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Classification and research progress on animal models of
Alzheimer’ s disease prepared by D-galactose
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[ Abstract]  As a common neurodegenerative disease, Alzheimer’s disease (AD) seriously affects the physical and
mental health, and the quality of life, of patients. The preparation of AD animal models is therefore of significance,
especially models that can effectively replicate abnormal behavioral, biochemical, and pathological changes. In this review,
the method of preparing AD animal models based on D-galactose alone, and D-galactose combined with an amyloid beta
protein (AB) oligomer, AlICl;, and NaNO, were summarized. The mechanism of drug-induced AD, the presentation of
impaired learning memory, and pathological changes such as oxidative stress, inflammatory reactions, neuron damage, and
AP and Tau aggregation are evaluated and discussed to provide a reference for future studies involving AD animal models.
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BT /R 9% 165 BR 9 ( Alzheimer’ s disease, AD) J&—
T 55 A5 PR B 1) R Ml A 22 1R AT PR, T
N 2 A FR R B O B BRER A 06 T A
i, FRIE AD B T 1000 J75 (5 4Bk ] 4
B 25% , BRAR BE 2 A A 45 Ml XS [) Rt 1) 2
45 AMHIAMEIBE B FEMIFESE H (amyloid beta protein,
AB) ULRUE ALY % 4 BE (senile plaque, SP) K2 41 fifd PN
Tau M # W 1k 51 & 1 #l & JT 27 4 95 45
(neurofibrillary tangles, NFTs) & AD f%) 3= 5y Bl F
fEDT BT, AD (Y R R & 9 L it G 8
W, E NN TCRSOR YT B, U B AD 1708
SR B RAAE 4 2 A5 AL T ) BT G220 1 i 2L
B BT 2500 A 2 B R R L

PTAER IR AD SR RLGLAE DL H AR
PREEA (SAM /N JFE D O AU A S5 K4 AD
R Sk AR BR ALy 4 T Y BE4EL AD SR AT
2 Al R B O RRAE E R A R
ARV M I/ RUAEHR IR IR 22 18 ~ 24 F i, AR
K, ELRE A 2 BB i ik A 2 IRAS A B RSBl
ZAEE I T LR AR R S AT AR P
MR R 152 A BURE, FLBA e ) B 22, ok i
BRI PR 5 B DRI BC Y AN A5 B 555 7E — € R B IR
il AR A VG, A, A T Ay B e AL
S5 DA S R AR AD LAY AN £ AR B AE R 4
TSP 22 B3 P 25 W) 25, (H X 28 B — Ay A R0 52 1) 7
2, HBE M — A R e AD BOSR BRHLH, R BB K
MRS AD 29 B SR FRHIE, Tk, B
A AEBL R TR AD 22 [H 2 20 B R AL, BN
UHT AD YA o RL D2 LU
(D-galactose , D-gal ) 1755 1Y 5 2 A R R JE Al L & 2
AR 25 SRR G A 1 AD SR B
UL o ASSCNAT R 27 K g B 27 2 7 ffy B X D-gal M2 H:
S5 ALY 2 05 KM AD BEBUHEAT T 25
PEMT, DR 4 5 TR AW SR 2%

1 E4i D-gal 558 AD shiiEEY

1.1 D-gal FRFZEZRNIE

R R, KW D-gal , 25 5 3006 15 25 3h 4
PR A S o, AU H N o, o 22 oo Bl a2 K
SRR 2 TR A R A AL R s 2 7
WA BRI 5 D-gal 75 % 5 B9 E AL
A i A S B RE AR 9 ™ A i 2 B 3 4
4 (reactive oxygen species, ROS) ") 1 4% %8 B ¥t

A AL B A L W 57 Ak B ( superoxide dismutase,
SOD) i S b S ( catalase, CAT) 2515 PEFEAK, &
FHUAXS A HERTE BRBE D T R A B B R R
EHERE IR T A0 25k R g, (AR LA Z 88 E
ZRGYIREWERT  HA, D-gal B E M HLHI
W5 G PE BRI AR AE S B 1A Ty BE I % 9 KL 4
S A
1.2 D-gal £l AD h¥iEs!

WL, D-gal 53 1 S W B R B 32 51, 38
23 BN ARG A AT S 2 36 B N I B e il 28
TCUB/ AR URE SR ) 1 AR S B AR AL B
P Y D-gal 4 19 AD Sh AL RS 2 ) i 7
100 ~ 200 mg/kg, ERIFE AL R 6 ~ 12 J,

(1) P84 AB \Tau £ YRR, BRI ZE 051

D-gal i n] & i%, AR . Tau £5H By S50 R I8
ZotHi i, Yu PR T D-gal XK B R W
2% Morris 7K B 32 , T BTN R BR39K g TR AR 0] AE
K EFRZ BRI B ) R T S CAL X
GRS BE A, Tau 25 113 FEBRIR AL KK T, 58
SRR DG A 1 TR R L A I S ) o R A
AR FEHEZEEE Y G D-gal 23 N DD X 28 fil 461
P METT TR e AR W 3RIA (HR B 46 215
TSP, KB AE A HEIEIE S, D-gal T BUR 1R
FSETVERRAR  BR 9T SO FI D RE IR | o 5 X 5
fi AR i U 2D | R T A 22 26 1 - 1 ( PHF-1) PR, T
PHF J& NFTs 19 2 15 2 —, Liang 55" i 5%
W] D-gal KRN 23 38 M S X AR FHHAYTIAA,

(2) PSRRI  ARAE N

D-gal S il 19 AD 2l #4558 32 30t ALK S AL
TR X G E LIV R B EICAS . Budni 851 5T
K, D-gal HEH 4 JHJ5 , KB BT BC 12 M A &
PREDIREIER |6 J8 J5 90 i 25 e A2 B i, JL AT 40
P Rl ORI b A ey s AR W B 52 5 0 ) T P 4
AR LA A K 1) ROS, HE B3 484k 5B, iE
ST EARS S AD BRI RN R AT AR OGP JT 4R
R OB A RE B AR Y SR T RE 2 5 R AL A AL i
Bixt B AD 5> FHLEI Z — . Ali %77 BB 5T o BA
B 1 RIS B 5 i D vk s 505 1 A/ B 23 ) 2
> K C A T RE , 75 T A0 ML AL R 5 I
HhZAFFE AR th D-gal T 023 AR 2 X5 4n Jib
JEIRFEIR T-o (tumor necrosis factor-oe, TNF-at) | 24
a4~ -1 (interleukin-1B, IL-18 ) & Ay BT , 175 K& 1k
TNEHUARY R AE SV . Rehman %51 %% Bl D-gal &
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il AD BERL, Hag oz~ 0402, 18 3R 22 (04T
RO [R] s BE e 3 H AR A E S AR AR
P PR

HEAh  He 552 BF5E 2 B D-gal & il 19 AD 452
Rz >1 i A2 T RE Ry ISR T BE 5 A0 Tl T
T S5 R A 45 30 B S M 5 & TR X ARAE Bz, B
5l 18 WA ) - T - Bl 0% R DDA G, T
Mansour 55" BIF5E % B, 2 Bk 0 K BRUOBLAN B9 4 445
& D-gal IIETESS R, B 25t B2 8] 2 2 3 12
LA RARRIIRE R B A, AL 7T RE 5 1% Ay ik
PRI AR UUAR Tau 25 3 BEBE IR AL ; 39 m
NOX-1,TNF-o 5 JAE N F- 1) 2235 5 it 1o $72 % MPC-1
FI GluR 1T Y55 2t 5 | A P i 22 B4 LA B
2 PI3K/ Akt/mTOR {55 38 i 1457 1 , 490 1) 48 /i A
WSRO, PR HLAACHE PR & 1 iy el 8 2 5 2
AD KA AT REEL AL
2 D-gal A EMMBE S AD 314
1EE

B bR B D-gal H37 AD ShRRISN
AWIIAE D-gal 75 3N 2 M B0l | e A BA
MATEIER 25 Rk 2 45 X057kl & AD sh Pyl
A FEATHE D-gal BEG AR FEEERAK D-gal BXG =
FALER (AICL,) \D-gal 64T AR 4H (NaNo, ) ,
2.1 D-gal BX& AP HERKE
2.1.1 AR EEERMAFE A AD HpLAT

AB JE M B E By HE AT K K F ( B-amyloid
precursor protein, APP ) £& -3 U5 i Fll B-43 W4 il 19
K= =g R AR TR FEE IR
P 240 B R iR 28 kAT SR R T T AR I S
W2 LRGN HA w2 AR, 7 A5 R A
], AR 7T 43 Sy BLAA SEIRAKFLT 4 T3 B TE N h
TR R IR AR MR E S AD B FH N M) GEkR
R AR SERMGE N 5 N-F 3E-D-K
% R R % & ( N-methyl-D-aspartic acid receptor,
NMDAR) | -5 J-3-F2 3 -5-F J-4- 5 W 2 4K (-
amino-3-hydroxy-5-methyL.-4-isoxazole-propionic  acid
receptor, AMPAR ) | it 28 JC 38 18I 9 JBE 5 3 52 1K
(insulin receptor,Ins R) &¢I 456, i B [R5 =38
P AR A B N, S B 22 e I T, A
AR SERULER, S WA AL N T BE R A . D-
cal BKA AR RERKE H| AD ShPEIRIRT , D-gal 7
HoM 50 ~ 150 mg/kg, AR JHHE N 2 ~ 5 uL, WA JE
w26 ~ 74,

2.1.2 D-gal 0H AR REERIKZ | AD Shitsinl

(D FEHE AR R4E, Tau B FIBERR 1L, 1015l 48
TCHS ST fE

D-gal 5 AR BRI E & B LRI
T AD RZHZR AR B Tau FHBERR L S22 T
D3l g B 2= AR AE . Ye 55 R B D-gal BEA AB,s_ss
TR AR B2 8] 27 20 B Ao A2t | 4G A LA o
X TCR IS 2 5, BE R A Tau (p-Tau) F5 H 5%
IKIEHN, Deng %5 (UBFFEIESE T D-gal BEA AB,s_ss
RIS B4 AD 27 3 ic 2 D RENGE i AT R
SR BAF S AD A2 APP Tau 25 FH £k
I ARZICR T R B AR, SRR AEDT TR AT R
B D-gal KA AB,_,, B il sh ARt 2 e B IA
D) BEIRGR i T 28 OB S A8 A2 45 1) S el g
{EXF AB,_,, BRI T,

(2) R IRGRRE R 45, BEARPL &L TIRE, 51 &
iE S

D-gal BeA AR KRR E A X il 177 45
BT 5 AD K AH 1 oA IR RE Th AR T | i 4
P55 B R A SR Uk, E BRORUY BIF 5 kR,
D-gal BEH AB,s 55 Z il AD KRBT | 52 2) 25
(3012 Ty fE A2 461, [) s 25 il 28 28 v 2 gt ALk 7
(acetylcholinesterase , AChE ) 1 £ B & Tt 57, 2 B K
SUHBRAE R 5852 1, Zhang 25 LB 45 R 5 |
ST —E, AR, PR 2 45 4 920 ARk T B
WK R bt A A AR 7, 1 plad b Bt 15, Bk 3
7 SOD JE PRI, MDA WREE & . LA, FETT# 1Y
IR BT R F TNF-a J2 1L-18 & &
WEMEZHNE .,
2.2 D-gal BE& AICL,
2.2.1 AICL, 5%k AD ROHLEE

BRCAD) ZEMR N 13 BRSO I H B4k 46
i BB AE T AE VAR SO BRAG ) A5 KB, AD
BEMWALUP Al (S EREA S ALES AD
SRR AL R . — D5 T Al 2 P2, il i AL
TR 23R B ROS A= i £ | Bi S AL g 06 PR AR, £
J I R B AR 1) 45 44 AN DI BE S, 5 S04 it o
TE AR, 51 & ADM P S — O, AL i i
T =S IAEEFN B4 IAEE NG M T APP [ER3A
oK ffe o FE, BE O Bk 4 20 AR B9 AR K, Bl R
ADMST A AL ] DLE SR Y 2 e A
FIBER BRI ME 15 S Tau 25 110 FE BERR AL AL %
BAE JEMIE A NFTs' ) D-gal B4 AICL, & 1l AD
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SR AL , AS [R] 438 R B o 1 A 22 5K, 1
BRI 6 ~ 12 4,
2.2.2 D-gal B4 AICL, B AD Sl

D-gal A AICL, & il AD BIRI 0] H B AR,
Tau 25 [ 2 K34 0 2 40 i 08 T B AR BE 2R S5t
15 RO 38 B A A S s P A A o e e
KB D-gal B AICL #4519 AD K BB 2% ) i
TZINBEZ A0, KM e A 22 0 Tau B D AB
R E RN, 513 b GSH-Px, SOD i 1 F B,
MDA 7K V-3, R R R UG 22 AR S5 EEH
Az B B AL O A, BIL AR ARk A T Al 2K
Chiroma %5'* WL T D-gal B A AICL, T 5 K B
FIAT R A R R A | 45 51 B /R B R K B 12 VA
REWGR | 5 5 Tau 8 A & A ad BERERRfL 0 AE , HL
AN A 48 . Mahdi 2587 (055t 38 W%
R AT ] ik 25 5 R R B A 448 50 45 4 0 8 i 11
HEAE , B AR AR R RAE S . T 2D A5
KRR aEAR 2 ST ) AD B2 SR FAE IR
SRR RE TR , [R] s HE BT LD i 22 50 5% il 4545
AChE JH M35 A2 R 7R 2 ra e i i
FEAR A B AE . L4, Song Ay o I D-gal Bk
A AICL, 102 RE /)N FRURN 2 20 PN b 22366 o 1 8 i
DL i R I ZE L, X S IE S S AD 1 kA
KB
2.3 D-gal BX& TEFEER$A (NaNO, )
2.3.1 NaNO, #5% AD RyHLH

NaNO, J&—F &L, PUR RS A 2215 F 1
ZLAR R I A R AR Bl = Ak T i e K i 2T
HH PRI, 540 N AT 25 Ca™ 3 £ |
I ER A BOS In, — 7 T K R LR R A AR
N, B H B R R B 2A ( protein phosphatase
2A,PP2A) TG T %, BLE M ST B R E AR
BEIR 3 59— 7 TR E NFT, BOTE R, o, 7E R 1
EE T NaNO, B84l NO,NO SiBE & F454
A i SO RS R, NO R A W i AR 3k mT L
Tau & [ W3 E BRI, S AD B &£
D-gal A NaNO, & il AD ShPR RIS 25 H %
£ HTE D-gal 120 mg/kg Fl NaNO, 90 mg/kg, 3155
WM 60 d,
2.3.2  D-gal B4 NaNO, &l AD Shiytsi R

D-gal KA NaNO, Z il () AD sh 15 A Z (R )
HIRBREE 2R G405 | P X S I S Ak 95 4
HRERAE SR EAR 40V 38 1t D-gal BEA NaNO, &

A TESI Y AD FR 22 5] e e fig, f2 2414
MDA IL-6 \ TNF-a 7 i {2 3 7t &, SOD , GSH-Px i
PERRAG, F BB R Py [ by 567 i 2 0, i 2% 1A
TR AN, Zhang 450 B0 5 UESL T U0 AP B
ST AD B R I Bl 28 RRE N B SR AL/ B AR
A i s B R AR ) R, KRRV I B o IR £ R
AChE /KT, Ach 1 ChE & 5 FRA% , 2 1% 15
JHAK e R G AZ B E . Wang SR, Y D-gal
9 R A/ NE 1250 me/ kg, 23 A0 1 8 ik 20 41
H1 SOD 1 PE K& GSH 7K, JF 23155 21 5 CA1,CA3 |
CA4 X oot

MG BUA SRk, B85 T 1R JLRP AD sh# B Al
I 5 7 AT e R BRI B AR (WL 1) B
TANIE AD SR AR RLERAE (I3 2) .

3 4R

S ELE AD 47 25 26 BRI B AR AL R AE 10 3
PIRALE YA B L IRYT AD B 25 R R BT IR
WEEFBAEMAE, IE LI D-gal Jy3EAE A AD
SRR £ VL B4 D-gal \D-gal B& AR KEE
& D-gal B AICL, S D-gal BXA NaNO, b3,

MIRRE & R F |, D-gal TP LI AD 129
ERAL R, MWAT A ERIE, Fibigk & il i o)
YIRS R AR B 2% ) i g4 2 i AT R
FEHIGR AD BF AR R, MR EA fh kAR
B EEBCR BRI 2 45 ST AD /YRR
HLAE AR AR B 200 2 I R EUR I FE S, Bk,
TR 1 2L [F] SR T RS R AUR R A Ak
W RAE RN, WO RS T ESE AD AR AR IR
L ZE SRAE 1) P ZE HL K F kBt 8L Ak 4 il v
PIEHIMEZGY), A, D-gal \D-gal X4 AR 255
RIK D-gal A AICL, FIELHL AD 2T f)i AR
BTN Tau B 2T B R Ak 1 s BE 002, ol HFAF
5% AD W ITEEH 32 s DI RE 4 22 AB | Tau 5 2
PR S E IR INZEAIL & Z M 1n1 259 T 100 AD 19
YEFI ML, D-gal BEG AR K E RBIK D-gal B &
AICl, \D-gal B4 NaNO, tLAERS YR ARG AE D) AE , T
AD JHBEAE 2 48 25 AL A0 BURRAE | 38 FH T 0 5% AE i
RE RGPS AD KA I P ML BT HUUIH
B2 BT . D-gal \D-gal K5 AICL, ¥ K i
TE BRI TR AR DG R B, mT T — 2 5 18 45
FRRFUGE AD A CZGW R N AERLTIERTT . AH e
& ,D-gal 455 AR KZERK AICL, & ] A B AL 1
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SR TV BT, 5 R B AR £ A R, ) AR
filt D-gal 454 AICL, i PR ALIE HI 1 e o

B iRk B —E N RBR T, &%, B A
AP SCRRAR 2 48 D-gal FIFLSTE W NFTs B9 325
BT PHE AH L ZEDLH i AW, 25 G2 25915
SREBAHSCHTIT, HEWT HAR I R A2 T
BUA A AR B 20 SO 5 TS J2 SE R I AR
5 Tau 25 (977 A2 SR 2, AR SRR AT B
FEASEAL AD AR AR PR AR | (R B IE PR AM 45
2 SHLA Z 8] (4 AR AR HT AL R 728 A i 1

FEYIR I LI RE A4 V8 F LB AR — 2 TR s 1 Sy —Fh
B PE R , Sh Xt JE T B L 8L 7= A= 8475 . NaNO, %
B g —Fp L H, s S0 Tau & A E B R ILA
REFHEBR A 0 IR S Ab 38 SR 7= A 9 J5 8000, AICL,
RETAIIST T AR A AE S % Tau 25 I BERR 1k A1 3R 46 1
P A CERTIT 5, RRACAT 1 S B AD AT o 24 2 A2 1)
WAEDLH . SR 5, D-gal \ AR 2855 4K ALCL, |
NaNO, ¥ H s M2 5 AR m %Kik Tau &
I BERE R fh () 2 A, (H 35 VA Y R BB 48 7 AD
SPBAIRE S L SP | NFTs, 40 A] ge SRS

R1 D-PFUREN & AD ShWBRL R BT 12 A7 o822 I i Bk s

Table 1 Specific methods, behavioral manifestations and pathological changes of ad animal model prepared by D-galactose method

PR
Pathological changes

AL B ik TR
Models  Animal Method Behavior features
120 ek BT 8 o kit SO 1 IS
SIEN LA BRI L
SD rat intraperiton’cal injection {Vlorris ‘TX/ater Maze i MW(I}/I g ]_Zscafe
for 8 weeks atency | , target quadrant dwell time
130 ke BB o ke BRI T 5 R
SD KB 150 e/ ke HUE|
SD rat intraperitoneal injection N{VVfM ES?%PC .latf?n(:y T, target-
for 12 weeks plattorm crossing times
Mnrri§ JK R B KRR Y T\J SF ZIZT%
N BN 1B L % |5 0™ 3 S 4%, i ) B
J119]0 mg/ kg, I TESS 6 %,lﬂzwéc LR DXGE Sy I LY
SSDDjCEFL‘ 100 mg/kg, MWM. Escape latency T, percentage of
ra intraperitoneal injection  dwell time in the target quadrant
for 6 weeks Open-field test. Movement distance | ,
upright times | , ratio of movement time
in the central area |
120 ek JEBTESS T ypors ik SRR T, R
o kAL 1 BT |
D;gejl SD rat intraperitoneal _injection MWM.  Escape latency T, target
TR for 7 weeks quadrant dwell time
D-gal
model
100 /g, HE F 1.2, 539280 PRI PO SR |
Wistar 7 il 4.6.8 Jii IR E R T
Wistar rat 100 mg/kg, irrigation  Open-field test: the number of horizontal
starral - gomach for 1, 2, 4, and vertical activities |
6, 8 weeks 8-arm radial maze. incubation period 1
o Morris 7K 25 RS AR T A bR g
120 me/ke TR 8 et | yoks . 1 5308 1 A
FIAB/NL Hl

Albino mice

SD Kl
SD rat

A,

120 mg/kg,
intraperitoneal injection
for 8 weeks

J1}9}0 me/ kg, I FEGT 7
100 mg/kg,

intraperitoneal injection
for 7 weeks

MWM. Escape latency T, target
quadrant dwell time | . Y-maze. The
percentage of spontaneous alternation i)

Morris k2. - AW 1 T2
KGRI |V 0 B2

MWM. Platform latency 1, average
swimming  speed Y-maze. The
percentage of spontaneous alternation |

Wb B GEBE BE L, PSDOS |, SYPL L p-Tau T,
GSK3R/mTOR {5 5@ I i v 1 121

Hippocampus. The density of dendritic spines | , PSD95
L, SYPT |. p-Tau T, the activity of GSK3B/MTOR
signaling pathway T (2t

W Lh MR ICLE T AB Ly, T3 p-ERK |, p-CREB
L ERa (MM EZ I o) |1
Hippocampus. Neuronal structural disorder. AB,_, 1.

pl—klesfﬁ L, p-CREB |. ERa ( estrogen receptor o)

W AR | RAIE SRR PHF-1(NFTs (19 &
B4 TPI3K T ,AKT 1, p-AKT T ,mTOR 1 12!
Hippocampus. The number of synapses | , abnormal
synaptic morphology. PHF-1( main components of NFTs)
T, PI3KT, AKT 1, p-AKT 1, mTOR 1 [%

MELh M U S5 W AR T, NFxB T IL-1B T,
TNF-a T3 MAP-2 |, SOD |, CAT |, ROS 1, MDA
1 [24]

Hippocampus. Abnormal neuronal structure. AB T. NF-
«B T, IL-1B T, TNF-a 1. MAP-2 |, SOD |, CAT
|, ROST, MDA 1 (2%

WETh 55 4.6 .8 KT MDA T BREESE 5 1 AT B
JEANEETY 55 1.2.4.,6 H1 8 JH I L (A R 45 52 5 )
1L TR IV A3 10220

Hippocampus. MDA and carbonyl protein at week 4, 6
and 8 1. Prefrontal cortex and hippocampus. The activity
of mitochondrial respiratory chain complexes I, II, II-III
and TV at week 1,2,4,6 and 8 T [25-26]

94Ty

L. SYP | ,PSD95 | ;BACE-11T ,APP T AB T ;NF-
kB T, TNF-a 1, IL-18 T SIRT1 |, NrF-2 | , HO-1
l [27]

Hippocampus. SYP | ,PSD95 | . BACE-1T, APP T,
ABT. NF-kB 1, TNF-a T, IL-18 T. SIRT1 ] , NrF-2
|, HO-1 | %)

KEAE D, SYP |, STX | 5p-JNK T, Bax |, BeL-2
|, Bax/BcL-2 1 ; BACE-1 T, RAGE T, AR T ; GFAP
1 ;ROS T MDA T ;NF-KB 1 ,iNOS T ,TNF-o T [%*
Cortex and hippocampus. SYP | | STX |. p-JNK T,
Bax 1, BeL-2 | , Bax/BcL-2 1. BACE-171, RAGE T,
ABT. GFAP 1. ROS T, MDA 1. NF-KB T, iNOS
T, TNF-a 1 12
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gkl
S IILY] Tk (P E= 32 PR
Models  Animal Method Behavior features Pathological changes
MLy CAL DX Tba-1 (B 45k 8 1 49 7-1) 1
mﬁ¢§€§§§%mﬂn<@%mMEal%g
= b Sk ok R - DAO( 4R ,S-1008 T ,TLR4/NF-«B &
120 me/keg, B TE S 8 Moris ACH B IAHEIN T RS oyt ) | 571008 B
Sh KRR Jd . . FRA BT o Hippocampal CAl region. Iba-1 ( Ionized calcium
SD rat 120 mg/ kg, intraperitoneal ~MWM. Escape latency T, target bindingadaptor  molecule-1 ) Serum.  LPS
injection for 8 weeks quadrant dwell time | (Tipopolysaccharide ) 1 , ZO-1 ( Zonula occludens-1)
|, DAO ( Diamine oxidase) 1, S-1008 T, the
activity of TLR4/NF-kB signaling pathway 1 [2)
SRR W IC S SR D ARy, T 5 p-
tau T ; NOX-1 ( NADPH % fL ff-1) T, TNF-a T ;
%ﬁ-ll(ﬁ’iﬁﬁﬁﬁi H% 1 MPC]}&%%&E%@%
e L sy S — L R-1) T ;p38 MAPK T , HER-2 3R NS
Morris 7K 2% 5 . $b VR 1, HAR % ¥§17|:)2) TP,ERR-a(ﬂt@izfz?JEK&PFa))T(,PBK/

Wistar KR

Wistar rat
SD KR
SD rat
D-o:
A
BT
D-gal
combined
with AR SD K,
model  SD rat
SD R
SD rat
SN
SD rat
SD KR
SD rat

150 mg/kg, M6 i 7 5 8
150 mg/kg, intraperitoneal
injection for 8 weeks

D-gal 100 mg/kg, M8 J¥E 1
G142 d, 56 21 Kl ik
955 pL £y AB2s-3s

D-gal 100 mg/kg,
intraperitoneal injection for
42 d, and injection 5 pL
of ABys_35 in hippocampus
at 21st day

D-gal 150 mg/kg, 16 s 1F
7S RS
g2 pL i) ABas 35

D-gal 150 mg/kg,
intraperitoneal injection for
7 weeks, and injection 2
L of ABys 35 in
hippocampus at 5th week

D-gal 0. 125 g/kg, FiiF
BEF ST 40 d, 55 40 K
V’/E—:E‘Tij‘zgj‘ AB]_42

D-gal 0. 125g/kg,
subcutaneous injection on
the nape back for 40 d,
and injection AB, 4, in
hippocampus at 40th day

D-gal 150 mg/ke, KR
gt 6 J&, 5 7 R T A
4 nmol/L ) ABys_3s
D-gal 150 mg/kg,
subcutaneous injection for
6 weeks, and injection 4
nmol/L  of AB,s_35 in

hippocampus at 7th week

D-gal 0.05 g/ke, J JH TE
856 JA, 505 7 R S
2 pL B AB g

D-gal 0.05 g/kg,
intraperitoneal injection for
6 weeks, and injection 2
wL of AB,_y in
hippocampus at 7th week

PR BRI E) | 3BTl R U« i i
B HmiREIRe ) |

MWM. Escape latency 1, target
quadrant dwell time |. Novel object
recognition. Preference index | , new
object recognition ability

Morrs K2 27 MERHE AR 1 F 5%
FRAERITT] | 2 S 5 AR
MWM. Escape latency T, target
quadrant dwell time | , target-platform
crossing times |

Morris KK SRR 1 | 555 F
BIRE]
MWM. Escape latency T,

platform crossing times

target-

Morris 7K 2K 5 # s HEIR I T, A7 B
1

MWM. Escape latency T, swimming
distance

Morris 7J(Jiglﬁﬁ?§ﬁ(/ﬁﬁ T HS
B Pl vk B s |

MWM. Eescape latency T, swimming
distance in target quadrant

ﬁ%ﬁlléﬁzﬁmﬁlﬁﬁ T g
H,

Avoidance training. The number of
escape reactions 1, duration of electric
shock

Akt/mTOR {5 S3m e | 1

Cortex and hippocampus: abnormal neuronal structure.
Hippocampus. AB,_,, 7. p-tau T. NOX-1 (NADPH
oxidase 1) 1, TNF-a T. GluR-II ( Glutamate receptor
2) 1, MPC-1 ( Mitochondrial pyruvate carrier-1) 1.
p38 MAPK 1. HER-2 ( Human epidermal growth
factor receptor-2) T, ERR-a ( Estrogen-related
receptor-2) T, the activity of PI3K/Akt/mTOR
signaling pathway | (301

15 W ZITCEE ) 58 s p-tau T, CaM-CaMKIV 55
AR T 5

Hippocampus. Abnormal neuronal structure. p-tau T ,
the activity of CaM-CaMKIV signaling pathway 1 (331

FJZ A . SYP | ; APP T ;tau T | caspase-3 T
Na+/K+-ATP | ; Glu T, ¢-GABA | ; AChE T, ACh
1;SOD | ,CAT | ,GSH-Px | ,MDA 1 3¢

Cortex and hippocampus. SYP | . APP 1. tau I s
caspase-3 1. Na+/K+-ATP | . Glu ! , c-GABA | .
AChE T, ACh |. SOD |, CAT |, GSH-Px |,
MDA 1 B3¢

T M TCEE R SR L% . SOD | MDA T | g i
SRCRIRFEH | BT

Hippocampus. Abnormal neuronal structure. Serum.
SOD |, MDA T, thymus index and spleen index
! [37]

#Eh . AChE T, ChAT | ;80D | ,MDA 1 ;TNF-a T,
T-11 08

Hippocampus. AChE T, ChAT | . SOD |, MDA T.
TNF-a 1, 1L-1 1 (38

B MZTTE SR AT R T Bel-2 |,
Bax 1, Caspase 3 1, Caspase 9 T, Bax/BcL-2 T
AC[hE]T,ChE 1, ChAT F;MDAT,ROST,SOD
L

Hippocampus. Abnormal neuron morphology, neuron
apoptosis rate T, Bel-2 |, Bax 1, Caspase 3 T,
Caspase9 1, Bax/BcL-2T. AChE T, ChE T, ChAT
l. MDA T, ROST, soD | [®!
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Models  Animal Method Behavior features Pathological changes
JiE )% 13 5t D-gal (180 mg/
kg) BK G H AlCL (15 =
me/kg) , F45 12 Ji Morris KR RO 1, i B0 ABy T ABy Tsp-Tau T3 MDA T, GSH |,
SD KL lnlrapen'mneal injection of  HWEL] sop | [#7]
SD rat D-ge}l)]i (g ]8'0}1 mg/kg ) N{WfM Escape llatenicy 1, target- Hippocampus. A[BA]O T, ABy 1. p-Taul. MDA T,
combined with irrigation  platform crossing times GSH sop | 47
stomach of AICL;( 15 mg/ b l
kg) for 12 weeks
e i AL 300 ey CER e )
kg) A1 AICL; (200 mg/ Wb S ot L i 5 BceL-2 mRNA | , Caspase-3
T Morris 7K 2 5 . kBRI 1, 28 T ras]
e oy kg) FEEE 10 J : ’ mRNAT (PP2A | ;GSK-38 if 4k 1
‘XQ;[? jtftﬂ Intraperitoneal injection of ﬁ‘;ﬁf& Esce lateney 1 tareet Hlppocampus The number of pyramidal cells | . Bel-
Sarral nogal (60 mg/kg) and latform Cr:;‘iige tin?e:my > B ) mRNA |, Caspase-3 mRNA 1, PP2A l the
AICL; (200 mg/kg) for 10 P rossing fumes activity of GSK-3p 1 14
weeks
H’Eﬂﬁfﬁf EEigal(60< g/
kg) Zia#E H AICL; (200 2
. MDA
D-gol me/ke) IO Mo ST ISR T 11 B RaTEN AN Wa R MDA T,
. L i s ; Nestin | ,GFAPl
S Wistar KB Inlrapentoneal injection of  PRAZFHHE] | Hi 3 )
AICL a ippocampus.  Abnormal neuronal structure. The
3 Wistar rat D-gal ( 60 mg/kg ) MWM Escape latency 1, target ber of - MDA 1. SOD |, GSH 1
- . PR A ) - number of neurons s s
s combined with irrigation  quadrant dwell time | in | | L]
D-gal stomach of AlCl;(200 mg/ Nestin , . GFAP
combined kg) for 10 weeks
with
AlCl, Morris 7K 2K ; Jgﬁ%?’%iﬁgliﬂ 1. F
model BL—F@EEJ D A1(120 me/ ;E’J(}\ﬁél N /\%F’Ef’?’%ﬁﬂm lﬁ%ﬁ
kﬂ) ‘é AlICL (r;go i"”ﬂil r;@g}%ﬁ%ﬁz’fg%{?;\?u UJ T$QI JU% */J T%L’ Nd /K -ATP Wﬂf{ﬁﬁ l sPp-
SIGH 3 ] =z i B Il TduT ChAT | AChE T ; GSH-Px | ,SOD | , MDA
C57BL/6 mykg) a:}-ﬂ‘gt 60 d l T .TNF- T IL- 6T IL-1 T [50]
INE Subcuts < injecti , — ;TNF-a |, ,IL-1B
MR Subcutaneous injection of MWM. Escape ldtcncy T, target . o
C57BL/6  D-sal ) Hippocampus.  Abnormal neuronal structure. The
-gal (120 mg/kg )  platform crossing  times , target )
mice combined with irrigation quadrant dwell time |. Novel object activity of Na'/K'-ATP | p-Tau . ChAT |,
stomach of AIC1;(200 mg/  recognition. Preference index | , new AChE'T. GSH- szo% SOD l MDA . TNF-a T,
kg) for 60 d object recognition ability L. Open-field IL- 61, IL-18 1
test. Movement time in the central area
D-gal (120 mg/ . - —
o 28 A B G, (50 Momis ACGRT AN | H AR WL HA TS AB T p T 1 5 PISK ALy
mg/kg) , FF4% 10 J4 PR BRI IE] | 5 Bl s R |, G53B{nﬁﬁ%{ﬁﬁt[lsliM/H -HT | DA ||
ICR /Nl Intraperitoneal injection of ﬁ&?ﬁj\ﬁ}z | 1 ﬁABAi s i ﬁ[f]ﬁjﬂil}*]l 1 AB 1.
ICR mice D-gal ( 120 me/kg ) scape atency , target 1ppocampus abnormal neuronal structure. AR
combined with imieation quadrant dwell time | . Step-down test.  p-Tau 1. The activity of PI3K/Akt/GS-3B signaling
sz)maluh of XIICI (130g rrio/ Incubation period | , the number of pathway Serum. 5-HT |, DA |, GABA |.
ke) for 10 weekz & errors T Dysbactcriusism'
2 VAT Dogal (120 mgy  Momis I 0 SRR GCR [ 5P LE
ke) B NaNO, (90 mg/  FTUCHC o BECHIAE. ARIT L L BRAL4L MDA 150D |, GSH-Px | 5116 T TN
ke) 4 60 d YR T NS B | g4 ,SOD |, GSH-Px L5106 T, TNF-a
KM /I Sﬁb(:ula;leous injection of MWM. Esmpe latency T, target- 1o
KM mice . ) platform crossing times . Step-down Braln tissue. MDA T , SOD 1 , GSH-Px .61 s
D-gal (120 mg/kg) and 54
NaNO, (90 mg/kg ) for test. Incubation period | , the number of ~ TNF-q 1 %]
60 d 2 & errors Tl Step-through test. Incubation
period
D-gal e .
A B EE B D-gal (120 g/ Morris KRS B OUR 7, FL s %

NaNO, ke) FI NaNO, (90 mg/ PRSESCRBOL BEEIU MR L. jiosging s Mot o . BONF | | TekB | ;ACh | | ACHE
) g HEURUCRC T RERE SR AR | 1 L 155)
fom KM /ML kg) ’:’H’ 60 d MWM. Escape latenc 1 target T ChAT SODl GSH | ;IL- IBT IL-10 |
D-gal . Intraperitoneal injection of P &4 } & Prefrontal cortex and hlppo(,dm us. BDNF L, TrkB

combined KM mice 1120 me/kg) and duadrant crossing times | . Step-down ACh | ACKE 1 . ChAT | SOD | . GSH | .
ith N %\IO (90 K g) f test. Incubation period | , the number of [55]
NZII\IO 6(?(:] 2 mg/kg ) for errors | . Step-through test. Incubation ""IBT ,I-10) !
2 d
model perio
6 i &t D-gal (1250 ,
kg NaNO, (90 mg stk e ~ W 2 41,
mg/ a)jﬂ_[l aNO (90 me/ Kk R 1 | F g o MZECH S AL AL ACKE T 5SOD T,
KM /hEL ko) FFEE8 B2 BRI 6] | GSHT MDA T ,CAT |
KM .L“‘ Intraperitoneal injection of M“?MEE' Esce lateney 1 tarset Hlppocampus Abnormal neuronal structure. Brain
MEe Dogal (1250 mg/kg) and e l“ﬁpe. aency 1, B yissue. AChE 1. SOD 1, GSH T, MDA 1, CAT
NaN02(90 mg/kg) for 8 quadrant dwell time l [56]

weeks
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Table 2 Summary of characteristics of AD animal model prepared by D-galactose method

T
Models

AR

Cognitive performance

B
Pathological changes

FERRRA

Main advantages and disadvantages

D-gal i1
D-gal model

D-gal &
AR 1A
D-gal combined
with AR model

D-gal A
AICI, 7Y
D-gal combined
with AICl; model

D-gal BX &
NaNO, 5%
D-gal combined
with NaNO,

model

23 )% 2] B 1042 (25 18]
W I 2, AR IRRIIGE
Wk, % A 1 [ A, 42 3R
gg[21-30]
Spatial ~ learning  disorder,
memory ( spatial, short-term,
habit) impairment, spontaneous

exploration dysfunction,
decreased excitability ,
bradykinesia [21-30]

23 [] 2 > AR 1014 (& 8] L
W) 3240, 12 Bl Sy s )
Spatial ~ learning  disorder,
memory ( spatial, short-term )
impairment , ability
[35-39]

sports

damage

25 (A2 2] B 142 (25 0] L
W) ThaewGR , A A BRER IhE
R A, P08 SRR BE ) & 40, K

e [47-51]

i

Spatial ~ learning  disorder,

memory ( spatial, short-term )

impairment , spontaneous
exploration dysfunction,
impaired  visual  recognition,

abnormal horizontal movement

function, anxiety state 47-51]

23 [A] % 2] B 1242 (25 18) A
1) SRS

Spatial ~ learning  disorder,
memory ( spatial, short-term )

: : [54-56]
impairment

AB %%[22,24,27728,30] Tau Eaﬂgﬁéﬁﬁ%[zl,zz,m]
géﬁmjﬁ,f/ﬁ[zl,ﬂ,ﬂ—zsi , ?L’J%Aﬁég*@%ﬁjzz,m,zs,soj , E
W I % 40 M RS S B ko R
m[24,27—30] ,éﬂiﬂ@ E' Uﬁ*jﬁ'fﬁml‘m] 7%:'& lih‘#jiﬂaizg]

22,24,27-28,30
[22,04,27-28.30] Tau

synaptic

AB aggregation

hyperphosphorylation*! B,30]
.. [21,23,27-28]
injury s
[22,24,28,30]

neuronal
[28]
,

abnormal

structure proliferation

[24,27-30]
s

astrocyte

24-28] . .
L ! , inflammatory reaction

[29]

oxidative damage

(21.30] dysbacteriosis

autophagy injury
AR AP Tauw H T BRI I e R 4
B T, M T
TSI ARG O e e Y s
T R i S 1)

AB aggregati()n[%] , Tau hyperphosphorylation*
[36,38-39]

35-36]
s

cholinergic system damage , synaptic injury[%] s
neuronal

[26,37-39]
)

neuronal structure or

[35,37,39]
’

abnormal

apoptosis oxidative damage

[38]

inflammatory reaction" ™" | abnormal synthesis or release

of neurotransmitlers”ﬂ

AB FAETAY Tau [ B BERR AL S0 g
AE RGBT Mz T W e s T &k
770 R SRl LD
2o TR Ay BRI S Y
AB aggregation
47-48,50-51]

[47,51] Tau

hyperphosphorylation* cholinergic

[50]

system

, abnormal neuronal structure or neuronal
[48-51] 47,49-50]
, ,

damage

oxidative damage*

[49-50]

apoptosis

inflammatory reaction , imbalance in the intestinal

[51]

abnormal release  of

[51]

flora synthesis  or

neurotransmitters

FRGRAE R G0 M e n gk 5 0 Ak
4%[54—56] ﬁéﬁﬁﬁi:‘m'm

Cholinergic system damageus*SGJ , abnormal neuronal

structurel > | oxidative damage[54_56] ,  inflammatory
. [54-55]

reaction

TR R B ]G,
AD FEA i B RO ) 9 AE BIL R AS
ik

Aging model features outstanding.
Modeling time is long, the internal
mechanism  of  AD  specific
pathological changes is not clear

AD 28 Mg BHSCIS AH T B 45 3 5
MERE TS, I ZAK, 259 53 A 4R
T ORFFE AL AB TR
HORE A

The classic pathological changes of
AD are relatively obvious; modeling
is difficult and the success rate is
distribution  is

low, the drug

concentrated,  which  does not
conform to the characteristics of AR
dispersion and distribution in brain
tissue

ARAE A THT (AL 40L AD I PR B 5 3
He b F I ; D-gal FI AICL, (i
2R,

It can comprehensively simulate the
clinical , pathological and
biochemical manifestations of AD;
the dosage of D-gal and AlCl; varies

greatly

24 e R 3 AR I AR R B —
AR AEAN Tau I 1133 BE W e 1L
4 R A I 2

Drug dosage and modeling cycle are
relatively unified. The pathological
features of AR aggregation and Tau
hyperphosphorylation are not
obvious

il H 24 T R S S S R A G, 255
TP ) 7E—E FREE b, AT RE s U A5 G
DX AR ZEHLAA A5 1) e fft I T 2 A 50 Tau 4R
FIRR R L/ 2R AL 1 Tl 28 G0 0 M W R A2 3 P 52
Wi, EAR IR AR Bt FEBE IR 1L Y Tau 25 1A 2
LIIE B SP 5 NFTs . s 1l A 5E 9 28k L, inis
TR (8 AN [ 3R] 26 0] B A @A SR 40, LA A
WA AR 75 H A AD A9 LR B B AR | 25 BN
S IEHTRIBETETT 18], A BFFEIN AR BE DA R T E
fitf (mild cognitive impairment, MCI) YER AD B9 F- 11

B, HEh YRR 5 AD S BRIAR L, I B AR T
AD IR ARAE I R A BN R A B 1 g B
R B SCHRIRAE T D-gal B v g iRk
EFERE MCIL B AR A A e 52 X R B
UG FRETE AR T 2 KN 2 7] o B il A psf
[ 251 T, AT AR 10 5o BRAR Y MCT 3 ) 5
R HR AR 2% 7 vk 18 1 o W o 28 R A i
AR, — 7 TG 2 15 S AD (1) 2454 1 1B
— 2T ) S 56 s st S S0 PR b 5N PR T
AT 5 55— 7 T, ASTRIAR IS 1 S 56 S 6 B AD 251
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