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Rapamycin reduces p-tau deposition induced by aluminum
through mTOR inhibition
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[ Abstract]  Objective To investigate whether rapamycin reduces deposition of p-tau protein induced by aluminum
through mTOR inhibiton. Methods The study employed four groups of 24 SD rats: control, low dose aluminum maltol
(10 wmol/kg Al(mal);), medium dose aluminum maltol (20 pwmol/kg Al(mal),), and high dose aluminum maltol (40
pmol/kg Al(mal),), groups. The Morris water maze (MWM) test was used to assess the learning and memory abilities of
rats. p-tau, p-mTOR, and PSD95 in the hippocampus were detected by Western blot. PC12 cells were divided into

control , aluminum treatment, aluminum+DMSO, aluminum+ 100 nmol rapamycin, aluminum+300 nmol rapamycin, and
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aluminum+ 500 nmol rapamycin groups. Protein expression changes were detected by Western blot. Twelve rats were
divided into Al-treated and Al+rapamycin groups, the MWM test was used to assess learning and memory abilities of rats.
p-tau, p-mTOR, and PSD95 in the hippocampus were detected by Western blot. Results The MWM test showed that the
escape latency time of rats in the aluminum-treated group was longer than that in the control group, and that in medium and
high dose aluminum mal groups was significantly longer than that in the control group ( (35.24+4.78) and (25.92+8.80)
vs (20.32+6.04), P<0.001). The target quadrant residence time and crossing platform times of rats in Al exposure
groups were decreased with the increase in the Al exposure dose (P<0.05). Compared with the findings in the control
group, in the aluminum-treated group, p-mTOR/mTOR and p-tau/tau levels in the hippocampus of rats were significantly
increased ( P<0.05), and PSD95 was significantly decreased ( P<0.05). Compared with the findings in the group exposed
to aluminum alone, in rapamycin treatment groups, p-mTOR/mTOR and p-tau/tau were decreased, especially in 300 and
500 nmol rapamycin groups, p-tau was restored to the normal level of the control group, and PSD95 was also increased
significantly (P<0.05). Compared with the findings in Al-treated groups, in Al+rapamycin group, learning and memory
abilities of rats were improved, p-mTOR/mTOR and p-tau/tau in the hippocampus of rats were significantly decreased ( P<
0.05), and PSD95 was significantly increased ( P<0.05). Conclusions

in excessive deposition of p-tau protein induced by aluminum. Rapamycin inhibits p-tau deposition by inhibiting the

Activation of mTOR phosphorylation is involved

phosphorylation activity of mTOR.
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Conflicts of Interest: The authors declare no conflict of interest.

Chin J Comp Med, August 2023, Vol. 33 ,No. 8

#5 (aluminum, Al) & —F BH #ff W zEY ",
K A 58 2 B R 2 B JR ¢ BREE ( Alzheimer” s
disease , AD) [ EIREE K| sh¥) 5256 A 45
TR NRE e A pF 58 34 3R W 0 1 i 4R 22 68 v] DL i
SRR RERE IR | (AR 5 R
PR R BRI AT AE

Tau EHEEEMMESSEH , AD B tau
EHMAERIES S5 M & oner g g, ™ H % N
e Iui s, i H 8RR AL tau & O i HE AR
MaT A EEERY B R, 7E R IR
AD BE BN HA D AR SRR AL tau R HY
BN RTINS au & A E#RIA %
DI R, W& XWEH (mTOR) 2 5 #f
20 A RO RS Z B A T g #E AD
HIAEFE mTOR & (193 BE s o B4 4E > AD
MWELEAEN R, BREZE S LSE tau
B R AL, DA S tau B M B BE R AL
5 mTOR 3T AH G WE 7 A B 58 R K RO
184S R BRI PC12 40 HF 55 mTOR 34 i 78
FREAT tau 25 F1 8% R b 2k 78 b A9 AR AL, I ff
FH mTOR 440 1 7] 8 A 55 28 047 T 9L, #F 5% 75 1A
T FR e ] DL R X —
1 MRAAEE
1.1 S
1.1.1 SEEsh

SPF %% 8 Ji#% SD Bt R B, /. 180 ~ 200 g,

36 H, ok BT E &2 SR E T BE[ SCXK (5Y)
2022-0002 7, 295 55 7E v 4R G B 4 i 52 B 3
Y5z % AT SYXK (75 )2018-0005 | , 5256 Fif i 17
PERFERR 1, KEREEEHIE 25 ¢/ (kg - d),
FIREHIAE 22 ~25°C W8 EEFEHI7E 40% ~ 60% , 3]
WS 5 58 26 1L VPG 5 B R 2 ¥ BH 2% B sl 0 4 ) 42
PRZz 5ot (202011) , S5 i B 44 IR 3R 5L 45
T LK S NGB AR
1.1.2 4ijifg

PC12 (R UV 3% 20 8 ) 400 3y o 7 BE ) R
Bl s Wing 3 VI8
1.2 FERKFSMNE

&M (525 . 118-71-8) A LR (5155 . 7446
-70-0) W H 3¢ [# Sigma-aldrich 2\ 7] ; & 00 % &
(rapamycin) (575 :S1039) g A 3£ [# Selleck 4= #)F}
i A PR 2y 7l ; Dulbecco” s Modified Eagle 1% 3% %
(DMEM) ( %% 5 11960044 ) g H 3% [ Gibco Life
Technologies 7 ] 5 £ [ il 1B 2 ll 411 6l 57 ( 4%
78441) Wi H 35 [E Thermo Scientific 23 #) ; mTOR HLik

1% 5. GTX101557) . p-mTOR ( pser2448 ) i {4 ( %

51 GTX50258 ) | tau $T 1A (58 5. GTX130462) A
GAPDH Pt {& (5% 5. GTX627408 ) # I H 3
GeneTeX 2 ) ; p-tau ( $396 ) Hi 44 ( 525 : ab109390)
il p-tau (5404 ) FLiK (155 : ab196364 ) ¥ [ 3 [E
Abcam A 5 W FL 2 ¥ & F R R & (B

CWO889M ) BT ALY B bR 1L A9 1L 4T Bl —



rp [ A PR 2 A ks 2023 4F 8 H A 33 55 8 ) Chin J Comp Med, August 2023, Vol. 33,No. 8 17

PL(H7 5 CW2030M/CW2029M ) . BCA & 11 & i
F& (525 . CW0014S) ¥ [ Jb 5t f A it X570 A
FRONTE], Morris 7KK B 2 48 S AR I B 5 20 2
Gi A URYI B IR AL R A IR F] 5 A e tE
TR F 22 E Thermo Fisher 23wl 5 &S WL 151X
I H 2% [ Bio-Rad A7,
1.3 EWHiE
1.3.1 A2 PERR SR SD KRB Y E vy

SD REBENL T R 4 H (HEH 6 H) xf IEH (4=
BHER 7K ) AR R B 22 5 W 5R 4 (10 pmol/kg Al
(mal), ), H 5 5 22 ZF B 45 41 (20 pwmol/kg Al
(mal ), ) 1 R & 22 2F B 4R 41 (40 pmol/kg Al
(mal),) . Al(mal), LA%FBE 1 d 0.1 mL/100 g Y5
E RS, R 3 AN, SD R 12 H SR 20
wmol/ kg # ZEMY AR IE s 12 5 2 N A, BEJS BEHL 7 R
PP FER+ TR IN A R T AL, Ml 6 K ik
YA BRGSOk 1 AN AR+
AR 2 AL A0 AL BR A [RI ISR FH TR A & 2 me/ (kg -
d) RS 1A A S5 G ST KR B SC 5 AR
Ja B K BRI 5 24H 21 3 4T Western blot SZ 55, Al
(mal ), ¥ W& ¥ J0AT H0 A 52 50 = 19 B & 7 v
[
1.3.2 ZifEsiss

PC12 400 & T = % Dulbecco’ s Modified Eagle
K3 (DMEM) H, WS 10% Jif 2F 1L 35 Al 1% 75 %%
K- R BT 37°C 5% CO, BB FRFE TR,
1.3.3 Morris 7KK B 5256

i KGR 3 D H Z R 317Kk B S5
MRS S d @M MITEE A 1 d 5 IR R
SRS, NPT IE R R R L A K ) v —
ASGBR N CE — AN IK T & 8 R RS B A
SRR K e K R FHHROK RO & 1 %R
T S 1], RSy 306 s v AR 30 B A], B 120 s,
BRAW,ELS d, 7E5H 6 R, BELTFH, ¥
KEXT G BRI , A R EK 60 s, 105 KR
2 H AR 4 BRAS B3 1 B ] R 28 8O 5 1 B, Al
FHBCE 76 2K B b7 B RS HLIC % R H K R i
VKA
1.3.4 PCI2 4HE Y3 ik

TEHMAEFE Z (rapamycin ) ¥ f#7E DMSO H (i H ik
JE R 1 mmol , F-FH 56 4= 4% 35 JE A B vk FE 43 55114 100
nmol .300 nmol .500 nmol £, PCI12 408/ LI T
6 2. X} B2 ( control ) | 4 b FH 4 (200 pmol Al

(mal) ) (Al treated) &5+ 57 %5 BEZ1 (200 pwmol Al
(mal), +DMSO) (Al+DMSO) 4% + 5 1A %5 % 100
nmol £ (200 wmol Al(mal),+Rap 100 nmol ) ( Al+
R100 nmol) F3+FEMHEEZ 300 nmol ZH (200 pmol Al
(mal) ,+Rap 300 nmol) ( AI+R300 nmol ) 55 +75 A%
% 500 nmol 41 (200 pwmol Al(mal),+Rap 500 nmol)
( AI+R500 nmol) , ¥ PC12 4 a2 Fh7E 6 fLAR
BAH—A 6 FLAR, 17 40 M B 2 55K 2 60% ~ 70%
J&i ,DMSO FIE A R AL 1 h J5 F#E4T 200 wmol
Al(mal); FR4LH 24 h,
1.3.5 RPEEI ( Western blot) 256

KGR S A W, 2% I3 B L 22 Ak W s O
SRR AR AE R BR , 52 RO BTt Sh H 21, ok T4 1 b
e ) & 48 O 5 2H 2 iy R AR B A R Ak 2R
1, =80°C PRAFAF o 2 S 46 Ak 45 o5 412 A
ML SR A MR L H, BCA EHE S, R
8% 4T BSHE N 3. 9% M AR )2 IE , LAE I H 60 pg, 60
V HLK 120 min, 400 mA ¥4 70 min %% % PVDF i
L, 5% 48 2 h,4°C — B E L%, — Pk
B35 mTOR(1 = 1000) .p-mTOR( 1 : 500) .tau
(1 :2000) . p-tau (S396) (1 : 10 000) . p-tau
(S404) (1 = 5000) . GAPDH (1 : 3000) ; — 7 5%
AL ECL Ab2: & e B5% . i A Quantity One
29. 0 RRAS B 43 B £ 8 U IR EEAE, T B Y 2%
W B K BE(E/ N2 GADPH (K B (38 4% FH Y
AR R IR
L4 ZitFEFE

BHE LI YA 22 (w65 ) %, IFEH SPSS
22.0 B A AT o Mo R 200 7 22 00 A
(ANOVA) 3 Morris 7K 28 & 16 3 78 FR HH [ 241 ] 2%
St AR IR R H A A SR B IR 3R 7 2240 #
a=0.05 NK;I /K E, GraphPad Prism 8.0 #E17 [&
FAbEE, DL P<0. 05 N2E5Ag g,

2 #R

2.1 KEEIXEHER

mE 1A FR , BEE VI 2R R BB, £ 41K B
() 9b s Vs FR T2 i D, AR SR 3 R B 4 R AR S
K, 242 ZEM AR AL 3 R BR ) 2 skt v AR 0T 450 L v R 4
KB, v R 7 i 22 28 1y 0 2k sk s AR 3 ((35. 24
+4.78) s, (25.92+8.80) s) | K T X M 4
((20.32+6.04) s,P<0.001) , 75744 ZE 4R 41 1)
YRR ((35.2424.78) s) K T F & 2% 2



18

r ] Pl A R 2 4R AR 2023 4E 8 4R 33 B4 8 )

Chin J Comp Med, August 2023, Vol. 33 ,No. 8

FRAHRRL((25.92+8.80) s,P<0.05) , #7522 i
FRALFRZE K BRI 27 > Be 7 Bl 25 40 70 S 3 i iy B
R, B 1B 1C AT UL 7R 28 MR R S, 22 2F
My e AL FHZH R B B s 5 BR A5 B I ) 2 T 6
YRS E A SRR 1 1 v T el 2D, 0 G v R A
e A A2 ZE I AR AR AR . AIEL 1D 55 5 Rt

A B
e K4 Control group 10 -
809 (AR HEMEL 10 umol/kg Al(mal),
N — PR B AL 20 pmol/kg Al(mal),
60 — AR FIERAL 40 umol/kg Al(mal), = 2
@ ? =)
== BH o
=5 404 & §
Z‘f§ 5 g
23 ] ﬁ £
m =
0 T T T T T
IR B2R OEIR 4R SR
Dayl Day2 Day3 Day4 Day5
D R HEZE (Slk=e 323 EEEE

Control group 10 umol/kg Al(mal),

RV AT U, v e 3R 0 22 2 1 B0 AR LAY i Dk
B 5 B L, W R AL TEY .
2.2 Tau.mTOR #1 PSD95 & H 7 & ZF Fp 45 A I
ARBEDHARHRIEER

WE 2 frs , SX IR He R, 4% 242 2Ry AR Ab B
KB DAL p-mTOR 5 M mTOR HAE (p-

FHRT G IR
Crossing platform times

0 10 20 40 0 10 20 40
# SRR AL T (umol/kg) % B AL (umol/kg)
Al(mal), treated group Al(mal), treated group
o) 2 AR AL R B 2R AL
20 pmol/kg Al(mal), 40 pumol/kg Al(mal),

s
e

T A AR BES: 5 KA kRS RIS 18] B . 4 4R B B PR SR BRI C L A 20 K UG 5 8 D38 5 KB A T se R =
PERLER, S IRAARLL, * P<0.05; SRS & F R4 ILEL, *P<0. 05 ; 554 F B 40 e #, “P<0. 05,
1 KR EILIE R (n=6)

Note. A, Escape latency time of rats in each group for 5 consecutive days. B, Target quadrant residence time of rats in each group. C, Crossing

the platform times of rats in each group. D, Representative trajectory diagram of the navigation experiment on the 5th day. Compared with control

group, * P<0.05. Compared with 10 wmol/kg Al(mal) ; group, *P<0.05. Compared with 20 wmol/kg Al( mal) ; group, P<0. 05.

Figure 1 Morris water maze (MWM) results
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Figure 2 Western blot results of hippocampal tissue of rats
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Figure 3 Western blot results of p-mTOR, p-tau and PSD95 in PC12 cells of each group
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Figure 4 MWM results and Western blot results in rats’ s hippocampus after Rapamycin treatment
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