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Locomotor activity and learning and memory abilities in Alzheimer’s
disease induced by Aluminum in an acid environment in Zebrafish
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(1. Circadian Clock Center, Suzhou University, Suzhou 215123, China; 2. School of Biology and Basic Medical Sciences,
Suzhou University, Suzhou 215123, China)

Abstract: We investigated the contribution of locomotor activity and learning and memory abilities to Alzheimer's
disease induced by metal neurotoxicity. The metal neurotoxicity model was established by using locomotor activity tests
and activity-avoidance conditioning paradigms, and observing changes in zebrafish behaviors after exposure to 50 pg/L
of AICI; with different pH values (pH 7.8, pH 6.8 and pH 5.8) for 24 hours and 96 hours. The results showed Alzheimer's
disease-like behavior in locomotor activity tests and activity-avoidance conditioning paradigms by zebrafish receiving
AlCl;in pH 5.8 significantly decreased compared to the control group and groups receiving AICl;in pH 7.8 and pH 6.8
for 96 hours and 24 hours. These results provide evidences that exposure to AICI; in an acid environment can influence
locomotor activity and learning and memory abilities in zebrafish. In addition, exposure time and concentration of Al
induced neurotoxicity and damaged the brain area of memory, resulting in Alzheimer's disease-like behavior.
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(Tomljenovic, 2011;  Senger et al, 2011). X} T4
T E TR MR B M B 58 b (R K A2 AE A AR K e
R, IR AL T BUK R 2 AR Rk EUE
KPG B gk /b . BT D Re SR 2R, Ho T
A28 MK i 38 AfF A8 B P ALY, (Monette &
McCormick, 2008; Oteiza et al, 1993). Vi1 5%
45 7 5 K BT A AR I I AR S e AR T B
K 5% BX (Rondeau et al, 2009; Shcherbatykh &
Carpemter, 2007). #7E A A wEERZEE K
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TR & &, ORI mEE tEAEH, M
IR BIER Xt M AE A . o udh AR AN AR E 1)
RE#B4 5207 (Camargo et al, 2009; Nilsen et al, 2010).
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H L5 (Walton, 2006; Perl & Moalem, 2006); (3)
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A )5 53 B -K5 56 (post-hoc, LSDYAN #4646, P<
0.05 M BFEZER, P<0.01 W BEZER,
PN
2.1 EIITAHEMEMNRER
2.1.1 24hWERETRERIESEE pH S8R T4l
()3l P 0 R YA YA A 5 v TR R A (F s . piais sa=
8.508, P<0.05), W HE/&4& iR 24 h Jo IR K B A
N SEGE G, pH 7.8 1 pH 6.8 &4 F
B AL X RSP S TR AR Lo AL —
FEFEFHAR, (HIC 3 22 5 (F oy 8 p7sar=0.707, P>0.05;
Fonespn65a=0.538, P>0.05)(3K 1).

®1 HMOHE 24 h BB TRETEHEENR AR I (mean+SE)
Tab.1 Effects produced by 24 h aluminum exposure on locomotor activity test

741 Group Nl/ll\mif)ler Wi B Exploring distance (cm) VI8 Average speed (cm/s)
pH 7.8 X2l pH7.8 Control group 10 1273.69+98.334 4.2456+0.327
pH 6.8 X} 41 pH6.8 Control group 10 1045.52+80.302 3.5680+0.198
pH 5.8 X[ 1H 4] pH5.8 Control group 10 1119.58+37.611° 3.7450+0.047"
pH 7.8 843 ¥4 pH 7.8 Aluminum ion group 10 1127.79+73.189 3.7590+0.244
pH 6.8 5% T4l pH 6.8 Aluminum ion group 10 942.29+54.063 3.1450+0.181
pH 5.8 #3874l pH 5.8 Aluminum ion group 10 1363.98+123.371" 4.5470+0.411"

pH 7.8, pH 6.8 #1 pH 5.8 4A N 75657 24 h 5, BESSAEIFCAST R IZ SR YEN BT 5 min P iFBR B AP 2 3R

* B R(P<0.05); **: M7 (P<0.01).

Six groups of zebrafish showd that different exploring distance and average speed in 5 min by aluminum exposure at pH 7.8, pH 6.8 and pH 5.8

for 24 h in the open-conditioning paradigm, meaning of locomotor activity. *: significant difference (P<0.05), **: dramatic difference (P<0.01).
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P<0.01). pH 7.8 Fl pH 6.8 4572 120 il - 2 Al
IROE FE A AN R RE BE I BRAR, AR AH B 20 G
225 72 7 (Fons s.pn7.80=9.799, P>0.05; Fppe.s phe sar=
4.365, P>0.05)(F 2).
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Tab.2 Effects produced by 96 h aluminum exposure on locomotor activity test
4321 Group A4 Number W CBE B Exploring distance (cm) V333 /% Average speed (cm/s)
pH 7.8 X4l pH 7.8 Control group 10 1166.66+21.492 3.8889+0.072"
pH 6.8 Xf 41 pH 6.8 Control group 10 939.79+108.346 3.1340+0.361
PH 5.8 X} 41 pH 5.8 Control group 10 987.42+54.935” 3.2910+0.183"
pH 7.8 411 141 pH 7.8 Aluminum ion group 10 1009.11£96.047" 3.3637£0.320"
pH 6.8 43 T4 pH 6.8 Aluminum ion group 10 943.29+45.988" 2.9660+0.174™
pH 5.8 44 141 pH 5.8 Aluminum ion group 10 581.48+53.233" 1.9380+0.177"
pH 7.8, pH 6.8 il pH 5.8 411, $RE 7285 96 h i 6 4LBE 1 S 7E TF OB ARz S LT 5 min P~ R T 2 e
*: W ZEF(P<0.05); **: WD 25 (P<0.01).
Six groups of zebrafish showd that different exploring distance and average speed in five minutes by aluminum exposure at pH 7.8, pH 6.8 and
pH 5.8 for 96 h in the open-conditioning paradigm, meaning of locomotor activity. *: significant difference (P<0.05); **: dramatic difference
(P<0.01).
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Fig. 3  Effects produced by aluminum exposure for 24 h and 96 h on time of learning criteria
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VI ) IR B, a2 S RE ) m ke *:

T35 7 5(P<0.05);%*: M I35 75 F(P<0.01),

Twelve groups of zebrafish showed that different training period to learning criteria by aluminum exposure at pH 7.8, pH 6.8 and pH 5.8 for 24 h

and 96 h in the active-avoidance conditioning paradigm, meaning of learning ability. *: significant difference (P<0.05), **: dramatic difference

(P<0.01).
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Fig. 4 Effects produced by aluminum exposure for 24 h and 96 h on memory ability
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Twelve groups of zebrafish showed that different retentions by aluminum exposure at pH 7.8, pH 6.8 and pH 5.8 for 24 h and 96 h in the

Active-avoidance conditioning paradigm, retention score as memory ability was calculated by the algorithm. *: significant difference (P<0.05),

**: dramatic difference (P<0.01).
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