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[Abstract]
(PI3K)/protein kinase B (Akt) pathway and cognitive dysfunction in Alzheimer's disease (AD) rats.
Methods Fifty Sprague Dawley rats were selected and divided into the following groups: normal, AD model
(AD group), Met low (50 mg/kg), Met medium (100 mg/kg) and Met high (200 mg/kg) according to the

random number table method. Each group included 10 rats. With the exception of the normal group, AD

Objective To investigate the effects of metformin (Met) on the phosphatidylinositol-3-kinase

models were established by injecting 10 pL streptozotocin (STZ, 3 mg/kg) into the bilateral ventricles. After
the model was successfully established, Met at the corresponding dose was administered by gavage. The
normal and AD groups were administered the same amount of normal saline by gavage. The medicine was
administered once a dayfor 14 days. After the last administration, the Morris water maze test was used to
detect the spatial cognitive function of rats. The rats were sacrificed, and the hippocampal tissues were
collected. The contents of [ -amyloid protein 42 (APB42) and phosphorylated tau protein (p-tau) in
hippocampus were detected by enzyme-linked immunosorbent assay (ELISA). The pathological changes of
neurons in hippocampus were observed by HE staining. The detection of PI3K positive expression was
performed by immunohistochemistry. Western blots were used to detect the relative expression levels of PI3K,
phosphorylated Akt (p-Akt), insulin receptor substrate-1 (IRS-1), and glycogen synthase kinase-3 (GSK-3) in
hippocampus. Results Compared with the normal group, there were pathological damages, such as
disordered arrangement and decrease of neurons in hippocampus of rats in the AD group. The number of times
the platform was crossed, the ratio of swimming distance to the total distance in the original platform
quadrant, the ratio of swimming time to the total time, and the protein expressions of PI3K, p-Akt and IRS-1
in hippocampus of the AD group were significantly low (P < 0.05). The average escape latency, the contents
of AB42 and p-tau, and the protein expression of GSK-3 in hippocampus were high (P < 0.05). Compared
with the AD group, the pathological damages of hippocampal tissue in low, medium, and high dose Met rats
were alleviated. The number of times the platform was crossed, the ratio of swimming distance to the total
distance in the original platform quadrant, the ratio of swimming time to the total time, and the protein
expressions of PI3K, p-Akt and IRS-1 in hippocampus of the AD group were significantly high (P < 0.05).
The average escape latency, the contents of AB42 and p-tau, and the protein expression of GSK-3 in
hippocampus were low (P < 0.05). Moreover, the above indexes were dose-dependent in the Met groups.
Conclusion Met can activate the PI3K/Akt pathway, decrease the levels of p-tau and AB42 in hippocampus,
and improve cognitive impairment in AD rats.

[Key words] Metformin; Alzheimer's disease; Phosphatidylinositol-3-kinase; Protein kinase B; Cognitive

dysfunction; Rats
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=1 ZHEKXF B Morris 7KiE B 1T RIERREEER
Table 1 Comparison of behavioral indicators of rats in each group detected by the Morris water maze test

(X£s,n=10)
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Figure 1 HE staining of hippocampus of the rats in each group (x400)
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Table 2 Comparison of AB 42 and p-tau levels and PI3K positive expression in hippocampus of the rats in each group
(X=£s,n=10)
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AD 60.2143.64° 56.21+0.31° 0.51+0.04°
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Figure 2 Expressions of PI3K, p-Akt, IRS-1, and GSK-3 proteins in hippocampus of the rats in each group were
detected by Western blotting
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Figure 3 Immunohistochemical staining of PI3K in hippocampus tissue of the rats (DAB, x400)
3 it P RBEFUCRH BT E R L AD K RRABEALUR
MT

AD [ 35 22l R B2 B O R D BE k2%
5 SIACAL BRRG S T RE TN AR T N
Sk STZ WY 5 Wi Jog P 461 6 WA, 512 A tau 2
F BERE IR AL LA S AR UTAR, 3 2l B b 22 Ju 5t
it 055 S Az Th e, AU AR AD fiit
A7 Y RE A 2R L AN N Th RE BE G R ] 7

P, AD BRI KR P ks R K, 5
FEREL JET 6 RIR KRR B S SRR B LUE
T PK A [A] 5 SR ] BB kD, TR % 219812 3h
RE N R, N AB42 5 p-tau & I Z (RN, ¥
L2 et B A L IR S B, R IE
BLR D) o

H AT IR EATh 8 = A R 10T« st 51



Aug. 2021, 41(4)

SER SIS LR RS Laboratory Animal and Comparative Medicine 319

Wil AD RAEW, RS ER I H UMW
AD TP %), BRI R ER 2R W 78 1) B 2T 5%
Z—o ImPRIRERI, FEHEZ Met X AD B A —
SEMIBTATER U Lus U R I Met il JE i P
JR By B ARST, REEM AB VIR, % AD M2 T)
Redbif, JFEHED Met T B8 24 B AT 1 AD ¥R
ST . AWERRIL, Met{k. . @EAELK
B2 [B) 27 2] B ac A2 Dh ReS I py [RI B, 3 B 2H 2 e
ZouE k. WO SRE G EA R Z R, H
Met 7S HE, #5441 AB42 5 p-tau F& KK
IR, HLu% " AR A —3, IESE T Met
Al AR AR LZ AR AD R Ju 0 BN F D RE R B (38
TR AR BARS T FNRIEAN A,

KB FTIE 52 PISK/AKT i@ #6751k, 5 AD
RAERBFZZY . Yao 25 U K IS P13K/
AKT @, w@ ik GSK-3 K&, ik y /i
U1t , PR AR A, 9827 Tau B E BERR fb it
TR L2 R AR 2 45140 o AT 9T A AD K B 2H 21
AT E| P13K. p-AKT 8 (K IE B FFAE & GSK-3
FKIEWIF &, $278 AD K412 P1I3K/AKT i@
PR ANE], GSK-37hfk, MIRER T AR B K
e R E BRI . FAh, IRS-1 54
TCAAE R R % V) . (HIRS-15 AD X &R
AFAEA . Tian %5 U7 R XA %5 U I IRS-1
£ AD K BRI 2 N R IEFEAK, FFIN N IRS-1 F%
I, WA R A5 5 1 AN 2 T 5] TR o e 4
5, MR, AHEMRER, L3
AD & e BN A T ReBRAR I B R N, A
7 IRS-1 3k 7l 0% PI3K/AKT B %, B4
T PR EE U R g s Y B IRS-1
£ AD /N ERIGHZA N Rk T, FRAKIRS-1 Rk,
A3k PI3K/AKT {5 5l BG4k, oo KR &
TCA PN FN T REFERS . AWT AL, AD A
HK R DAL F PI3K. p-AKT & H £i5 K
(RIS, TRS-1 I8 A, HEI O SR A0 F v 5
STZ )5, ML AT BEAF1E M 5 =K PURI & &
PG e b AS, IRS-1 KA HI, K AeHE T UF

PI3K/AKT ifi #%, 8 7% AKT C(HJ p-AKT) Uk
D ARJE LI GSK-3 35 1, Bl p-tau. Ap42
AR Z, S AD KRINIhRERERS, 53¢
MR SR Y AD RO HLEE — B, T Met IS
. R R RS HLF IRS-1. PI3K. p-
AKT EHARIETHE, GSK-3 FIEFEE, HMet
IR FR TR bR A =AY, HED Met 235
AD K FROINAIFERG . FEAKHE D 20 2 p-tau. AP42
TR, ZRETmER, FEES PI3K/
AKTIEEEEIE A .

g8 L ATIR, Met Al S AD K R 5 4H 2
PI3K/AKT i #%, PFEACHE 5 H 2 p-taus AR42 &
B, IGE AD KECONFIFERS, 1XA] A8y 1 W] Met
X ADNAIThRERRAS IAE . Rit—xe 5%,
{H PIBK/AKT 18 2% 5 #if 48 T 401 15 1) o0 3R WL &2
¢, AT FUAR B B AN I AT IR E, Meti#
% PI3K/AKT 38 % 20 3 AD A K1 Th fE 5 5 1) 24K
AW WA 75 4k ST

EEP S

[1] SHINOHARA M, SATO N. The roles of apolipoprotein
E, lipids, and glucose in the pathogenesis of
Alzheimer's disease[J]. Adv Exp Med Biol, 2019, 1128:
85-101. DOI:10.1007/978-981-13-3540-2_5.

[2] OH S B, KIM M S, PARK S, et al. Clusterin
contributes to early stage of Alzheimer's disease
pathogenesis[J]. Brain Pathol, 2019, 29(2): 217-231.
DOI:10.1111/bpa.12660.

[3] KLEIN H U, SCHAFER M, BENNETT D A, et al.
Bayesian integrative analysis of epigenomic and
transcriptomic data identifies Alzheimer's disease
candidate genes and networks[J]. PLoS Comput Biol,
2020, 16(4): el1007771. DOI: 10.1371/journal.
pcbi.1007771.

(4] EBEN, R F . BTR 2% BRI A0 BL ) AR 7 3t e
F G R F 23[90, B 25984, 2019, 36(3):204-209.
DOI:10.3969/j.issn.2095-3593.2019.03.011.

[5] JAFARI M, GHADAMI E, DADKHAH T, et al. PLK/
AKT signaling pathway: Erythropoiesis and beyond[J].
J Cell Physiol, 2019, 234(3):2373-2385. DOI:10.1002/
jep.27262.

[6] CHEN W, WU L, HU Y, et al. MicroRNA-107



320

SEIG AN 5 LLE B2 Laboratory Animal and Comparative Medicine

Aug. 2021, 41(4)

[10]

[11]

[13]

ameliorates damage in a cell model of Alzheimer's
disease by mediating the FGF7/FGFR2/PI3K/Akt
pathway[J]. J Mol Neurosci, 2020, 70(10): 1589-1597.
DOI:10.1007/512031-020-01600-0.

VRIGEFE . — FOBUIION BaAE 2 7R s R B 7R R BR
TR I RCR 7T (9]. Th E 222y, 2018, 25(13):
135-137. DOI:10.3969/j.issn.1674-4721.2018.13.042.
KIM Y G, PARK D G, MOON S Y, et al
Hypoglycemia and dementia risk in older patients with
type 2 diabetes mellitus: a propensity-score matched
analysis of a population-based cohort study[J].
Diabetes Metab J, 2020, 44(1):125-133. DOI: 10.4093/
dm;j.2018.0260.

AR, X, At S5 S BUR iRE AR B i
tau £ (03 BEREBR A [J]. w24 B 2 5 B A A A
2019, 33(9): 122-122. DOI: CNKI: SUN: YLBS.0.2019-
09-211.

kA5, ERENML, BB — HOOUNON SD oK B BE A 1A
B F PRI S, o R R R A 2k &, 2020, 26(4):
507-510, 523. DOI: 10.3969/j. issn. 1006-7108.2020.
04.008.

WEI X, XU X, CHEN Z, et al. Protective effects of 2-
5-diene-1,

isolated from Averrhoa Carambola L. (Oxalidaceae)

dodecyl-6-methoxycyclohexa-2, 4-dione
roots on neuron apoptosis and memory deficits in
Alzheimer's disease[J]. Cell Physiol Biochem, 2018, 49
(3):1064-1073. DOI:10.1159/000493289.

HIRA S, SALEEM U, ANWAR F, et al. In silico study
and pharmacological evaluation of eplerinone as an
anti-Alzheimer's drug in STZ-induced Alzheimer's
disease model[J]. ACS Omega, 2020, 5(23): 13973-
13983. DOI:10.1021/acsomega.0c01381.

RN, VPEE, ALY, 55 . Forskolin 5 5 IR 1 1 155

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1 tau 5 A I BEBERR LA T A 2R 0 AR TR R R
B AL (7], h B 2B 5 A e 3G, 2019,
33(6):442-446. DOI:CNKI:SUN:YLBS.0.2019-06-068.
PILIPENKO V, NARBUTE K, PUPURE I, et al
Neuroprotective potential of antihyperglycemic drug
metformin in streptozocin-induced rat model of
sporadic Alzheimer's disease[J]. Eur J Pharmacol,
2020, 881:173290. DOI:10.1016/j.ejphar.2020.173290.
LU X Y, HUANG S, CHEN Q B, et al. Metformin
ameliorates AP pathology by insulin-degrading enzyme
in a transgenic mouse model of Alzheimer's disease[J].
Oxid Med Cell Longev, 2020, 19(20): 231-251. DOI:
10.1155/2020/2315106.
YAO Y, WANG Y, KONG L, et al. Osthole decreases
tau protein phosphorylation via PI3K/AKT/GSK-3f3
signaling pathway in Alzheimer's disease[J]. Life Sci,
2019, 217:16-24. DOI:10.1016/j.1fs.2018.11.038.
TIAN S, JIA W, LU M, et al. Dual-specificity tyrosine
phosphorylation-regulated kinase 1A  ameliorates
insulin resistance in neurons by up-regulating IRS-1
expression[J]. J Biol Chem, 2019, 294(52): 20164-
20176. DOI:10.1074/jbc.ral119.010809.
XA, XIBIR, By, & R S92 B R K
ER/IN R PIBK/AKT 3 %5 B2 51 B YA A 2 1 LIE (1152
Wi [J]. t A E 2, 2016, 11(8): 1395-1400. DOI:
10.3969/j.issn.1673-7202.2016.08.002.
TR, R, B, & B0 R 5 R T S FORS T
AD BRI A7 IR AZ I S A D], oo 1 5206 7 7 4 Ak
£, 2019, 25(9):74-81.
B, £EF, £, 55 . FE T IRS-1/PI3K/Akt il
PR 5 AR 2 W PR K B DA 0 Ty R B A £ R 4
[J]. R 20, 2019, 22(7):1220-1226.

(WFEEEA: 2020-11-09 (EEEHI: 2021-04-28)



