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Neural mechanism of P3-like potentials in rats

Minoru HATTORI

Advanced Medical skills training center, Graduate School of Biomedical Sciences,

Hiroshima University

Abstract: P3 potentials have been widely used to
study normal human cognitive functions and assess
cognitive impairment in patients. However, several
studies suggest that the usefulness of P3 potentials
as practical assessment tools is limited, because
their neural mechanisms remain unclear thus far.
The aim of the present study was to investigate the
neural mechanism of P3 potentials by using the so-
called P3-like potentials in rats.

Chapter 1 presents a review of the relevant
literature on the neural mechanisms of P3
potentials and P3-like potentials in animals.

In Chapter 2, we describe appropriate animal
models to explain the neural basis of P3 potentials.
The results of Experiments 1-5 demonstrate that
rat P3-like potentials reflect “attention processes,”
similar to human P3 potentials. Experiment 6
shows that rat P3-like potentials showed high
reliability. Therefore, the rat model is useful for

investigating the neural mechanisms underlying

human P3 potentials.

Chapter 3 describes the investigations of the
regions that generate P3 potentials, such as the
ACC and hippocampus, conducted using the rat
model. Experiment 7 showed that the latency
of P3-like potentials from the ACC was shorter
than that of potentials from the hippocampal CA1
region. Moreover, only highly deviant stimuli
elicited P3-like amplitudes in the ACC, while the
target stimulus elicited P3-like amplitudes in the
hippocampal CA1 region, irrespective of stimulus
deviation (Experiment 8).

In Chapter 4, on the basis of the results presented
in chapters 2 and 3, a model describing the process
of P3 generation is presented. Further, future

studies are proposed.

Key Words: rat, event related potential, P3-like
component, attention, anterior cingulate cortex

(ACC), hippocampus
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F1E BREESBMUPIMKS DMRELE
IREARYECAE

5 R B # & fi(event-related potential: ERP)?P3
B IR 2 AT T HMEHERIT L TER S
N5 —@BEOMENTH Y, FEEIR & BAHEE
DI{IE L L T% < v 51T\ A (Polich, 2007).
ZOREDSERIRIZE L IEH ST 2 Bisr
T & 4 (Duncan, Barry, Connolly, Fischer, Michie,
Niétinen, Polich, Reinvang, & Petten, 2009). L 7L
FERIZBIT 2 EEIC OV TIZBRA S LRI S
TWa, 7% P3G OMEE RN S A2
o TNWEWZOTH 5.

B AR At G & L 7o DL AR O IFZE R,
fMRISE O A5 i AR BRI BF 72 TUE, P3RS S8 4R 1
% L OO G- R S, HIEHEE - BHTHZE -
ACC (anterior cingulate cortex: Fij #l77 IK &) - i
B2 EOIRHF A Y N T — 7 BB L Tw
% Z EDURIE ST A (Linden, 2005). 2D Z &
PHRO [EZ ] HPIKGDOFHEBFEICEE L T
WAL ITHEH SN TE VWD E WD, L
ML, WS TEDEHIZ] P32 L T 5
DEREHT 2121EE > ThW i,

UTAE, P3R4 AL IZACC & P8I B 3% 75 B i
L T2 Z LR R TR L - TS A
\2 72 ) 2 & % (Crottaz-Herbette & Menon, 2006).
L2 LSBATHEZE T/RIE S LT v 2ACC E I
SHEE DAY - BEARAYBEE % SCRF§ 2 M) 72 A1
RizfFohcniy, ZHIFEICRAND 57
WIZEEZLND. A OHESARIIESE TIERGE
FEEIIRHRE LTS, ZODRE I HEEH
LAl L TG94 2 Ll TE v, T 745
AR R AL 12 & A fMRIPET 3 B ] 4317 BE A3
W7z, & FAR—IVIE TR 5 N7 B OP3L
STOFEENED, EEN L EEL OO, Rb
el TR A ME 2475 T2 D4R $ 5 2
EDEEL . 722 0K A 5 WRIEIEEZE O i E)
ZIEREICRREMI S 2 2 L I3 TE RV, ZD72DP3K
53 OFEI ] O B 8 2 a3 2 72901213, I
o fERe s <, B E T ONOTEE) & EiE
HETE SIEPLEIZ R S,

AR & NP3RLA O MR AR T AR Y 2 A A AR S

f&

L7200V —)vE LT, BETADEFHSINT
Wh, FHIZTy PTIE, b N OPI I S
PR WIEORAIASIT VY, P3RE (P3-like) 45 DS
ENB &GS N T v A(Yamaguchi, Globus, &
Knight, 1993). TOZ N6 Ty FEHWL I &
T, P3RS OMRERSEN AT T 5 2 &8
T&LLEZLNDL. L LEATHIZEIET v b
ACC & HFzP3-like i 57 % Bi%% L 72 W 9213 4-7E L
2\,

ZZTHRMLTIEE T T v FP3-likeli s D% Y4
- EEMEEZERL, ¢ ’P3EWETIVE LTH
&) PIET A, EORMEDSHER T X125
\Z, P3RS FE AR T d HACC & A I TE 2E o B
I - BERERYREE 2 5 v I P3-likelli 4 % W TR
RERCE

Z v FPP3-likel kD ICH T2 F
METILDOIEEE

F2E

2B TIE, ACCE NIMIBEZE OIERT Y - FREE
B 2 Bt 2 720 0BT 7NV AT L 2
ExRHEMIZ, Ty NP3-likel s OF MM - S HEME
6D DWIZED HIRET L 72,

WrFE1Tld, BT CTHE SN TwE 7 v b
P3-likeif 77 2SACCT b 720 H 1L 5 %, EHACC
BT A LG 217072, SREIERRE Y A
FAR—IVEREL W7, REBRORKE, EIHIK
2R L CHARE 72 P3-like B 73 2SRR0 H 7z, T
F v F DACCH 5P3-likefisr % BlEZ L 720D T D
e Tdh 5.

WF7E2 CTIIIFZE1 CTRED & L 72P3-likeli /A% & h
P3R53 & [AIRRICERER EE OB & 2T 5 5, B
By AR —VERE & B FR - VERE OB
BRI LB T A TGS L 72, REBROKR,
STENA PR VA T-727 v M LD b EEd)
4 FAR— Vi EZIT - 727 v b OZERRIBI XS
§ A P3-likeli i RIE SR L7z, Thide PP3AE
G DFEATHISE & AR D#EF T & % (Duncan-Johnson
& Donchin, 1977). 2D Z & NP H5ACCIZBWT T v
I~ DP3-like[§ 73 13 FEB SO B2 21T 5 T &
SR o 7.

W73 Clx, Fe Mt % H v CACCIZ BT
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% P3-like B 7 D 2 FEMICHET L7, T v b
F FR = VIEEB OS2 540Dt 7 T)
(Hit, Miss, FA, CR)IIZ77HH L, TNZENDOERPHTE
ROz F7od EPEP3-like s o B M & R
HT B0ty v a T EIZERPR KD THMT
AT o 72, KRFEBROHEE, ACCIZ 51T %P3-like
J% 43 1 Hit oD B L2 B BRE L2 S S, Miss B 127l
FeL7z. F7:d L P3-likefRklEICHEE O EDOHM
MRS L7z v MP3EAT D FERIC, HithEiZhs
WTOAERINLZ L, CEIEOHBENEED S
N5 EDHE ST b (Cael, Nash, & Singer,
1974).

WFFe4 TR B O H ERME L T v b P3-likelli 55
DORE AR L7z, RIFZE Clddi &2 %
HCTHEgE % B A S, fIMoOFEREZ
D7z ABFZETIE, B ORI E20%, 2]
#R0% D 4 AR — VIREIIM ., BHHEEORIF
I LA EREDADOMEERETT 572012,
T 3 850%, FEHEFIILS0% D S %2 AT - 72, %
DFEF, 20%, 50%51F & AR LT
P3-likeJRIEAE A L 72, F 722 A9 M IES0% 514 &
LT, 20%5 D2 P3-likedRIE AT A L 72
ZOZEDND, S0%GMORI A EREDRE
DI, 20%5F D WE LA TR O %D 5 12l 8
DEHEEEAMb o728 2 5D, REBEOHK
RED, ACCH &M & 1L72P3-like 5313 A IR
LA E O OB x5 2 LS D
Loz,

WT4E, TTl(target to target interval: 2 [ [ 4 F) S
E MP3IRATICKE g AR RIZT LN L 0
& 72 o T\ % (Gonsalvez & Polich, 2002). L A L
Z v FP3-likef 4512 B\ CTTIR #iad L 72 601% 7
V. F 2 THIZESTIE T v FP3-like SIS BT B
TTIO B ME L7z, T O#EHE, T v FP3-like
RIE D TTIOR RSB SNz L LZOR)E
WFREM T, TTIHM0secDEHZ D AREED 57,

Wr7e6 Tk, 7— MANT v TEEHWT, T v
I P3-like .73 DA FEMEDIRFS 24T o /2. Z OFER:
AR COMEEK THIBIR R 250 msPAETX— R F
A L) BHEBRGERSPERINTVE I L
DWW TEX /2, T3y aviorars Ny
7 QoS TEMEARENL0.85 8 BWMETH - 7-.

EE2EE Tl e N DOP3RLAT IR B & T I IR
P, PRAEBENE, AERME TTIZEIELTT v
I DOP3-likepl 73 DFFEL A FEMINCHGT L 72, 2Ok
. b FP3EG & AERIC T v b P3-likehli sy b AR
B & BRI E SN D 2 E L I
ol T MPIESTHL NIk -7
TTIOFE Y T v FP3-likeli /7 TRRO LNz, 2
DT EMBE FPIHF EACCTHIZENS T v
I P3-like &5 DHFBUTFBLL TV 2 Z LA h o
7z, & FPIEHIHIC AT & B i B LB )
DERXRMLTNnLEEZLNTWVEL I LD,
Z v bP3-likee 53 & FIERICHIHUZ T S5 FEER
ERBLLCWwWA EEZBNDL. F7/2F v MP3-like
B S EEENE RS THDL I L HHL ML
olz, 2O EIET Y MDOACCIZBIT 5 P3-like
B He FP3OBIWETVE LTHRTH D Z
EERRIBT LERTH A,

E3E  P3-likefkn DALIEEFZE DARET

E2EDOR RN S, T v N DACCIZ BT HP3-
likepl 73 & FP3R T OB ET IV E L THET
BHHZEDPPHLNE R ST F I TEIFETIET v
N B E TV & W TACC & PRI D BE 32 o s [
1y - FEREAY B & REE L 72

Wf727Clx, ACCE i FECA1DP3-likei 47 O k.
B aiT- 72, RREITREBIN A FAR— VifE %
Mz, AifeTiddty v a VIEEErz B2
o7z BRIZACCEMEHECALCHA L7z, AT
ZFEDFER, ACCIZ BT % P3-likeiF 13276 ms,
HECALIZ B1F 5 P3-like 13386 msTdh - 7.
DT L HACCH B EH & 1 7-P3-likelf 571,
B 6 2k & 7zP3-likeili s & 1 H 100 msFuv =
EDHS D o7z 2 ORGSR FE A T
WL o TRESN T2, ACCE RIHITEZE DR
WEFEILETLLDOTH 5.

728 Cld, ACC & i FECA1DP3-likeh 73 O 1%
REDMGET 24T 9 72012, TSR % 80F L Cisd
#ATo 7z TORERE, ACCIX, HIELO &I
VEEAFIZ BV TP3-likedk IR O B K ATERD 6 417z,
—7J7, MEBCALIZBWTIE, &MHICEDLS TR
59 5 P3-like i DIRMEASEE R L 72, T

CE OO
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ZEnn, ACCIEMIEEIZH L CIn B2 s <
HERCANIEERMEIH L CORBEREWZ &8
IRIEEND.

FAE MEEE

RHFZETIE, P3RS OFREIEE 2 M5 5 720
2, BETIV R L TRE 21T 72 2
O—HOFFEN S, T v FP3-likefis;& & PP
SOBMAPHELUL TWEZ LRSI E o7z
COZEND, P3G OMBEEEY BT 5720
DY =)k LT, T FP3-likeli/rid 4 - 2
DN D TH L Z LATRE I NI,

FEI3EDFERENS, UTOZENHLNE LR
72. ()ACCOP3-like k571 5 F DO P3-like 73 & b
B2 L C100 msF vy, (2) ACCIZF#EME 126 LTIt
BMEDE L, WHRCALIAERME IR L Cn gk

pie

=

DE, CORERISEHAEFEIC L o TR
% X N7z 7 )V (Crottaz-Herbette & Menon, 2006) %
FREL 727207 T <, P3REREIZE S5 5ACC
EHEOBEDEVEHONILIZESEZ D,

BWETNVE VS Z LT, SEHEEAERER R
BLUOBRETOESZ I )VBHEATHETE S
ENTREE 7 B, SRRITEME TV O H &
LT, P3a, P3biesy O MREREME 2 I 5 2 L2208
5.

F AR RS, I E TOfTEIRE T
HIWT T & 72 o 72 B D FEENH3P3-like i 77 %
WAL THWTEXLZ ENTRRIC 572 E 2
L. B oM EFEMICHE TS 2 13,0 wT
T b RS LTV AERIZOWTORKE
AT S ENED L. SRIIEY OREH T ET
L7200 — )& L THP3-likelirx b2 &
PEETH 5.
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