Gupta RC, et al. Manganese induces
oxidative impairment in cultured rat astrocytes[ ] ]. Toxi-
col Sci.2007,98(1):198-205.

Tong M.Dong M.de la Monte SM. Brain insulin-like growth fac-
tor and neurotrophin resistance in Parkinson's disease and de-
mentia with Lewy bodies: potential role of manganese neurotoxic-
ity[J]. ] Alzheimers Dis.2009,16(3) :585-599.

Zhang P, Hatter A, Liu B. Manganese chloride stimulates
rat microglia to release hydrogen peroxide[ J]. Toxicol
Lett,2007,173(2) .88-100.

Halatek T, Walczak HS, Szymczak M, et al. Neurological
and respiratory symptoms in shipyard welders exposed to
manganese[ J |. Int ] Occupt Med Environ Health, 2005,
18(3):265-274.

Benedetto A, Au C, Aschner M. Manganese-induced do-
paminergic neurodegeneration: insights into mechanisms
and genetics shared with Parkinson’s disease[J]. Chem
Rev,2009,109(10) :4862-4884.

Prabhakara K, Ghosh D, Chapman GD, et al. Molecular
mechanism of manganese exposure- induced dopaminergic
toxicity[ J]. Brain Res Bull.2008,76(4) :361-367.

OfRS B :2012-01-15 & 18] [ 97 2012-03-01)

wHB,

A A A A A A

BE:2H84% A 863 973 A0 XETAABRLAL, &

P o






