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Abstract:
levels of tau protein in mice. [ Methods | Three groups of mice were fed with AICL; at 120.0, 12.0 and 1.2mg/(kg * d) respectively

[ Objective ] To explore the effect of chronic aluminum exposure on learning and memory and the phosphorylation

for 1 year, and one control group with normal diet. Spatial learning and memory ability were tested with Morris water maze (MWM).
Brain aluminum content was determined by inductively coupled plasma mass spectrometry (ICP-MS). The expression of total
tau and phosphorylated tau in Thr181, Thr231, Ser262 and Ser396 sites in brain tissues of mice were detected by Western blot.
[ Results ] Compared with the control group, the MWM latent period of high and middle dose groups was significantly prolonged
(P <0.05); the number of traversing platform in high and middle dose groups were significantly decreased (P <0.05); and brain
aluminum levels of all 3 exposure groups were significantly higher (P <0.05). Western blot test demonstrated that the total tau
and the phosphorylation levels in Thr181, Thr231, Ser262 and Ser396 sites of all 3 exposure groups were significantly higher
than those of the control group (P<0.05). [ Conclusion | Aluminum exposure can lead to cognitive dysfunction in mice and the
overphosphorylation of tau protein, which may be one of the mechanisms of cognitive dysfunction induced by aluminum.
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73 o I HT— MBI CREEH ) B HFK 2 min,
AR R E IR

FENL ST IR RO Kk E 2 S FE I R 3R
Ihe Sy NS SZ 4 d Y2k, B R4, BRI 20 min,
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BN, BCA R G T E RN E , Z 5 R ik
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94°CAKIE AP 5 min, BEAL FAE 50 g, 109% I L HERE R A -
SR TR s Tt e B J FEL 9K ( sodium dodecyl sulfate-polyacrylamide gel
electrophoresis ) 73 B FE i, 80V HL T HL YK 2h 22 f5 o T A% 5,
TE i 400 mA , 70 min K25 [ 5% 2 B 0w 9 £ % ( polyvinylidene
fluoride ) 52 1=, FHI 5% A=Wt PHWREF 4] 2 b, —HiEadh 4 5 50k

Fe( 1), 4°CHEF L8, 0.02 mol/L i B2 $h 2% vl ¥ ( phosphate
buffered solution, PBS )4 K, 20 min/ ¥X , BRI S EFRICH) —
P 1:2000FFE, 37°CHEH 1h, 0.02mol/L PBSPE3 YK, 20min/ X,
B B Ak 2% % 6 (enhanced chemiluminescence ) ¥ {4, % £
3K 801 ZR 51 B M L vk PG 3 A 2 GE %) 28 11 B3 J7 v ( Western-
blot I ZS AT 43T, SR)G THAAAIN & 115 GAPDH 28 43
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Table 1 Primary antibodies employed in this study

ik R KRR WK WRRRALAL PSS

Antibody ~ Type  Specificity Dilution Phosphorylation sites Reference/source

Tau 5 Mono Total tau 1 : 100 — Santa Cruz
pS 396 Poly P-tau 1 : 200 Ser396 Invitrogen
pS 262 Poly P-tau 1 : 500 Ser262 Invitrogen
pT 231 Poly P-tau 1 :500 Thr231 Abcam

pT 181 Poly P-tau 1 : 500 Thr181 Abcam
GAPDH Mono GAPDH 1 : 1000 = Cwbio, Beijing

[ ] Poly: % ¥ 1 ( Polyclonal ); Mono: % % ( Monoclonal ); P-tau:
B B L By tau 2 & ( Phosphorylated tau ),

1.7 %3t 5047

LB X £ s %R, FHSPSS 16.0 5440 Hr . 2401 It
BRI R 2200, kP LR LSD-e A 56, #6:
157K a= 0.05,

2 #HR
2.1 Morris 7K & X 56 25 R

Rras R B, &0 ARsd, S4B THROF 517
6 R AR BB I g, SXFERALA L, P s R
U BB B ALK 2 AR b, S IRAR L,
e A /N U T B OB B, 2RI G E L
(P<0.05), W72,

FR2 BHBEEENR Morris KEFRMER (x5, n=10)

Table 2 Results of Morris water maze test in different groups

4157 FHEIEREE R (5) T AU
Group Latency period Number of crossing platform
X E2H ( Control ) 26.34 + 13.95 433+ 1.63
4L ( Low dose ) 31.96 +11.48 3.33+2.07
R 2H ( Middle dose ) 39.92 +12.62" 2.50+1.05"
7R 2H ( High dose ) 4551 +14.78" 1.67 +0.82"
F 2.447 3.595
P 0.044 0.032

[ 1*: 5 x4 H 2 ( Compared with the control group ), P<0.05,

22 R JEE A ey R R

A4/ o 22 B e A L (F=119.748, P<0.001 ),
T R R /0N BRI R KB S T R AT (P <0.05),
W3,
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£3 PRMBSEHNESR (X5, n=10)

Table 3 Brain aluminum content in different groups

203 ( Group )

Mki%E £ ( Aluminum content in brain, nelg )

Xt BEZH ( Control ) 6.58 +0.84

G ( Low dose ) 15.03 + 1.82°
rpi2H (Middle dose ) 2433 +2.45"
R 4L (High dose ) 42.11 +3.83"

[ ]*: 5 %t 4 3% ( Compared with the control group ), P<0.05,

2.3 KA RIBLA LR ¥ tau B G A7 tau & G B B ALK T

B RE B ik 45 R o, /NI 412 tau 2B 4 7E Thel 81,
Thr231 . Ser262 1 Ser396 {3 55 [ B iRtk # 35, . o A &
ZHH R T IR (P<0.05), LK1, 4.

Tau 5

P-tau( Ser396 )
P-tau( Ser262 )
P-tau( Thr231)
P-tau( Thr181)

GAPDH

—_
(S}
w
~

[ 11: st B 4( Control ); 2: 1K E 41 ( Low dose ); 3: # #|& 41 ( Middle
dose ); 4: & 7& 41 ( High dose ).
1 FEBERMRE tau BEEMBERN tau EAFRIEER
Figure 1 Expression of total tau and phosphorylated tau after AlCl; exposure

x4 BUERERNR auBARNER (X£5, n=10)

Table 4 Western blot analysis of total tau and phosphorylated tau

215
Tau 5 Ser 396 Ser 262 Thr 231 Thr 181
Group
X HEZH
) 1.02+047 0.71+031 0.69+0.17 043+0.28 0.65+0.22
Control
1554 " * *
it 1.54+0.35 1.06+038 1.45+0.74 0.58+0.19 0.79+0.18
Low dose
FIEY " " X ¥ "
AL ) 03, 040" 13120867 1895055 0794044° 0.99+029
Middle dose
fehil . o . o :
'_J.?“E A 238+0.77 1.79+0.60° 232+0.67 0.98+0.26 1.27+0.43
High dose
F 7.277 3.716 8.708 3.762 4.920
P 0.002 0.028 0.001 0.027 0.010

[ 1% G4 3 ( Compared with the control group ), P<0.05,

3 itig
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TR ALCLy, BT S BOR B 1010 RE ) PR AR SL 504
RN, BEH R A0, /N UG R ) L
Thi o X ULH, 50 RE 28 5 B, JF 7R il P TR Morris 7K
HE I AR R PR AL/ BUR B T 27 2 IC 2 RS . X 5%

SEEEAED M FE YT AICL, B AR ST AICI
HIRFFE LS TRAR—30 . AT, S WFI0R BN vl s sh i i bl
TR uRe, (HICRAARBLR AT . DITEXH R i 2 B 0F T
2 R MG B S AR S T 0 X BRI TR LI WL L
B ARG P TEPEIE )RE LIE J  S s A e 2 3 5k 32
5 NESBRE LT 2K s P e R 7y URFE . BT
KL RS sh 247 s M HGE 507 254 |k
WA, AW SR LR R AS I ALCI 19 7 20X W7 2L /0 B
PEAT R GL AR, B[R] 70) 5t 0 2 8 X /N B2y > 121 RE T Y
A

Tau & FURMEMCE I h & e —Ff, FEAET
MZTTARNIE . I tau 8 T ROVEHLZ A A1 4588 iU
FRHERF O 1 2 B AARE S, Tau MR IR (b 45 40 S a2 03
AIRUE 4 & B A 79 T AERY 222412 ( serine, Ser ) FI75
IR (threonine, Thr ) BEERALAL,, BLC A 21 4~ 5w B R 1L
i /5., tau 75 [1 76 Thrl81, Thr231 ., Ser262 il Ser396 fif 5, (1) 5+
WAL A — 2 AR PE, T H SRS AR AR B A Ik
F o tau 8 IR ERERR AL 2k 25 5 0E RO Z5 B BE 1 IFIE AL
JEHZTE AN 22 ( paired helical filaments, PHFs ) 2 £ 0 1 fiE
BERT O A5 S SIS 45 Rt B tau ZE 1) S8 R IK 5 B
YK RN TR VAL R E Y i B S E e K0 e i /NS R N 4
TESRT WU 2 5 i P A T S R X T {68 S B R Ao
ZeouB e, METT N B R RR AL Y tau 2 P A28 2T 4E
2 ( neurofibrillary tangle ) £ A% Wgpyli-n] gE LB OR Yugn
J5 tau & FATE Thr231 . Ser262 F1 Ser396 v S Ay ifb F ik T
BERRAK tau 2 11 538 XYL AL SRR N IR ICRE T B R
Wi AH—E o WFFEERR AICL 5 R INAIRE ) 1R AT RE R tau
T E R ERALEAE T, (H ALCL 2 4] 2 tau 25 (1 R
AR EARBIBLE 8 TCE 18, AR T — PR,

EEFEAARX T EIRSEERN R TR,
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