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Relationships between learning and memory abilities and levels of ACh,
B-EP, SOD, and MDA in the cerebral cortex of mice with chronic
aluminum toxicities
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[ Abstract ] Objective  To investigate the mechanisms underlying cognitive impairment induced by chronic
aluminum exposure through observing the relationships between learning and memory functions and levels of ACh, B-EP,
SOD, and MDA in the mouse cerebral cortex. Methods Mice were fed diets containing various doses of AICl;. Their
learning and memory abilities were measured by the Y maze test, and levels of ACh, B-EP, SOD, and MDA in the mouse
cerebral cortex were measured at end of the experiment. Results The learning times and memory errors in groups
administered moderate and high doses of aluminum were significantly increased compared with those in the control group.
The levels of ACh, B-EP, and SOD in the cerebral cortex were decreased significantly, whereas the MDA level in the

cerebral cortex was increased in groups administered moderate and high doses of aluminum compared with the control
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group. ACh, B-EP and SOD levels in the cerebral cortex were negatively correlated with learning times and memory errors

in mice administered moderate and high doses of aluminum. MDA levels were positively correlated with learning times and

memory errors in mice administered the high dose of aluminum. Conclusions Aluminum reduces the abilities of learning

and memory in mice, possibly through decreasing the levels of ACh, B-EP, and SOD, and increasing the MDA level in the

cerebral cortex, which may be the mechanisms underlying aluminum-induced cognitive impairment in mice.

[ Key words ]

malondialdehyde ; mice

I T RRAEAS U |2 T, N A H R AR
AR TR 1 H AR 22, AR RT R IBRC T O A
SRR E P T AR R gk
YT, 250 ) 35 R RN R AR R, 4R Tl 0
L 5 B 0 A2 07 A b 2 AT S AR T Pl 2t
AR T AR RN T o SRR IR B8R T BN
MITAHIBE T R ) RS Y SRR R I S BU 2
RGN E C A R 2 L T AR ) E, 2% i 12 4
R Qne] 5 0 2 2] RS AZ B BL R o0 4 B i
BT PERR T R IR 0 R ME b, A S i
SEAEPERR T RE /N S BB I/ BRUAY 5 A FTE
1CRETT , LA S 5 K iki K2 J2 Tk B89 (acetylcholine,
ACh) %5 1, B~ M ik ( B-endorphin, B-EP) & ft | #
F AW AL ( superoxide dismutase , SOD ) 36 14 FITH
¥ ( malondialdehyde , MDA ) & | #5018 P45 3
/NEREE 2T IR B 52 0 5 ORI B2 JZ ACh B-EP,SOD
MDA B FR , 0 i b 2/ B BONRIRE ) Bt
TR BILTR] , A tE v v 2 10 T 7 2 115 L0 i ity A1
B

1 ##FFHEE

1.1 Kz

THIEH KM /MR 32 HOMERESSE 3 H g /R
KT 20 ~ 22 ¢, Hh A V1 RO B 2 B 2 3t [ SCXK
(H£) 2017 —0003 ], /NIRRT A0 T RO = 2 e 52
By b [ SYXK (F) 2017 —0004 ], (Rl FE 3085 .
(23 £2) C AHRHB R 40% ~ 60% , A H i
Ko /NEYZH UM T A T R I 5 2 e 1o FH A= 3
o = AT .
1.2 FERFSMHE

=S (AICL) (KRBT Rkl )
/NER B-P ME BRI ) & T Sigma 23 F] 5 SOD i 5
& MDA 5 & ACh 357 & A1 2% I i 52 5 2 1
AT 6 20 F e A ) TR ST T, UV-
1700 258 A] WL A3 S0 RE T (iR B RS A R
3] FSH-2 Al g s A1 ML (V19548 £ dn T 2 4¢

aluminum toxicities; learning and memory; acetylcholine; B-endorphin; superoxide dismutase;

IXEE)T) Y BB 2% (MG-B, 1k 2 s T #2452
At ) o

1.3 XWHZE

1.3.1  sh¥srdifsnh fpp i g < -

32 HOKM /N BEBLA S DU 2 53 53] 02 TF 5 %
R i s A SN T B S a2 E = i
bR, A 8 /N, £ 4L/ BRUME B 45
N MEHE S SR SR, IE BN IR 2 5 R R =
MA SRR TP EHB M 16 ¢/ LIKEZR AICI, K
FEWFEA DR R S /N B AR 4R R i A R R
i 1.2 mg/kg PR R & | R B8 b A B R R
12 mg/kg P H 70 5 | 5 0 1 B0 b 3 4 B9 K 4% 120
mg/ kg VR R SR /D R, BRSBTS R A ALC,
B PRk J P Mt 3 R, ORIIE 2 2 AR I A B, %%
Rl AE S BAS =N H . R IT &
B o0 ) S 6 45 2 0o A VT R B 22 B AR B B 4 it
e, JET A8 AT 52 50 B ) 2 A i BE B A DG R =,
SR R AR S S W) R 3R RN 25 7 N GE
1.3.2 /N EARe ik

BN 2] A2 AT e Y ke
AR A TR, 2 SCkY ) A SR I R 2 2 bR
HE B/ B B 2 2 bR v B I 7 10 I U B, VR R
KT e R TE bR, 2% 2T REJTHRI 24 h
Je MR AR 0 /N B 2 04T 20 Yo, 12 5%
/NEUTE 20 il R R UCER 7R /N BRIC AT
RE T R4
1.3.3 /NEURINEZJZ ACh B-EP . SOD il MDA &
N

S H/INRAE = H S Wk AR SE I s 21 21, PR
PR B K Bz 2 AR BRER KRR B 109% 16 5]
IS IR L A3 0 E K B2 2 ACh
i B-EP it SOD 1 PEF MDA & i, 454855 A
A R A R S U S AT
1.4 SitFEFE

JH SPSS 17. 0 #4758 153 Hr , 52 90 8046 LAF- 1



P LA B A 2 2018 4 7 A28 58 7 1 Chin J Comp Med, July 2018, Vol. 28. No. 7 65

B bRiEZE (v x5 )RR, EAR 20 18] LR HT 5 A
7225007, WI4LIE] LR T LSD 3%, BL P < 0.05
N 2EFAA W 2 E 0 RE T S SRR Y D6 R
K Pearson HCTE4#1, LI P < 0.05 R AH &M
E,

2 #R

2.1 BUEPSMRFEIMCIZMRER

BARIZR T 2240 AT 7, A5 4l RIS By 2 TR
BOFICAC R R IR E e R BB (Gl F =
18.96,P < 0.01;F =25.99,P< 0.01), "FF&E &
F R RE 4 /0N BRL 2 ) DU YR B be vk B2 34 B B
W2 iRl aE R AR AL B ) T TR 4R
ARG B 2 B 3 225 (G0 = bl i L Rl 4R
HEE /N BRI TR R ISR LE X R ZH I B R 1% &
F e AR A PR AL/ B CAC B R B LA R B
HBI I, ZF AR EE(P < 0,055 P <
0.01), HWLFE1,

R EMEFPE/NREEI LI
MERZER (% £5,n=8)

Table 1 Learning and memory abilities of

mice with chronic aluminum toxicities

A5 2 2 MU IR UL
Groups Learning test times Memory error times
i) BE 4
FHRA 15.13 +1.64 4.25+1.04
Control group
=4
AR 17.00 £1.31 5.88£1.36"
Low-dose group
=] H7
A L 2013 £2.30 " A4 7.88 1.46" 4

Moderate-dose group

[ERIE %

,'“'JEE 22.25 2,71 " AA 10. 88 £2.23 ** AA
High-dose group

SRS, P < 0.05, P < 0.01; SRR LE, 4P <

0.05,44p<0.01,
Note. Compared with the control group, * P < 0.05,™ P < 0.01.
Compared with the low-dose group, P < 0.05,44P < 0.01.
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Table 2 ACh and B-EP levels in the cerebral

cortex of mice with chronic aluminum toxicities

4 51 X
ACh( pg/mgprot) B-EP(pg/mL)
Groups
i R ]
FIRAL 9.92 +2.28 45.16 £6.47
Control group
X4
R B4 8.24+1.72 39.58 £2.65"
Low-dose group
4 s
A A 7.58 £2.15° 36.17 £7.81"
Moderate-dose group
A . "
el 4.79 £1.31 A4 33.98 £2.50 4
High-dose group
T X IRALLE, P < 0.05, 7 P < 0.01; SEF AL ILE, AP <

0.05,44P< 0.01,
Note. Compared with the control group, * P < 0.05," P < 0.01.
Compared with the low-dose group, 4P < 0.05,44P < 0.01.
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Table 3 SOD and MDA levels in the cerebral cortex of

mice with chronic aluminum toxicities

25 51
SOD( U/mgprot ) MDA ( nmol/ mgprot )
Groups
i BR
*ERA 90.16 £11.41 14.06 +1.86
Control group
=4
A2 82.99 £7.74 15.93 +3.53
Low-dose group
Fil 2 ,
A 72.97 £9.027 A 18.05 +3.31°
Moderate-dose group
=%l e -
Hi b 66. 15 +8.31 " A4 20.45 42,65 44
High-dose group
T SRR RS, * P< 0.05, " P< 0.01; SEFI A ILEE, A P <

0.05,44pP<0.01,
Note. Compared with the control group, P < 0.05,™ P < 0.01.
Compared with the low-dose group, 4P < 0.05,44P < 0.01.
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Table 4 Correlation analysis between learning and memory abilities and the levels of ACh, B-EP, SOD,

and MDA in the cerebral cortex of mice with chronic aluminum toxicities

2R REL  Learning test times

TEIZHERIKEL Memory error times

AR o

. . r & P r i P1E
Indices in the cerebral cortex ; - ; -
Value of correlation coefficient P-value Value of correlation coefficient P-value
T4 ACh
-0.876 0. 004 -0.788 0. 020
ACh in the Moderate-dose group
R4 ACh
.'_MJ;E ¢ -0.851 0. 007 -0.709 0. 049
ACh in the high-dose group
Tl R4l B-EP
-0.88 0. 003 -0.7 0.017
B-EP in the Moderate-dose group o 9
R4 B-EP
|SIPIREEN
-0.784 . 021 -0. .01
B-EP in the high-dose group 0.78 0.0 0-795 0.018
T4 SOD
-0.729 0. 040 -0. 866 0. 005
SOD in the Moderate-dose group
4L SOD
-0. .01 -0.761 .02
SOD in the high-dose group 0.796 0.018 0.76 0028
=l
R4 MDA 0.782 0.022 0.898 0.002

MDA in the high-dose group
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