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FREZEME (Scopolamine) f&—71E ZERAER~ZAEHVFEHUA » WA #EEHY Scopolamine
AT REEE A S IR R RERIYIESAR » BT DA Scopolamine # 1E Ay B ERENYIsC IRAE I T IRAVEEY) - JT4E
REBRAOZALHRED » R 20SES R BB H AN - HITeC BaV R R EEE K
1EECRAY BT U R E R © A AIHFTREE Scopolamine FITEFIAE % T » 1ERA
RUALEEYI EVERTE BEREEYINIS < BER A (Danio rerio) =—TEREENY) » HFTE{KiEE
1R LA RAR P T AR R BT+ 58T By AT DARES RS H 5015 & &5 iy fa ¥ 143 &
2o AW TR S A E R ERENY) - Sl B2 8t MBIt A T Ry o 2 -

e LIBEE f A28 50 (Social recognition memory) B FRE » %5 Scopolamine ¥
SRS AR E IR IRRE IR » DU SR B AR S T Rt - EERFEHHSks 250
f8R8 Scopolamine JARIRINIT Fyri 88 - EIEEE ~ HAIRAF  BElF > BT - A
Scopolamine A FEREEE fE M2 FHIE T T 5RECIEATEE - 1 B AL AV S

NI

AT Ry ©
Abstract

Scopolamine, an antagonist of the acetylcholine receptor, can produce the symptom of memory
impairment if taken in excess, so it is often used as a drug to reduce the memory ability of animal
subjects. In recent years, the global population has been aging rapidly, and the number of patients
suffering from diseases which diminish memory and are especially prevalent among the elderly,
such as Alzheimer's, has increased sharply, making the study of mechanisms related to memory and
the search for therapies to help restore memory become popular subjects. Zebrafish (Danio rerio)
are gregarious animals and will adjust their social behavior based on their familiarity with others, so
it is important for them to be able to recognize and remember the fish they have seen. Therefore, in
this study, zebrafish were selected as animal subjects to observe the effects of drugs on their
memory and social behavior.

This study would investigate the effects of scopolamine on the learning and memory ability of
zebrafish, and the changes in social behavior under the influence of drugs. Experiments were
conducted to videotape and observe the behavior of zebrafish after they were immersed in
scopolamine, including active avoidance, social preference, shoaling, and mirror biting
experiments. It is estimated that scopolamine has the effect of reducing learning ability and
enhancing the retrieval of previously stored memory, and can change part of the social behavior of
zebrafish.
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TEPER B (Danio rerio) WIECIEAHEARZEH » BEC1HACECIE (Social recognition
memory) WIIHZENRZ o EREEEENY) - PR g RIBAIR G E RS HY 4 Ehif F5 % R ARAY
HAAT Ky > RBEIRRE SN SO AR T HBES A+ E% - M EHATE VB E RS EEE
FAREA R EDBEAYAE T - I H & A A A B R AR R [F] S (Madeira & Oliveira,
2017) o RIEEAZKE BB LS A fE R EREY) - PRan 2 /R B (Scopolamine) &K
% » EEBEIRRE I Z R M » IR E ST REA TSRS

ERAFERE ¥ Scopolamine YA #2222 I e HYRCIRAE ORIt ST Ry s — 20 |y T/ -

=

(—) BEZWE (Scopolamine)

B EESHR (Scopolamine) /& —THEEFERA! LARERR ZASFE DA (Muscarinic
acetylcholine receptor antagonist) » ¥ FPHE (4E 24 /F FIBHEE - fi/D & HY Scopolamine ]
DIPHEr NEES RS E > (F R0 1EEE -« SRR B EES [REAYIE.C ~ MRy 4E
Yy - {BANSRAR A8 EHY Scopolamine » FIRE S EEEI(EM ¢ AL S IRIREBES LI 24
RPBE (Alzheimer” s disease) HYSEMR o I Scopolamine ¥ # AR MG EC IR AE JIHYE
B o (E R AT EEREEY)  FEEYINECIERET TIE (Kim, Lee, Kim, Jung, & Lee, 2010)

(=) BEFE . (Danio rerio)

PLES f Ry A eI A - DB S RN (B2 - Blanss
BN (BUFRSREY 2~3cm) JT{EEEE - BIE 1758 HIRRG AR T EEE - BEE A2 ER
HEOWE P SRR » K& T0%M NSRS RITEBE B A AV E AR A HIEAY TS o (R R AR
A FRREIEEL \BUE DL - BEE SE AN RIS - S G o DISTRSET
SO S EE TR ~ KL E RS - B B TR R S R ENTST - TBE
SrE—EASEEEMEEY) - NRHEAT BESRAEEIYIERE - MBI
NAEEIEPRNRE - A E W SR AT T REA EERENY) (Oliveira,
2013) °
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(—) #E&T Scopolamine $HBTE - BEL AR MY

() 5T Scopolamine A& S22 At

(P9) #E5T Scopolamine ¥ BE & Ftt 21T

1. $E5T Scopolamine /& & 52 250 & A BRI T By

2. FEET Scopolamine J& 75 & 52 ZEBE FE A R 1

T8+ s

(=) &t Scopolamine J& 75 & 52 255 5 AV EHITT A

B ~ B ABEE

— ~ WHSTEL A St
(—) YRR
PEFE A ( Danio rerio)

3. fmfE © wild type AB strain

4, AR © ZILEERERE ST T

5. FF#e 1 2018 4 3~5 A A

1wt &

2. ¥RHS

(1) ActualTrack GEMtAALE)
(2) Avidemux (%51 4wiH)

(3) EthoVision

(AT R ~ B ~ L)

(4) Excel (GBRH7HT)
(5) LabVIEW
(Active avoidance EE#z% E)

(6) Origing (4&@HIEF)



(19) bgeestt

1. 100ml JE&FF 6. Shoaling FH&®L (1.5L)
2. 100ml £ 7. Novel tank & Mirror biting F faiL
3. e EE (pipette) ~ JHE (26%8%17.5cm)
4. FiEHd (7*6cm) Btk (7.5%22cm)
5. Active avoidance FH F &L #F (7.8%17.7cm)
(24*9%9.5¢cm) 8. Social preference & Social memory
1.5cm #EPREFH (9%9cm) FHfEL (52%10%14cm)
B (1158em) ~ &1 BEAk (9.8%14.3cm)

A ([E—) bHreaefs

e e 1O PRt

L=}
A ([E™) Wittt

4




=~ EhpEhY) e
(—) B " 14 /NRER R 10 /NI - B O BEET MR 11 BEBHE
(7)) JRE : 26~28C
(=) &Y 1 —HeRe R REk

=~ BRAEHEE
% 3:tScopolamine¥t s & &,
2 EHeEN
BARITHOHE
|
| | | |
£ B b #x
£ MR EAEN ZE RN 1B B AT & ARATH
BARZAT B
Active avoidance Social memory Novel tank Shoaling Mirror biting
F BN EAS ) W AR AN AR B EERE #HEk K BEEAT B AR

ARXEEAVBEE 77 ByEfdH CRESEEY)FZHE) ~ 7= 100uM Scopolamine /& 1 /)N
HF4H ~ )27 200uM Scopolamine /A7 1 /NERf&H > £E&5T Scopolamine 2972 & s 251 (&
HIEREBIECIERE ST - BUERHASTT Rl - I HHEHTBERYRIA © Active avoidance B
F AT B E A B0 IR AR T 0 Novel tank BB 2210 S 0056 A FIPE A BB

{577 £y > Shoaling B 5EAl Mirror biting B BRI 221 & PE 5 Y5217 & > Social memory

18

BRI RS GO ERE AT Ry e [FI LR
a ~ BFE A
(—) Active avoidance Bz CHIFEEEHECIEAES])
T AR A B @AY i - BB RS S A 2B AR
RS E g R | MBS - FEAHEE SR EIFEE: (session 3 ~ short-
term memory test (STM) ~ long-term memory test (LTM)) S AYEE24(# trail ZEEEAE > FoR
PEEE A B (Learning efficiency) 5 PLE 24H7E session 1 ~ session 2 ~ session 3
STM ~ LTM ZEFEARERIELG] - For RS B2 E W a5 AR B EE AV BE S b -
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1. AEfiERE

(D) ZEFS IR EBIEHARY Active avoidance BB AGL (24%9*9.5cm) » 45 | 1.5cm 4EF5FRE
R (9*9em) ~ 548 (11#8cm) 4 {1 » A 1.5L BRRIK

(2)100uM Scopolamine 4H ~ 200uM Scopolamine 4HBEFS FAE 100ml JEFR T (2 50m]
Scopolamine /&%) » BIEIZAR 1 /NEF
* Scopolamine 72 T 4% FH £ 8 W WAL IP 52 5 2 A\ BE I, F RS 1
PEHIAHBE R BT 100ml EEpRt (3 50ml BRSRAK) > BRSERRMEE 20 S8

(3)TERRAEE (LabVIEW 2013) HEE Ehalki: - MmN E - Both A
M A% - IRERE AR AR = b ﬁézﬁ ECHIAMAE PR E 5 -

A ([ =) Active avoidance B EpHE &

(B 5l & AR - B A2 FSNRIE e E)

A ([EDT) Active avoidance EER$E = HE



2. Ehmibis

AR EERS B, (A& 7) - #PEHEST Neutral phase (W72 H5'%)—>Fish response
phase (FEHEH—IB41 B 5 )'E)— Training phase (I EBLE FAFTIE(IE > 42 TEE
S ARE) EER (Z0ME7N) » #F Fish response phase HY58 10 7 - 23 & HIEBE
SSRPFTEALE - THR RS HIER SRS VB Ml B D EE » BI4E T 4 (R5EE%E -
PR FAEALEE - IR0 R « ERBS ST RIS iR 10 WHERMELL &
Y ZEIE By success rate > — H. success rate=0.9 HIEFERHIZ IF > (RFERPLEE fa Sl ariip
R DIPREEEE - SUSRIEIS AT S A4 trial ZEFREME (success rate=0.9) » UFE
B a PRt RPN 55 40 {1 trial BAZEERERIZOH HARAL (fail) » 1R
TR ARG YRR e -

Baseline Sessionl Session2 Session3 STM LTM
hambambyni f
Habituation ISI ISI ISI Rest 5
10min 10min 10min 10min éOmin i
Rest '
24hr

[E

A (EH) Active avoidance BB iz

1 \

Training phase
. - (shock) 1s
Neutral phase Fish response phase N
BE
15s —> 10s J
i B —BADE—BEX )
- seccess

A ([E7X) Active avoidance B 45 session T THIEER



(1)Baseline (fiEEE &)
TERBEE fa BT BB e A MR E R - H5PEE fA R4 (success rate=0.5)
RICAR AT R - M E S fUE s i 2 E IR R A i B E I -
EAR e D R ERIFE ] -

(2)Session 1~3
PR A ER S AT L E G - NI FAE CE DAY R 1 -

(3) Short-term memory test (STM) ~ Long-term memory test (LTM)
HE session 45 T% > PES FE A RO RGBS -

3. EhpEiE
()5 EPEE fa7F session 1 ~ session 2 ~ session 3 ~ STM ~ LTM 22 ([ fZEXEY L]

(2)SCERBLFE S 1E session 3 ~ STM ~ LTM HH{ESE#4(H trial ZEEfTAE

(7)) Social memory B CHIELtTACEET] ~ H3CECHR)

tHAMREF (Social preference) EBBELER S4HPE S AR ESEAT [FIFAIEAYIFE - LR
BEHTHACAEST (Sociability) BEZEEYIFE - FHEEEFEHE - atURIEE A
HE SRR S -

tE38ELE (Social recognition memory) 73 A RA{EER 7> + WKBEATTHYMER] ~ 8 ~ iz
P& » SHEREITHEA - DURREEITERE AT B FR E AR E IVRE ) (Madeira &
Oliveira, 2017) » ELERZEAHHIEAYBE S AR ESEIT P A S SIS B SE AT 2B F I Iy
BFRE - HEHIBE RS fr ACEE IR RET - AL rIleiEB M B AU - [ EREL 5k

HYME SR (focal fish) HTHEFHTSE R IR GRS SR RSB AV RS S A > Tk
A FISE -

1. EfFERE
(1) #&f#§ Social preference & Social memory B i@ AEL (52*%10%14cm) » 25 R

(9.8*%14.3cm) 4 {i » FIA SL EREFEK



(2) 100uM Scopolamine 4H ~ 200uM Scopolamine BT A AE 100ml EEFRF (3E S0ml
Scopolamine /&%) * BLIRILAR 1 /NEF
PEHIAHBESS B AE 100ml BEFRHf (35 50ml BRFEIK) - BERE0RHE 10 4788

() FHEERSOEE - RIS A UL A% A o T 7 PR AR Al E PR G B B

A ([ET) Social preference & Social memory & 5L &

2. EhpiaiE

Social preference Social memory(STM) Social memory(LTM)
novel focul empty familiar ~ focul novel 1 familiar ~ focul novel 2
15min | | 15min | | 15min :
NN
Isolation 30min Isolation 24hr

A ([E)\) Social preference & Social memory & &7 F2 &
(1)Social preference
SR L 15 0 E
2 F Bt L ol 3 {iEflimdsk > o flE EE AT MG (focal fish) » —#87&
FUHES A EE BT FIELHIPEAE A (novel fish) » —#E 2 2% AL
(2)Isolation
2 PR FAE 100ml BEFRER (3 SOml BRSR/K) BRJEIEHE 30 778
(3)Social memory (short-term memory test)

P R 15 oy



2 Fr PR L Rl 3 (i - MR A (focal fish) - —iEEIAL A
(novel fish) - —#ZMFFAFE Social preference EER RABHYFEHA (familiar fish)
* Ry T BTEAE SNPGRS B RA IR AR E A2 E > By
PEAE RIS A ERR I A K > Al HAHIE S i A R ERLA R
(4)Social memory (long-term memory test)
257 SESQ Ry
2 bR L i 3 (Al i - e (focal fish) - —iE/E AL
(novel fish) » —#&EFEKHE (familiar fish)
M 24 /N R - HEASEIPAE ARG B R ER G A = 5%
. EEREIE
FH#HS (EthoVision) MBI BHVIE (HEHZHEH)

Social preference

novel

I 1
1 1
1 1
— : zonel — 1
1
1 1
1

A ([E /1) Social preference & EEE s #%
(DT EIEE AR ESET FERE (ELH zonel) HYHFHE]
QB S BN ST FEHE (EJLH zonel) HYZKEY
Social memory

familiar

| 1
1 1
| 1
- : zonel ===  zone2 | ===
]
1 1
1 1

A (E1) Social memory B B8R0 8%
(Dt EBLE A ESEAAVEAE (B zonel) AYRFRT
Q) ETEPEE A EFEafaEAE (B zone2) AYHER

10



(=) Novel tank B CHIELEIIHEEREAERITT R)

Novel tank B 532 FHBE S fofE APAAEIREE IR T & AELE IR - FRE
%17 % (Bottom-dwelling behavior) » JAIBES GV EEIZR » & HEAREHS - RIRF
FEEEPHYIRF B (Levin, Bencan, & Cerutti, 2007) » Novel tank BB — T & FIACHIEL
BTG f R AR Y BB o 1T TEBE S FURBAE N BRI U B sl R A PR iR R
e T (Nicotine) J&i&1% » 1F Novel tank BFERTHBE K fa fF1E AL T FEAYIS S th 8
/NS (Levin, et al., 2007) » BRHABESS AT AL T BAYIFREIFI BB 2 4
B8 o MAE Novel tank B 5p-PELESE & @A BERE - AIE AT LUAESE S Ay EE 7 -

1. AEffEiE
(1) 2§ Novel tank B 5@ H B EL (26%8*17.5cm) > WAFRT-HIFEN - #A 3L B@sg/K
(2)100uM Scopolamine 4H ~ 200uM Scopolamine 4HEEFE B AE 100ml EEFRH (3% S0ml
Scopolamine J&/K) » BB AR 1 /NiF
PEHIZHBEFS FE 100ml BEMRH (58 S0ml BREIK) » BELARRRE 10 4768
Q)BT - LS B A LR FAE S

A (.—l——) Novel tank %V%?%Z%ﬁ

2. Eigpsig
(D ERZHRZE 15 75
3. EREE
FH#EE (EthoVision) BHIPLE AL E

11



zonel

zone2

A ([E+ =) Novel tank EEpEIEECHE
(HEtEREAFEAG LE (B9 zonel) HIHEFRT
Q)T EBEE fa e B R

() Shoaling Eh# CHIEK FBFAY B HIZE)

BILRG SBFE(E E ARG N ERBER RS ek - TR BRI T Ry (Shoaling) o BERF T LAY
NIBES A B B HCHIRE S » MR ERpR ey E ks - B EES 2 MRV R rT
PRIV E RS BRI SRRV S IR o AR R (BRI 2 L Eh R D
T ELE ET FE B 2 S RE (R (ERE 2 IR EEh1T B (Pitcher, & Parrish, 1993) -

1. EEfmaEtE
(1) #ff Shoaling B HR M AL (1.5L tank) » FELA 1.2L BRUK
(2)100uM Scopolamine 4H ~ 200uM Scopolamine 4HBEES FFE 100ml JEFR T (2 50m]
Scopolamine /&%) » BIEIZAR 1 /NEF
PERIAABE S fBAF 100ml BEFR (5 S0ml BREIK) - BEEIREE 20 438
Q) FHEREAREE » R EIAHAY 4 E3EE AR [F— ARG LR G E

A (B =) Shoaling gt =
(D) Pz 15 75

12



3. BhREE
FH#RES (ActualTrack) EHUFERLE A 66 ZEMPHVRLE
FHERES (excel) 51E 4 E3E/E AMINIFESE (W& -f-Pd)

~

A ([E1VY) Shoaling B a5 aC %

()B4 FHIEERE

Q) BeHEF 5 o 2 VIR

(3) 5 4H AR HAL RF ] Z BE Bl A/ MELHY S

4) F40E 5 S S BR A IR ] 2 BE i IME AT

(71) Mirror biting B2 CHIEHCEM:)
£ Mirror biting BEHg » B o g s ch B g (5 R B 845 (Head-butting or
Biting) LAZE/REET] (Boldness phenotype) » BUAFSEAT 85 T HYEISAETAKIE] - S DU R
SRIRIAT Ry o MRS TREZS - SRR SE B T IS I R - (ARBE IR
B -
1. HEFEE
(1) #f# Mirror biting BB fAHL (26¥8%17.5cm) » BUARSIR (7.5%22cm) $E{EH T
(7.8%17.7cm) > & A 3L BERIK
(2)100uM Scopolamine 4H ~ 200uM Scopolamine ZHBEE & 1F 100ml BEFF T (2 50ml
Scopolamine /&) * BRMERALEIR 1 /N
PEHISHBES AT 100ml BEFFH (45 50ml BRREIK) - BEENRHE 20 7r8%
(3) HRFERE B FEU A B LA E 15 775
4) TR E - KPR R B E E B

13



A ([E75) Mirror biting B Ea#ks £ H

2. s
() §ksZ822 15 75
3. HEREEE
(D) FTHHRBE S i 8 T-HI R
FH#EE (EthoVision) JBHEDES AL E

zonel

+ 37

A ([E+1) Mirror biting EEaEIEC#E
Q)T EILE A ESETE T & (B zonel) AYRF]
BRI R 8 & - —(EEIH£4Y 3.25cm » K& APEE fAriE
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— BT R
(—) Active avoidance B
1. Learner BB
I+ /\ > ZERI4HELE 100uM Scopolamine J25R4H ~ 200uM&H Y learner ELA
(session 3 HYZEFNEAELLAN) HI-RTIREREFIHEAZE (0>0.05) @ URZHILE
FaTE session 3 B EAEFHEECEAYEL PR RER -

80+

2 60

40

Learner%

20

Cltrl 1(I)0
Scopolamine (uM)

A ([E+/\) Learner EEA
2. ZFEEAELLH] (STM ~ LTM)

YOMET-S1 > BEEAE STM ~ LTM R Z BV EE B R 5 e R B BB = 5
(p>0.05) °

Y

F o] o o

o S ol =
L 1 )

Reach criteria%

~
[=]

o

STM LTM STM LTM STM LTM
Ctrl 100 200
Scopolamine (M)

A (EJU) ZEIFEAELER] (STM ~ LTM)
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3. Trial number (session 3 ~ STM ~ LTM)
W =~ B =~ B PERIAHEDE 100 1« M Scopolamine A& ~ 200 1
M 4H7E session 3 ~ STM ~ LTM BFHY Trial number B4 Dunn's multiple comparisons test
PIARETEZE S (0>0.05) » ARESLADESS /e a B EE L & P { CE IS R IR
DHERZZ S -

Trial number
&
1
—t

cir 100 200
Scopolamine (uM)

A ([E ) Trial number (session 3)

N
o

40

35 35

30 30
E 254 g 251 ‘
5 204 5 20 ‘ |
@ 15 [ I m 15 T )
= | l . =
— F 0]

5 5

0 r r 0 T T

ctrl 100 200 ctrl 100 200
Scopolamine (uM) Scopolamine (uM)
A ([B|—-+—) Trial number (STM) A ([B|—-+) Trial number (LTM)
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4, FEFREAELLM] (session 1 ~ session 2 ~ session 3)
B 4= > =440 session 1 B session 3 ZEFIREERTLLGI K i e 2RI #E =
F(p=0.013) > & 100uM Scopolamine Z&4H ~ 200uMZH session 1 B session 3 ZEF(
FENEEBIHR-RGRERZEFIBEZR (0>0.05) > RIEHIHZEFIEAELAE
session 1 ] session 3 28 - F- » 12 100uM Scopolamine 7A&4H ~ 200uME4H ZE 25
HEATLLBITE session 1 F] session 3 #6F A& o

100

80
= *
= 50 H ] -
e
G
L 40
5]
(1]
[}
o
204
0 T T T T T
sl s2 83 sl s2 83 sl s2 83
Ctrl 100 200

Scopolamine (uM)

A (B —1=) ZFFEHELLH] (session 1 ~ session 2  session 3)

17



(=) Social memory &
1. BAHNE R AR SR R A RE
E 40U - FZERIZHEL 100uM Scopolamine J25&4H ~ 200uMAR AT SE4T [EEIE
I T FH Dunn's multiple comparisons test R ZEEIFTE 725 (>0.05) © XFE2EH]

ZHEHH 100uM  Scopolamine J257%4H ~ 200uMAHAVtEACRE J1 8 B REE S5 -

@ 800+

E

@©

& 600+

Q

: 1

& 400

(]

g 200

7]

o

E

= oo . .

Ctrl 100 200
Scopolamine (uM)
A (&) B R AR SE AT R A

2. ARG, s SEAT [RIFA I 1Y 2
WE 7 0 SEHMAEA f 2 SEAT [FFAE Y2 Dunn's multiple comparisons test
REFFEAE (p>0.05)  RFRHESNIEFEEZS -

140
120 4
100

804

—t

60+

404

Conspecific arm entries

204

ctr 100
Scopolamine (uM)

A (B A7) S SEAT R AR
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3. B R SEAT A A fa e B R AT 21 R IR 5]

W 7N o PERIAHRHAE R S YR Y Sidak's multiple comparisons test 7 22 B 7=
F (p>0.05) » Y 100uM ~ 200uM  Scopolamine J25% AH 2 1F T S AVHF [ B B 7= 5
(p=0.0423 ~ p<0.0001) = FUFRIZERISHAFAE R A )22 SR BHER > 100uM ~ 200uM
Scopolamine 4H P4 FE AR R EE A VB A -

W+t o IS 200uM  Scopolamine 2 RAH REAE SR E A= f & A R FH
Dunnett's multiple comparisons test ZER[HE 725 (p=0.0055) » FEITPEAE A EmAIHFfE
FEFIREE AR (p=0.0242) - {3/ 200uM Scopolamine A /RALFHEHIAAMELE » FF(E
SEATPEA S RIS I B R » FAESENT VK S 1 s R B B -

* %k k%
600 - . A
[ ] near novel [ —
500 + near familiar
E 4
© 4004
£ |
9 300+ T
= | 7
©
2 2004
ET %
O
100
D T T T T T T
Ctrln Ctrl f 100n 100 f 200n 200f
Scopolamine (uM)
A (B 17N SN AR TSR 4 A & B ST AR A S A
% %
600 1 |:| near novel
500_- [ 7] near familiar
| %
@ 400 -
) |
'-g 300 T
2
B 200
S
: o
© 100
0 T T T T T T T
Ctrln 100n  200n Ctrl f 100 f 200 f
Scopolamine (uM)
A (B =+t HE AR TSR P AE A & B FE T 2R fa I I

19



4. PERIHMAGEAEE 5 77 88 (R A2 5 4T (R A5 e R ]
Al /N o SR A ST AR SR I T 0 LSRR8 fa & Y IRe ] Ry ST
[EPRAE AYEFRE > 0~5 73888 5~10 7388 ~ 5~10 F388EL 10~15 J3 88 {5 (E SR [FEHIE Y
I FH Tukey's multiple comparisons test 2 F[#HE 7252 (p<0.0001) » L3R 5~10 73§
A B RHESEAT FHER AT R BHBARY 0~5 75 ~ 10~15 575 -

5]

(=3

o
)

* k%%
* x k%
S

T
i

I~

o

o
1

w

o

o
1

n

o

o
1

=

o

o
1

Time spent in conspecific arm (s)

o

T T
0~5 5~10 10~15
Time (min)

A (& )0 PERARERE 5 88 SE AT RS AYHF
5. 5~10 73S ARG SR A SEATRA A7 o i B SR AT P S L Y IR ]
W& 71 » /% 100uM Scopolamine J2&4H ~ /2 200uM  Scopolamine J2&4H 5~10
Ay ST SR P AR A i B T SR A [ YRS S e Tukey's multiple comparisons test %2
FIFZZES (p=0.0005, p<0.0001) » A= 100uM&H ~ 200uMAE A B AESEATIE A
fa & I A BRI R E SE T PR S S A IR -

500 -

near novel *kkk
[:] * %%
400 near familiar ~ ——

O |

[0)

g o] [

“6 )l

';' 200 [

Ny W E

3 100 %

0 B T 4 T S T v T T T N T .
CONNCON f 100n 100 f 200n 200f
Scopolamine (uM)
A ([E 1) 5~10 7rgE e 4R R ESE AT A AR @ B S AT PR S & Y IRF
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(=) Novel tank & 5#

1. A fa L _E R
IE =1 > ZERIZHELE 100uM ~ 200uM  Scopolamine 74 FEAE faf] & AR
FH Dunnett's multiple comparisons test ZEE#IZE 75 (p=0.0003) ~ (p=0.0187) »
100uM ~ 200uM  Scopolamine /& R4 AE_E e R R BH BE A A T2 II4H -

2. HEhrEEE
YE =+ > FEHIAHELE 100uM ~ 200uM  Scopolamine 725 4H YRS Bl EE S
Dunnett's multiple comparisons test ZEF#HZE 7225 (p= 0.0484) ~ (p=0.0285) » fAFHE
100uM ~ 200uM  Scopolamine 7518 4HAYZ EhFEREBHEE A FERI4E -
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(PY) Shoaling & Ej
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(71) Mirror biting &g
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b

o
(—) Scopolamine &5 & 5L AR E ELEC IR ST
H AT ES 73 BES Scopolamine HYBHFEAT » /= Scopolamine 75/ A e D& FE A
SCIRIEBETBOR - (EAERAVERRAE R T - A L&A Scopolamine & HEE2H BIELHE
REJ TGRS R E 2T » RILFRETEf Scopolamine /& A & B DT fa AV ERE B0 1R
BEJT NS » DA Active avoidance BB Social memory B ER&SRAE T 595
1. Active avoidance & 5%

Bl G LI S AT B IR L 45 TRT% - session3 I &2 Z FIREAEAIEL A
(Learner LE() AURBEIS ARVECIERE S - THEIMVGE R ER A AR BET
Scopolamine JE/R &S EEECIAES) M - FrLE 100uM Scopolamine 4H A1 200pM

AHERER G BN A LLEY ) » leamer EEBIEERIMZERIZHE -

(BB B BELEE T2 A4 AT 100RMAR. ~ 200uMAHAE session3 B Learner EEfE] (40
[& /1) ~ Trial number (40[E 1) HAREFIEIE S - STM ~ LTM ¥ Learner EE
(Y0 +71) ~ Trial number (XE —+— ~ B —+=) AREEZEZR - AHEEEE
F% session 1 FI| session 3 ZEFIEEREAYELA] (LME —+=) > #ERIGHAYPERE AL session
1 £ session 3 E2ErFFHECEAYLLEIZM_ETT > 100uM&HAT 200uMEHBEE £ session
1 £ session 3 E2EHIELBIAR IR AR - ARIEHRIHAVEE 2 R EEE
HFAEDCIE - M AR R G LL IS )= Scopolamine HYBE S f Al
HEFFIRARYR - —BAEIME » FEIVEZR AT - EIHEHEN Scopolamine &
B ARVEERE T N - BROE(EERER - EABUREYHS RS -

2. Social memory B

Social memory B ERAT FHHANVAS SR /E PG fUE B P A EVI PR R I MR &
(novelty preference) (Madeira & Oliveira, 2017) > #&FH ERE AL LBV HES B ESET
K S I FETAIRFAE SEAT R AR SAYRR R - HIBTAIEA SUZ 45 5015 Social preference B
Egigy RIBAYEGR A - EOHIER @ EL1S Social preference B EGNF RBAYZER A » HIIEEE
BRI A RERIE - FHEFEIEE RGBSR > SRR S s L
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o WRATEIE A AERHER BIIFHEE AN o

BB Bt AU I AH A I RS SE AT I AR A ISR AT A8 f & Iy
BRI A 2R B 2= A (H)298 100uM Scopolamine 7R AHAT 200uM&H VBT
SRR SR P A A MY SR I R (B 1K) -

RUR THIHES AN B RRaS R A e e MHE - Pl R iahlsHHIBE S SR ESET
PEAE SR SET PR AT R A B R T Re 2 R R PA R AR A
AEREIVRIBER AR - NEE BRI ATH] ~ i ~ 1850 - AR RE R A
FIGE AN ESFE - NIt sk WIRTEES 5 o L — IS BEA (0 F
0~5 778 ~ 5~10 738 ~ 10~15 7788) FFICE T « JlE 1/ » Pkl AE S
5~10 rEERHAESEATPAA & ~ SET AR AR AYIFHEBHEIRN 0~5 778 ~ 10~15 77
7 ARIEHIAAE S 5~10 7R R ESET IEHVIF R 2 » 5 51 10 70 # bt
AT Ry SRR ER o R 0~5 788 Ry Rl o AR ERT - 5~10 7>
PR PRRAA - 10~15 a4 EEIA A AR A - LhE 3 4H 5 511 10 70
FHEMEAYIFHE Q0 1) @ AR Bk BRI [E Y45 5 > Scopolamine
SHSEATRAAE VI R BRI SET #E f » 229 Scopolamine 4HHIEFERE T PRI
1S o AU Social memory FYEERAE R » FeHEM] Scopolamine &80T & F3H
L4 L BAVRE J1EE Tt -

. &rEETEm

FRAE SRR - Feal Ry s 52 vl pe e SHEHEAS (Acetylcholine) #fRECIEIZ A
(EFE A A FIZ BT AR - SCIRAVERGETE T R 3 (EFEEL (3 processes of
memory) * B A (Encoding)—f1F (Storage)—:=EHL (Retrieval) (Melton, 1963) ° 2
Wt & — e N B A EE YIS - BRSO ZBRERRIRS T R i i AT
SUEMAE S - ELEEEERE ST N - i HiRHU eI BEE ) BTt
(Hasselmo & McGaughy, 2004) = Scopolamine F s ZBEiElg Z B8 EDUH » &= /HE1E
Scopolamine A& 1 > S HEIEE ARSIV L BERE RS AR DRSS AN TIEA -
HEURHERE T N - SEEGCERE ST BT -
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HIFEFIFE Active avoidance HYERE P& ES 22 FIREAELLG] (B =) BY&ESE
Scopolamine 4HATBE S £ R Ry B2 BE TR R HIEIBE 460 A S bk e B L Ay BT
B (R SREERIF S FHILLAI S AR B RS E LT » R IEAHYIREE -
IMAE Social memory E @ » Scopolamine 4HBF 5 A AVHELL IR AeBERGL R 1) 7t
BHEARE Sl o3 0 Ll VB o

(=) Scopolamine J& 75 & 52 B0 & F HY 11 A RE ST B AR 5T
1. Social memory Bk

H Social memory B B@fYEE—PEELAER (fE — U - B —+7) - AREE R
AHEREBE T2 100uM ~ 200uM Scopolamine YL - RIILEE —IEEREE A N
Ryt RRE T Z F 2

Social memory BEERIVEE " PEEEAER (ME —+1-N) » AAFIZH Scopolamine &
PR ST PA A BRI R T T -

(=) Scopolamine 5 f F/z &5 A Ji S fEAZ T AR

HHFEZR » Scopolamine {F £y ZHghE R 2 BTG DU - BHIEER B RES R
MIYEF (Furey & Drevets, 2006) © @15 Scopolamine B HiEBAYREE - &Kl KEHIIHSE
% > BEPARABERC R TE NSRS EE RS 82 -

RSB S A R BRI E A Novel tank BB 2201 5 AINTB/K I TE
(Dive responses) * B f R REIF R F HERE G BB IR » BE G EAGLT
» FE AR T B (Bottom-dwelling behavior) © BB f S [E A RN i@ 0 th & {E AT
JERED » NI FHF SRR E B AR S 2 EAHRE PG E S (Dark & Light
preference) CHIHESS A e l@MINE EAYIE RG] - SRR REETHEY) - — KRBT
REC I B R & - B ARHE R AV D - BRI R DS f R
YRR - {HRFy Scopolamine ZEY1A BUERVRR (Rosen, 1986) » 5 72 PR FHHARE HI
AE RS AV EREEE - AR ER AR - AR AERS
f% o BT AAREERERF T Novel tank B EEACHIEABEE @ ERLE -
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1. Novel tank Bz

1F Novel tank EEG 100uM ~ 200uM Scopolamine 7&K 4HAF(E FET 2

IR A ZERI4H (B =) > #EH] Scopolamine $FBEFE £ 75 RS FE AR -
2. Shoaling B 5

TESE TR & AN E 2R SRS RYE - ME R ERE]
EFEYVE R R - BRRG ERE E E  PIARE ~ 4E/ BRI IR - R
B (Speedie & Gerlai, 2008) o SZHELER T H2EHiI4H L2 H o il 2 e v B AR 4R
IR ERS T EERE - IR E A R E R P e A EaH -

PG S A R RE AR S nTRE MBI (B AG T Y R BB A e - &R S - BT
(ERS AT EEREE N » 255 CHHRNZE 800uM . Scopolamine 7258 30 73 S HYBE
5 B BRI AH ER#L > Scopolamine 4HBE S £ RE1E F BT R ERAH R - T EEHE(E
HE TN ST R AR A/ EE R B A A 125114 > 48R Scopolamine $15 5 fe A RS FE 8
FEFERYREE (Hamilton et al., 2017)

EIRAVEEBLSREUR - PEHIZHAYPES SA1E 100uM Scopolamine 72/ 4H
200uM&HAY I EERE DR B NEBE S A FIFE AR (B =1 B=1=) -
] A 2 R B A B B o (# FHAY Scopolamine MRS E i K - BEE R
78 Scopolamine & EHVIF I A[E] » (FSEHEEEE S BB S EFE =R - W
HI=Z 8 Scopolamine 78 1& BF I E#G R PEEE B R R ATRER R 2 ARSI
o WilRE RN AIRIRNZE - BT N EE M EEE R TR -

() Scopolamine & 75 & 52 220 & fa AU B 14
1. Mirror biting &

FH Mirror biting EER&ER (E =175 ~ B =1/ » BEHEBATEEMEAZ
Scopolamine 522 - BIERFAREE TR 3R @ HERMERIEZR E=11)  AtkH#
E AN E R B 100uM ~ 200uM  Scopolamine [ 2EE|FHZE 75 5 -
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/o= 74N
él:l afff

(—) 723 Scopolamine 7R E BB I ELHRE ) T - (HEHGIRRE J1HETT
(7)) 723 Scopolamine 75 (B R 1 SEAT PE A f8 HIIR T3S 58
(=) 723 Scopolamine 7R HEE R f TREAHLAREAVRUR - W HEEN 2=
(V) 7236 100uM ~ 200uM  Scopolamine Z55% 1 /NI » SR EE AV ASRE ST ~ BER T B DL
B M iR R
-~ EH
TR B BRs BT LU R AR (3 F Scopolamine ZEH7JHY£7% > Scopolamine 1E By i F 82
EERBIYEIERNNAIEEREEY) - R E RIS AR5 E E Scopolamine 27¥130
(EENE RN EZ- R ) A 8 R S Nz Sl St =) 2 =
= RREE
AR R ZEDEIE FUR B =R Scopolamine 1&HVTT Ay » PAK#t ¥t Scopolamine
WEHBEURRE N E - BAADIRENIERH ST
(—) ATHGETE AT - HElA RN IR S - AN IREBIPRK
(&) HEPEE AN B RS AR RRERE - BLEAERT ME AR - RS
AHUEREIE
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