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KOTHUTUBHbIE CITOCOBHOCTWU

B Teopuax ncmxonornyeckoro
TMna Kapna FOHra KOrHUTUBHbIE
$dyHKUMU (MHOTAa Ha3biBaemble
YMCTBEHHbIMU PYHKLUAMM)
onpeaenaroTca Kak pas/inyHble
cnocobbl BocnpuaTUA m
cyXaeHua. OHU onpegenaroTca
KaK «Mblll1IeHUEe», K4yBCTBOY,
«OLYLEHUE» N KUHTYULUAR.
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— KROrHUTUBHDbIE CNMOCOBHOCTH

Mini Mental State Examination (MMSE)
The Montreal Cognitive Assessment (MoCA)

NAMATD,

dyHkuma KOHTPONA,
BHUMAHMUE,

OPUEHTALUNA B NPOCTPAHCTBE,

PEYb



T-nabupuHt (T-maze)




NABUPUHT

From Willard S. Small, "Experimental Study

of the Mental Processes of the Rat. II,"
American Journal of Psychology,

1901
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Panicolytic-like effect of tramadol is mediated by opiod receptors in the gorsal penaqueductal grey.

Fiaes GC, Roncon CM, Sestile CC, Maraschin JC, Souza BL, Porcu M, Audi EA.

Behav Brain Res. 2017 Feb 25. pii: S0166-4328(17)30132-8. doi: 10.1016/).bbr2017.02.041. [Epub ahead of print]
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TEMATUKA CTATEU

M MpuHAaTHe
peweHni

M Hasurauma
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METOAUKU

B cnoHTaHHOe
yepeaoBaHue

M BbIHY}eH-

Hoe yepe-

YCNOBHbIN
pedneKkc




NMoucKkoBoe
noseaeHue,
pedepeHTHaA
namsaTtb

BbIHYXXAeHHOe YepeaoBaHue
(forced alternation)

CsoiicTBa pabouan
namaTm

OTCcpoyeHHOe uepeaoBaHue
(delayed alternation task)

»

KoHTeKcTHOE
obyyeHune

YcnoBHblit pednekc
(conditional T-maze task

| CnoHTaHHOe YepeaoBaHue
(spontaneous alternation)

Uccneposatenbckoe |

nosegeHue

A ! I MnactuyHoC1b
pabouana namAaTb Kak
nosepeHun
Koppenart obumx I
KOFHUTUBHbIX
cnocobHocTel I
, «lMepeyunBaHue»

(reversed learning)

s

Hasurauyus

JroueHTpUYecKaa u
aIIoUeHTpu4yecCKan ctpatermm

MpuHATHE pelneHun
(decision making)

MporHo3 3aTpaTtbl/pe3ynbrart
(cost/benefit)



UCCNIEAOBATE/IbCKOE
NMOBEAEHUE
pabouaa namaTtb



OnepaTBHaA NaMATb

Korpa uenb AOCTUTHYTA,
MHPOpMaLUA TepAET aKTYa/IbHOCTbD.



TMMNNOKAMNN



CNMOHTAHHOE YEPEAOBAHUE
(spontaneous altrnation)

4. Dember, W.N. & Richman, C.L.
Spontaneous Alternation Behavior

(Springer,
New York, 1989) : I I

Llenb - uccneposaHue
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Figure 1 | T-maze plan. Dimensions are in cm: R = rat, M = mouse.
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Deacon RM, Rawlins JN. T-maze alternation in the

rodent. Nat. Protoc. 2006;1:7-12.
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[lpoToKoOA:

2 pa3a B AeHb

c nHTepsaaom B 4 yaca

3 nocneaoBaTte/ibHbIX AHSA




HEAOCTATOK MOTUBALIUA

* Ecaun 3KMBOTHOE He XO4YeT BbIXOAUTb U3 CTAPTOBOro pyKaBa — AOTPOHbTECH PYKOM A0
ero CMUHbI — U }KUBOTHOE Camo ybexxuT Bnepeg.

* Echn paHHOe XXMBOTHOE HEe aKTUBHO B 1abupuHTe , noacbinbTe Ha Noa NabupuHTa
NOACTU/IKY U3 €ro XXUJI0M KNeTKM.

* Yr06b1 Ha NPOTAXKEHMM BCETrO 3KCNEePUMEHTA NOAAEPKUBATD Y XKUBOTHDIX
uccnepoBaTe/ibCKoe NoBeaeHue, NpuU KaXKaon nocagke MeHAT 3anax YCTaHOBKU
(Hanpumep, Nnocbinaa NOACTUNAKOM U3 KNETKU C Y KUBOTHbIMU NPOTUBONO/IOXKHOIO Nona
WK 3aMeHAA NOACTUIOUHYI0 bymary B nabupuHre)



BPOXKAEHHAA NATEPANTN3ALUA
MOTOPUKHA



ABEPCUA MECTA:
cnocobcTByeT
BblpabOTKe YCNOBHO-
3SMOLLIMOHA/IbHOM
peaKkuunm cTpaxa
(fear conditioning)




Behav Brain Res. 1998 Sep;95(1):91-101.

A new continuous alternation task in T-maze detects hippocampal
dysfunction in mice. A strain comparison and lesion study.

Gerlai R1.

Rats were tested in the dark (<20 lux) during the nocturnal period using two identical T-
Mazes constructed of black Plexiglas with no visual cues provided to minimize the influence
of cataracts in HIV-1 Tg rats, as done by others [33]. Rats were first habituated to the
experimenters over 4 days (5 min/day) as described in [29] and [30]. On test day, rats were
allowed to alternate between the left and right goal arms of the T-maze in 15 trial sessions.
Each session consisted of 1 forced trial followed by 14 free choice trials. Once the rat
entered a particular goal arm (4 paws inside), a guillotine door was lowered to block entry
to the opposite arm. The door was removed only after the rat returned to the start arm,
thus allowing a new alternation trial to be started. If the rat did not enter one of the two
arms after 120 seconds, the rat was placed in the previously chosen arm and the trial was
considered as failed. If after 30 seconds the rat did not spontaneously return to the start
box, the experimenter manually positioned the rat in the start box for the next trial.



«ABTOMATUYECKUN» T-NabUPUHT
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Hippocampus. 2007;17(10):988-
1002.

Exploring the role of context-
dependent hippocampal activity in
spatial alternation behavior.

Ainge JA1, van der Meer MA,

i ((ABTOMATUMECKUN» T-NabupuHT



Behav Brain Res. 2014 Mar 15; 261(100): 249-257.
doi: 10.1016/j.bbr.2013.12.009

PMCID: PMC3923974

An automated maze task for assessing
hippocampus-sensitive memory in micevs

Elsa Y. Pioli,a,b Brianna N. Gaskill,b Gary Gilmour,a
Mark D. Tricklebank,a Sophie L. Dix,a,* David
Bannerman,c and Joseph P. Garnerd

Mpu HenpepbIBHOMU Npoueaype
yepenoBaHUA NONHOE
Automated T Maze ABYCTOPOHHEee nopakeHue
rMnnoKamna He BAUANO Ha

3P PeKTUBHOCTb YepenoBaHUuA. B
TO )Xe Bpems, 3aBUCUMMOCTb OT
COCTOAHMA rTMNNOKamna
Habntopganacb B ycnosusx, Korga
3KCNEPUMEHTATOP BPYUHYIO
3a4epXuBana }KUBOTHOE B
ctaptoBom oTceKe [10].




YCTAHOBKA
T-IABUPUHT



[Monckosoe
noseaeHue,
pedepeHTHas
namsTb

BbIHYXXAeHHOe YepeaoBaHue
(forced alternation)

Pabouyasa namartb

/ (working memory)

I
\

/7
/7

OTcpoueHHoe YepeaosaHue /
\ (delayed alternation task) /

KoHTeKcTHOE
obyyeHune

YcnoBHblit pednekc
(conditional T-maze task

UccnepoBaTtenbckoe
nosegeHne

CnoHTaHHOe YepeaoBaHUe
spontaneous alternation)

~

MnaactnyHocib
nosegeHunA

«lMepeyunBaHue»

J

MporHo3 3aTpaTtbl/pe3ynbrart
(cost/benefit)

(reversed learning)

Hasurauyus

JroueHTpUYecKaa u
aIIoUeHTpu4yecCKan ctpatermm

MpuHATHE pelneHun
(decision making)




OTCTABJZIEHHOE
YEPEAOBAHUE

5 cekK.



TN D

/ Mouckosoe \ WUccneposatenbekoe
I noseaeHue, noseaeHme MnactmyHoCcTb
pedepeHTHan \ noseaeHus
‘ namsTb '
\ BbIHYXXAeHHOe YepeaoBaHue I CnoHTaHHOe YepeaoBaHue «MepeyunBanue»
N\ (forced alternation) I spontaneous alternation) J (reversed learning)
d

Pabouaa namatb
(working memory)

Hasurauyus

OTCcpoyeHHOe uepeaoBaHue
(delayed alternation task)

»

JroueHTpUYecKaa u
aIIoUeHTpu4yecCKan ctpatermm

MpuHAaTHe peweHns

KoHTeKcTHOoe (decision making)

obyyeHune

YcnoBHblit pednekc
(conditional T-maze task

MporHo3 3aTpaTtbl/pe3ynbrart
(cost/benefit)



MOUCKOBOE (ueneHanpasneHHoe)
NMOBEAEHWUE



[Toagkpennaemoe yepenosaHue
(rewarded alternation task)

N\

«sample» «choice»



«Cmpameaus noemopeHusa» (WIN-STAY) e Kamepe

«Cmpamezausa usmeHeHun» (WIN-SHIFT) e
nabupuHme



CTpaTeFVIVl ueneHanpasieHHoOro nosegeHmnA

Cmpameausa noemopeHus (WIN-STAY)

Learn Behav. 2016; 44(4):
340-346.

doi: 10.3758/s13420-016-
0225-2

PMCID: PMC5101259
Win-stay and win-shift lever-
press strategies in an
appetitively reinforced task
for rats

PhlReed Cmpameaus usmeHeHus (WIN-SHIFT)



«sample» «choice»

MpocTpaHCTBEHHAA NaMATb O NpeablayLiem
cnocobe pelieHna 3apaumn

CpaBHeHue ¢ obpa3uom (match to
sample)



PE®PEPEHTHAA (CEMAHTUYECKAA)
NAMATD

Long-term memory
_r"'-._—'-._.-'"—-_

Declarative memories
("Knowing that")

T -

—

Episodic memoties
(Parsonal
recollections)

Samantic memories
(General knowledge)




4 )

Mouckosoe WUccneposatenbekoe
MoseaeHwue, noseaeHme MnactmuHocTb
pedepeHTHas noseaeHus
namaTb
BbiHy)xAeHHOe uepepoBaHue CnoHTaHHOe YepeaoBaHue «MepeyunsaHue»
(forced alternation) spontaneous alternation) J (reversed learning)

Pabouaa namatb
(working memory)

Hasurauyus

JroueHTpUYecKaa u
aIIoUeHTpu4yecCKan ctpatermm

OTCcpoyeHHOe uepeaoBaHue
(delayed alternation task)

MpuHAaTHe peweHns

I KoHTEeKCTHoe I (decision making)
\ obyyeHune /
\ YcnoBHbIi pednekc / MporHos 3atpaTtbl/pesynbrar
\. (conditional T-maze task),” (cost/benefit)
N o ~

\————



Performance (%)

KOHTEKCTHOE OBYYEHUE

A
Scene-based Non-Spatial Choice (SNSC) task

digging pushing

MO\

000000000000 t
POOOOOOOOD0 004

ll“:e‘;
BO0BB0000H00 -

AR
-
o b T

- C
———s P
100- o ——
) ! - <
80 . € 80-
m

70 - -g 704 B medial
60 - % 604 B ateral
0 . - EC

EC MEC LEC

oCSF ocSF LECMUS

MUS




4 )

Mouckosoe WUccneposatenbekoe
MoseaeHwue, noseaeHme MnactmuHocTb
pedepeHTHas noseaeHus
namaTb
BbiHy)xAeHHOe uepepoBaHue CnoHTaHHOe YepeaoBaHue «MepeyunsaHue»
(forced alternation) spontaneous alternation) J (reversed learning)

Pabouaa namatb
(working memory)

Hasurauyus

JroueHTpUYecKaa u

OTCcpoyeHHOe uepeaoBaHue
(delayed alternation task)

» 3

MpuHATHE pelneHun \
(decision making) ,

/
/

KoHTeKcTHOE
obyyeHue

\ NporHos 3atparbi/pesynbrar /
.  (cost/benefit)
g Ve

~ -~

YcnoBHblit pednekc
(conditional T-maze task




NMPUHATWUE PELLUEHWUNA (DECISION MAKING)

B cKa3Kkax ecTb BapuaHTbl, HO u4aue
roeoputca TaK: "Ha passuauHe nyteun-
AOPOTr NeXut Bewnit KameHb, a Ha HEM
Hagnucb: «HanpaBo nonaéwb — KOHA
nortepsewb, ceba cnacéwb; Haneso
noMgéwb -— ceba notepsewb, KOHA
cnacéwb; NpPAMO NOonUAEWb — U ceba u
KOHA notepaewb» .



MMNYJIbCUBHOCTDb:




MMI'IYI'IbCI/IBHbIM BbIBOP




MOAE/Ib UMNY/IbCUBHOI'O BbIBOPA

MMnynbCuBHLIN
Bblbop




MNowuckosoe
noseaeHue,
pedepeHTHas
namaATtb (match-to-
sample)

BbIHYy)XXAEHHOEe uepeaoBaHue
(forced alternation)

Pabouaa namatb
(working memory)

OTCcpoyeHHOe uepeaoBaHue
(delayed alternation task)

YcnoBHblii pepneKc

KoHTeKcTHOE
obyyeHue

(conditional T-maze task

UccnepoBaTtenbckoe
nosegeHne

CnoHTaHHOe YepeaoBaHUe
spontaneous alternation)

N

MnacTnyHoCTb
nosepeHun
(no match-to-sample)

«lMepeyunBaHue»
(reversed learning)

J

Hasurauyus

SroueHTpUyecKana u
aNNoUEeHTPUYECKanA cTpaTerum

MpuHATHE pelneHnn
(decision making)

OrHo3 3aTpartbl/pe3synbrar
(cost/benefit)



BbIBOP U OTC/IEKUBAHUE
NMOBEAEHUA

Copyright Amanda Gray

KOFHUTUBHbIU KOHTPO/J1b
(executive function)



[lepepenka HaBblKa
(reversal learning)




OBYYEHUE NMEPEOENKA
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Mouckosoe UccnepoBaTtenbckoe
noseseHue, noBeaeHMe MNnacTuuHoCTb
pedepeHTHas noseaeHus
namaTb
BbIHy)XA€HHOE YepeaoBaHue CnoHTaHHOe YepegoBaHue «MepeyunBaHue»
(forced alternation) spontaneous alternation) J (reversed learning)
=" T T~ ~
= N
7’
-, \
-’
~ \
-
-
Pabouyaa namatb _ -
. -

(working memory) N < HaBuraums
OTcpouyeHHoe YyepeaoBaHue N \ droueHTpUYeckan m
(delayed alternation task) aNnoueHTpUYecKas ctpaterum /7

7/
7/
’
-~

MpuHATHE pelueHunn
(decision making)

KoHTeKcTHOE
obyyeHue

YcnoBHblii pepneKc

(conditional T-maze task pOrHo3 3atpatbl/pe3ynbrart

(cost/benefit)




HABUTALUA:

JroueHTpUYEeCcKana cMuctema KoopauHart
(egocentric frame reference)

B
Left
]

_= Right

Rightz-

L
Left



HABUTALUA:

ANnoueHTprUecKana cMctema KoopauHat
(allocentric frame reference)




HABUTALUA: cpaBHeHUe cTpaTermmu

Cucrema Moaenu NoBepeHue
KooOpAUHAT NPOCTPAHCTBA

JroueHTpuyec Hert OTBeT Ha Crpunarym-

Kasn (model-free) cTUMyn 3aBUCMMDIN
(response)

AnnoueHTpuye [a Nouck mecra 'Mmnnokamn-

CKasA (model-bazed) (place) 3aBUCMMDIN



PA3HbIE 3AAAYU



BbIAB/IEHUE CTPATEIT'NA

Iraining

® :
Goai

0

5

Start

Probe test

© < » O

Response Place

b

Win-stay on a radial arm maze

Er”‘
_ 1% 2
’ N |
¥ | i
\\ -
\ -
- 8 .
(=) MR
q\s). ‘. £Ye
:f.\l = ; /.‘\:‘.
Vg &vd i ;
/X, .

* Publishing Group
ws | Neuroscience



BoaHbin T-nabnpuHr




MNowuckosoe
noseaeHue,
pedepeHTHas
namaATtb (match-to-
sample)

BbIHYy)XXAEHHOEe uepeaoBaHue
(forced alternation)

Pabouaa namatb
(working memory)

OTCcpoyeHHOe uepeaoBaHue
(delayed alternation task)

KoHTeKcTHOE
obyyeHue

YcnoBHblit pednekc
(conditional T-maze task

UccnepoBaTtenbckoe
nosegeHne

CnoHTaHHOe YepeaoBaHue
(spontaneous alternation)

N

MnacTnyHoCTb
nosepeHun
(no match-to-sample)

«lMepeyunBaHue»

J (reversed learning)

Hasurauyusa

SroueHTpUYecKana um
aNNoueHTpUYECKan cTpaTermm

MpuHATHE pelneHnn
(decision making)

OrHo3 3aTpartbl/pe3synbrar
(cost/benefit)



HABUTALMA B
NABUPUHTE
BAPHEC

(Barnes Maze)



Professor of psychology
at the University of
Arizona

Carol A. Barnes

Barnes C.A. 1979 Memory
deficits associated with
senescence: a
neurophysiological and
behavioral study in the rat. J
Comp Physiol Psychol 93: 74—
104
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Barnes Maze vs. Morris Water Maze

Interast over time
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Barnes
Maze

Morris
Water
Maze



hWNPE

MORRIS WATER MAZE BARNES MAZE

. Cnabbiu cTpecc
. ABepcusa UeHTpa

BectubynapHblie pyHKUUM
CunbHbIN cTpecc

TurmoTtaKcmc . Bo3moXKHocCTb
Asepcua Boabl BblaeneHunna
cTpatermm

noseaeHusn



NUcTouHUK 6enoro wyma
3aHaBecKa



HW3HbL B NOBEfEeHYECKOW nadopaTopuu:
TaK ObINO, & KaK A0/TKHO ObITL?

YHuBepcanbHbIN 3KCNePUMEHTA/TbHBIW KOMM/EKC:
PELLEeHNe OCHOBHLIX NP061eM NOBEAEHUYECKOro 3KCNepUMEHTa




2Tu TecTtbl nposoauTtb 1O bapHec, XaHANUHT

J Vis Exp. 2014; (84): 51194.
CHUXKaeT TpeBory

doi: 10.3791/51194
PMCID: PMC4140524
Barnes Maze Testing Strategies with Small and Large Rodent
Cheryl S. Rosenfeld# 1 and Sherry A. Ferguson# 2

it is important to establish that potential
Barnes maze performance deficits are not a
result of alterations in anxiety, activity, or
motor abilities

MNpeanKkuma

However,

common murine tests of anxiety may not
always be predictive of Barnes maze
performance44




BAXHO!!!

CraHpgapTtusauma
ycnoBsum

TexHuKa paboTbl €
YXMBOTHbIMU

O60HAHME KpbIC

The maze was rotated 90° between trials to

discourage the use of odor cues on the maze floor. The direction of
rotation (clockwise vs. counterclockwise) was randomized across
days. By rotating the maze the spatial location of the escape hole
remained constant for each mouse, but the physical hole that
provided

escape changed across trials. As a result, intra-maze odor cues
could not predict where the escape box was located.




MPOTOKOIJI:

1. MpusbikaHue (habituation phase)
2. TpeHupoBKa (training phase)

3. MposepKa (probe phase),o6biuto nposoasr cnycra 24 vaca

nocne nocnegHeu TPEHUPOBKU

npednonaeaemcn, YTO }XMBOTHOE, KOTOpOE

3aMOMHM/I0 MEeCTONO/I0XKEHUE OTKPbITON KHOPKU» ,
bbicTpee ee HaxoAUT U AenaeT MeHblie owWKnboK
(o6cnepoBaHuMit ApYrux, 3aKpPbiTbIX KHOPOK»)

Ha npaKTuKe, 3TM napameTpbl OLUEHMUBAIOT KaK
NaTEHTHbIA Nepuoa noagxoaa K Luenesoi «KHOpPKe» U
yucno o6cnenoBaHHbIX OTBEPCTU B  LE/IEBOM
KBaZpaHTe.




3PUTEJIbHbIE
OPUEHTWUPDI



HAYUNHAEM PABOTY:

’ ;

2. Bring mice in their normal home cages to
the test room approximately 30 min prior to
beginning the first trial to permit habituation.



1eHb 1

2 MUHYTDI
lNpuBbikaHue

LE/Ib: «pemoOHCcTpauma»
YXUBOTHOMY
CYLLEeCTBOBAHUA KHOPKU»
ANnAa Bbixopa ( escape
cages)



NPOBNEMA 1-ro OHA (1)

Ecau Kpbica He
0OHapPYXUT KHOPKY» ANA
n3basneHma B TeueHue 5
MWH, OCTOPOXHO
HanpasbTe XXUBOTHOE B
Hee U oCcTaBbTe TaM Ha
15cek.,




NPOBJIEMA 1-ro IHA (2)

> 10 ceK



TPEHUPOBKA

2 NOCcagKu B aeHb ¢ nHTepBaaom 30 MUH. (C BO3BPaTOM B KUAYIO KNETKY)

1 ownbKa = o6cneposaHme 1 3aKpPbITON KHOPKU»

(He3aBMCUMMO OT ANNTENBHOCTU
obcneposaHMA U UNCNa HAaKNIOHOB
roa0Bbl)



MpocTpaHcTBeHHan (Spatial)
(meHee 3-x QLUMBOK)

Control animal Injured animal

Traces of Barnes maze performance
until the mouse escape into the target
hole (yellow arrow head)

0

NMocnepoBatenbHan
(Serial)

ABuXXeHue no
nepumeTtpy

CnyuyanHaa (Random)
NepeceueHue UeHTpa
NnabupuHTa B pasHbIX

Hanpas/eHuaAx



MPOBEPKA (probe phase)

1. lNoesedeHue
ueseHanpasneHHoe

. 2. AnnnoyeHmpuveckas
cmpamezaus



MPOBEPKA

3. UeneHanpasneHHoe nosegeHue: NEPEYYUBAHUE

7

«O0» | «lMNOCJIE»

Mpn U3SMeHEeHNN MECTOHaXO0XAEHUA LLe/IeBON K HOPKU»
obHapy)XuBaeTca yBe/MYEHMeE IaTEHTHOTO Nepuoaa ee HaxoXAeHus

(KOTHUTUBHbIW KOHTPO/b)
(executive function)



MHANBUAYANbHBIE U MEXX/IMHEUHDIE
PAS/TUYNA KUBOTHDIX
Ha BCeX 3Tanax sKCcnepmmeHTa

BALB/C wu C57BI/6
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