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Research of aluminum to the cognitive ability and genome-wide
methylation in rats

YUAN Yuzhou YANG Xiaojuan REN Pei KANG Pan LI Zhaoyang NIU Qiao
Department of Occupational Health Shanxi Medical University Taiyuan 030001 China

Abstract: Objective To investigate the effects of aluminum exposure on cognition
ability and genome-wide methylation in rats. Methods Seventy-two healthy SD male rats
were randomly assigned by weight into two parts and nine groups ( eight rats/group) .
Exposure part included control group and low medium and high dose aluminum maltolate
group (0.27 0.54 and 1.08 mg/kg alumium maltolate) . Intervention part included
control group 1.08 mg/kg aluminum maltolate group 1.08 mg/kg aluminum maltolate
and low medium and high dose folic acid group (0.7 1.5 and 3.4 mg/kg folic acid) .

Aluminum maltolate were subjected to peritoneal injection (0.2 ml/d) and folic acid were
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subjected to intragastric administration in 1 ml/100 g for 60 days. The learning and memory

abilities were examined by using Morris water maze test and genome-wide methylation was

determined via ELISA assay. Results

It was revealed by Morris water maze test that

target quadrant residence time and through the original position were markedly shortened

as a result of medium and high dose aluminum exposure when compared with control group

( both P <0.05) . The target quadrant residence time and through the original position

were extended as a result of folic acid intervention when compared with 1.08 mg/kg

aluminum maltolate exposure group. Both of them had statistical difference between

1. 08mg/kg aluminum maltolate and ( 1.5 mg/kg and 3.4 mg/kg) folic acid intervention

group and 1.08 mg/kg aluminum maltolate exposure group ( both P < 0.05).

Considerable decrease in genome-wide methylation rate was associated with elevated

dosage of aluminum maltolate ( 0. 54 mg/kg and 1. 08 mg/kg) as compared with control

group( both P <0.05) .

The genome-wide methylation rate was gradually increase as a

result of high-dose folic acid intervention when compared with high-dose aluminum

maltolate exposure group( both P <0. 05) . Both of them had no statistical difference when

compared with control group ( both P > 0.05) . Conclusion

Aluminum may induce

learning and memory abilities and decrease genome-wide methylation rate in rats. Folic

acid supplementation may improve its effect.
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Table 1 Results of Morris water maze( place navigation) test in exposure part (n =8 ¥ +s) s
/(mg/kg)
0 65.67 +18. 94 27.08 £5.99 11.82 +£5.28 14.90 + 8. 46 12.32 +£5.39
0.27 73.44 +24.35 32.91 £15.62 26.56 +18.34 16.55 +6. 60 13.14 £6.50
0.54 80.69 +14.47 38.38 £17.80 26.24 +15. 14 16.75 £7. 11 14.36 +4.92
1. 08 82.41 =17.77 43.71 +14. 84 26.27 £19.42 21.69 = 18. 49 15.49 =11.24
F 1.27 2.00 1.74 0.54 0.28
P 0.30 0.14 0.18 0. 66 0. 84
2.1.2
(P<0.05), (P<0.05)
(P <0.05) 3

2

Table 2 Results of Morris water maze( spatial probe)

test in exposure part (n =8 x +5)

/

(mg/kg) /s
0 34.95+11.16  4.00 +1.31
0.27 21.43 +7.46'"  3.38 £1.51
0. 54 14.32 £6.03" 2,25 +1.58"
1.08 15.22 £5.431 1,50 £0. 93"
F 10. 63 6.19
P 0. 00 0. 00
(1) P <0.05
2.1.3 3

Table 3 Results of Genome-wide methylation test in

exposure part (n =8 x =)

/( mg/kg) 1%

0 0. 012942 +0. 001275
0.27 0.011773 +0. 004654
0.54 0. 008446 +0. 001559'"
1.08 0. 005072 +0.001333"

F 14. 64

P 0. 00

(1) P <0.05
2.2
2.2.1 4
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Table 4 Results of Morris water maze( place navigation) test in intervention part (n =8 x +5) s
+ /( mg/kg)
0+0 74.57 £24.31 23.24 +£7.95 22.10 £11.59 17.97 £21.72 16.88 +11.78
1.08 +0 96.86 +13.11 48.66 +40.24 33.45 +19.94 33.38 +14.38 24.38 +15. 87
1.08 +0.7 89.53 £21.21 45.34 £24.89 32.28+17.98 31.15+17.75 22.88 +12.77
1.08 +1.5 79.74 £19.35 42.18 £21.95 26.00+17.95 26.95+10.45 18.50 +£13.78
1.08 +3.4 79.21 £19.50 32.42 +6.90 23.53 +6.30 21.59 7. 67 15.56 6. 93
F 1.87 1.53 0.76 1.43 0.74
P 0. 14 0.22 0. 56 0.25 0.57
2.2.2 5 6
+ . Table 6 Results of genome-wide methylation test
(P <0.05) in intervention part (n =8 X +s)
+ + /(mg/kg)
] . 0+0 0. 014384 +0. 002573
1.08+0  0.006590 = 0. 003451""
(P " 1.08 +0.7  0.007132 0. 003050'"
<0.05) + s 1.08 +1.5  0.009489 +0.002509'" ?
(P>0.05) . 1.08 +3.4  0.014379 0. 001620" >
s . F 14. 87
P 0. 00
(1 P <0.05;(2
(P <0.05) + oo (2)
5 ’ Morris
Table 5 Results of Morris water maze( spatial probe)
test in intervention part (n =8 x +s)
N 10
/( mg/kg) /s AD o
0+0 34.95+11.17"3.25+0.877
1.08 +0 13.84 +3.94!" 1.50 +0.54" . DNA S—
1.08 +0.7 16.42 6. 04" 2.13 +1.00" ( SAM) | S
1.08 +1.521.43 +5.85""? 2.63 +0.74"
1.08 +3.4 30.59 +6.87"” 3.13 +0.84? (SAH) B
F 12.75 6.38 (CpG) 5 (C)
P 0. 00 0. 00 "
(1) P <0.05;(2) DNA
P <0.05
2.2.3 6
N + N DNA o
(P Morris
<0.05) +
(P>0.05), o
+ .
(P <0.05) + o
3 DNA N



363

miRNA

DNA

“ »

1 KAWAHARA M. Effects of aluminum on the nervous
system and its possible link with neurodegenerative
diseases J . J Alzheimers Dis 2005 8 ( 2):
171482.

I
2013 13(7) :555-559.

J. 2009

25(2) :214-215.
4 PACHECO-QUINTO J DE TURCO R E B
DEROSA S et al. Hyperhomocysteinemic Alzheimer’

10

11

12

s mouse model of amyloidosis shows increased brain
amyloid peptide levels J . Neurobiol Dis 2006
22:651-665.

APP J .
2012 28(7) : 948-950.
MASTROENI D GROVER A DELVAUX E et al.
Epigenetic mechanisms in Alzheimer’ s disease J .
Neurobiol Aging 2011(32): 11614180.

] . 2005 12(5):
10194022.
WUM N ZHOU L. W WANG Z J et al. Colivelin
ameliorates amyloid B peptide-induced impairments
in spatial memory synaptic plasticity and calcium
homeostasis in rats J . Hippocampus 2015 25
(3):363372.
NATACHA C MIKE D. Epigenetics in Alzheimer’ s
disease: a focus on DNA modifications J . Current
Pharmaceutical Design 2011 17(31) :3398-3412.
BOLLATI V. GALIMBERTI D PERGOLI L et al.
DNA  methylation in repetitive elements and
Alzheimer disease J . Brain Behavior Immun 2011
25(6) : 10784083.
SETHI P JYOTI A SINGH R et al. Aluminium-in
the hippocampus of aging rats J . Neurotoxicology

2008 29( 6) : 10694079.

D . : 2010:
6-0.
120144104

(




