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[ Abstract] Objective This study aims to elucidate the underlying mechanism of hyperglycemia induced
Alzheimer's disease (AD)-like pathological changes. Methods Thirty Sprague Dawley rats (aged 18 weeks) were
randomly divided into one control groups and two experimental groups (n=10 for each group), including control
group, STZ+HFD group, and STZ+HFD+AICAR group. Control rats (n=10) was fed with the standard diet and
experimental rats (n=20) was fed with high fat diet (HFD) for 8 weeks. 8 weeks after feeding, we estimated the
reliability of the experimental model by measuring blood glucose levels (each week) of rats, serum insulin
concentrations and oral glucose tolerance test (OGTT) test. Then experimental rats were injected with 50 mg/kg/
day Streptozotocin (STZ) intraperitoneally for three days, whereas the control rats were given the same dose of
citric acid buffer for comparison. Morris water maze tests was performed to observe the functional changes of
brain regions related to spatial learning and memory in each group. Western blot was performed to detect the
abundances of AMPK, p-AMPK, SIRT1, H3acK9 and CDKS5 in rats. Immunohistochemistry staining was
performed to evaluate the levels of MAPT/Tau which can reflect the AD-like pathological changes. Furthermore,
AMPK agonist (AICAR) was used to assess whether AMPK/SIRT1 pathway, which participate in the AD-like
pathological changes, is the upstream molecules of H3acK9 and CDKS5. Results We found treatment with HFD
and STZ significantly increased blood glucose and serum insulin levels, and impaired glucose tolerance in rats.
Hyperglycemia led to a decrease in the activity of AMPK and expression of SIRT1. The expression levels of
underlying molecules of AMPK including H3acK9 and CDKS5 significantly increased. The levels of
phosphorylated Tau significantly increased in brain tissues. Additonally, AICAR administration partial reversed
hyperglycemia-induced AD-like molecular pathologic changes through activating AMPK/SIRT1, decreasing
expression of H3acK9 and CDKS5, and inhibiting Tau protein hyperphosphorylation in rat brain tissues.
inactivation of AMPK/SIRT1

deacetylation of H3K9 and over expression of CDKS5, these changes in turn lead to Tau protein

Conclusion Hyperglycemia induces pathway which promotes excessive

hyperphosphorylation and AD-like molecular pathologic changes.
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GO-Term Description Count Strength FDR
G0:0016241 Regulation of autophagy 4 1.76 0.0012
G0:1901796 Regulation of macroautophagy 3 1.93 0.0186
G0:0010506 Regulation of neuron death 3 1.67 0.0367*
G0:1901214 Regulation of signal transduction by p53 class mediator 3 1.91 0.0186

FDR=False Discovery Rate; *Z<SZ559) K i AL it 72
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hsa04068 FoxO signaling pathway 2 1.89 0.0205
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hsa04211 Longevity regulating pathway 2 2.05 0.0205
hsa04213 Longevity regulating pathway — multiple species 2 2.21 0.0205
hsa04922 Glucagon signaling pathway 2 1.99 0.0205*
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OV AU AR AU A 2B 23 T, AE DM AT AD B
PERE R KA R AMPK BT TS5
AN O, AN S AR b T O T O B
(Liver Kinase B1, LKB1). ¥t HAT B‘(ﬁﬂﬁ]}?)’(
1 (Transforming Growth Factor Beta—Activated Kinase 1,
TAKD) 145 i 3 4K 8t & F 9 B B (Caleium/
Calmodulin—Dependent Kinase J,
CaMKKB) AIE3E"", i 52 m b 5 A 7T i 4 0 6
W gl ( Glucose—6-phosphatase, G—6—pase) g
MR M T TN B R R B B (Phosphoenolpyruvate
Carboxykinase, PEPCK). AMPK W] i i 52 mi 5 A=
i, BEmdE DM 1Ak, AMPK il it fi
b # A OB i R EI 4 (Glucose Transporter 4,
GLUT4) WyFA MGz {6 1, 3 90 125 i W R P

Protein Kinase
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(A) Tau K FABERRALK T BIMGZE AL H LA, 5 Control AR L i S DR AN ZH 21 Tau 25 FIBERR AL AT T15 . WiiZH ZUBERR AL Y Tau

BEAWY (BRR: 20 pm), (B) BERR AL Tau 25 FUINZALZY Western BlotKiill; (C) GEiFEl . GEit2# 5k R ZE 24001, "P<0.01,

pe

0.001. Control HXIHEZH , STZ+HDF N & Ik BB A STZVES), STZ+HDF+AICAR M = IR IR I A STZ FE S A 5 45 7 AMPK #43h 7] AICAR

(100 mg/kg), A H S, EL=K,

El6 SHEFESMALR TauEQTEREL, ™AMPKEEIFE T EE AMPK/SIRT @ IMEIBEERL Tau BB RIE

BERC, DO I B FRARBT . 7EAD Y, AMPK A ]
LA A B— AR/ AR LAR, i AT A SIRT1 Al
FE WML 2A  (Protein Plaosphatasc 2A, PP2A) Vi
U Tau 8 H A I BERERR AL, DT A3 ik i e £ Qi 2t
—BIFONMIIRE" . ZWIHFFEEE RAES:, AMPK/
SIRT1 it B A A E A0 ML A7 15 . 2R iR E a0
il JAE A T R AATR S R AR s 25T
] A # 36 AS nl sl ke A9 4 F . g el WL, AMPKY/
SIRT 1 38 ¢ AT &2 DM AT AD Z [ R BF 4L

CDKS J2 4 /it J 303 25 0 0 e 3 il 5 G ) o
BB, TR AD B HERR TR R T AR AR
AT RE S 45 DM ORI AD £ 3 2 B A O 0
CDK5 & & BE % L JE By A 25 F1 AT AR (Amyloid
Precursor Protein, APP) 8 /Kl &, Jf
M = BB o= B =y =70 U8 il ) TR 9
AR, ST APPATA: (1 AR UBUR A AD B0 it

LR 5, BB CDKS 78 AD %9 B2 i P8 45 HL
Wil E e, RATHT R &3, CDKS JH s+
X 3R H3 Mk A Ak S5 mT AR (0 PR s ke
BUA AD RESF R B R H3K9 Sk
KPRl IH CDKS 238, DA SSes8 4 PR R B I B
P22 TC Tau H ) BEBE IR AL SO R BE A,
T iE—25¢3% DM M AD 22 [8] (9 36 [5] 431 4 1 45
FATAE MR & IR A N AMPK/SIRT 38 % %
CDKS PR EEAE T, B R BN T RE RS20
AR S 6 A AR AR U 5 SR T e B DR R R KRR 8
JA AR F A 45 K B STZ I8 0 1 56 14 U =X
MR e 5 B A0, TUSE A S IR IR IR 35 T A
JBE 5y ZARHT, I I K- T, TR STZ v
PP 43 T K B 200 M T 5 | R B BR A R AR KO |
AR AR Bl 2, DR A1 ARG 0 28] A L I )
R LA R il i 9 5 28 /K F- T8 45 T2MD 19 28Uz
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ZRERIFE A T2MD BY4FAE

AWFFE N, STZ+HFD 41 Ak BRI 7K 28 B
AT 1 56 2 s v AR B[R] BH S A K, i STZ+HFD 4]
KR ZERT- 5 B AR A R R ] . A 3K 2
ZhIF B IR T Control 4, 7R & MUBRIR S K B
INHIDIREZ Mt . 328 FR AT i Western Blot 325 A&
B, STZ+HFD 21K FUiZl 21 p—~AMPK 1 SIRT1
FERK B S, 1 CDKS Fll H3acK9 i35 14 7K -
WS, AD FRAEYE ST BEAR ) Tau 85 1R 1K
BN, EA BRI I S R, X R R IR
AR H AT H B AE MD LA AD A4 955 B A B B P
PR, FRATT% JE A T 75 3 AD A 53 1 i BRI 14
AR, fEiE AD B EA KRR, Ffllit— 205t &
Fi, AMPK i 3h 7 AICAR 0] 3 i {2 #F STZ+HFD %}
KB 4L 2L P i AMPK §5 25 70 SIRT1 2 Kk, &
fik H3acK9 F1 CDK5 Ay ik, A AT LAGE 52 AMPK/
SIRT1 “} H3acK9 F1 CDKS i (5 54> 1. A4k,
AICAR 5 A] " 94 AD $¥4E 43 F Tau & H #E R 1L 1Y
FARIKE, MIATEF A TAES & & Bk iy
H3K9 % FH-H3acK9 A &1 I8 4% CDKS5 (35, i
PEPE Tau B35, AMPK X & H3acK9 Fl CDKS f#) I
W4y, LA AMPK/SIRT1 X} Tau 2% 35 (1) 98 45 35 43
JEifl It H3acK9-CDKS S8R . iR 45 4R
i I B G 5 5 S AMPK/SIRT 38 & 2k 3%, b
CDKS5 #l H3acK9 i ik, fE#F AD #5743 F Tau 1Y
Fik, RIBREMEIRIE TR AD FEM 2 R G R T
FERLHI Z — .

i BTk, A B gT W22 3 R OB RE 8 S 5L
AMPK/SIRT1 B8R0, fi H3K9 i & 2 2 mtdk, i
1175 5 CDKS {6 L5 Tau 25 (3 IR 1L, AT
HAD MRS , IXATh RS R R Y AD $2
HELG Y oy T4, EATREHESY TIRYT -
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