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[ Abstract]

wild-type(WT) mice in a variety of behavioral experiments, and summarize the precautions, assessment criteria, and

Objective To compare the advantages and disadvantages of APP/PS1 transgenic AD model mice and

applications of these experiments to provide a basis for the study of animal cognition-related behavior. Methods Y maze,
type I and II T mazes, new-object recognition test, open-field test, and rotarod tests were adopted to detect the motor
ability, exploratory behavior, learning and memory ability, new-object recognition ability, activeness, fear of open field,
Six-

month-old APP/PS1 transgenic mice showed significantly lower working memory than WT mice of the same age. This is

and the coordination of central nervous system in 3- and 6-month-old APP/PS1 transgenic and WT mice. Results

indicated by a significant increase in the spontaneous return in the Y maze, and a significant decrease in spontaneous
alternations and return in 6-month-old AD mice compared tothe 3-month-old a AD mice, while no such discrimination is
found in WT mice. The scores and memory time of 6-month-old AD mice in the type I T maze ( reward type) were
significantly decreased compared with WT mice, and the learning time in the type II T maze ( punishment type) was
significantly increased, indicating a weaker learning ability, slower memory retrieval, and lower accuracy in AD mice
compared with WT mice. In the open-field test, the total distance and speed were significantly decreased in 6-month-old AD
mice compared with WT mice of the same age. The number of entries in the central area and the ratio of central to
peripheral area and the number of rearings were significantly decreased in AD mice, indicating that exploratory behavior was
significantly decreased in AD compared with WT mice of the same age, and the degree of fear in the open field was higher.
However, there was no difference between APP/PS1 and WT mice in the latency to fall in the rotarod test, indicating no
difference in central coordination abilities. Conclusions The Y maze test can be operated easily and has a short time
course, and is suitable for detecting working memory, but the test circle for a single animal is longer. The T maze assesses
the animal’ s exploratory nature, which can accurately determine the learning and memory ability, and reflects the ability of
memory retrieval; however, the test circle is long. The new-object recognition test was designed based on the rodents’
curiosity of new objects, and could accurately reflect their ability to recognize objects. However, operation of the
experimental equipment is complicated, and the test is easily affected by an animal’ s stress behavior. The open-field test is
mainly used to measure motor and exploration abilities, activity, and fear of open field, based on the animal’ s fear of open
field and curiosity about a new environment ; however, the experimental result are easily affected by stress state. The rotarod
test directly reflects the body’ s coordination and anti-fatigue ability and indirectly reflects the animal’ s diurnal rhythm, and
can be used as an auxiliary index for learning and memory ability.
[ Keywords] APP/PS1 transgenic mice; Alzheimer’s disease; animal behavior; learning memory
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Figure 1 Schematic diagram of Y maze
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Figure 2 Schematic diagram of T maze

[P 1 min 42 S50 ) K/ IN BUEE Bk Il RS 46 i, 4T
HPAVE T LN A B ERR, ER A B
( BIJSUET PR ) RTTH A TG £ 7 04 B R A T e %, DASE
1 RBEA HRREE A DRI bR o 25 PE A s A 0 75
SR RZN 0 TR B R 51T H, iE e
A, 1 h 5 —

I0AY T 2K S50 7 A R R I AE ST AL . SE 58
TR B B, LR /NEFE T R E N H R E 3 d, R
3 min, 7E/NRAERE Z 5,58 4 KiksH/ARA
FHRTHE 3 ~ 5K, icFIEAREZH—M, I
IC AR B 6 H it AD /NERT WT /N4
15 RS2, SEE0 T4 , K 45 /0N B 7 i 47 1
ISRH], KB ) — AR E ., B — R
FREEA LN A HER BT R, BE
ANERIZE A E A 4 L I L B ) A 2 )
(6] 5 () B 10 s J , K /0N BRUERD I il I e B i A o, 4T 9F
TR R ] TF AR T i, 5 /08 BRGIE A R e i (K
B W30 1, 25/ B A 1 3
3430 0, HOCH b 9 T TAE S /INVER L 10 s 54T
TR Ak Sie sk AR R, T 28 K it
A e 2 B L SE R B A AZ s A

TR (1)1 RN B RN,
WG/ AR SE U CICAZ 5 i S IR iR 25 . (2) B
PRBURE /N, i 8 7 R ok 8 T/ R S
Mo (3) MAIT 2B /N 3 min NARRRD [ A
T /NS min ARERMHERR LR LR, (4)
R S50 58 BUR , R/ B Ik 1 05 BRI B
Hh 3R /)N B2 B B TR 1 B 22 S R 22, B HUI
BT —F6 S IR TR T I 7R K LRI 43 ) 42
FAKE . (5) D/NERURBARFE bR A G
1.2.3 FrimiRis)

BRI SE 86 S 3 T K B R ACAE IR
SIEREE 0 22 510 & R R 1, PR W 15 s 1)
BN BCAZEE T HIRE I, AR SR FE TN
FRAEHEREE T A F AR R A > PR B 4 ok 0 4y 25
D I ICTHR R B S, LA oA il
B, AT BEAR A A 9 57 S0 56— FE 5 1 /N B 3
SELREE/NRAER M 25 [ N A IR RS, A
JERSEEAEA, /N A BICIZRE LT, T RE AR
PINZEZE S LI BIAT R, A it HT R PEAL 81012
ESLY/ LK€ S

SEEGEER 3 .6 i AD F1 WT /45 25
SIS 5280 40 Ry 3 7 By BRI o B, 7S



Fp [ S2E B WA 2023 4F 8 A4 31 4555 8 1 Acta Lab Anim Sci Sin, August 2023, Vol. 31, No. 8 973

N BEZ AT, T AT 3 d AR RE, LI B A
T/ NN T A S min, £5 T B/ B KL
PR IR S0 3 AR, SESR TF BG T, A R 1S B0
S/ NR(ESIE D WSl 2 HESE) A AR
)/ INRAETC AR AR 2 K B HARER 3 min, F7 3 d
Je /INREE L AR R N R B IE TP IR S8, 5K
WIS . SEETTER . T1 BB, 43 WIAE AR A AR
XA TCE P 8 AR R PR A B4/ BB %% 1A
WA 1/ NRAE A (B PRI S R 2R I [A]
Rt 25 s(DLRRBIEYIAL 2 ~ 3 cm AbRHE) , 5
3 min WERRIFHIAAF] 25 s W IR, B /DR
LRV FR G, 45 0E T BYBE, 1 h 24 h 54030 ih e
W K T2 B B g S A T ) )
K b, P ARCE A B AN FRUOR /N BB (R 2E 4T
PR, /N A b IR IR R B R 2115 s,
8% 5 min NERREF A AR E] 15 s W 1R R, K/
RUBC IR 228, 455 1k T2 BB, WL 3,

NI B TIFE T2 B
Stage of adaptation Stage of T1 Stage of T2
30 cm 30 cm 30 cm
A A
B b
=70 =70
o T S T
\ i v i
T = k—
7.5 cm 7.5cm

B3 HikisisR B K

Figure 3 Schematic diagram of new object recognition test
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Figure 4 Schematic diagram of open-field
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APP F:5" -GACTGACCACTCGACCAGGTTCTG-3 65 150 40
R:5’ -CTTGTAAGTTGGATTCTCATATCCG-3’
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R:5 -GCCATGAGGGCACTAATCAT-3’
CAPDH F:5 -CTAGGCCACAGAATTGAAAGATCT-3 60 104 40

R:5’-GTAGGTGGAAATTCTAGCATCATCC-3’
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Table 2 Configuration of reaction system
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ERBI(10 pmol/1.) 05 .
Forward primer( 10 pwmol/L) ’

S 5145 (10 pmol/L) 0.5 1
Reverse primer( 10 pwmol/L) ’

B (DNA) Lo )
Templates( DNA) ’

DEPC H,0 8.0 21

94°C 94°C
Smin | 20s 5 5
72°C | 72°C
45s | Smin
56C
30s
94°C
1% 35x% 1% 20s

[ee]

Bl 5 PCR ¥ FLF

Figure 5 PCR amplification procedure

DAl 45 P S5 7 15 1A 18 & PR F5 AR L N A
SR IL AR 3, &R AT 2 S iR L B S b
B 4,
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Table 3 Methods and indexes of different behavior tests

H

Name

SRV

Experimental equipments

PR

Evaluation indexes

J3E A A
Applications

Y maze

IR TR

T maze |

IR T ke
T maze Il

%ﬁ%'ﬁ: \7]'
B
New object
recognition

W35 9295
Open field test

AR

Rotarod test

Y R E R I M 1200, 55—
RS 30 cm x 8 em x 15
em(K x 9 x B .

Y maze with three arms (30
cm long X 8 em wide X 15
cm high)at 120° angles.

T 8 i 4~ 30 em, 58
10 cm . # 20 cm Ky F bR
(goal arms ) fl—A~5 2 3
B 45 em W) 58 5
= B Y 4R B ( approach
arm ) ZH %,

T maze consists of two goal
arms (30 cm in length, 10
cm in width and 20 c¢m in
height) and a perpendicular
start arm (45 c¢m in length
and with the same width and
height with the goal arms) .

HATR I 3 S 5 dt B
BRI A 30 em A IE
FIE FE =R 50 cm, THHS

AL TIE,
Bottom of the new object
recognition/open  field  test

experiment is a square with a
side length of 30 ¢cm and a
side box height of 50 cm.
There is a camera on the top
for recording.

i H4% .30 mm

K .60 mm
YL .5 ~ 40 r/min
HHLEdEEE D

ﬂéf&: .1 r/min,

Turn rod diameter:30 mm
Length of the rod:60 mm
Range of speed: 5 ~ 40
r/min  with microcomputer
data interface

Adjust the degree of ;

1 r/min,

ANE] O R B g BRSO iR
(alternation) ; H 1% [8] JE 8 50 (return ) 3 H 32 5 52 JE 5
(repeated) ,

T 3 LI RN . V(%) = (SER I
By B REL-2) % 100%.,

The arm entries were recorded and the percentage of
alternations (entry into an arm that differs from the previous
two entries ) was calculated with the following formula .

(Arm alternations/Total entries-2) X 100%.

FROIHRE /NEIE AR AT S AR
%‘L;EHH‘I‘HJ; A8 5 P — 1] T 0 /S BROBE 1 R Sk il £ 0 B
1]

ICAZIF ) TIF IR TG /0 B 1 Ol B PR B )
Standard of score: Whether the mouse enters the target arm.
Learning duration: The first time of the mice touched the food
when one of the gates was closed.

Memory duration; The first time when the mouse touched the
food when two gate were opened.

a0 ANEUR A HE AR

BRI UCE /B AR A 19 UCHR

22 ) I s /NBLERS 1 UK Ml £ 4 T B )

T3 A/ BUE A RS, USRI T 1485 10 s,

ACAZIN 8] P Bt AR 0 L 22 Al B P Ay I )
Standard of scores: Whether the mice enter the
nonpreferred arm.

Number of errors; The number of entries of the preferred arms.
Learning duration; The time duration of the first touch to the
food.
Punishment ;
gate for 10 s.
Memory duration; The time duration from entering the start
arm until the food is touched during the test phase.

%%Eﬂ{)ﬂllf’\ T T1 BrBesh ol 1 h (2= ERE ) J5IF iR T2
KB,

KA 7E T1 BYBEAR AR 24 b 5 TTdA T2 BB,
GErt/NRTE T2 By BEZE TR 0B WA FE 2% (4 1 1] LU0 (IR R
H A ]/ ARFHTIH Y A LA o

Short-term test: The T2 phase begins 1 h (or even less) after
the end of T1 phase.

The long-term test; The T2 phase began 24 h after the end of
T1 phase.

The proportion of time spent on exploring new objects ( time
spent exploring new objects/total time spent exploring new and
old objects) was calculated.

it b e e e DX L X RS 2 B S S
HEAW S0 X UEL

TR 37 T 55 ] B DX S ] L

HALUKE

Compare the distance and speed in the center and the border.
The number of entries in the center.

The ratio of the time in the center to the border.

Numbers of rearing.

If the mice enter the preferred arm, close the

Tt /N BEE [ B ] AL A R et T

PRI H] -/ BUPE B b RSB S ],

Scores; If the mice did not drop from the rotarod during the
test, it was considered successful.

Falling time : The duration of sustained time of the mice on the
rotary rod.

TP IR TAEICIC
Evaluate envm)nmentdl working
memory.

P SHigICRETT, LA ig
TZHAEAE SR

Evaluation of learning
memory ability, as well as the
storage and retrieval of memory.

and

PRH BT AU e
i,

Evaluate  the  ability  for
recognition for new object and
the discrimination ability for
different object.

T 5RY

Wi AR 1 IR BRI 3T
BRAE LA B X 37 g AR R BE
Assess locomotion, exploration,
activity, and fear of the open
field.

PRH R 22 B Rk
Evaluation  of  coordination
ability of the central nervous
system.
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Table 4 Comparison of the advantages and disadvantages of different behavior tests

AR (U= R
Name Advantages Disadvantages
(1) R FH s V3 250 0 0 3 S B8 199 R AR IR A 9K )
i, i B eI FECTIMMAK RIS BB H ) gosepmmss, mn g p et ik, (2) 1 BA 25
RFBVNRAIMICACIE s (D AFTED o) MARRICHOR SRR (3) 15 3 ML AL 2 A 03¢
AR, (3) SR MR B S R
Yirs (1) Y maze is d,eSIgned based on the rodents r.1at1ve (1) Albeit short test cycle, but long time for singleassay. (2)
Y maze exploratory behavior for new environment, there is no

I 8T ke

T maze |

IR T ke
T maze Il

kLN
New object
recognition

W55
Open field
experiment

Rota rod system

need for animals to learn rules to avoid dangerous
environment, which could effectively reflect the memory
of rodents to environment. (2)Less manual interventions
easy operation. (3) Short test period.

(1) 38 07 00 ) £ R, 7 S/ BRUIR
FMRT /I RO R A R
BE, (2)EA 2 S8, i LI &
BRI /) B Y S 0] 2 > S A2 RE
B[] I, s 5 AR T N B

EME IES oz,

Y a4z Js (1) The food was provided during the
T 91 A R Y adaptation stage, which helps the
HERYE, B35 IC  mice to familiarize the environment.
VARSI | (2) There is two stage for the test
IR, period, which can evaluate the short
It is more  term memory, in the meanwhile help
accurate  when

the consolidation of the memory.
assess the long

(D) FEST AT AL/ RS T i
AR, T A EIE,
TTRICAZ o (2) D 15 AL
1IN B e B A 2 2R

(1) Punishment during the test stage

term memory of
animals, it can
be used to test
the storage and
retrieve of
memory. helps the mice to quickly realize the
mistakes and modify their behavior
when the memory was consolidated.
(2) The setting for preference arms
helps avoiding the native preference
of arm entry.

(1) AT LASESh e 58 4 F SR IRZS R BEA 724 2092 12
I, BEfE AP BT ZSRIR K S8 1 2% 21 10424 T
o (2) FEAYRA | SEIGI [ AR X BT

(1) It allows animals to leamm in a completely natural
state, which could better simulate the learning and
memory behavior of humans and primates. (2) Fewer
experimental steps and relatively shorter experimental
duration.

(D) FIH T sh R 25 0 37 4l 18 KA, B sh i i)
BEFEBINTERE A, (2) BRSERE R A B A AT
SRR EE . (3) TR AEMINLE,

(1) Test is designed depend on the fear of animals for
open field to stimulate the native behavior for avoiding
being harmed and to seeking being benefited. (2) The
spontaneous activity and exploratory behavior can be
detected in a single experiment. ( 3) No training is
needed.

(1) 3& PG, T 35 I | A 22 D BE L B s
TR, (2) LR R, oS I M R DA S Bk
AR T AR

(1) It is broadly applied in various tests including the
fatigue test, the function of central nervous system, and
the exercise behavior. (2) Operation of the experiments is
simple without complicated procedures and preparations.

Individual difference is significant, especially the entries of arms. (3)
The tail should be carefully observed when the mice enter the
intersections of three arms to avoid the errors.

AN OB R R I BTN
S — s (R B, 5 ) S 36 3 % ] 4
FRIGVES, A
Mice often refuse HE U A S R
Ik HARE U 8 4% 1 A R
IIREZEBRIN A 50% , TC i
HEBR /N RR AT R4 15 4
FAE O, B0 T L 1 /T
RETE,

There is only one target

the food
because of the vigilance, which will

to eat

interrupt the assessment for the memory
duration.

zone, so the chance for
choosing the right arm is
50% , thus the mice might
find  the

randomly, the chance for

(1) /DT REFFEA I E SRR E
BT Ol . (2) AETIHLA 2 AL /N R
ZFEIR N SE R

(1) Mice may be unwilling to explore
(2) The

mechanism will frighten some mice and

right  arms

success is increased.

the maze. punishment

increase  the  error  during  the

experiment.

(1) SEBRA RS/ REZ WA, i Tr TEAT o 46 19 F 7% 5 3 it b R
A& RO, B/ B R AR ET T T AR 0l (2) S g bt
TEASFSE I a2 2%, I 2 T AR 22, 7 0T e B9 B R
CHRRGE, (3) M T HAL LI 4% A0 BE

(1) Experiment-box has modest influence on the mice. For example,
the corner of the square box easily causes corner-effect, it may leads to
the refusal of mice to recognize the new object subjectively. (2)
Experimental equipment is the most complex in all experiments, and it
needs a lot of preparation before the experiment conducted accurate
tracking and recording system. (3) It is more difficult to clean the
chamber compared to other experimental equipment.

(1) FERAFEMHE . (2) /DR ME SR, (3) W/NBUIG 3T 1
AL S 5 R AT,

(1) Long experiment time. (2) Individual differences. (3) Because of
the inherent behavior of mice, the experiment should be carried out in

the dark.
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L3 SitESN

JIA BRI 8 « bRIETR 22 (& + sx) R
7R B SHT R SPSS 18. 0 #PF Bt @ it ¢ A
( B¢ mann-whitney JESEKGK) , 24 P < 0.05 HEA
BEMES VEERH GraphPad Prism 8. 0. 2 # {4,

2 #HR

2.1 APP/PS1 /NRERERE

i B AR EL DNA | 28 PCR FIER ISR FL Tk
JE /IR DR R ) A R I AR 45 R R, GAPDH
WS 5 1E 391 bp , APP SEF 2571 78 344 bp, PS1 3
K £ 7E 608 bp, &5 R ULIE 6 ~ 8, ] LIE B4 5 A
288,289 290,292 293 294 296 .297 298 352 353 .
363,365,366, 368 371,373,374 .375.376 378 Fl
380 /INERCH APP/PS1 RU 36 R /N ER, o4 oy M A 7Y
N

2.2 APP/PS1 1 WT /©MNRWI{EIZIZEFEEERE
HbE A K 2 TREE S

Y R E AT I/ U TAEICAZRE T, 6 H ik
APP/PS1 /NEAH LT WT /NEE A 3R 0 R 5
HBEEZRM(P < 0.05, & 9), W E A #
APP/PS1 /NR T AEIEIZ R 15 WT /INERL 225 b,
6 His APP/PS1 /NEU) H E58 8 H 4 3 Al /MR
BEFEFIR(P < 0.05,1819), A ik 8] 0548 i 2 1
J(P < 0.001,/E9) ,WT /NI B E5ZERRI R
(SR RcSy TR/ AL R S - I8 R Y S s D 1)
AR MR WK 9, DL EZEREN, N
A& APP/PS1T Fl WT /NR TAEICIZRE A 25, H
APP/PS1 /N BT 458 I TAE 2 T FERE S B 5
2.3 APP/PS17#0 WT /NRBIIZTEfEFNIRENBE 11
BEEREUER

T 2K B ] LA A3/ N B 27 2] i iZ g

bp

2000
1000
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250
100

bp
2000
1000

500
250
100

6 GAPDH % E45H
Figure 6 GAPDH identification results
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250
100

bp
2000
1000

%66

250
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7 APP RIS ELG R
Figure 7 APP genotype identification results
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Figure 8 PS1 genotype identification results
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0.05,” P < 0.0, P<0.001, (FEHE)

9 3 WA 6 il APP/PST/INEUM WT /MR Y 2RF 225 HUAK
Note. A. Comparison between 3 month old APP/PS1 mice and WT mice. B. Comparison between 6 month old APP/PS1 mice and WT mice. C. Comparison

the difference before and after. Compared with WT group, P <0.05, ™ P < 0.01, ™ P <0.001.(The same in the following figures)

Figure 9 Comparison of the differences in Y maze of APP/PS1 mice and WT mice at 3 and 6 months of age

REfS I BLCAZ I AERE BRI, JEF 1 B T 35 5
55, kB 6 At APP/PS1 /NRAE2E T BEEE 1 R
TR Z KT WT /N (P < 0.05, 18 10A) 5 7E
MR B, 56 1 KgAK T WT /NE(P <
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TEHUR, 2 d BT BE, APP/PS1 /N RAERS 5
R R FELT WT /MR (P < 0.01,P < 0.05,
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R, TiesE 3 Hiid & 6 H /N, APP/PS1
AT WT /NS B AR R Se I o i 25 (P >
0.05), WLIE 11, X5 CHRIR 5 A Al g Je A
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Note. A ~ C. Learning and memory duration in the first three training days in type I T maze of 6 month old APP/PS1 mice and WT mice. D | E.
Learning and memory duration of the two test days (20 s, 1 min interval) in type I T maze of APP/PS1 mice and WT mice. I, G, the scores of
the two test days in the Type I T maze in 6 month old APP/PS1 mice and WT mice scored on day 1 and Day 2 test phase. H. Average score in
type Il T maze of 6 months old APP/PS1 mice and WT mice. I. Learning time and memory duration in type Il T maze in 6 month old APP/PS1
mice and WT mice. Compared with WT group, “*** P < 0.0001.( The same in the following figures)

Figure 10 Learning and memory duration and scores in T maze
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Note. A, C. Recognition indexes of two identical objects of 3 and 6 month old APP/PS1 mice and WT mice. B,

D. Recognition indexes of the new object of 3 and 6 month old APP/PS1 mice and WT mice.

Figure 11 Recognition index in the new object recognition test of APP/PS1 and WT mice at 3 and 6 month of age
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Figure 12 Performance of 6-month-old APP/PS1 and WT mice in the open field test
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Figure 13 Dlatency to fall of rotarod test
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