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HRICRE

1. XK medial prefrontal cortex X}UT 5z B2 TTUT R IV 518 &)

SKIRTE 60 R SD KR _E#HAT, HAEMEBEBEETE, WET HRHAR
medial prefrontal cortex(mPFC)%t ¥7 B E#H & TTIT R M EI . 4 122 MEET LR
£ T BRI mPFC XU RN . WHH 93 MR TET AR, F 73
MZTTHIT RMZEFH (394, 41.9%) EilE] (34 4, 36.6%). Rl mPFC
AT I % B) 5 WA 77 7E B £ IR 8% 18] ¥ (besst inter-stimulus interval, BY), K% $#4 75(51
A 69%) 7E 10-15ms Z[Fl. %R, KB mPFC X7 BEME TRV RN H A
HIVER, XFR RS RE R BT £ ZAPE TUIF B LI .

2. KR mPFC %W B E#HETTIMEEZE (Receptive field, RF) FJ%

eiapins
(1) *f RF AT AR R

LIRTE 120 RARE SD AR LT, HAEMAAEENE, WET X
. mPFC X107 ¢ B4 7T RF AT BHEREM. 7 226 MEZT EWER, Akl
mPFC i}, H 171 ML ITTH RF W85 52 2 SR E et s, XK1 55

(24.3%) MELITLE) RF AT MR 2 skl mPFC B2, AHIM 20 =Fp248,

B B imEE KR (80 MEZTT, & 46.8%, BRIM/EREEH M4, WA RIEK),
MERERE (4 METT, & 374%, BRBEREREEE, KEREZE,
FMNARFER (27 METT, & 15.8%, HRIBUS (et Kk & i R #RE K 5k
AR 4RBRR, KR mPFC AT UAXI 07 BEE W4T RF rJB AT IRS], XFA
FREREL S RWE I LI
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(2) 3t RF A7 F M85 &R R i

BLFIBOK B mPRC 407 R EWA T RF M85 RE W B0 7 M IRE, BEETLL
HESSES, TN ESSRES, XS RERIN ARG AASARAES
RF TTHBHE 5 4 R — 3. SRIBOK R mPFC fOBUNE BRI N RF B EM
GREIEK, FILWYE SRR, ETREHERENETAS B NS
HREAT A,
(3) mPFC [R¥BARIE ST 2 BT RF TS (0 W

% mPFC R AL ARSI &£ E, 4 BINE T sl mPEC X 5 BHE T
RF FTYRPERAT. SRET, S&EEKE mPEC /§, 21 A5 LEMS TS
BREA 6 MNHIBZ T HMEIRERN, BE 13 WA, & FEKE mPFC
TBE 52 AT B B mPFC X{ 3 RE T8 PE RO TR .

E—HAWETE, WET mPRC BHKE ST HRMEHEMH, RIAK
¥ mPFEC, Wi fi BTN H RIS, R, EERWAT, KR mPFC WA
AT BB T AP RIMEATHIER, %8 FE RS mPFC EH I HIE R .

3. BH/NRITERENT EMETT 1 BURHE R
(1) FIET EMHETTHIUr 2 8] R R

LRTEEHEGRERBAGT, RAEMBEBRZLTERAT BA DR
TEMRZT (138 M) KIKPHFUWZRRMFE. £REH, XEHETHERE
SIEAE 10 kHz-25 kHz; BEFERERMERITA, BrTEPRESTRAHNRE
fE (tonotopic organization); & TCHIW RN F LS HAEMESR, THMET
(87.7%) AL FWr 2 [@KF 75 FF R 20-50 BTG E N HEEFRESBET AR
FRFEMXNE, HBEEREMERMEM, HETTKFH H LRBET A 2N
B GRETFPHTEREITEEH R RBURE.
(2) BRI B BX T BTl K R W

KRE S0 MPR T EMAIT L, HRT BRIBTEEX#E T RN,
HETH R ERRBN, & 51 MIET (63.75%) WRNEEBKHERD, KA
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AIERBL; 24 MHRETT (30%) WT R BB M, R BB

HAERT 63 AT EMETTRERBIT K EMHBIES AR REIRHER
BRI, 74% LA _E FIPR 2 TTA B AL R B8 6] %) B (Best Inter-stimulus interval, BI)
FEPTE 3-5 ms Z 8], 75% A b 3 4 T i B ) I B M SR BE (Electric current intensity,
ED 7 18-26 pA Z [,
() BRIBIT B EX T EFE T b SUBE i E

EEHFAGMERBEEGT, £86 M TEMHET L, ZET RRBITEENH
FABUBHERR . 2% T BRIBR, X T EMEIT A SR RHIR 5
WHEEW, FASARRRY: —MRAABRETUABREREB, KA XHET

(454, 523%); H—RKABRBEFUABEARR, HALNRXBLET 411, 47.7%).

EREFUAREHBE I XML TH, TEERT 19 ML THAKER AR
Tk, K, FEBHEE, AETEE AR BREHRA la XHET, (111); AE
J6E AR BENKRA b EHET, (81N, EREFNAFRELEBHIXTEMH
ZH, TRIERT 31 METHAETEE AR . P, RERREE, f
EEE AR BEMRA Ta BHET (154): AETEHE AR BFERFA b KHE
Jo (16 ). SRRV EEXN T T EMETTH T FSBMEE FEEA.
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X4 SD KR, EB/R, mPFC (medial prefrontal cortex), FIZ&Wr k2,

TR, TR, % (Best Frequency, BF), HiZ /&% (Frequency Receptive
field, RF), TJ¥8#k, FHEURYE (Directional sensitivity), BREHFMIAE (Best
Azimuth, BAZ), AE#E (Azimuth Range,AR)
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Modulation of auditory information

processing in central neurons

ABSTRACT

1. Modulation of electrical stimulation to medial prefrontal cortex on

the acoustically evoked responses of auditory cortical neurons in rats

Conventional electrophysiological technique was used to investigate the modulation of
electrical stimulation to medial prefrontal cortex (mPFC) on the acoustically evoked
responses of auditory cortical (AC) neurons in 60 rats. Among 122 AC neurons isolated,
the influences of mPFC on the acoustically evoked responses of 93 AC neurons were
investigated systematically. 20 (21.5%) neurons were not affected, but the acoustically
evoked responses of the remaining (73 neurons, 78.5%) were either facilitated (39
neuroris, 41.9%) or inhibited (34 neurons, 36.6%). The degree of facilitation and
inhibition in the acoustically evoked responses was dependent upon the time intervals
between acoustic and electrical stimuli. The best intervals of facilitation and inhibition
were between 5 and 30 ms (mostly 10 and 15 ms). Our findings suggested that the mPFC
may affect the activity of AC neurons through different multi-synaptic pathways.

2. Modulation of electrical stimulation to mPFC on frequency RF

plasticity of AC neurons in rats
(1) Modulative Type of frequency RF plasticity of AC neurons by ES-mPFC

Using conventional electrophysiological technique, we investigated the modulation of
electrical stimulating of mPFC (ES-mPFC) on frequency RF plasticity of 226 AC neurons
in rats. When mPFC was electrically stimulated, the RF plasticity of 55 (24.3%) neurons
were not affected, but RF plasticity of the remaining (171 neurons, 75.7%) were either
inhibited (64 neurons, 37.4%) or facilitated (80 neurons, 46.8%). The modulation on RF
plasticity has three types: the inhibitory type, the facilitatory type and the uncertain effect
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type (27 neurons, 15.8%). The inhibitory type of mPFC modulation lengthened RF
shifting time course and shortened RF recovery time course. Conversely, the facilitatory
type of mPFC modulation shortened RF shifting time course and lengthened RF recovery
time course of AC neurons. The uncertain type of mPFC modulation lengthened or
shortened both RF shifting time course and recovery time course. Our findings suggested
that the mPFC may affect the plasticity of functional activity of AC neurons through
different multi-synaptic pathways, and also may participate in the process of learning and
memory.

(2) Modulation of mPFC on frequency RF plasticity direction of AC neurons and
medulation limitation

When mPFC was electrically stimulated, the RF shift could be induced by the
frequency which was either higher or lower than the control BF, demonstrating no clear
directional preference. The frequency RF of some neurons showed bidirectional shifts,
and the RF of other neurons showed single directional shift. This result was similar to our
work of RF shifting direction finished previously. After ES-mPFC, the probability of the
RF complete shift was slightly enhanced, however, which could not change the scope and
direction of RF shift.

(3) Modulation on RF plasticity by deactivating mPFC (DS-mPFC)

We investigated the RF plasticity by micro-injecting procaine to ES-modulative spots
in mPFC. The results indicated that the modulative effects of 21 facilitatory type neurons
and 6 inhibitory type neurons were canceled after procaine DS-mPFC, while the
modulative effects of 13 neurons could not be canceled completely by procaine
DS-mPFC.

In some neurons, we studied the DS-mPFC effect on spontaneous impulses of AC
neurons. The result showed that DS-mPFC increased the level of spontaneous impulses of
AC neurons. It suggested that rat mPFC might play an inhibitory role in information
processing of inferior cortical areas in natural condition, which could be canceled by
procaine DS-mPFC.

3. Modulation of AC on directional sensitivity in the midbrain inferior

collicular neurons of Kunming mice, Mus musculus Km
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(1) Auditory spatial response properties of midbrain inferior collicular neurons

Auditory spatial response properties of 138 inferior collicular (IC) neurons of mouse,
Mus musculus Km, were studied using electrophysiological method under free-field
conditions. The results showed that the best frequencies (BFs) of most IC neurons
distributed between 10 kHz and 25 kHz along dorsal-ventral axis, which showed
tonotopic organization of central nucleus of the inferior colliculus. Furthermore, the
distribution of best azimuth (BAZ) of IC neurons was concentrated and most of them
(87.7%) located within 20° - 50° contralateral in azimuth of the frontal auditory space.
The relationship between the BAZ of IC neurons and their BFs appeared significant
correlation, which showed that the BAZ of these IC neurons increased with their BFs. It
suggested that midbrain IC neurons have significant directional sensitivity.

(2) Modulation of AC on acoustically evoked responses in the midbrain IC neurons

We evaluated the modulation of mouse AC on the acoustically evoked responses of 80
IC neurons by electrical stimulation. When AC was electricﬁlly stimulated, 75 neurons
were facilitated (24 neurons, 30%) or inhibited (51 neurons, 63.75%).

The modulation of AC on the acoustically evoked responses of 63 IC neurons was
investigated systematically. The degree of facilitation and inhibition in the acoustically
evoked responses was dependent upon the time intervals between acoustic and electrical
stimuli and electric current intensity. The best intervals of facilitation and inhibition were
between 3 and 5 ms in most IC neurons (more than 74%). The best electric current
intensity were between 18 and 26 p A in most IC neurons (more than 75%).

(3) Modulation of AC on directional sensitivity in the midbrain IC neurons

Using conventional electrophysiological technique, we investigated the modulation
of AC on directional sensitivity of 86 IC neurons by electrical stimulation under free-field
conditions. Our results showed that IC neurons can be mainly divided into to two groups
concerned with their directional sensitivity (DS). Group I, cortical electrical stimulation
shifts the best azimuth (BAZ) of IC neurons (45, 52.3%); GroupIl, cortical electrical
stimulation does not shift the BAZ of IC neurons (41, 47.7%). In group 1, DS curves of
19 neurons were recorded completely before and after AC was electrically stimulated. IC
neuron with an increasing AR after ES-AC were called as I a neuron (11/19); while
those with a decreasing AR after ES-AC were called as [ b neuron (8/19). In group 1II,
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DS curves of 31 neurons were recorded completely before and after AC was electrically
stimulated., including Il a neurons (15/31, increased AR after ES-AC) and IIb neurons
(16/31, decreased AR). The results indicated that auditory cortex has modulation on

directional sensitivity in the midbrain IC neurons.
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Key words: SD rat (Sprague-Dawley), Kunming mouse (Mus Musculus), mPFC
(medial prefrontal cortex), Auditory cortex (AC), Inferior colliculus (IC),
acoustically evoked responses, Best frequency (BF), Frequency receptive field (RF),
plasticity, Directional sensitivity (DS), Best azimuth (BAZ), Azimuth range (AR)
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F—EF KK mPFC XUT 5 E 02 ol O R i

18] 3

AIEM K22 (prefrontal cortex, PFC) BBRERANNIEKERE, ERAKEL,
EENVRBETANRE, £AKXEB I REKRE Fuster, 1997; Uylings,
Groenewegen et al. 2003). RIEIH B S E MK 1 B T E&WEEZ RS
BXR. AU R AT ReAEiAands ], AR BB MTAEFRIET EEEM.
BAFER AT B R VIR BT AL B 76 R K K309 E4T . Romanski LM %
BERIEMARA, HEIRKITEN 5 EBZ MAELEUTHE BRMOYE SR,
AR TV BB BB IR, 1T H75 3952 (6] A0 4E 42 /6] #F (Hackett, Stepniewska et al.
1999; Romanski, Tian et al. 1999); Fuster BT 4 AL ARY, HMBREIEIHH
HOMUBE BAEEWECIZAE, RSN ILREE & P EEHBodner,
1996;Fuster, 2000). Moore IR, BTV IAH X FIRT I fi X e 1% 3 1EHh
NENMERFS, ARHRKMEZREEITHRE, Bl n LT
3% BPHF SE A7 A3 B KR R 25 35 ¥ 5 /8K 52 F (Moore and Armstrong 2003; Moore and
Fallah 2004).

B4R, Uylings ¥HF 7&K (Van Eden, Lamme et al. 1992; Groenewegen and
Uylings 2000; Uylings, Groenewegen et al. 2003), KB EH —/MNELUF R KALE 4
RUEIM B7 2 (dorsolateral prefrontal cortex) #F4E i1 REVATE R (medial prefrontal
cortex, mPFC), BERIEEMAFTINHE (dorsal anterior cingulate cortex, ACCd). 4%k
BIX (prelimbic cortex area, PL) HiA% FX (infralimbic area, IL) ZfiX. HEX
B, KE mPFC 2 5RiM L MREE BARE, 7 HBREHE P RIUHIER SR,
BB RKIEEE/EH (Van Eden, Lamme et al. 1992; Conde, Maire-Lepoivre et al.
1995; Groenewegen and Uylings 2000; Uylings, Groenewegen et al. 2003). Golmayo %
WL, K R A AT B i X A2 e AL R R AL s A0 A IR 3 )R BEAL A (Golmayo, Nunez et
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al. 2003). HHXKRK mPFC BE S50 B AR MALRE. &3
R BTSN, £8R T GREAR mPFC XU EEHE TR NMEE, DF
AT 5 R B FRHLEEX R, ABTA KR mPFC XU 3EfE BRI BERE T %
AN

ARNFARY, EPRBSRLREEBLELIBES, " EHEEBRTEN
RZ PR PLTTIE B T AT KB IAF2(Sun, Chen et al. 1996; Jen, Chen et al. 1998;
Suga, Xiao et al. 2002), HIPHER R BE MRE T HETHBEBBIE. AT 1
AR BB MRREEEHETENEE, BT RERENETHRME
RS, TTREHEEENEYERX.

2 S F ik

(1) ERzHY

LRTF 60 R SD (Sprague-Dawley, SD)KR Li#t1T, #AE 230-300 75,
R 8-12 Ak IH, METH, WH SR BREREZRLBRHYFL, HEL.
(I FR

FAWEE TENFHR (atropine, 0.25 mg/Kg AE) LAk />shA IR E 21
Y. RELEEHRELZS (sodium pentobarbital, 40~50 mg/Kg A E) BBz
Y, EEREEFERTRET, TREHEER. NIFLNEK, BREGHAR,
BB, F 502 BUKRMFFKRE—REK 2 cm BWEATHBETAE L, U&LEE
B THEWEE, REWEE, X 1-5 mm. KREMZESMI 1 mm, 7T
=/ 1.5 mmX2 mm ffJ/MF, 8F mPFC HXRX, BREFEBE. 3B TIRE
BE, BALBRTEDYLREE. TREREADEFREART, PR
YEFFFE 38°Ce
(I Wy RS 3R

L BB HI{ (Narishige PE-21) $rHIBBM MK, KIE 3 M # KCLEEK,
REER 1-1.5um, FEHL 5-10 MQ. EFREMET, BEMEATEE (AD K

13



HRMERFR 2R F—X

M5 AIFE, 2 R KRB (Paxinos G 1998), LM EREEHIX (Narishige
PF5-1) ¥WERBAW KR, EMaEREH LI EEME T A BaEs). i
R P55 B I8A 2% (ISODAMX) UK G » Bt LKA, B 58 #92 T0 ) B EE S (Best
frequency, BF). ﬁﬁm{ﬁ({ninimum threshold, MT)%, HERIBENBFFIE S B
(PSTH), 7#:FIRi(Yang W 2004; Wang F 2006).
(V) FRIBARSL
BRI RZHEE SRR, #&E AD/DA £, WHEHL. dB FEEHE(Leader
LAT45). THRMARREREHABRAR. MEHRE 1-50 kiz ELTH, BEE
LRFFLERTIE) 20 ms, FH-PERTE] 2 ms, FSSRBEELL B SPL (0 dB SPL 424 F 20 1 Pa)
FR. LHAHAERZ 635 mm ERMA (B & K 4135) FFAIEBAEB & K 2607)
KRIE. GESRLTHYLIBITERBENMAFESE 30°. EEGH 0°ZRKE
A, BN EERPLK 45 cm 4.
(V) BHRBEL
HFIBEE: RMEREURKZ A NEZRELER, RKAEL 0.2mm, M
$1200-300 KQ . ZEMBAMIIZHT, KRBERSEPRRER 12-15° . BE
BEER TN, EALZE mPFC (AP: +1-5; ML: 0.5-1; DV: -1--5 mm)KI7EEA (Van
Eden, Lamme et al. 1992; Paxinos G 1998). HLfI#{%5 5 A% (MASTER-3) 44|
WEFEE 2 (JSO-FLEX) 4.
BRI S KA 3R 05 BRI 5 % % (Duration 0.1 ms, R# (8] & (Interval )
Ims, FH 5 MHE, BK 5ms. REER (Delay) 0-60ms ELETVH. RIBEBEAA
6-301 A,
(VD) W B2 B2 7007 R B2
@ ERWKE A1 WETHT RN, FERL, EEHETNRERENRKE
B{E Lk 20 dB HEATIRF. KiF.
® mPFC R R4, 7 mPFC XX (BAKITARA, AP: 1-5 mm,
ML: 1 mm, DV:1-5mm), EA0.5-1 mm %18, Fk mPFC X407 & W
M. B 1A, B. C 2 FIbRH ERI% mPFC SR RN 5. MHIFIT
BHRIBALE 4, B 1D A B WHIAMEBRIBAL R E FH B

14
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@ B BRI mPFC RIS X IT EEWHE TR B EM, BRI mPFC, ME
SHEM BTV RN, 25107 R R R K F 10%LL LR,
B 7 7 R S SRR D ) B, 07885 R I R 28 A B 1 ] R
(Best inter-stimulus interval, BD . [ 5E MR BFIRE, 75 BRIBA T R4k 1
ZAFERRNKE T BRBRETEA, WE BRI BRERE (—8&H 6-30
B A), LUAT|EBFE mPFC 518 M2 70T KB B K 5 AL BRI IR o
(VD ARFEE
RARTR ARG, ERRAENDMUERERR, BRBER 500 ZZ. #F
ERTEN 1SB—30 8, LEAEESK. 4XHERTREART OER. BHE, W
KEU, JEEE, 20%. 30%MERARER, KETA (40 um). BEH mPFC
MY, AR Ra. FRCRIBERRMAIR, SRRBAMmARR.
VD st
KA Excel HHT%3R, FA +RRHFTERESN, SARWELBATES
ZAERIB BT T &M RIBAERE KB mPFC FHERT, WEEMHZTREEN
£5, F Sigmaplot {fEE, IRLRRATHELIFHE.

3 REER

LBMET BRI mPFC X0 R EMZ T RNEEH. FHERT 93 MM
EEMETLKYRN. %% F mPFC BRIEE, F 39 MIATE (41.9%) RIAA 5
R, 34 MHETT (36.6%) RIAMWHIKN., HR 20 MIZET (21.5%) AR
®w (R D.

3.1 HFIEKR mPFC KA1

48 Uylings Z 895757 (Van Eden, Lamme et al. 1992; Groenewegen and Uylings
2000; Uylings, Groenewegen et al. 2003), £ X AL T R KR ESMU AT ZE K F
REAT R R mPFC X35, BEENATMHE ACC. UERTX PL L% TX IL &M
X(AP: +1-5; ML: 0.5-1; DV: -1--5 mm)#7EE A (Van Eden, Lamme et al. 1992;

15
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Paxinos G 1998), ZERERAMMBHIT, BRI HMRSEFRRER 12-15° « HE
ERE R TFHEA.

A

16
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Fig. 1: Schematic illustration of the regional extent of rat medial prefrontal cortex
(mPFC) and the location of electrical stimulation site in mPFC.

A, Depiction of the mPFC which includes the anterior cingulate cortex (ACC), the
prelimbic area (PL), and the infralimbic areas (IL) on atlas plate at AP (relative to bregma:
anteroposterior, AP): 3.2 mm of rostral-caudal planes modified from Swanson (2004) and
Sonja (2006). The horizontal bars mark the borders of the prelimbic cortex (PL) cortex. B,
Cortical regions of interest on series of plates modified from Paxinos and Watson (1998)
and Torsten (2005). The shaded area shows the contour of the mPFC. C, A representative
photomicrograph of a coronal section on atlas plate at AP 3.7 mm stained with cresyl
violet indicating the terminus of an infusion needle (shown by arrow). The scale bar

represents 1000 it m.

PL0.5-1 mm AF1RE, 76 AP F DV BRI BROE, LIRS BRI
mPFC I MALA. B 2A. B, C4rAlFRE T RIS mPFC 3T RIS, M
FIEMEIR AL 447, B 2D h S, MEIRTE BRI 504 B .

17
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Fig. 2: The distribution of electrically stimulated spots in mPFC,
A, All facilitatory spots in mPFC. B, All inhibitory spots in mPFC. C,
All no effect spots in mPFC. D, Combination map of all facilitatory
spots, inhibitory spots and no effect spots in mPFC.

® shows the facilitatory spots, O shows the inhibitory spots, while

x shows the no effect spots.

3.2 BRI mPFC X M2 Tl I N 1) 5 46 A3 6 35
3.2.1 G

BRI mPFC X2 TOT RS i 54030, 3 BERBL AT R SR R S (g 38
3A £ 2 M B A TTERIE mPFC BT R BB R Bk BB e k. AT,
LKW mPFC B, X 2 ML REHZIIRAEERZL. Al HETHTR
ML R ECh 18 IR (A 1a); {H4BRIM mPFC B, ZAPET0UT B H 8 R Bk
¥ogind 32k (A 1b); FEBRBUS, BERKHENEIZ 23 Kk (A 1c), ZEFK
& 2 s mPFC BTH RBLK T . A2 A TTHUT R R E RS A1 KEICA 2a,
b, c). ZEFTMERH) 39 MT R 52 2] mPFC S K EME TS, X LEE
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BRPIRZAES, BRI mPFC SFIE 2 ulT R Bk 308 n 25.5% (B 3C).

I
A : B
1 2 i 1 2
a N=18 : a N=26 a N=
]
= ’ | l h
3 |
E |ﬂ i . . i 1 .
] [ -_
8 b N=32 : b N=19 b N=14
H | l
= I
@ lx ! b,
%24 4 1 4
g c N=23 I e N=27 c N=34.
|
£ [ k
=z I
0 | S || I E—
0 10 20 30 40 50 O 10 20 30 40 50 0 10 2030 40 50 0 10 20 30 40 50
Timeinms
C
Facilitation
30 - n=39
g I
x 201 |
o |
o 10 I
£ I
o O +
o |
£ 410 - !
5 [
220 | B
-30 - ‘  Inhibition
n=34

Fig. 3: The facilitatory (A1, A2) and inhibitory (B1, B2) effects of electrical
stimulation of the mPFC on different auditory cortex (AC) neurons.
a and c, responses of AC neurons to acoustic stimulus alone, b, responses of

these neurons to the same acoustic stimulus plus an electrical stimulation on the
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mPFC. The acoustic stimulus is indicated by a short bar and the onset of the
electrical stimulation is indicated by an arrow. N: number of impulses per 20
stimuli. C shows the average change of spikes in facilitation and inhibition. n:

number of AC neurons.

3.2.2 #EIRY

R mPFC X & ol R N BIMHIRN, FERINA T DL SR 1 7%
5. B 3B B 2 NMFHETTERIE mPFC BT R NZBMFEIKER. B 3B F,
B1 M2 TV R S AR P EOR 26 IR (B la); XK mPFC B, %4 T0HIUF
R B> R 19 K (B 1b); FFIEERIB mPFC 5, Wr RNBEBEHKE
327 % (B 10). B2 MATHIKHEBMHERSE B1 J0L (B 2a, b, o). 7E 34 ML
o EWMER T mPFC 30T R BAHRA BN . BRI mPFC £ 34 M2 TR
W7 R LBk B $ 8> 25.6% (B 3C).

3.3 HRIE mPFC S sH#H Lo R M2

Tablel: The percentage of inhibition and facilitation of AC neurons under electrical

stimulation in medial prefrontal cortex with different inter-stimulus intervals.

Facilitation Inhibition No effect
BI (ms) N % N % -
10 12. 30.8% 12 353% —_
15 15 38.5% 12 35.3% _
20 9 23.1% 7 20.6% _
25 3 7.6% 3 8.8% —
Total 39 100% 34 100% 20

Note: N shows the number of neurons. BI means the best inter-stimulus-interval.

3.3.1 BALRNRTFE

21
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B RSk e R BGR B E B, BRI mPFC BN 5 HT4 TR, BRI
RFfEI(ERE (ISD FEVIAHR. B 4A R—MT R EMZ TV R N RE BRI mPFC fIE
B R AR FEFHER. TR, X ISIH 15 ms B, JOUT RSB BkrP 0B
mPFC RIBAAT B30, #NT 57.1%. 15 ms 5 K ¥ mPFC % %462 Tl R B 5
W B AR RIRME (BD. B 4B 24 5 4 mPFC B mMEIMZ T ISI &L X BI
G .

N=21

N=26 Facilitation
ISI=5ms Bl 10
Bl 15

BI 15

+

-

N=29

=
£
P 8
o ISI=10ms X BI 10
9‘5 ; o BI 20
g N=33 £
-3 ISI=15ms o
" A 1)
s ¢ 'N=28 s
@ l 1S1=20ms S
£ — 2
E »! N=23 °
z ISi=25ms
0
8 1020304050 0 5 10 15 20 25 30
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Fig. 4: The facilitatory effect of electrical stimulation with different
inter-stimulus interval (ISI) in the mPFC on the responses of AC neurons.

A. Change of responses of an AC neuron with different ISI. The acoustic stimulus
is indicated by a short bar and the onset of the electrical stimulation is indicated
by an arrow. N: number of impulses per 20 stimuli. B. Various degrees of the
facilitatory effect of electrical stimulation of the mPFC on the responses of 5 AC
neurons under different ISI. Short dash lines indicated the 10% or -10% of

impulses change.
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332 IEIEE

BRI mPFC M N RS, BRlie FERE X, B S5A B— M
JUUT IR SR BRI mPRC IS RIS (8] ISI R BIFESIie %, "R ISI A 10 ms &Y,
PHIBN AR, BE ISTH K, MEIBNES RS, 2 ISI A 25 ms B, BRIEH mPFC
B BRI R B AIEIE . B SB & 5 T EE#HE TRV K SRS 1ST 34
BI H)437f .

ERMOTREMGT, FIMENZERE mPFC BB 73 A
Z£5H, 69% ERIFE TR BIEHTE 10 ] 15ms Z[A (E 1.

A
N=32 B
— Inhibition
- N=27 . 20 A
':Ei 1Si=5ms @
£ t— e
- N=19 =
‘3 I 1SI=10ms 2
§ t N=25 ° s
& 1SI=15ms 2 Bl 15
== ©
s ! N=26 S BI 15
'E 4y — -40 Bl 20
3 20 N=30 T T T T T T 1
=z . 1S1=25ms 0 -5 10 15 20 25 30
1020304050 ISI (ms)
Time (ms) ‘

Fig. 5: The inhibitory effect of electrical stimulation with different ISI in the
mPFC on the responses of AC neurons.

A. Change of responses of an AC neuron with different ISL. The acoustic stimulus
is indicated by a short bar and the onset of the electrical stimulation is indicated
by an arrow. N: number of impulses per 20 stimuli. B. Various degrees of the
inhibitory effect of electrical stimulation of the mPFC on the responses of 5 AC
neurons under different ISI. Short dash lines indicated the 10% or —10% of

impulses change.
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4 Wi |
M RERMNNBRRENE, SE5RNEHRETIEES, £%35L12.

EREE. TAHRKURBESENTRIRIEM, HXWKBEREBLELHA
o MRERBFBHAKI, WHHFENECIZAR, EN2E%Eanidizm
XHFAT A 60T . $45 B # 4 (Bodner, Kroger et al. 1996; Hackett, Stepniewska et al.
1999; Romanski, Tian et al. 1999; Fuster, Bodner et al. 2000). Quirk F7ZEMH R EHF L&
HRBERNE R, KRITFMEETX (infralimbic area, IL) #£TEEHIBIZIL
FE Rk JE & X FE R 4 ) B (Milad and Quirk 2002), RNETHIMT S5 T RRSES
PRV ERE BAE. RNEREKRENKR ERER, BRBoPFCHT X IHKYT 5
BT RN A S EAMHEEAES, AAXRnPFC2EHIRB IS BLE
RET X—MEIE. BB SE5RENERERFBREZEHEHIEE. GolmayoF
RIBFRRHR, KBARTHH X RN RO R R AL A, FEAL RSN
RS R FE—A “TRr B R-RITEH-ZE AT ” ¥ 38 (Golmayo, Nunez et al.
2003). Moore THFRH, @ RIMKIEFHE A Mifrontal eye fiel RFIL AT, ik
e TR AL B2 2 VAR IR A BSHARRS NAL RARL ST RN, HEIFER B R 2 TE R
B, LLiR A% 22 [A] &% 52 BF (Moore and Armstrong 2003; Moore and Fallah 2004;
Armstrong, Fitzgerald et al. 2006).

KERARA, ETRHZRAAREGEBLELES, T EFERETEN
(R AR TR B A0 F 47 R MH(Sun, Chen et al. 1996; Jen, Chen et al. 1998;
Suga, Xiao et al. 2002), HINBEBNXREZFHRE THL TR EERE. HHE
BB HA YRR R R AT AR, BT R EEENE TN RNE
MEHZS, TREFEEENEYFEN. ENFHGRXEREER, ARmPFC
EME TR, &, EN. BBRHR. K8EmHIERHKINAEESIER(Kolb 1974;
Kolb, Buhrmann et al. 1994; Broersen and Uylings 1999; Quifk, Russo et al. 2000; Milad
and Quirk 2002).
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RINPOLRENEE, HFBKBRmPFCH EEHETRRMNKEW, FE—
AN BRI BORN 75 R 2 IR A B A RS () [BBR - (best inter-stimulus interval, BI) ZERA1H
KREHT, BKPOBULE2S5 ms. X2/, mPFCIUTEEWE T BIEE I RET
REEETERMAMMHLEEIIN ., XMUylingsEMESEH AL RV A (Van
Eden, Lamme et al. 1992; Groenewegen and Uylings 2000; Kimura, Donishi et al. 2004),
BN K RmPFC SR BB Z AR WA B M A 484+ (Van Eden, Lamme et al. 1992;
Groenewegen and Uylings 2000; Uylings, Groenewegen et al. 2/)03). M5k, H&EHE K
FEmPFCT] BEH T R MmPFCHIXIT B R KR EMEH, RXFUH RN,
R T “ATHMH mPFC-YT B " HWEEA R IR BT KB WA TR N M —E 2 .
IXFIRTABIBF SR —FH) (Weinberger, Merzenich%), i1, Weinberger%$%& 8, Wt
REEZABERAIN ZBERMAE A ERRS, BRI BT A TR,
AT UL 2 3 B B Ui B T A

5 ANg

FHARR, BRIBKR mPFC X7 K EWZ T RN MEN, RANV RN
REHL (394, 41.9%) BIE (344, 36.6%). KB mPFC XHUF R N HI B W77
72 B AR B4 H]BR (best inter-stimulus interval), K Z MR TT (51 4, 69%) 7 10-15ms
2. &RER, KR mPFC AT EMA T RN RS, XA TR E
1% RN TUIN B LI .
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EE KR mPFC X EEMETT
AR I 52 B AT B R A TR 4R

VI
183

A

M BXE K2 (Prefrontal Cortex, PFC) & KMz B F IR R R MFAL,
CHEFNVHZAN A LTS R E R, Birell, ] MEARAERH, Hik
KM ML EVEEE, # Medial Prefrontal Cortex (fi#K mPFC)
(Birrell and Brown 2000). FE&#WFFEEF K RATHIT ML HAE, KIAKRE
MBS EFAFFENEEANEETREAEKR, HFHUHRAH XI5
F4E B A Ll(Jay 1991; Conde, Maire-Lepoivre et al. 1995; McDonald, Mascagni et al.
1996; Zaborszky, Gaykema et al. 1997; Groenewegen and Uylings 2000). X% =& K4
WEBLRE TR BRS BRI AL LB 2, WS 5ZETHRILIIE, S5
B 1R E F = Al Boxd AR B B 18] 28 & X 8 4F A (Birrell and Brown 2000;
Gill, Sarter et al. 2000). ZEBR(E BAEFE, WHHHKEEERN “SERKERE"

(Polysensory Cortex ), B2 E MBI TR AN B A 4B (Fuster
1997), XEERAE REE B MEERD, RHUMEMTEHRNL . FXRAEH X
BEFBABENTRALEFAEWUKETE. L. Golmayo FHFFIEH, KRAATH
XAEMBEEXERER, WEERGEREEBLCETEE “RPBHKE-AT0N
BRI #42 TCHA B 842 £ (Golmayo, Nunez et al. 2003). Vogt BA %
EARLEHRARR, ANHEANERERZHEEZ AFEHLTERR, KT
B0 B SRR B TR B PSR B R R B 3 B4 KR 1A (Vogt and
Miller 1983). FiEM XTI BAEFTE, HEEEARKEMMGERSY LR
— RS AT AL 4 TE, 2 Romanski LM %5 i 4 BB AR 1E R AIAEHI R
BIBBRESTE—E, IRV E-RI8UH R0 B R M (stream), RIS 52
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BFREMAMBEMIT B2 R, 1T 8 K22 ) M 4E % (7 2 §E X (Romanski, Tian et al.
1999). Troy A.Hachett ZAERER LS EFEEFEHAHIERT LRI ER
¥ 77 7 (Hackett, Stepniewska et al. 1999). Kimura Z7Z KR E WX RKEKEERZH
/OB R4 LT RIBIM (Kimura, Donishi et al. 2004). G. J. Quirk AR AR A T4
BB RNE KRR, WHH R ERARNHERCIZERNRX, EHEEZ
FeRJE, AT B Infralimbic cortex 442 JLi 4t 75 & RI¥H R M (Milad and Quirk
2002). XETHRBIIAH STBRERERER T &M AFHLNAEHKR, &
57T RimRThRemEsh P Ei s AR, BEZIRIZLENmAESNP, wHnt
WX RS B B AR BB AT IR, B AU MR IR

ROGEAEN, SRAKBANE. BRI SEThRE T AT AR 2% 232
REBENEARESINHEEM. KRMHERZE (Receptive field, RF) 7]
BB AT FLVT SR A (5 IR IZ M L HIER B T 818 B BB Y (Weinberger 1998; #
3CfE 2004). AXNABAERESE, FET BRBAR mPFC X7 R EHZ T
EEZIBENER, UETERM 5% KR ERAAEXR, APFFAXRATH
MU A B AR R ARSI E IR E U EIRE T LRIERE.

2 M-S 7%

(1) LR
LT 60 HK4E SD (Sprague-Dawley, SD)AR _E#1T, #4E 230-300 72, 4F
76 812 AR LI, MHRH, WH DEEEASELRERIMEL, B,
(1D FR
FARAE K FHESHBIER (atropine, 0.25 mg/Kg AE) LLR/DEHYINEIRE 5 i
Y. RIELEBESRELZS (sodium pentobarbital, 40~50 mg/Kg AE) FREEZ)
), EEBRYEFRRERKET, TRIEBRER. OFFLRER BRESFASR,
BB, F 502 BAKFZFRIKEH—RK 2 cm MEETHE T E £, UELEE
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E. AFENFE, BEVWEE, EXITH 1-5 mm. XREAZESMY | mm, TH
—A 1.5 mmX2 mm B9/MA, #5] mPFC XX, BREFERE. B TLRE
B, BEABRITESYLBERE. TREFRMERREFREART, SIWEER
YA 38°C.
(I Wy RMEHIER
54 B R HIX (Narishige PE-21) RLbIEI B ER, AT 3 M ) KC1ER,
RWER 1-1.58m, B 510 MQ. EFREHET, REVEFTEKE (AD K
&S FAHFE, HERKREEE), LMEREANX (Narishige PFS-1) KR
BANKE, ERBREBEH R ERTEEMETHEL BES. TREFESEK
K3 (ISODAMX) B K, BiHEHLREE, WEMHLTTHI R ESZ (Best frequency,
BF). B{XH{E(minimum threshold, MT)%, JH{ERIBSH RIS E 7 E (PSTH),
FERRE S 2004).
(V) #ETHEBRZHHICT
FEBRE (Receptive field, RF), $§— M MBS TR BSR4 R A
MRRXIR, WA, W6 E% (Weinberger 2004). —EHIRHEE
HHEEA, S FREZHETT BF F4F &R (Conditioning Stimulus, CS), %
1 RIS B3R — AR B FE %4 TE MT BAE 20dB, £ 10--50 A4 &ERIBNESE,
43 B ZMETTH BF & RF 2L, HERKEMRIBAET. KRB M2 UM
EFFFIE N B, LHIHE TR RZ I i,
(V) EFRIERS
FERIBRZ aEE SRR, ®&E AD/DA £, WEHL. dB FMEE(Leader
LAT45), WERABEKRREGERAR. AFHE 1-50 kHz BETH, FEE
SR FFLERE] 20 ms, Fr-PEETE) 2 ms, FEIREELL dB SPL (0 dB SPL AH34F 201 Pa)
. ERHFEREL 635 mm X7M (B & K 4135) FPEB KB & K 2607)
KIE. HFERATYLEATHEREENMAFES R 30°. EHFH 0°ZERKE
BAEY, ESYNEELTL 45 cm &b,
(VD ®BFIBARS%
BB E: RBRREIURE S NAERE LR, RFAELS02mm, H
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$1200-300 KQ . ZERRALHIZHIT, HRBEBRSEPRRERY 12-15° « BK
ERMEA TN, EALE mPFC (AP: +1-5; ML: 0.5-1; DV: -1--5 mm)#I 7 A . B
Bi55 Bk (MASTER-8) LFIH M (ISO-FLEX) £,

s KA B BRI, 5 T (Duration)0.1 ms, F# /8] i (Interval)
Ims, BH 5SAMHE, FK 5ms. FIHER (Delay) 0-60ms HELEFH. FIEBERAA
6-301 A,

(V) &Ki& mPFC ¥k

FERAMEBAYES OHE, BT 5 SIS L R— WS WIEE FRD 4K AL
T, ERBELRBERSTE PR EME L, SEtRE—mITRFO,
HAFRK 0.2 mm. FE4T kG4 B ORmEE DR —HMOK TR BEER, ERE
£ 5 R ) R AL BB B 2 AR R ] R FE X R/ T T LB AR, S RIS ARE,
EAERIMNEE. B R THEAYEY, SURA—MXHERRBIENS
%

(VI 3Rk mPFC X U B2 240 20 T 4 20 T 52 EF A U3 R A e 3R

O HERRFEE A HETHWTRA, AL X, EZMETHR
HEATEE FBAR BIE LA L 20 dB iERHEAT LB B RIB mPFC B 5 X4 U7 B2 244
SITBBBIEN . 20T SRR B 45 FE R B mPFC W R AR AL,
Sk 45 M P R SRR SRR B I TR R RR. (Inter-stimulus interval, ISD), 5]
AT IR L3R A B A ) e (R BRG,  BV SRR SRIAY (] (RIRE (Best inter-stimulus
interval, BD . [E %2 SLRIBRIRIFE, TR¥E BRI B UORE (— A 6-30 1 AD,
LAAZ( s RI% mPFC 5B RN B K5 EHIHIRN. EEILE
TSR P B B A R R 1) (B R, A 4 J 5% 8% mPFC XHZIT B B TTAE
S EP R B O RS 5 BT B B2 TTUT IR B R B R ALK
F 10%Lh LB, RIAT/E 4L RF AT MRS EBRAA R 10%HHZ 7T
BgGE, A#ATTHEK RF 8.

@ HEHEFE mPFC RIEXITEEMBTTMERZH T BENEm. 450
E BRI mPFC §J5 %4 TH BF X RF, FHioR4&MFRIBAT. £4R%
BEMETRBEEFFETE, 23METHERZEME. LEBERH
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mPFC §1/E X R EM 2 AR BE T OB FEBZE B R 2
5 A
® HEERIM mPFC RI/EXIT R TR B T B M. 4
T3 — B 2 1 25 5T B A A0 28 1R 0O U AR 0 0 4% e 7 T B v R 9
mPFC, MBEEZMETTMERZH I BHNEN. BRAGTHI—£HFR
BPL b SR B mPFC, WS35 428 TEAR SR 06 52 B T BB A0 5 1 2 PO B A AR
AT R R R E AT, 4
® MEBHYESUEREKE mPFC MANME, ER—WRERET L
SME BRI mPFC. & -RERE mPFC MR BZH T EHENRIL.
® KB mPFC XWi B WA TTMERZHZ WAL R . £ XK mPFC 18X
WX (UURITTHEA, AP: 1-5mm; ML: 0.5-1 mm; DV: -1--5 mm), L 0.5-1
mm %18, T RER 5575 B R R R mPFC b7 A, BAIRE K R mPFC
U7 B2 TR B ZHEWM A HE. B 8A. B. C AHlkiiHA
#I¥ mPFC 518 RS IR EIRIMAL 5575, B 8D K5k,
MHIFERORBAL R & B
(X) $iEaE
KA Excel A%, HA rRBHETEREMT, HIRAELBLTHEYS
KBRIW. BTFEEFLBRIBAERERR® mPFC. R FAE L RMALREY &£
B %% mPFC R T, W5 B M A TR S B T B A RN RHEL.
Sigmaplot 1E B, HUEL R KA FHELIFHEE.

3 RBER

LR EEHRMA R mPFC B, It KB A TR R 2 B ] B AR, X 226
AMRSITCHRR R ZE A BEET T H 8. 2, 171 MHZTTH RF ATEHS 5%
B 5 i WA RS, 55(24.3%) MHZTTH RF A ¥R % sk ¥ mPFC 04,
7 40 M2 T EMBT L& K H R ARE mPFC 3L TTMBRZE T BHNY
.
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3.1 mPFC XU B R #2270 RF AT ¥B Y5 W ) 28 2 B B L K 1R

3.1.1 METUMERZE o Bt
B 1 BR—/H4JuH RE FJ 8%, XML T BF 4 8.0kHz (BFe), g

F 8.0 kHz FERIBAT, #HATHKBIAHERE (B 1A2), HESTF—/ 100kHz
ST AR 30 R, HMATTRIN 10.0kHz FRIBR N ER (& 1Bb), &R
100kHz B BTN BESE (BFs). AR5 T %S4 AR BT
EBZEH (RFe). FHRIBERREREFHMERZE (RFs. RFD, R85
R 1CH.
A HMETTBRKA ST R, E&HRIBSE, M2 T3 RR BF (Pre BFe) FRl

BBk SR> T 20.8%, TiFTHI BF (Post BFs) AbHJIE Bk T
419%. FAMRIBUE R R IR % & BRI BRI AR R, BRENET
ERBEME (Pre-BF) LMAEMMHERDBE, FEFFHRB (Post-BF) AR
SN % (B 1D). HETT RS KRR R R E A AR BUS L 30 815
EAKE B EVRAE (E Ac. Be. B CRFr). AFIMEN BF RAESEEBHHE
TF, EF L2 EREBMHTEE.
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Fig. 1: Features of RF plasticity of AC neurons.

Aa, Ab, Ac and Ba, Bb, B¢ shows the PSTHs at BFc and BFs, before CS, after CS

session, and after recovery, respectively. C shows the change of RF. D shows

subtracting  the

pre-stimulating  frequency-response curve from the

post-stimulating frequency-response curve. The short black line under the PSTHs

horizontal abscissa represents acoustic stimulus with 20ms duration. N represents

the number of impulses to the acoustic stimuli.
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3.1.2 mPFC X BZ R A2 T RF o] 84 3 e (1) 2R BY

K BRI mPFC B, WFEEMZTT RF AT KZR, TE 226 MHZTT
f) RF AJ EEMERHAT T 2%, 9, 171 ML ITH RF 0] 8145 5 5% 2] 5 10 5 306
PEVH], HRSS (243%) ML ITTH RF AT MR Z B RI#% mPFC . #R1E RF
A] VTR S A () Rk S AR Ak, R BRI mPFC XWUT L EMZ T RF o] 880
BRI 43 0 B ALK R (KRR ) IR R (KR b) MM AHER (%
Bl c) H=F%%! (Fig.2, Table 1).

100 - Bl a: Facilitation
[ b: Inhibition

2  go- 0 c: Uncertain effect

<]

L=

S

2 60+

)

5 40

a

5

z 201

0 =

a b c
Modulation type

Fig. 2: The different RF plasticity types in auditory cortex (AC) neurons
when given conditioning stimulus paired with electrical stimulation in

mPFC.
a: enhancement type, b: inhibition type, c: uncertain effect type.
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Tablel: The RF plasticity types and number of AC neurons under electrical

stimulation in rat medial prefrontal cortex.

RF plasticity N=226

Facilitation No.  Inhibition No.  Uncertain No.  No effect No.
S-shorten S-lengthen S-lengthen Both-

42 19 15 43
R-lengthen R-shorten R-lengthen Non-shift
S-shorten S-lengthen S-shorten S-same

15 6 12 12
R-same R-same R-shorten R-same
S-same S-same

8 1 -
R-lengthen R-shorten
Non-shift- Shift-

: 1s 28

Shift Non-shift
Total 80 Total 64 Total 27 Total 55

Note: “No.” shows the number of neurons. ISI means the inter-stimulus
interval. S is the abbreviation of “shift”, while R is the abbreviation of

“recovery”.

S mEE AL

BU e kI% mPFC B, #47T RF AIEHMEBREE T AAFHNREEES
KIEtlE], REBERENAKTRAZERBFEETRESKEOREL. WHRHHE
TTIH 804, F46.8%. H, HHE mPFC [EH4IT RF ¥ i (8] 5 9% 5 0 () 45
AiE (BIEBRIA%EE, KENFEK) 342 MET; HBRERE, KA
EEEKE 8 MHELT: BHBHEARE, RENEAARE, 15 MELT: RF EBH
ZmaFE REATRBEE, 15 M2,
Mk R RAL

BN i mPFC BY, #4JT RF A BHHEB R EK TREB G IRERREET
BALHRIBAETHEFNTEERL, T 64 MIRT, & 374%. HF, BRI
mPFC J& RF %% 1 0 Sk S E&HELE (MEBHREEK, KENESE), 19
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AMMETT; HBNEZK, KENERZRE, 6 MEL; BHBNAARE, KR
R4E5EE, 11 M2 REATEBMETHEHIMS RFJ#BE, 28 MIZTT.
BN ER:

HERT 27 MHEATC, RIH BRIBE R R (8] R M SR () AR RE K SR AR 4R 4
3.1.3 wPFC X1 W7 K2 EFFATT RF 0] 28 14 18 1 1) B A% 6T 10 1)

BRI mPFC %I B B2 B BRI KT 10%F, #Fh % mPFC i
BN EMETT, BBk EEEALNT 10%E, FRATRE mPFC HIHWT 5 E
25, BF—ENIZRERTH, LFERENEREGRER R, W2t RMEY
BB 5 FeE TR, BRI AR RIFERE (inter-stimulus interval, ISD F 3%,
R EIFIRIBKEIRE IST, #2THBEERUERR, FE—NBENREERE (Best
Interval, BD, ZESLRIBEIRGRT, MZTCHBEBHZENBEKR. WE HATHntx iz
SRR B R RRERE, Bt B E T T Er T8 L% . FI% mPFC
RESUTMERNME TS, HBRERBMEFREESTE 15 ms 110 ms, HF
B ST RAERIBITMEZE 20 ms. 25 ms, BHEED, BFLHHIE,

3.2 mPFC W4T RF 7] ¥4 KRF1E
3.2.1 mPFC XtWr ff Z M2 I RF 8] 81 i 540 1A 41T

E 3A. 3B ER—MHETTERKIM mPEC §1/EH RF AT 5 LS 02
. B 3A BR, XAMMEZTTH BF A 12,0 kHz (BFc), JIEZMHETA&MERIBGT
(IS AZ B RFc; BELTF—A 13.0 kHz HZAF R AR 20 24, ZHETH
BRI TR ERSSZ 13.0 kHz (BFs), 52 AR 80US M5 352 9F ih 2%
REas; IR 10 44, SHLSTHREMERE, NEkEENTERS
BF 4k RFr. [ 3B SRS BRI mPFC J5 %42 TEH) RE ATEBHEAS (L. 45005
75 B B S UK mPFC 1S R WKALJE %3 TR B 415 (7 3B BFc, BFs) R
B ZE L (B 3B RFc, RFgs, RFr). HWEZHZTHFA RF iT 8 HER LR,
WA, —FHRET BF M RF HEmHER K, BERESREEHHER
[, ALBEHHIM mPFC BREERTRN 10 2450, BT RAFRRNRETRE, K
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EWER 15 208, KTRAFRBHKESRE (B 30). RHLmteot, B
RIBS MR A, REKENEER, HRUERD ST W,
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Fig. 3: Characteristics of frequency receptive field ( RF ) plasticity of
auditory cortex(AC) neurons in facilitatory type (Facilitation) by electrical
stimulation of medial prefrontal cortex (ES-mPFC). '

(a) and (b), change of RF under acoustic stimulation (AS) and acoustic
stimulation paired with electrical stimulation of medial prefrontal cortex
(AS+ES-mPFC), respectively. (c), the time course change of RF plasticity under
different conditional stimulus (CS).

3.2.2 mPFC ST B 4 70 RF A 88 M3 14 A s A S AiE

4A. 4B BF—MHZITE BRI mPFC §JE 1) RE ATHHERHIGIPEE (L2
B, B 4A BoR, EAMETH BF % 100 kHz (BFc), ME MBS TMMERZ
Bf RFc; B4 T4 9.0 kHz AT 4RI 10 25, ZMETHRERERE
ZEMRIBHE 9.0 kHz (BFs), WEFERBFZHETHIMERZE HL RFas;
EILFERIBUE 40 28, EMATHBEMEIKE, ekEEHHRRZE ik
RFr. B 4B Z/ERE BRI mPFC G XM 2T RF AR, 43500 & 7RI
FEBERLRI mPFC RIS R UCE S 202 T OB (8 4B BFc, BFs) FISIR& 2
BfiiliZk (& 4B RFc, RFgs, RFr). HERIZMALITHE RF TBHRLIERE, TUE
th, —FHRET BF M RF KIT2mERKE, BENRERKEHEERR, #
BEE B mPFC MIRFERITEN 20 4004h, KT BRAFRBNRELRE, MKENE
K544, PEETRAFRMMKETE (B40). REMETIE 64 4, BRI
BEmEER R, REREMRLGEE, RRUGEERAYMHILE,
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Fig. 4: Characteristics of frequency receptive field ( RF ) plasticity of
auditory cortex(AC) neurons in inhibitory type (Inhibition) by electrical
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stimulation of medial prefrontal cortex (ES-mPFC).

(a) and (b), change of RF under acoustic stimulation (AS) and acoustic
stimulation paired with electrical stimulation of medial prefrontal cortex
(AS+ES-mPFC), respectively. (c), the time course change of RF plasticity under
different conditional stimulus (CS).

3.3 mPFC XtWr [ B #4270 RF 7] 48 ¢ {8 K i 72

ERSMETLE, EET AS &k AS+ES(mPFC)%& 4 F ML 7T RF AT B HEILE
SRS A PR E R . T RAESNMELRR S (ERT 37 MET) (B
5A), R RF 2B FHTBE 25 MU FERNBREMHET, T AS+ES(mPFCY# 4
T, REE 136 7080, BERT AS £G4 THPHmENE (p<0.01). FHKER
R EREEERER. EMHIERERRD (FET 54 M2 (B 5B),
K% RF B2EBTFHFE 11.6 2 ERIMEHES, TWE AS+ES(nPFC)&H T %
E 2020080, KT AS B TR FmENE, FREEREER (p<0.0D), HFHY
WERE K 14.2 04F, BEET AS £HETHFHKERE (p<0.05).

A Facilitation

Average time (min)

AS AS+ES-mPFC
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w

Inhibition

20 - - * % Y
—_— - L .
£
g 30 -
£
= 20 1
o
2]
g 10 4 EER Shift
o fe=::] Recovery
< L

AS AS+ES-mPFC

Fig. 5: Histograms of average shift time and recovery time under AS or
AS+ES-mPFC condition.

A and B, the average time course change of RF plasticity in facilitatory

modulation type and in inhibitory modulation type by ES-mPFC, respectively.
* p<0.05, ** p<0.01.

FEHLRI ¥ mPFC %} RF AJ S HMEIR S LMW TTe, 344K
BRKE RS RE EERHRERT TRE. UBEFIB mPFC /5 &
WA R RN LB N TRAR, HIEX R R EE TR BT IR, B
B RN BRI T ARA: Tas-Tes/Tase B 6 2 RF 7B 5404340 R M
WA KR N R R RN, TR, RF TEHK 5 LEIRLS
HUFATE MR K 2 SR, BRERRIKEZEHX.
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Fig. 6: The normalized change of shift time or recovery time in facilitatory
modulation type and inhibitory modulation type.

3.4 mPFC HIIT Bz ZHEZ5T RF 7] B /= BR it

HLRI B mPFC R AEBERATH T BB TUHY RF 5 RF WY, BRI R
HHMET RF BAFTEE, WAREFEWSTITEEHNEERL, KA
HIRER R R .

FEZ BB mPFC X075 EWEIT RE AT MM T, HRA—K
DA TR RE BRI Z BRI mPFC MM, XRMZ TN HF
—EHWBITT, 7E AS £ T M AS+ES(mPFO&MT, ZE—EHN KN EEA,
P2 TERERE RF WTRHRN, TEERMEGET, TEENZELKERENEL
BAERERN. H—HAIMETT, T AS £ T, TRE AS+ESmPFO%HFT,
TR R EEDWERN, HRMRE RF TBERWK, BHTRE BF A RF Kk
# (Non-shift),

B 7 BoR—NEHl# mPFC §7/5 RF AJEHHREUNMET. EMETRE
ER 9kHz, 4T 10 kHz &M RIE, E—EHNEELNTEE Gosd) A, &
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SEEE R HE T %M BT RF #8B (RFas), BF AL TEBEHE 9 kHz &5
4F 10 kHz &FRIE, R AERERMIM mPFC, ENFEDGE (40 248D A,
ZHBRIBIAEESRIZMEIT RF 8 (RFss), BF AL FRBENE 9 kHz &
BZEARESHEN, RRMENE mPFC REESAME T RF (T EHATEE. %k
LTI FE 551, BMER ERBUMBRMLES.

LR RN, BH% mPFC, E—ENNAEHBERN, XUk EWEL T RF
EUEREERRYEN. X TF—#53 RF J%BHETT, BRI mPFC g8k
RE WG RF LA ST RERAHBMETT, HH# mPFC 5EHBATE
BIH RF.

60
] BFc BFs
_ —e— RFc
S 50 - Ry
E | —%— PRFes
®
2 a0
N
—
3 30 -
X
S
& = .
o ; -
S 104 o o
J/Asnss-mPFc
0 L] L] L L) L] ] N 1

4 5 6 7 8 9 10 11 12 13 14

Frequency (kHz)
Fig. 7: Non-shift RF of an AC neuron under acoustic stimulation (AS) and

acoustic stimulation paired with electrical stimulation of medial

prefrontal cortex (AS+ES-mPFC).
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3.5 mPFC U7 5 B2 0 RF AT 2244 J7 [a] 64 18 1l

EANMFERHET L, 8T mPFC X HETT RFHEB T KR, 4R L
R 2. BAGTEEEMHRE (AS) B, F 2 MHETREXWED, HHET
) RF BEFTLA M & T REFRNEHRBAEES, B ULARTREARNEMS
RBFEES. B BIMHETARARIRES, 4/ MHETRERRIUGEDS,
TA WA HBTHERBFEFERET, —ENMRAENARRERS, Kb “H
MBAREB". #—PRTATEHRIBHFARELERH mPFC, B 24 LT RF
RERMES, F 2 ML TARRRIRES, 21 MHLTARRIEIRES,
BFH B IMMETHBZFARWYRED . LLEFHMHRIBORE TMEATT RF BB
FiE, RE: BAFERMGIEHET RF WEBREBEMFT AR, BEEATME
BHmES, hWTURERRES, BMEGREFLRE-BINERE—B; A
R mPFC FEBEFE & &M RIS, Rk RF RWEBHI#2TTH H D, RF K
FnfB RS TEEEm ERLEERER. AEHEIBINARE,
—FHiTt,

Table 2: Distribution of RF shift direction under AS and AS+ES-mPFC

Bidirectional  Shift to higher Shift to lower

RF no shift
shift frequency frequency
AS 32 13 14 11
AS+ES-mPFC 24 12 21 13

AS, acoustic stimulation;
AS+ES-mPFC, acoustic stimulation paired with electrical stimulation

of medial prefrontal cortex.

3.6 mPFC X U7 i B4 7t RF ] 84 H1 4L R 2 A

FEXR mPFC HXMX (BAX[TA B A, AP: 1-5 mm. ML: 0.5-1 mm, DV: -1--5
mm), BRERFESFRNRBEROMLE, RBEEHMEL 05-1 mm AFE,
# AP FI DV H B30, MUIRARFMNERS mPEC AL, HBMY RS TTI
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RN HEUKRT 10%E BB, S4ETHEA RF JEHMLR. B 8A. B,
C 4r Al T ® R mPFC 512V #4250 RF AT B4k, H0HIF0TE 20 A RIBEAL
575, B 8D 5k, MHRMERRIRE AN GEHE. TRKER SN HRE
—EMRRYE, BREL.
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Fig. 8: The distribution of electrically stimulated spots in mPKFC,
A, All RF facilitatorily modulated spots in mPFC; B, All RF
inhibitorily modulated spots in mPFC; C, All RF no change spots in
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mPFC. D, Combination map of all facilitatory spots, inhibitory spots
and no effect spots in mPFC.

® shows the RF facilitatorily modulated spots, O shows the RF
inhibitorily modulated, while X shows the RF no change spots.

3.7 mPFC J& & RGN
LIAE 40 MHZTEMR T RWHEM LS RERRTEH mPFC KIREMMN.

H#—HHRET KiE mPFC AL ST B EHETT B RM R E W,

£ mPFC #iE-RIEEHT, ER—NMTEEHET EEENE RF /B
. FERXFEEH TR, HRIFE mPFC 3 RF AT BRI BN KB A =R,
S, SHLE (Facilitation type) # 21 MHETE, KL/ S AIM mPFC & RF
WK, E& FE%IE mPFC J§, mPFC X} RF W34 K 5 (e AN . 8
mPFC 3#47T RF FJ 818 SRR EA . #E12 (nhibition type) H 6 MHZ4
76, 55WEMKR, FEBERIB mPFC J§ RF AT8MH%H], & FEXE mPFC &,
mPFC %} RF ] 88 #9344 B IR . %99 mPPC XHiZHHATTH RE W BHH
FREEER. &7 3AMET, Y& FBERE mPFC A RE5E 2 BUH RURIH mPFC
X3 RF AR RSN . Fitn, BRI mPFC 5% & FE XS mPFC #0H| T
W ILH RE AT, 8 L METTH RE ERENRRIEND T RRERERS, B
REAYE B -REKIE mPFC BB HREEZMETN RF REEY, R R
He% % mPFC 7 RF JBHMRENR. EXEHSTHATE=MAEEL.,

E—BHE AR mPFC AL AMREFHEEFHE,  mPFC REAE, N

BT R EHZTARBEENEM. Fg 9 EXMERTYSEFERHAE mPFC
ST B A AT B RIBCRRIE . W EWETT A RBBKFER 14-17 K/20s; E&
FEFEHAE mPFC J&, BRBBHIENEEE 24 1K/20s, 10 244 /5 B RBCRE A
26 IR/20s, REBEKFEHIKE, 60 53451/E B RBBECH 18 K205, HAKEE
Y% & F£EFEKRIE mPFC 8T B RBURKT, BMBRUERFERS 1 M. 4R
#7, KK mPFC M IREE B RHE FTHMHER, ¥&FEXE mPFC WL
BELT X F1E A
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Fig. 9: The enhancement effect of auditory cortex (AC) neuron in
spontaneous impulses when deactivating mPFC by procaine.

DS means deactivating mPFC by procaine. Arrow shows the time point of
mPFC deactivating by procaine.

4 itk
4.1 KRB RIHHG?

KRKI B 2 AR LU AR R 2 100 4%, ELARI/NZS 1000 f5. RKEFE
RS EEX M ASE. BRUEERAMIIRARBIEHTH. R, X
FARMITARREES RKENTHNX ERAEMNHFRE TR, BHRX—UR
BRESFE: KREEREARKEEIMIK AT FEFHMX. X—HELERN,
EAKXRMEERRS R EXE BRI, #UFER, 28D, 2RED. R
KRFHEM S FEEE LA RERX (Barbas and Pandya 1989; Carmichael and Price
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1994), KB AEIMUX . PRIXFFTX (Uylings, Groenewegen et al. 2003). A%l
w978 FLIE X 25 5578 ) A Q10 B30 B (Damasio 1994; Damasio 1994; Barbas 1995;
Miller and Wallis 2003; Uylings, Groenewegen et al. 2003). HEj#/ ZE#EZHE, &7
B EITESINARGE, XEhRHRSEmEELHEHM S5 28
ZMBTEEE . FEMBHRIRELRD T — M HEL: 7 Brodmann HIRZE
RE—ANEH, FUBH BN R R KRME—RFH, A “FIBHEZ” (Benton
1991). FRASEHARTEM T ErrERET “ARSMIFHE", . FERENEH
B EXRBAESET KA. R, HBREZYRHHARBX, X%
FHSARER A EEE . B, KRYIZES)EERINATETE)ERERR
fj(Northcutt and Kaas 1995), {EXMXIRAMAR KRREFHRER, MEARE
KL B2 J77 . 5%, Barbas F1 Pandya A A R K (30 & B2 R AE A AT E BRI — 3843
R TLFHL B2 AN A IRRURL B2 IR (Bitn, FNERRBHE R, ARPHD. XNER
MF . CERANRAMFREEN BT REYHARRR O REEN FEF R
BRI RIFE. RE Preuss BA MK R HFE, EWAFEREKEHAE
BN AR . SR, Preuss A Kaas BIBMIARE T IEAR KRETBAFERKEH
B ESMUMKFASEHX . FEXRREEFESIMUBEBLIOITHRM XA E, »
0% 18 57 7 AN R B A i BX RO 1 S AN Th e _E RIARvE.

BT AT R E — A MERIE T A LR e Ar v, FTUURIEARKKRTEHE
B, REMNFARESFWHM, HEHTHSARMEEETLHERX L
FIBL R . Rose F1 Woolsey X FRIERM B 7 € B2 T —/MES| 247 4E, I\ ARTHIM &
REEWER. XZ—FERNZOATE: WTHMHEELEE N b REAEERTX.
AT, B—iREAR TSR ERHM. Bk, Bl En@EFeEmIse
BB TAEAR B B RIS X . Ulyings(Uylings, Groenewegen et al. 2003)% i 1T
PR A R KEFA A RATHM B S A ThAERF R, INA KR ETEM AT R KH
BT RRAETR MR R, ERFRKETIMIKH—E8 K, BT U
HRESMUBEME) ExT REEXMFHFIMIX R FERHR, KR mPFC
SERPZMEEERLE, EHRERTPRIGFEREEANBE. EBHBEFER
#FEEZEH (Van Eden, Lamme et al. 1992; Conde, Maire-Lepoivre et al. 1995;
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Groenewegen and Uylings 2000; Uylings, Groenewegen et al. 2003). Brown VJ & Birrel
M IERFIERRY: KM AR+ R KR mPFC BAENED21L,
BB 74 RS U B 2 R KRR R 3 Y528 B (homologous area). B APITIA AN
ThEEHT T, K B M4 2R 8) mPRC W LAFR A R KK (0 Th K438 B (analogous
area), #E X B mPFC Lk f9BF R RER A R KEAHH MIFTAREF M ERE EMSE,
K BT LA N R A K RT A B AL RO EY (Brown VI 2002; Birrell JM 2000).
BAE W AN R b i X 2 [ 0 90 I B R ) & BUF AR v (Uylingss,
Groenewegen et al. 2003): 1. fiXABERKIF RFXMBERMEE; 2. THREFA (R
BT HED; 3. ARNHEEEYRMHEERZENEENSHRI ;4. B
B 5. ISRYF R A SR, XS SRR R, MXZ AR
BRI REEBIK. Ulyings 5548 FI AT = 47 ME LU R K I8 F0 K B Z 18] B U8 - Fi
X, X=4&FrMEHH Preuss(Uylings, Groenewegen et al. 2003)R . WX S8, b
BTARBRMRKEITHSEN. BR%. KB, UEAAERBREEHZABRR
M AMFERE. LM RS T K RATHM R R KRATHH K DI RERE 2, BHi4ie:
KRATHH AMUAF R KRB AU X% R, TREFRKRTIMIKE
— R R
EF VPR R BB R I 8 A N R R AR SMUBTAT B FIYR
KRR RAMUSET R, Eh LA RKKa0Es) R a7 E i F R X .
KB EZMDEST B RR LT RECKMIER F . WREFHEHHM BENE
BT LA £ GEER L EAMWE, BaXRTURRFTHEN. BHERH, X
kD> R K IE SN RTHR B R FR K5, e B AR SMUARHT R B ThAE &
ThREEELHIBTSL, BT LUA MR R KR ATHH BRI ThRE RAER T R B B XK
ERIEHE.
4.2 KBmPFCX¥]%UT 5 B2 JURFA] B H i HIER
REMHARY, EFRWERAARLESLEIES, MEFEGR PR
R R TS IY AT K 4%4(Sun, Chen et al. 1996; Jen, Chen et al. 1998;
Suga, Xiao et al. 2002), HIARERX R EE MRS THE TR EBBME. U 1E
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ABRBRRNEA MR BREE EHETENRE, BRTREBREHETHRNE
EHZ A, TREFEEENEYER . EAHGEMXEREER, KB mPFC
HWR TR R BN BAHE SRS %% R % T RETE 304 K (Kolb 1974;
Kolb, Nonneman et al. 1974; Kolb, Buhrmann et al. 1994; Broersen and Uylings 1999;
Quirk, Russo et al. 2000; Milad and Quirk 2002). ’

B2RM, EEARKENIERSLERAS, WHHS5TEEMCIZT
XFAT ARG SRS, REKBIUREMAHH RS ERRIREFT XA
M 4. (Bodner, Kroger et al. 1996; Hackett, Stepniewska et al. 1999; Romanski, Tian et al.
1999; Fuster, Bodner et al. 2000). BIFIRY, KRB AL E R T HEFH
REAEKR, RS 5215 B4 (Van Eden, Lamme et al. 1992; Uylings,
Groenewegen et al. 2003; Kimura, Donishi et al. 2004). G. J. Quirk EMRAKREETS
- FHERERNN R, TR SRR R MR RR X, EHERRZ

FERRJG , RUAMT 1A% T X (Infralimbic cortex) #122 Tox 4 75 35 R A R B (Milad
and Quirk 2002). XETAERBRIHM SWEREREREE TS FHLNE
BHRR, ZETREANRENPHATRERBLE. SREMAM—B, BRI
SRR, AR BE BRI K B medial prefrontal cortex, B35 # M FT#0## Bl (dorsal
anterior cingulate area, Acd). WIZHE(X (prelimbic cortex area, PL) FMAZ%TX
* (infralimbic area, IL) %fi5[X (Van Eden, Lamme et al. 1992; Groenewegen and Uylings
2000; Uylings, Groenewegen et al. 2003), SEHEAFBRIBEMF THLL, WREHST
RF ATEHET SHUEMBINZL. 4RRY, KRB mPFC % ABINT KRS B
. :
 RMMEREGRRYN, BFBmPFCH R EEHETHER RN, RA
AER RN IGRANEEFRE . #E— P WD BRI mPFCR U [ B M2 JTRFA]
BtEEE, TENRARIN SN, MEIMN. BNAHER=fRE, &L
1 45 R mPFCH #) T B2 R A TUHT RN B RFA] M — 2 AR 1E A, mPFC
S25THEFRHRNMEEABLRE. XN RMFusterF WAL RHE—H.
Fuster¥ LR EY, EITHHESHESHBREE BN EEET, iTHRHRFE
ERER. B2 T HXRIHER A LRSI RIS — P, XA

53



HERMIERFELEORC B_%

FRAERLH—HEREEERE, WENEFLHRY. WNEXEEITHN K
B ATCHBATIRRE T F. EdibRFRE—TES: LiE—BRI08BHH
FMHIRF (pitch) MAT, REEFESZIHERENHIGA. EXMESFP, HMHE
BRREEERXEF L RN, 7 LEfP KBS RIBES RN B3 BEH KA.
ZREBRPRHHESXRERFIEN, NEBRTITAER. HRBHEHTHMHHET
RIS EREBEXRRX RSB A MEM—S. INPEERSTh. B
FHEE P, X F15 B 00 EEBE E ™R AL TTE 3 MR (Fuster, Bodner et al.
2000). Bodner M7EXR F L 45 R th X #F T 1X—45 18 (Bodner, Kroger et al. 1996). #
BT SRR XA G SR, MRSMEFATHH S M2
MEARTTHBE. ERFESTRBCIZEEP ZLHETERFENR S BEKTF
(RERBER) « XEEZRIFTHHAHBIMIBSE T BFEMN ST,
MHEREELUTEAT AR HAIM AR,

BAIKARNE RS, BRBAR mPFC 5% EEMETT RF R4 RR
REMEHIRAL. FERIAFUELE GHLETRAFRBMEGT, REnEE,
MRS RE) RMEIERE GRLLTFRAFRIBMEAHET, RENEK, MKERH
5. iX5 Moore %/ X MIEHF ALK LIEAEL LU Moore and Armstrong 2003; Moore
and Fallah 2004; Armstrong, Fitzgerald et al. 2006), 243 F BRI 1B AR AT frontal
eye field VLA RIS AEXT L AL S TURY, AIEFEME MG R B V4 KL TTH)
RRE; 28T R frontal eye field MEAEIR MM IEX WAL RHL TR, WiEHH
HMHIME R V4 RHETHRN, LFRNEERZE. XETIERY, £LE
BREFRE, WM AR E Z BRI A B E TR RE F A H IR
e ATUHXA—NMERERRFERILLENR: RMEERRT —MTITRE
BEERSERZHEIEMN T HEBERBKE BB (Amstrong, Fitzgerald et al.
2006).

4.3 KBmPFCEYIRYT K B AT BEA R S0 i — & B

AEEARKEHKROFHHHEERARARY, WRHBEFTERERUEER
WAEES)  EHEXR(Van Eden, Lamme et al. 1992; Groenewegen and Uylings 2000;
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Uylings, Groenewegen et al. 2003). 153X #&% T ¥E(Van Eden, Lamme et al. 1992;
Kimura, Donishi et al. 2004)# # 42 2% T {E(Golmayo, Nunez et al. 2003; Quirk, .
Likhtik et al. 2003)f—2, RATHIBTARA, AR mPFC X107 EF 2 TT RF o i
KR BIFERER B8 (Best inter-stimulus interval, BD), KZ¥HZ iR
I RESEHZE 15 ms F1 10 ms, DEHLITH BI K 20 ms TH 25 ms. HE), KR
Y B B A mPFC Z RIS BT B R 2 R E T, #I4YT B BRI mPFC AR 1
A T R — R

DERREERRARYE, B RERAFENRERANEE TREA4EHKR.
MM ERSERMATR . BHEEEE. THEERERETENTERER, £
-5 EANEEREAERRNFEE, HEM—AT LA EERSTHF
EE; WifiMEESERI N, MHERESEREERRARTERR, RbF4
BABR RS (BEMERE) % (Fuster 1989; Kolb B 1990). XFh & A 4B
RUETRIEM R ThAE Lo R 4tk . Romanski LMZEid 0 AR SR A HI R
BBEESE—E, IRV -8R SR ERKARREEUNTEBKRR
(stream) . FEAEHEEETRAAIAL. MLAICLEK i 5138 B R0 X 3758 540t
B (area 100 B EY (aread6) . FIERM MK (areas 12 and 45) HHEER,
MAKEBEESEMEN (area 46) FFHHIRXAABKR (area 8a) . X, Wit
S HEIRE TR E, 1EFHr 2 5 A E2 ) Th X (Romanski, Tian et
al. 1999). AU f L5 AF FTHRPIGE 1T 3R B 18 B2 5 v % 2K B mPFCHIAI £ 0 2
BZARBAEMERBERR, SRETHEZARFEENHERBHKR. HLPiY
TP M EH X (Ventral tegmental area, IFRVTA) HFRMEFRICS M, B
MRS, JORBE, SR, FEmPFCRIAISRTBE RN 2 F7 f54 H 2k
HFE. Vil BE LEZmPFCUIAT, WHESE TRFEUNEHRR (VIA) &
FERAE. EEX—FREFEHL S HANBEF IR MBS WL R EEE
THE.

AR AR RBREN Y& FEAE oPFC S48, WER
mPFC 1407 2 BB R & RF TBEE —EHBEAER, BXMAER
NARE~K), MEEARNER, HHBR. WHRANRHERSE, Hit, ¥
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B REKXHE mPFC AXALA, FTUBE—BAWEEMETT (274, 67.5%) REH
WHAREER, MEMAS—HS (134, 32.5%) BRI mPFC (IR, &k
R RFEARETEBUE R BEEX T K E RF AJBERAZEER. 452487 mPFC
Z25THEFRPRNNESLAELR, EXMARIRTREAEHMRX NS5,
4. 4 mPFCIRFINEEHZTRFA] BHEH —eRRHE, BERZEME
JCRF A B 8975 7

BIMERELER, KRIWKEMETT RF JERE —EMEHE. SHNH
HRH, WETHE RF TEENRUZIE LITEAREN T RBALHRE
(Gao and Suga 1998; Kilgard and Merzenich 1998; Ma an& Suga 2001; Suga, Xiao et al.
2002; Hui, Figueroa et al. 2004), AL A & I BOKIS R 8 £ H R HE mPFC %40
B, VR BEHM mPFC ¥ & KB K¥E mPFC J§, WREMZTT RF AT 8%
RIRRSL RARFEI (B R AN AR, 3878 mPFC 25 TWr (5 B R & kb2
WE. RAE—BIWEEHET (51, 243%), EERAFTRBEHT, —E
WEIE AT E N, REATEEBRIMET (LT BF BRL&GRIBOAE CS 1,
HEATEEIE CS) HF RF AEBHMETT, 2655 RIB AR BRI mPFC %
YRIE mPFC B, Z#HZTTH) RFIARRRETLHER . W T RFTHBHHEAT,
£ R R mPFC 51 /7, R 2 RF B0 EIF RF £85I RFERERAET EKEEE
. BRIBK R mPFC X7 E#HE It RF MEBRE HENT RwEF, BIEER
Ul miin i, Wbl EnEs, XGRS RAILIRT R AT FIME
F RF W 2B [ P 45 2R — B RO B mPFC IR 2 E RN RF H B0 1]
MEEEIEK, TEHEBRVEARS, ETRUERTHETAS LFNTELE
VR . 4R, I mPFC ZHILW BB Z AR ERRARNAEKR,
BMBEAERTIWREHEZT, 25RRTEEHZTHARRIERE. BXHAE
BARTE “BE” A TEMH2T LN ERMEKR, HRE—FHEENERY
X, 5EATEMHET ERRMG ETAAERAHRREHLTHMERE.
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5 &

AFFARI, KE mPFC X7 EMETTMERZE RF 7T BHH— 2 HAH
Rl BB N BURFEAR, MERERBANNAHERNE=FAT. &
FIBK B mPFC 3107 B EMZ T RF WHBRA W ZOH MREF, WEETAEER
SnFt, WAL REAR Y. RRBAR mPFC MM BRI A RF HBE
MBI K, STELEEBRNEARE, ENREEIRMETESAH M EYE
WEMG I, FE-ENRRE. SRR%, KR mPFC LXK EMHEST RF
AEMEHATIRY, XARST R REE £ SRR K.

mPFC B RIE T LBGE X — 3407 R B WA TT RF ATEMER W, R
BBRBBHKTE. SRR, EEEHLT, XK mPFC ARRFENTEET
FTRIRYEMHIER, & FE KRG mPFC fEXFIHIE AR -
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BEZE PRWEFEERNTEMETT
77 TR B TR )

1 #F

VLS BA A AR RANBA. RESTANEHT, BOEFERLAE
FAERAE RS, BRI R N BB, T AR L
M (RMERRS B, WHESEILTER (Auditory cortex, AC) 21,
L33 T A H A LR Ak, oI M R B R A A P R
ik, ETMERREANR KRR RHBN R AN RAS SHATICRM
BEL REFRPBNRETRETHERAREEEFANEERY, HxTL
AT BEE B A AR B R, XU HEAR BT B B R TAT RAR D Z BIKE (Suga
1994; Suga 1998; Covey and Casseday 1999). AT, ERMHHARYH, I ZHEER
RRAREE LTMERA—HERENEIAN, S5RTREN EE#THR
BTV ESABEREMETTHRER MY FXROFHFEREESEFARR, WEH
R PEEZ AR PR AMHEL T H (Druga, Sykaet al. 1997), FITRZEMFRIFER
KB HERBEFEAMAR. IR IXLE BBTHHTMES, MNisEas
EEEREMNSHALE,

TEREYEBAFEENEZPLY, ERZRATHUTEEEREZ. L#
BEAE. SMUERELTFHRERREHHES . T RERTEREREILTIK,
BT T AT AT A BT A0 A 00 BOR AR X U7 315 B A9 4L 2 (Herbert, Aschoff et al.
1991; Feliciano and Potashner 1995; Saldana, Feliciano et al. 1996; Druga, Syka et al.
1997; Torterolo, Zurita et al. 1998; Winer, Larue et al. 1998), X¥i{s RHABRRBAE
XEE. B, WHEE-TERH RN FTHERNRTORE. FEE-
TEERRTRAATEENTITERZ —. TERE-TERHWEERERT KR
B HESHH#E/A M BI(Jen, Sun et al. 1997; King, Armstrong et al. 1998). X284 EEH
REXEEY, 4L IETTEFRE (Central nucleus of inferior colliculus). ##%
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(Dorsal nucleus of inferior colliculus) X %M #% (External nucleus of inferior
colliculus). B T4 EHEERBNEHEFENTEXE, BUTEE-TERH
REFH, BEHENMKFE (Topography). M EATREHEM, WEE-TRE
B R—FIrI S (Topographic projection), FRENiZBSER K EHNRBERMT
EfEXAE5E BREFEMRSNAREAHZ T (Huffman and Henson 1990; Herbert,
Aschoff et al. 1991; Saldana, Feliciano et al. 1996; Druga, Syka et al. 1997; Winer, Larue
etal. 1998). _ '

ETEMFARYE, WEERERRET W T EH2THT RN E. &
AT EMA TR RIS ERE 5. Skya REAEEERR LHHRE R,
B RIT B2 BT A 1D SR B M 41 L U T R 2 T R N 8 P I EE 5 1b(Syka, Druga
et al. 1988). Ifj Jen % Sun Z£(Sun, Chen et al. 1996; Jen, Sun et al. 1997; Jen, Chen et al.
1998; Zhou and Jen 2000; Jen, Zhou et al. 2001)7E 448 BRI, BRI R E
PRI T EMATTN RN AR WS BRMEIER . XF g ERAESRARN
T BRI R ZE R i 28 (Frequency tuning curve) F158 5 2R £ £k (Rate-intensity
function) AR #R/MTZ3 (8 KM (Spatial response area) %%, MR EIZMHET
RN SEBURE . XA BRSSO BB . EVEE R R T ATIRE SR
LR T P2 TT U7 3 BUE(Sun, Chen et al. 1996; Jen, Chen et al. 1998; Zhou and
Jen 2000; Jen, Zhou et al. 2001; Jen, Zhou et al. 2002). &idiXFHHLHI BT LAIE B HIRH
METEERINEERR PN FE LRI URSPAERFE TSNS B, Jen &
eiRiE ETFARE, KNENTEESRBERZEMNT LN TR SEmE

(Best frequency, BF), B {& BJ{H (Minimal threshold, MT) & & ££ 3% & ( Best amplitude,
BA) % AR B RO U B2 R A8 £ TC(Zhang, Suga et al. 1997; Yan and Suga 1998; Gao and
Suga 2000; Zhang and Suga 2000). XFHRALIENT K 2 BRI B4 R/G 7] AR R )L+ 4
BB, FRNEREEETEMNZTN ETRERNEREBNHGMa and
Suga 2001; Yan and Ehret 2002; Jen and Zhou 2003). Hit, Ur B FTATRBHITIGER
NEEHIN R E KB THETK R EURE, U XM RARNERETH
WAL, HETTR WYT 5 R 48 T 48 4 (Zhou and Jen 2000; Jen, Zhou et al. 2002;
Jen and Zhou 2003).

63



HERMIERFHER B=E

TERMLAERDEREELHPL, ERTEMEATHEEN LITERER,
FZW BN TITAE. BESASERAE. FEZREASHBNERESFHRE
E/ER(Aikin 1985; Zook, Winer et al. 1985; Polak, Wenstrup et al. 1986; Irvine 1992;
Xia, Qi et al. 2000; 7ZEF and PV 2000; Egoraova, Ehret et al. 2001; Yan and
Ehret 2001). A X T U7 226 J7 17 BUR OB R L E 98 ERE1T, BT AERRY,
BHADARERA, AREFWN. MEEEMNTF 10 kHz 55 20 kHz Z [, TIERER
B BT TG B AR 24 3 (1-65 kHz), B R N BI{E 2 5 dB(FFEZR, sound pressure level,
SPL) (TL#9%%, REH etal 1999; WHRE, HREW etal. 2002). HHEXKBHDIRT
EMZnhaEBRENRARS> RRE. AXEREERT EHPIR TEMHETH
WA RN G, B T BRI B/ R R EN LT EHE T Z R R
NIRRT

2 HHE &
(1) LR3HY
LRE 63 R HEFMBERBDR (Kunming Mus Musculus) Ei#1T, 4E
20-25 7, FREANALEAR, HEAH, WEEER BRZEEBRLERIHVHL,
HiE&.
(I FR
FAWESE TSI (atropine, 0.25 mg/Kg HE) LLB/OBIYIFRIE 7 W
Y. RELEEESREHEZM (sodium pentobarbital, 40 mg/ Kg AE) RREEZIY,
EHERLE FERTEEE T U LBER, REFHHR, REMT, A 502 KK
FFRKBH—RK 2 cm K PLERETHE T E L, RRLTEEESBE L%
LEE. EFREBETRELN PR T EBREZEME. THLNHE, 2%
BB, BREERE. 3B FLREELE, ABFYLBLE, FHARMNTEE
YIER IEXT AT T B E MK T 0° MEH 0° . B kT B YL TEE. TRER
PERE L R E N EAT, SRR GERTE 38°C. KR T, AR E L 245 (8 my
Kg %E) F3i%ERFRRRERE.
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(I FRIBRSE
ERBRAABEESHFURME. BE ADDA £, HHHENL. dB FRE(Xia, Qi
et al. 2000). HWERPKF[RAREGEFRAM. AHEMEK 1-50 kHz ELTR/, FF
BEEFFLERTE] 20 ms, Ft-PEART(A] 5 ms, FEIRBELIFEEL dB SPL (0 dB SPL 14T
201 Pa) FoR. FHATHAERE 635 mm M (B & K4135) FPBHAKE® & K
260K IE . Hi 75 AL TR B AT 7K 7 18 £90° « EE 5 1R 0° ZE[RIH B i 54,
BN EELPLE 45cm, HBERBATHHEROMLE.
(IV) BRBRL
RIBBB AR S L B, RFERDT 100 m, FIREEE 30-500 m, BFid
REEMZ T R AR REW BT, EMRAEET, SRRaRs
EHTWEERER THEA 600-7000m, ENVFEBLE (BERAERHNAR
B (Zhou and Jen 2005). HAIBAE S AW (MASTER-S) 271 WK FE 5 28
(ISO-FLEX) %, BRI LGSR FERHK, HHER (Duration) 0.1 ms, R
[BIR% (Interval) lms, %5 5K, FRERE Sms, REHBRN 6-301 A.
(V) LRER
1) ABRLEREXRWEEERLEMZTHTRN. EMEEEZEHELRE
BWMELK S BES, WRNESEKKSE (ISODAMX) BX/E, Hit
BHUREE, WEMETTH B IEMZE (Best frequency, BF). 81K B {&(minimum
threshold, MT) R BT AL A E (best azimuth, BAZ).
2) EABEMERREREANTEMSITHYT R . 25 BRI (Narishige
PE-21) HrHIMBHEmMEE, HE 3 MK KCIARK, RHFEZ 1-1.58m,
B SMQ. EFREMET, SWBREMAL (Narishige PF5-1) KK
BATHTE, FAREREFTEERTENETH R EES. WRK
FSLMAE (ISODAMX) XSS, BtEVKRE, MEMABTTH BF.
MT. BAZ %, FHERIBEREFFIESE (PSTH).
3) HREBWEEAEMNEWEEN TFEHSTTRNNEH. A FFTEME
TLRESE ., BEREL L 20dB FRMAERIE, WBZMETHVRN
ST R (control). $RJE4TFi% T FEAHZ TT B B 4515 7 35 U B4 R) o2 B e
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RS EE, MEBREWTEEXZMETI RN, 5% 5[50
BB [E f e a8 (Inter-stimulus interval, IsD, NBsEY RN,
BRI AR (Best inter-stimulus interval, BI). [ HHIEAIMR, H
BRI ERERE (—8A 6-30 v A), LLAEINEESIETEMETIT
REFBREHBN. ALBP, BRI EESET M2 TRk
BB 20% U EHEAFARB, AT EENS MERIER.
4) EBHFHNBREEAGT, HEREIVWLENSE, BEHEGHHNEEN
fr0° , KFHAE90° MEENERBS, FRTEMETHEEHETT
FI B BURRIWT 2B 8] AL, M 7L BURAE (Directional sensitivity, DS) #iZ% .
7E DS #igk, METEKRMATN NI AR ARETLAE (BAZ).
WRTTHH BB H BAZ & DS #IRERKRMUT 50%4LH T E
(Azimuth range, AR) 43
5 KFAE/ARNRENAE BRI AR, RIBTEE 30 440.
KRG E B ARG TR T AL BURYE. W BB B I R TR K NE i b
8 B R RIBRT JE AR M 2 7T i J7 AL BURME SR 52 .
(VD) $imaE
R Excel & SPSS 4t 2 Mk 4 AL B 448, FF one-way ANOVA R 30
ITEREDHT. EH Sigmaplot KAF1EE, HIELFEKAFHE I RHEE.

3 RBHXR

ERTE 63 AP LIERT 316 MFEREEWHET, #AFET 138 M T EH
S RN R T MR, A TBESZE (Best frequency, BF). BEH A
BE (Best azimuth, BAZ) . B 1% B{E (Minmum threshold, MT) & 75 [F] U £ ( Directional
sensitivity, DS) BHZRSF N AT .

86 N T EMAT L, ZEET BRIBTEENHF A BEENRN. L8 TI
KRR, YEREH 45 A TEMET (523%) RN HLARRER
B, b 1 RMBT; KR4 AMBRTT (47.7%) RIVHTHFOABARE, A
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NEWETT. £ | XMETP, TEERT 19 MELTHAKIEE AR L. H
f, RERFBGE, TEHSTABEE AR BROKY la XL, 3t u
AETIE AR BERIRD b KWL, L8 4. ENEHLRTP, TBIERT 31
MPLTHIAETE AR WM. Hd, REHEFRE, ARTEE AR RROKFHA
Ha EMETT, It 154 AEGE AR BEMKA Ib EKHETT, 3164,
3.1 HR T AR T Wiy 22 ) R N A

IR TEMSTNT RN, BEARNE TYLRTEETALOE.
KFHALFERE RN 30 B, MAWBTHERMY, ERHEREHE BF K
KB MT, RAEBIRBERE, TRKTH RSB RN BE R B KR K
HHOCE, BN EMETHRETLAE. LRIGERT BSATEWSTHE
BRNFFE, Fig.l B T XEHATRERENI M RBERRSRRMETNM
ZHEMIXR. SHUTURE, XEHETRERRNIHARAIES, BERRE
10 kHz-25 kHz BRI H L T BN EHHEHBEHL THE S, ZARERBH D
R EMB LT, REH etal 1999).

50 -

N=138

8

©w
o
"

20 1

Number of neurons

—h
o
1

410 11-1516-20 21-25 26-30 31-33
Best frequency (kHz)

Fig. 1: The distribution of the best frequency (kHz) of recorded IC neurons.
The total number of IC neurons recorded is denoted by N.
Fig2 B -MEEFEE M, HETHBEREEE SN nES, B5
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TEAREFAHMFFIE (tonotopic organization).

Fig3 B/R T XEMETRERNARNIF. TUESH, SHEMHET (121 1,
87.7%) HIE RN A AL T KT mxsf 20-50 EHEA. -

LREERTHETHREFT AR SBRERE . DR REZ AKX R Fig4A
BT FTEMZTKFT A ERERNAESRERRL MKXKR. FigdB ERT
TEMZTKEFALBERNABESEREEZANXER. ZHXMEIT, #H2
THRAERESBEH N AZ AR NERNE, HEEREMRMNEM,
ZTKFEHH ERBET A ER—ERERENES. MRETAAREIERR
B2 FEEERG B HEX.
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s & 8 &% 8 8

[3,]
A

~T

0 400 800 1200 1600 2000 2400 2800 3200
Recording depth in um

(-]

Fig. 2: The distribution of best frequency of recorded IC neurons against
their recording depths.
The regression line and correlation coefficient for distribution are shown.

p<0.05 shows significant correlation. N shows number of IC neurons.
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N =138

30 1
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€10-20 C20-30 C30-40 C 40-50 C 50-60
Azimuth range
Fig. 3: The distribution of the best azimuth of recorded IC neurons.

10-11

The total number of IC neurons recorded is denoted by N.

Contrago -

60

F 3
o

Best azimuth
N
o

0

Ipsi -20

T — T T T 1

0 5 10 15 20 25 30 35
Best frequency in kHz

Fig. 4A: The distribution of best azimuth of recorded IC neurons against
their best frequency.
The regression line and correlation coefficient for distribution are shown.

p<0.01 shows significant difference. N shows number of IC neurons.

69



HRFHEREG LR %

o
ot

Contra 80W
60 - ‘.
oe [ X ]
£ % °% . N=138
E 40 1 :’: ;.'.~.u’°.‘ . r=0.106
£ o Se ° =0.217
S W
. 'Y
B 20 4 * R e _°®
@ o0 ®
0 -
°
°
'pSI '20 — T L EE— 1

0 400 800 1200 1600 2000 2400 2800 3200
Recording depth in um

Fig. 4B: The distribution of best azimuth of recorded IC neurons against
their recording depths.
The regression line and correlation coefficient for distribution are shown.

p=0.108 shows no significant correlation. N shows number of IC neurons.

3.2 BEIBWTEEN T EMETIT RN FEW

LRERT BRI/ BT EES 80 NMHE T LA T R MKW, 445
FUT R R BRIEET, B 51 MRTT (63.75%) VT REBCEERD, REL NS
N; 24 MHETT (30%) W RMVEEEEM, RAKSHUHN (Figs). TEIER
T 63 MRIAET EM AT RNAR.

70



1
M

ERMBAEE LB #

80 Facilitation
W N=24
60 B
2
X 40 -
[-%
»
£ 207
&
e 07
2
© =20 1
®
-40 1 i
60 | Inhibition

N=51

Fig. 5: The average change of spikes of IC neurons in inhibition and

facilitation by electrical stimulation of AC. N, number of IC neurons.

3.2.1 BRI EZEX T AR E TTlT B N 3 L B A R
3.2.1.1 #PHIBN

BRI T BB T WA T R B3PS, EERIA I RS A
R, B 6 B 2 N EWETTIE R 2 00T RN Z B i R. K,
A MZITCHIVT R SRR BRI 26 IR (Aa)s MEBRIBOITEEN, ZHETHTR
P ERBKHEIRADH 16 K (A b); FILHERIBITERRE, W RSB KT 3]
251K (Ac). AT B KRHERUERSHETT ALY (Ba b, c)e 51 MR
BIHIE RSN T ERE Tl RZMRLER, 5 ERHANTEMETHRLER
FEAL, BRI B EAE 51 MBI RN B ST D 44.6% (Fig.s).
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Fig. 6: The inhibitory effects of electrical stimulation of auditory cortex (AC)

on different inferior colliculus (IC) neurons. )

a and c, responses of IC neurons to acoustic stimulus alone. b, responses of these
| neurons to the same acoustic stimulus plus an electrical stimulation on the AC. The

acoustic stimulus is indicated by a short bar and the onset of the electrical

stimulation is indicated by an arrow. N: number of impulses per 20 stimuli.

3.2.12 SN

B RUSYT B2 B R PR TUUT IR R B B AL RO, = BRI A T I R TR A 48 T
Bl 7 2 2 4T A E e RTINS R R R R R iRk T, K
RFBTREN, X2 ML RNEZIARRER Sk HET A BT RK
TCRBKAFECR 21 1K (Aa); BRIV B, A2 T RN H 8 Bk v 0
Bk 38 IR (Ab); BILHRIBUSE, BB EXER 22K (Ac), EXRKEF
RIS B ERTH R BKFE . B 2T R B EERERS A HETHEL (B a, b,
oo FEFTMEN 24 MTRNZZTREHHEMH T ERE T, EX LHMERAK
AR A, BRIET BRI T R AT R Bk E0E I 59.8% (Fig.5).
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Fig. 7: The facilitatory effects of electrical stimulation of auditory cortex (AC)
on different inferior colliculus (IC) neurons.

a and c, responses of IC neurons to acoustic stimulus alone. b, responses of these
neurons to the same acoustic stimulus plus an electrical stimulation on the AC. The
acoustic stimulus is indicated by a short bar and the onset of the electrical

stimulation is indicated by an arrow. N: number of impulses per 20 stimuli.

3.2.2 ELRIBT B B S AT A4 T HT R R F B AR AN B R R

ERMNPERFHT, FHERT 63 NF EMHZTZEREITEEMHRS
PR B0 B TR R B RIBOREE, 74% UL b BOF 2 T 1 B A R Bk (R 11 BB (Best
Inter-stimulus interval, BD) £EH17E 3-5 ms Z[A] (Table 1), 75%LA L HIFHZ LRI B
PR RIRE (Electric stimulation, ES) %7 18-26 pA Z /8 (Table 2.
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Tablel: The percentage of inhibition and facilitation of IC neurons under electrical

stimulation in auditory cortex with different inter-stimulus intervals.

Inhibition Facilitation
BI (ms) N % N %
2 4 9.3% 1 5%
3 13 30.2% 8 40%
5 19 44.2% 7 35%
7 7 16.3% 4 20%
Total 43 100% 20 100%

Note: N shows the number of IC neurons. BI means the best inter-stimulus-interval.

Table2: The percentage of inhibition and facilitation of AC neurons under electrical

stimulation in auditory cortex with different electric current intensity.

Inhibition Facilitation
ES (1 A) N % N %
6 0 0 1 5%
10 1 2.3% 1 5%
14 3 7% 3 15%
18 12 21.9% 4 20%
22 19 44.2% 7 35%
26 7 16.3% 4 20%
30 1 2.3% 0 0
Total 43 100% 20 100%

Note: N shows the number of IC neurons. ES means the best electrical stimulation.

LRI RIBGR R E R, BRI REXN T EME TR AN S S
FHyFE. EHFIBAS A (Inter-stimulus interval, ISD) FYIHEX. B8 ESATE
PR TTHIYT RALRE IST R IR0 2 I BRI O R BT A B AR RIS
[E1fa]k% BI KI5 4F. B 9 & 5 AT EM&TiT RIEE IST R G 1R T 2A 51
PR AL DL B B BRI B (8] (2] BE BT #9577
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Fig. 8: The inhibitory effect of electrical stimulation with different
inter-stimulus interval (ISI) in AC on the responses of 1C neurons.
Various degrees of the inhibitory effect of electrical stimulation of AC on the

responses of 5 IC neurons under different ISL.
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Fig. 9: The facilitatory effect of electrical stimulation with different

inter-stimulus interval (ISI) in AC on the responses of IC neurons.

Various degrees of the inhibitory effect of electrical stimulation of AC on the
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responses of 5 IC neurons under different ISL.

2475 TR R e W ) e ) (R TS B B R R RS R, BT L (I TRTRR
E—ERRELEAN, GRIBOFEEN T EWZTrEHMN SIS TR BRIBeR
& (Electrical stimulation, ES) #83%. B 10 £ 4 N T EMZ MY RN ES BER
ZHER T T SR PEE R BER R BN RER KR RRE ES Bom. B 11
B AANTEMZ T RNERBERBRERAERTH 2R S ILERAHER
RENRBAER BB RRE ES MM .

Inhibition-Electrical stimulation

g 40 1 o —e— ES22
= ...0--- ES22
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c 301 o
0 .
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Electrical stimulation (uA)
Fig. 10: The inhibitory effect of electrical stimulation with different ES
intensity in AC on the responses of IC neurons.

Various degrees of the inhibitory effect of electrical stimulation of AC on the

responses of 4 IC neurons under different ES.
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Fig. 11: The facilitatory effect of electrical stimulation with different ES
intensity in AC on the responses of IC neurons.
Various degrees of the facilitatory effect of electrical stimulation of AC on

the responses of 4 IC neurons under different ES.

3.3 BRI BN T WA AL U e

ERICEET 86 MRV K EMHLTABIN T EHAETTH 8IS R X &
W& TR SR N BRI H A7 5.8 kHz 3 17.1 kHz (15.8+7.0 kHz), -2.5 dB SPL %
85.25 dB SPL (40+22.1 dB SPL)KIVEFE A, R ¥R T T 5.8 ms 2 21.2 ms (11.6
+2.5 ms)BEN. REHETIHE FEERMENRIMAY, NEFTIFRERE
0, HETRR RS — R f I, |
33.1 TEMETTABUEERLKRE

LRAMFTAFTREEERHEE, T EMWSITW RN RO GURE ek r
FMG LR, TRAEHMERNER. —HRANBETLABRERE, &
h 1 EHETT, FERT 45 MET (523%); B—EABREF L ABERER
&5, HAINRHET, ZRMBTIF 41 N (47.7%). EREHTUNAREED
B 1 X TEMETH, TEERT 19 ML TMAETEE AR K. Kb, K2
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BRBE, AETEE AR BRMRN Ia BWHETT, 3L 114 AETEE AR BRENRK
H b EWETT, Heh. EREFNATRERBHNLXTEMNS TP, EBIEIR
T3 AMMETKAETE AR 2. Kb, EERRIBE, AEGE AR ZEN
WA Ma KMZIT, 3£ 15 4 AETEE AR BEMRA b BWHETT, 3 16
(Table3).

Table 3: A comparison of BF, recording depth, latency, MT, AR, and BAZ of four

groups of corticofugally modulated IC neurons

BF - Depth Latency MT AR BAZ

Groups . .

(kHz) (rm) (ms) (dB SPL) ) )
Ia MeantSD 142484 708.4+408.3 122419 36.5+21.9 119+32() 359+ 142
N=11 Range 4-29 130-1637 9.6-16.8 -1.6-78.8 6.25-16.4 -4-51
v Mean+SD 14.818.0 816413392 11.3+2.0 39.7+18.2 16.11+4.0 (b) 35.1%59
N=8 Range 7-28 430-1506 8-14.2 18.8-68.25 10-20.3 28-45
Iia Mean+SD - 164+64 784.31+395.0 11.8%33 41.6%23.8 11.7£2.8(¢) 365+135
N=15 Range 4.16-27 215-1506 5.8-21.2 -2.5-894 5.6-16 10-59
b Mean+SD 17.1+5.8 826.61284.8 11.1£23 43.8+234 159+42(@ 32.1x116
N=16 Range 9-30 176-1390 - 8152 17.3-85.25 7-233 16-58
p (one-way ANOVA) >0.1 >0.1 >0.1 >0.1 < 0.005* >0.1

Group I, cortical electrical stimulation shifts the best azimuth (BAZ) of IC neurons;
Groupll, cortica_l electrical stimulation does not shift the best azimuth (BAZ) of IC
neurons; a, increasing azimuth range of corticofugally modulated IC neurons; b,
decreasing azimuth range of corticofugally modulated IC neurons. N, number of

neurons.
* Repeated measures one-way ANOVA shows significant difference. Comparison post

test shows significant difference between (a) and (d) (p<0.05); (c) and (d) (p<0.01).
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332 TEMSTHABUBRHERMRE

XF Ia EHETT (1150, 22%), BREBRRESIERBEEFCABEREES,
T B REEER. B 12A B2 T — Ia XHE5T, HRETA A EENN
22°, WrEH A BUBRMEE DS 1. REFERIBHR BRI Z 30 44, BRlE
EF EWETH T AU L DS 2, WA ZMBTRBES LA 17°.
LB AR B 40 25h, W EHEThMBEEME DS 3, HBEHMAK
WA 22° . EL SR RISOR B R RS AT AL BUR M R T AR 1, R
B AR2 HE KT AR 1, BIJ5Arusidt th4kAs 38,

HALTTR R R, EREBREE, ZHETTHN ERBET AR (Pre
BAZ) KB EIRD T 60%, THKIBERALARE (Post BAZ) HI sk 4
HEMT 17%. ARBUSHA BB HRRER BT A SRt tE, BrEHe
FTERREHLAE (Pre BAZ) BB BRE (B 12B). TEFNRH 11
N BAZ RAERLHBIFHAETE AR MR TEMHETH, B4 LHER Lk
AR R R H

>

w
(=]

Pre BAZ ic
~—&— DS 1: Before ES
4 --O DS 2: 0 min after ES
—¥— DS 3: 40 min after ES

N
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N
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=

Post-DS minus Pre-DS

41
3 e -
2 N

14 1 | /' _Pre BAZ

e

Change of impulses / 20 stimuli
&

>
1

tpsi 0 10 20 30 40
Azimuth (degree) Contra
Fig. 12: DS curve features of corticofugally modulated IC neurons in Group | a.

A shows the change of DS. B shows subtracting the pre-DS curve from the

post-DS curve.

T 1b RKWZT (8/50, 16%), KEBRBIIELEESNARRERES,
FRBEEHEAFEEAEE. B 13A BRT 4 b X2, KBEFAR
X 47", WREHITEBUBIE HILE DS 1o SRS AR ALBE LRI BUZ 30 244,
BNEZT B2 TH S BUSM 4k DS 2, IR Z0 2T H B4 77 A f B o xt il
52°. ELERFBRIBYT B BRI E WA T A BURME R A T E AR fH, RILAR 2
HENF AR 1, BIF A SUSMEMETAE.

B TUI R R SOT I, 7E K B RIS, R ETON R R B AE AL A (Pre
BAZ) BIBBRK SR T 38%, FIRIBUE 75 AL BURYE th 2k 25 R it 7 LUkt
Bk, BN S TOTE R A 7 A f B (Pre BAZ) SETSCB Ak vP $s b 8 % (B 13 B).
FEFTMEN 8 N BAZ REZLEBHHABEE AR RN TEWETH, AL
#HER ERELCIHTES
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Fig. 13: DS curve features of corticofugally modulated IC neurons in Group I b.

A shows the change of DS. B shows subtracting the pre-DS curve from the

post-DS curve.
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5 F a EMEATT (15/50, 30%), BEBRBEIEREETNABERRERS,
FREEERRAEGEEE. B 4A BRT A MakWET, KBEFAR
FEXHA 38°, FWEH N AIBUBRIEILE DS 1. AR5 75 R B FEBE s RIBVT 522 30 2h4F,
BRE ST B TR A BUS P B128 DS 2, MR %402 T I B AE 7 AL A B0 A 3o
W 38°, WEREHEY. WEKERNHTEENEWETH LSBT MENARTER
AR, KL AR2 HIEKT AR 1, BIJ5ArEuUsdt ek,

HHE TEIR B BKPPET I, 76 K2 B S RIBUR | %A SO R SR B T 6L B (Pre
BAZ) BBk SR> T 25.9%, FIRIGHUE 77 CLEURE dh 2 2= RIMRT 7 LU=k
ik, BRUMETERBES AR (Pre BAZ) LBUBHWEROEE (B
14B). FEFWEN 154 BAZ RRERB I HAFEE AR AN T EMETT,
Bk EHER FRBP TS

A

— BAZ ¢
S 28 '
= 26 {—®—— DS 1:BeforeES

(7)) =<0 — DS 2: 0 min after ES
o 24 1

N

_5224
§201
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Q
16 1
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o 141 BFac=56kH \
2 BFIC-AC=1.4|:HZ C/ \
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n -
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z 8 L L] T L ¥ L]
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B
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20 2‘5 3'0 3'5 4'0 4'5 E;O 5'5
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Fig. 14: Change of DS curve of corticofugally modulated IC neurons in Group Il a.
A shows the change of DS. B shows subtracting the pre-DS curve from the
post-DS curve.

$HF b KM T (16/50, 32%), FERRBFIEREBEF AR ERES,
FEBR g A EUEEE. B 15A BRT b EMET, HEEFIHE
FEXTN 45°, W52 Fo 5 PrgUBE f2k DS 1. #RJ5 7RIS BE s RIVT L2 30 4344,
BEZT B2 T AU ek DS 2, W iZMETHEBET AKX
W 45°, BEREEG. B BRRBUT BT W27 S BURME i &R A R E
ARE, R AR2 FHE/NF AR 1, BIF (IR &% . HHWEMN 16 1 BAZ
REZEEBFAAEEE AR R TEWETH, EX5 EHER BRI
e,

BIZME T RS, EEEHERRE, ZHES TN ERRET AR
(Pre BAZ) BIiCBikrhSgmm, HABUREMKEMSik, RRBJE T st
MR R BET S AR R, ERHMETERRESMAKE (Pre BAZ) &
BB kP m (& 15B).
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Fig. 15: Change of DS curve of corticofugally modulated IC neurons in Group I b.

A shows the change of DS. B shows subtracting the pre-DS curve from the
post-DS curve.
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4 it
4.1 BR/DRF T EMAE TR H [EUEHE

FEABAEREZTEFNT BRDRITER N T EME TR RERE KRG LH
BRI, RATHTEMZSTAEHEFaBEE, KEEHLTHKES
16 B A 5 AL AL T3 B 20 FE-50 BETRR P o XM £ 0 1 75 S i i 88 S LAl A3 )
B AU MR 9T 45 SR A28 Bl(Makous and O'Neill 1986; Jen, Sun et al. 1987; Sun and
Jen 1987; Grothe, Covey et al. 1996). % T EMZTT{UA K B4 € H AL FERIER
Mg, BARE B ERN A E Huffman and Henson 1990; Herbert, Aschoff et al.
1991; Grothe, Covey et al. 1996; Saldana, Feliciano et al. 1996; Winer, Larue et al.
1998) X T (A S —FE 1R, Wik R0 R M FE & 238 B B f9 i 7] 2 (Interaural time
difference, ITD) F138F 2% (Interaural intensity difference, ID) 38 H A IRALE K
HXRGER, PR ERAN—RIIMIRERBRA—FHE—HEm NEFR
M2 18] o B B3N X 3K H ¥ (Druga, Syka et al. 1997; Jen and Zhou 2003). H KU
B RERANT ARBERREENKE. TE. LERBEEE, BRGEUEAD
SRR AR RAT A EHAT TR, RBH AR T IS TR Bp O 8
G347~ W7 22 [8) (R 3R 3k o W 2 1R) 52 L B MR 28 L S (Masterton and Imig 1984; Jen, Sun et

'al. 1987; Pollak and Casseday 1989; Huffman and Henson 1990; Poon, Sun et al. 1990;
Herbert, Aschoff et al. 1991; Grothe, Covey et al. 1996; He 1997; Gao and Suga 2000;

Jen, Sun et al. 2001; Jen and Zhou 2003; Lu and Jen 2003). Jen F1 Sun %% Xt K K18 iR
Y8 Eptesicus fuscuc T EMZ TV R P LM S AHITHA, KAXLTEMHZTH
W R R L3R 2B 1K SE 7 [ 10-50 B, EEE A E 5 BEATF 25 BERRRTEE
P (Jen, Sun et al. 1987).

RIOMERERI, MHIRFENHM, HRTORETRE T NN
#t, BRTF RSP RZFHAMIFIE (tonotopic organization). LAk, LAHRHES T,
HETHNBREAESREFUAZEE—EMXME, HEEREARLAEN, #E
TLKFTr ) LRI BT AL ER—ERRE R MES . Grothe FHIA KM, FRIH
B 2 Je 5 P X 5 L U RS [ FR R I W (Jen, Sun et al. 1987; Grothe, Covey et
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al. 1996). ZHHBNNMERNFARRRULFRONERSH K. Wi, Rt
PEZENTEMET, HRERNABEREEYTR. MBEARBRKHMET, &
£ R B 5 BE 236 51U (Jen, Sun et al. 1987; Poon, Sun et al. 1990). X3, FEAL
FHETERFABEAEUN T ZEE, NERARRSFENESFERRKR
RRIE.
4.2 Wi B B-T BB RBF AT 3 T AT AR REFAE

- TERWERATRBNERTSY, EEZRATRUTEERRZ. L
WMEEE. SMUERSLFRAERRLEHNRS. TTKERTERERFRTIE,
BRI TAT ST RS T A0 QU BRIR % 07 BE 45 B #9 S 2 (Herbert, Aschoff et al.
1991; Feliciano and Potashner 1995; Saldana, Feliciano et al. 1996; Druga, Syka et al.
1997; Torterolo, Zurita et al. 1998; Winer, Larue et al. 1998), MUz BHABRHEE
EXEE. Bit, WEE-TERSEZTHE TTREHANRENEE. KEZ
-FTEEBREWRARATERN TTERZ —, BT ENEEREEH 25 E K
TEXE, HkWEE-TERSREEFHN, REYHEKMPFME (Topography).
FETRGHEM, HEE-TERS2—FRiMEH (Topographic projection), 7F
BB EREENREX AT ENEX S8 FRERAEMHREMRENMET.
YREHARA, BHDARPETEERNFEEXESE, &R EREFH
STERHR, BRERK etal 2002). RIVMERBRYA, BHECREENHEM, HE
THEEARUT R mESE, EXTEFRETAAMRFE (tonotopic
organization). 55 ELARE TE R R A 5 R T B A 2 I e A SURUABSEHE , BIRA
EREMERIEN, WETKFT R LHRET LA ZR—EREAEINES.
4.3 W BB P T EWE T BEURtE REER

Mitani % (1983) ZEHAAMARRETERIR, BRETEETUET L3

I ADFIEN ST AL (EPSP's 71 IPSP's) LUK IRA ) EPSP-IPSP R,
Skya BRI 41E#H ((Syka, Druga et al. 1988)7E K RAIBH SR KRB, BRIBITEEAE
BRIMLELEN T EMNZ TR REEMHRE HL. T Jen RESESE Sun,
Chen et al. 1996; Jen, Chen et al. 1998; Zhou and Jen 2000; Jen, Sun et al. 2001; Jen,
Zhou et al. 2002)7E 4 4E LB FNIRA, sRIBT K EMLTTH T EAPE T R
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RIEMEHRMEINER . XFEHEERRERUAN T EHSTHRR AL %

(Frequency tuning curve) FI3RFEEEH ML (Rate-intensity function) LA/ MIT2S
R N8 (Spatial response area) %55, MTIIRRIZME T EEBEE. WEEA
BRREZ— BN RESVL BT EYEE XOEE SN, BLEEH TTH
B EHIR R LR T AL TR S BUBAE(Sun, Chen et al. 1996; Jen, Chen et al. 1998;
Zhou and Jen 2000; Jen, Sun et al. 2001; Jen, Zhou et al. 2001; Jen, Zhou et al. 2002). &
HFATRZEEHIRE R T AT 5 BUR M RGBS 2R .
B AHLE T LA R R A R A E I P TR AL S R
mESHEES.

BRI RRIR, STFWEERRBE, 3T EWST 8B H&H M

MBENHER, RAARETUMABRESRY (1 £XHET), MBREFLARETE

(IERWETL). EREFUAREEBN | KTEHSTY, REAZLE AR K
A, SR BB HRAETE AR ERAAKGCH AR %, AEERES
MARREEBONATERZTH, FSBEHRNBUEIHAETE AR
REMBREFFER . XIRRT B2 X T 008 BRI A S RH 5
FRE, XTREEMTEMHETNERFRHMACEERERE, EXEHAR
F, SFHRVRERNBBFRRERE, ST XLEE R THETNERH,
EXELRERFORETFE: Gl RESAIEERRNELRE KRS R—
#HItE#I (Amato, La Grutta et al. 1962; Massopust and Ordy 1962; Watanabe, Yanagisawa
et al. 1966; Sun, Chen et al. 1996), 5 —#B4H1F& A K B B RN SE 250 & K #85>
RNA R 51 ) (Andersen, Junge et al. 1972; Orman and Humphrey 1981; Villa,
Rouiller et al. 1991); ¥EF HIRF 5T B B Bz SRR D4 25 T4 B A M (Ryugo and
Weinberger 1976; Syka and Popelar 1984; Jen, Chen et al. 1998). Suga i\, MR %
E8 XA RN B SRR AR R BRI 2 TR R B T2 R SRR
KF, IXFFJE AT HEBAR B (Suga, Gao et al. 2000). WEIZERITIT B B3 T EATH &
FRER, NEEBERRAARAE LA RE —HERANEIAN, 257
THREN EERTHRA T ESAE, FEMERTRAREE, S50E%E
BEMSE, WMEA. BE. ZRCESHHN.
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EHHEROERREET, XTSRRI R BT AT
BB SR, SRR, BN R T MR T S s,
e RO B RN A TR B LA ST 2R 5 A VR . YR
AHHFHERY: —HRANBENLRAER RS, R—HRIDBES AR
A3 BRI R AR B i A S AR BRI, TR
HHHHAY AR FEMIAR R KA.
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BNE CEER
LR — WM SR

1. BIEIH#R

BB BX S E (Prefrontal Cortex, fRj#X PFC) &K B IAEH R0
fir, EEBHEZLF/ANBENIHFE: CTREFHEEOENY: AAEEEREN
FHENE: BT UGN EERS: B EOENERAERKR. 319
MMEFRREFEL, THRHEKEEETRUANERA—RBR. RKE (BEA
X)) RERRENIHEMBREKE (EAE, WHHEKEEESBMAREETR
#129%). AEWEHMBAKEHA Brodmann ) 9~14 X & 45~47 KA. 11~14 K
B 47 KB FRARHAHER]; 9. 10, 45. 46 X L FR A BT 5 5MUI#8(Vogt and Miller
w%ﬂwmm&mﬁmbaﬂi%%@mMM&mmma&NMLAW%WE%
LEESMER. BE. R, BINALMNITR. ERSEHRRHEHT K EKT)
BEH K. ZEPAL A THREIR A F0VF 2 HE MBI A X (Jentsch, Taylor et al. 1999). IEER
BLRTHIH B = E M THAE R THEIEAZ (working memory), H13LR BH (5 B it
fT#ELR (on line) 4b 7 9L #2(Friedman, Temporini et al. 1999). ATARM ZEABNER S
HERRTIRAE . B4, BERE, TAHIR. 448, THEEZEMBAMTAEF
BEEER. IHMEEIREESHSHMERTX, . BHoRE. EER
P2 3RS %F (Dolan, Fletcher et al. 1995; Cohen, Perlstein et al. 1997; Courtney,
Ungerleider et al. 1997; Durstewitz, Kelc et al. 1999).

2. AUEREREAL

HIF R AR BRGNS, EMENDNREANNTRMZEMTRRE
Fr. RIHMERREERKSE, HHRAK, THERR. NHBHELRMER
HRAERE, ATHMEREN AT RERGN— MR AR It
HARANMEREF BRI, PFCESH EHTLRBLER. A BTF. .
ﬁﬁ&ﬁﬁﬁ,Emﬁﬁ%%§&+ﬁﬁﬁ®MﬁBmmmdaaIW&&mmm
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and Golden 1985; Cavada and Reinoso-Suarez 1985). {B3} FH5 5K YR E LM
MEE—EHFN. HITMHARESG &RV FENTH NTIRERURE, KA
“RANERRTER” (medial Prefrontal Cortex)o
3. BB R BRER R

WS RZRXBIFEZ —REARZREXAERSIIMFHANAREBH
TR (requirement) . AIERMZEMEHI% LHRE TEANF K. BFEBFIHEMEARN
HRFAMER S HIREENTEX: BTX. PRE. SMIX, PREWX (RED .
IR R R, REREEFEESFANBRERSR, KARKATEHNRA,
Wi, R UERENTMELBFHLIWETERR. ZETX
SHEMAHNBERTLRE—, THLRERN. XAELHEN LEP TR
R, AT, WEASENFHFEE—F, AEUHMRROKRRZRRERN; &
B ERERXZEHZNAEKR, XN RBARE T IR eBRe
BEROGRX—Th. MBS EREBNRIRETIET RS, ABZHR
RMEEEER, BRNEIEMEBSFE-MNEKKRATIREERTH.
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Prefrootal corex
H
: cortex
Mid-dorsal H
aea ¥
Virual
| Dorsat
Motor D“M_ o Venteal
- ares 46
Somatosersory
candal parictal lobe
Ventrolateral
arcas 12, 45 : Asditory
d Superiar texsporal

5|EMiller EK. et al., 2001

3.1 BEEA

S REARLL, SMURIPREWERTR T 5B R AR REFY] (LD,
CEZREHM . B TR, AR, iR B HHEA (Barbas and
Pandya 1989; Seltzer and Pandya 1989; Barbas 1995; Romanski, Tian et al.
1999) , WE BTHIM KIEEZ E D FHF RIS R EA (Chavis and Pandya 1976;
Sillito, Jones et al. 1994). Hif, HSMUBH (Vogt, Sikes et al.) (areas 8,
9, and 46) FIRESMU (12 and 45) BTHRE AL Z UG WT SRR BRI B .
MH, WHHEMNEREKSMARKER . T2 KR Z%IH LR REIEEN,
LRI 2 TT AT B2 A = AR XM (Bruce, Desimone et al. 1981). ZFE
[FIX (areas 8 and 45) f12K a] fExf BHEER BEHF R . MIITREEZ =FRx 4
SHERRS. IAREHEL WHEHHRERSE _BERRERAEBEXE
BR, MARMEBEX.



ERMIWRFEE LRI HENE

3.2 B

BRREM L HEE MUK, RESEHHBRAGHHEKER, XEEHE
BB SATAT AR O. BIMU46X S (a) TRATR (WMENEFHX . EESFT
XA RS MEzX, (b) SSMUBEMHAESK, () 5/MEMT
F (Lu, Preston et al. 1994; Baker, Rogers et al. 1996; Schmahmann and Pandya
1997; Romanski, Tian et al. 1999) HERXR. BIMUGKERSK R ks, 8
XAFRTX, ZXMTFRELRINEEHERTAEFEE. R IILESH
BRZARFEENTERY, BREEHHREE ZHHKR, B 50L
BHER. ARZABAERS . CHEENR, B NERMEST 2 MA3E
HIAEBR, REMEVEHX T BaT AR EEM (Alexander, DeLong et al.
1986) . ZRM A TR EI KB KWL EMEALE, BETENEHA% CRT R
B AT B R -
3.3 WHM 5UKRANBKR

HE 5] B2 R AT AR 5 R W S S HBR R E ), ZEHN T REZIZMA
ERSHEBLBEEXER, MBARMHIE. CEEEEMRRY CELHRE
MER) 585, REEE. HLEEKREMTHKAER (Anaral and Price 1984;
Barbas and Pandya 1989; Barbas and De Olmos 1990; Romanski, Tian et al.
1999) ( (Porrino, Crane et al. 1981). HAtEIZM 4t 5XEXFH KA EME
 ERE R ST S B A R IR 444
3.4 FIBM BNFERR

REHHHH X B2 MREHELBERN. MUE=METEMNTX (ventromedial,
lateral, and mid-dorsal) Z[], WEEX=MEXHHRXIEZ A, HAFHEK
% (DN and CL. 1987; Barbas and Pandya 1991) . SMURTHIH T EBRREN RIE.
ESMU1 2K F45 K 5 ESMIl46 X I8 . BRI . REAM1IKMIBKZ FAHE
HAERRR . BB RS ERR LR BERS R E HAE B E R/
RIEM L ERS . B, MR T MR ZEMASE RKHA, mXE
fo R AERT LATEE AR R B R B ER B AR ELAE A
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4. B EORF R
4.1 BIBHRICRERARTTSEE

Bin-2 AT ARRICRASME BIEES, WM AAXMICRES, BRT -
ITEHBFAREMEHRRR O —ARE. WHEHRRRICRTS ZENIBNEBES
HER. BHRRKHLEELERRA T XM A, Asaad® (1998) WHERTH
BKEWTH, EFRNRENER, BRI FRERERAARE. BORAT
i . R R— MR R SRR B MAMURT I BT, R, #HETHERA
EHRBRTUXEREZNES SR AERAMNKR. fll, MAELEAERRA, TR
RBIgS HZARE, HEHARLS A M, — NS BRI NRE (B
38) . SMURTHIM A TR B LRENR N 2 [IBEAHIFEE (Porrino, Crane et al.
1981).

HERARP IR BT AR R R ARERET A EHXHIFE. 5
1, Bichot%¥ (1996) ME THEME (L FSHEEMS L) HMET—EMEIX
RBHBERNFERRALERE—RENYFE LR, B THREFLELB
MAAXE, REANFIBAEREFMEEET . Vatanabe (1990, 1992) HHMUME
0, BENGRTFESRRN RS RIRE REFEMAEATEER, £ 5F7TLH.
f RBSMURT B (SEEMFREERAE HETAE RIS ENZMBEE-
&R, plm, —MEENHETNF-HTEEZR (REUELER) RBETRERN
BoiE, ENHERFEEMNR. KAWL TRIESN, THEMEMNTELR
BoE, T RWTHE—FRROZRREFRIES.

FABRMTAMBTRERRNSRBNFRES, MEKBTHBRER
ZESEHMERNERFEEAL. M RESHUFEAERTEAMS B . Baronefl
Joseph (1989) M 22 3 5 JE I MHE M # 2 TSR RIEME RN, BNURNEE
FEXR TRV ORI AR IR EIFF 5 L RS . WhiteFIWise (1999) VIERMRTIRIE
ARERUEMMELEF, —MRREAEN M PH—MIE L, RRERTE
FERAHAKME. BFEREFMUNOKPZ—REMET: FRML (ERSH
RARFHREHNMMLE B REBRESERN (FHABETEMLMERE, Fln, LKA
BARA, ERBIETAE, %)  TRIABE—FHSMIFTHHHESTEHE
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ARAERUTIE . Asaad® (2000) RET H—MBIE: WHEETEERMERF—
KRMRN, EHE=ZMFRMUNESFH—: BXE FIREEEEENER) ,
BRATE (FHMMRERAEE) , MEEEN (ZREERRN) . #id—FK
SMUETEIM MR TR M KBS . N TEERRUMFIRNRENHERNE
FRIELFIES MU HoshidF (1998) CLMEHFIRM HETHET
RE EEM AR AL B MMAT RS TR, Wallis® (20000 LREZ
R SMUFHE AT AT R L TU AR TR 75 IE 2 A Bx BN AT X R SR R E AR
H R

BFAARHREM RS LR NRA, HTX TEIRUREXEER. fi,
Petrides R IBEERIBIM R, MAAFRER EINERAMFH [ R ERIE
& T, BAMURTHH 2K &S KRR SHBRBHRE TEBKR-RNF KRS
(Petrides 1982; Halsband and Passingham 1985; Murray, Bussey et al. 2000).
P36 R S I B9 2% AL IR A th R DI TR B SR ) BT B9 f AT 4R (Gaffan and
Harrison 1988; Eacott and Gaffan 1992; Parker and Gaffan 1998) . Passingham
Wh: BRIESTHN, EXEHHTHHEHRRMMELNESKERETFHLH
BE (BREMM) AREHNIT.

RELERRY, WA HLESHRRTHAN, SREWITRHES & QMHLE
£, MAMULEARANRIREE A R ERBIE. Miller¥Eildy, FIHHHFHIME
ENBMELEHRER, AEFRARITEMES MRS HRIGESIRESF K
ETwA. XEESHNTFES-HRBEEEN GER , £2 (B8 , szt
ORISR K B g5 SUF R R IR B R A28 B LRSS (RAURIERE) .
4.2 oAt X X RUERA A9 R 9k

A DR R ERER AR RRES, TR RURERRE SHHESH
— R 85 B K% $ ¥ KM B (Pandya & Barnes 1987, Pandya & Yeterian
1990) . £EBEHFABLTET ERX MR AH—EHER.

Fuster®% (1985) FChafeefiGoldman—Rakic (2000) BL& K KIESMURTHH
TR TR BT CT B RS TR ) #2 TR AT A AERE R A5 S« Tomi ta¥ (1999)
HERW THHM TATESERRTHE (IT) REMEEIZFNER. &RBiF



HRMWREE LRI FNHE

B SR T R AR B SR EWEAEN S — Wik, TERBmXR, 1586
HFHEFRMKEERTEEEET . AAHLNAERR, ) THRERERBNE
)7 MPMBFHOUERE EZATHLHEARER « BMERPSHHAKER
MAETLF. HToni taSH ARG “BHH” WAL RIFT BEMPLTHIESN,
RABREE —MKEBERY, KRBT EEZODE. X—RAKRA, UERB
23T —AEE: FRMURTEER (Bk% “F2” WERBH—0) k5
HHENSHHMERANTE, REEE “RB” KRTERER. B TERH¥ER
BRI FIR 5 R, B FRABNESPITREFR, XAMERHIERLT
XA AR T EAERERNIME REIERE K B TMiller Desimone®
(1994, 1996) % FRIZM FIFH T Bl B A TR IZH & BB R. EEMRB
H, BT EEBEIRENE: RE, H4MRRIEERER: mE-NMRRES
BAMBAALERN, BTEIRE—MIFRR. A, FALEROTRIBLER
B, Fitn, AR “A” RFERHEB-B--CAc BF LN BIFAHLA AR
BAR R A B EE), T EELRFUARERERRBOEHRRNARE, A2
SHEM BRI RI. EWETF—HPREM, EHRAMETTN LR
SRR RS LR A REE. THAM ERARXMER. AT, XH
b B BB TR A S UL R A R B R R R B o T SRR B SRR X X A R
MBS RER, X—FLRA FHAH LT LR RSN R MM RRF R B
B R BARRAER. XSERRANERE—B, EEFRUEST,. B
i RS S R U BEE AT A3 B2 2 (Anderson et al 1999) . RIBT, XL
B, BRRENE AR TR MR T LRGN R R EER.
4.3 FIHRHMEIESRERRRRF

AR AR ES MR REZ AN, &8 H XA iEs 7 M R85
SXFFEFFTRAMEM, TELHR BRI FRAEEGTFREM. X
x4 TR TR BN L IR RN R AT M EEREZ —.

B2 55 E I kFuster (1971) FKubota KNiki (1971) i#, M/EHE
SHEAENTATEPHERE., XEFRTAEHRATHRHHETEREETNRER
EIURE R T RE AT B R RE R Z () ) (R RR TP R AR RO HE B . KPR R NAEIR Y B
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PR TTIE SR TRAR B A B RFF AN, WRIB E ALFN#IA (Funahashi,
Bruce et al. 1989; di Pellegrino and Wise 1991) Fu(Fuster and Alexander 1971;
Rainer, Asaad et al. 1998; Romo, Brody et al. 1999), BR¥ZIk#7E3) (Quintana
and Fuster 1992; Asaad, Rainer et al. 1998), #¥AFFAU2 ¥ (Watanabe,
Yanagisawa et al. 1966; Tremblay, Hollerman et al. 1998; Godde, Leonhardt
et al. 2002), FNIERHIRHIKF R INFE— € U BRI )62 E (Barone and Joseph
1989) ERFERIBCRIE AN KR BLLZ R4S BRETBXR (Asaad, Rainer et al. 1998).
DR EML BB EMAEAN LELF=E THEIE S R (Cohen, Perlstein et al.
1997) (Courtney, Uﬁgerleider et al. 1997; Prabhakaran, Narayanan et al.
2000) .

HMmX 2 THLTTIHFEES N —FERERER. fl, EFSRERK, &
BRMEREFER T HETRE/LEZHM 2L H7ES) (Fuster and Jervey 1981)
(Gnadt and Andersen 1988; Miyashita and Chang 1988; Miller, Li et al. 1993),
B M TR IFESNE ) SR EMHSTENARMRHFR TR . BB T
WIRETH T Z T RAER PRI HESRIBMAIILA, R R EHERIBE
IR TAL TR, RUAIM A8 5 RS TR R BT R B 423530 Miller, Erickson et
al. 1996) . MR, PLHM AL (T B RFTART 5 X B ) METTRREEETE
ShBE ST IAT4THT (Miller, Li et al. 1993; Constantinidis and Steinmetz 1996:
Miller, Erickson et al. 1996). Hit, JEEAMETLFEN BIEAANGERR
N, ANEEBRMEXME, ML EEENRFESHEXER.

4.4 BUBIMH P REE R AR E

RER, AT HEHRTMOLES, BHRENNNERSRERNES
HRHLIES AN DA RS . WA, EMRNFERN, MNEES RENREL
ABERRBRTAKBREMEY . VY ELAFRIEMNREENER LRENS
BABRAT ARG RERZ R Z B RBCENE? TR KR FEIE B 88 7 A0 T
ZERBRANEN, THEESLEHEMESIN— R,

B A E R IFAR R MR RBR S E T MER, RBIEERR LS BN
B R BB R BY AT A5 BEX AR (Fuster, Bauer et al. 1985). i, E
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TR E fAsaad SIS, MARFBFATH, BT BELERY AR REN
FAHBAEK. BRER, BTXMMETREENHT NFLEURRER
IR AR K SR E R B . Beoh, BERESIMMAT, IRIEHEH
HXE LSRN E MR, Fik, RERRIWSEHENELRAE
B, RTIREREIWEEHNGEBDETI PR ARRE, RZAKS. BT
S ERAE ST E R S S SR EATE S, AU A B O B A X L )
RERXEMMRRER . SO0 T RIS S B R B4 28 SR AE R R A
FHTEAROBIRRLAN. KHIIEET R E FRAVIAR £ ERARS LB,

% B AR LRI AR AT B R, TORATH iR 3,
RERIEFNG . BREBORR, WRWBERH LR COR) . 2T,
% ELRE B TE B UL A R B A LS , 70 TR0 S T 85 b B (X
). WRETUNRR B I, B EES IR %] % A 2 7L 13E
sl [0R], IEE TN LR RN R, XS ERIIEE B
BRER. EiL, FREEREHETUTAEE “TER” REMRE 5%H
MM R RO AR (STR] . B2 MERER T 08 A BXA LS. Bl
BIRTHIM A TR BT RO B, 2B TE 0 SR B B A R
BIEE. FEAIBRETIFR LA BIEAAITIE Miller and Cohen 2001).

RSN A LB T B (OB A R BURRAG MR ATEY R R
02 ST B AT 5 o IR AL . Assad B ST T R 2 L5 T 4352 57
OB ERALRT, BTFEIENEERAREREARSER. BY, BTH
PEBENRN, B4 LKEEEYE, BTFEATERNARRE. BT
HATRHBEAZSE, RFREEEIRMIRE T KR 5155 L5 4 E I )
BCHAER, B, BN R M- MEN E BN BE 2 T TS o
ERREHRMTRURLHZRA HI, HEHETXAEZHI, H2JLER
SR ST R I 1. XA I TR R T i R % B R
N5/ Miller and Cohen 2001)\.
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5. /NG

REE AMIX KB E R AT RERR T, ATAIMR A EARBIRIER. 1T H ¥R
BERRIMBNEERBUNRETR. EEFAKEN, HBEFAREREBE
WERM ERRUEZEFHERBRARE T, BRALWFER PFC KR EZ %)
RERIERITARETARMEL BETE.
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G SRR SRR R SRR

W R AR LT TT (BERARS) @, HEZWEGES, @il
SV ESEANKM. TEEEWEE (Auditory cortex, AC) Z BT, Wrkil#&idiT
BRI B8 % R RSO S o B £ SMILEE R A% R B K (6] o £ P )RR A 43
LT RRAREASRRK TR E RS X ARG SHATICRMER, X
HRMBSRET KB T B AT BEARR LR, AR T L4707 5008 %
RIBEA, X7 3EAE BT AL ER A B BLR AT R AR 2 35K (Suga, 1994a, Suga,
1998, Covey and Casseday, 1999). #Rifl, IERAMARYE, 'ENBEERRSGLES
5T RERE—HERANRHAN, & 583 EERAT 8 E R T s
5 b B B FEH B T A% B i (Suga et al., 2000).

B R

The brain and the auditory cortex of the moustached bat

« T

— —-.—5 ~ S ™
// L 24 ‘T"--.‘)‘H.,

3% B Suga N. etal., 2003

Wi KRR B ATTR R A NERE. FTEMER FREER. EER
ik T 2 B S O 1) RO P O Rtk o E P PR A% o, B2 B o i 4 S IR 1 5 5 2 F
o RMUBS EEXHUBRSAEE 2. FERAARIFMK4HF A (Saldana et al., 1996). B
e, T AP QBR[0T 1 B 0038 15 9 2B B 38 (M and Suga, 2001).



PRITIA LM LRI snE

oo A% T 0 B8 B R B 2 S 42 ) (Feliciano et al., 1995), B2 &4 R E AT LAE
it EBIM R & BB B SR 2 T s Z B i%(Xiao and Suga, 2002a). F EF REHE
FTARBS A RER LR, T ERS RANBRERERETT, TR UEBE R
BHea kLB MERABAM. BERE, BIRERHETNERS W ER,
REETANYMHAE—ENER. BRRERS AT B/ MW EREAHE, W
BFREREMN RS R T AW 3% K %3 B& (Kelly and Wong, 1981, Huffman
and Henson, 1990, Ojima, 1994, Saldana et al., 1996)

LtAE 50 4E4R, SF ERA T AR TT I B SRR BIBT SR ARAE BRI B ) Lt
7. EXEHHAS, AFNEVTEEROBERRERE, SIETXERRTHE
TONETIPH. BXELRERFOMEFE: FUFHETANEERNNTE
o8 K 24 5] ) (Watanabe et al., 1966, Amato et al., 1969, Sun et al., 1996), T
B EH NN B B RN e 2 EE KBS R NE R 5 LK (Andersen et al.,
1972, Orman and Humphrey, 1981, Villa et al., 1991); &5 — & 4> BB 57 R 89 B BE
R 2675 R EI P £ A% B9 (Ryugo and Weinberger, 1976, Syka and Popelar, 1984, Jen et
al., 1998). Suga %i\F, WIR%ENEFMEIRN P KRR R BRI LT
ML FEMB T AIFRE T ENXR, XMTE R B R (Suga and Ma, 2003).
B 5 B0 B B R

WM EEEMRREEFERRSENER BLE, BIFRMERLH
PR HEFAMESIN . HEAT AR S ER YT 71 00 75 8 R 05 AT .
XEHHARYE, WRRZAFTARLBWERTHET, 25 ETYMHERES
FHA FZH(Suga, 1990b, Suga, 1990a, Covey and Casseday, 1999). X £ 7 i F #4143
ToA BIEARE . REEFIR (R S BTG P R BB R R
SRR () 5 A 35k

MATAERBEIRE (Best frequency, BF) &b KR N £ 58 5 B K T BME R A .«
BRI B2 B2 T R B THETU RN R ESWEREMS, 5 HMmErE
R T R R THATHME, XX EME TR R RS ERRMR eSS
B. BEEBRIBMATNCRNE R THETHAEREHENXERR, Hik
FMBIRREERR. SHCROER THETAERMHE TR EE BF A
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—3( (matched) B, BIZRKER FHELTHIV RAEBIER, TLHBEREKT
A FHABMZTTH BF B, MiZMESTmMUTRNEME. Eik, BHdiWat
RIS RRR AN, HAEREMELIT KBS, mHAARELGY
RERRA G, HETHBEREREREE (Shif). BERARERNEERRT
N EIEXT B (unmatched) 270, FEKBMERNRSE T HRIBAREMETTH
MEWMA, B KT ERETHEITN KRB RS8R MAEK (Zhang and
Suga, 1997, Yan and Suga, 1998, Chowdhury and Suga, 2000, Zhang and Suga, 2000, Ma
and Suga, 2001, Sakai and Suga, 2001, Sakai and Suga, 2002). BB RIAHIRZKITHAE
WHEZ R “BRPOER” (Yan and Suga, 1996). ZEMHERS, HABREMET
BEERRARGH BRPOEFRENRT BIINHEMATH Murphy et al,, 1999).
Fit, ERXRENAKE RAETHEEQRPOERE.

RER BRI B2 /R 30 538, RMAT T EMETMKEMETN BF £,
FERIBERITIAB T BAHY, 7EHBE 3-5 Mif/E BF H#BHA. REWEZTE
AT EMZTTH BF #8740 AR & (Chowdhury and Suga, 2000, Ma and sﬁga,
2001, Ma and Suga, 2003). LT 30 S4B EELZGRBEINEARE, KB
WU T EMEZTT BF B AREINE 1 #8 R, R T EMZTT BF BB HKER
T BRREAROERE TEEMETT BF #BHANE, HFHERFERKA. t
BIF E#&70H BF 8B R — MR T R, Tk EHELTTH BF #B R — M
ML, KE BFEBHKHRAAFNREK BF EBER THM, BAELE3S
N BRI S, T B— AT & BF @B R A — MK E BF kil
#(Gao and Suga, 2000; Ji et al., 2001). 7Eit, BAHERKEBRIBECE £ HHINEE
BF %87 3.5 DTLLARIKE IR AEHA T8 (short-term plasticity), LK
BB E £ EYIZE 3 A BF BBKEARR 108K A KHATEYE

(long-term plasticity ).
FESHRT KR ESEER

EENEE TRHASE S BRAER, R ERErEES 2N BF ¥87
CAEmsiE. EXNHALTE BF #BARMNAY, ROofBRELER. Ao
B BF WHEBHRERBNEERE TR BEAE, MELEBEBFEBER

11t



BRFRH KSR ' . B

BRBEEWETHBESE. XHMAENEREE T AR RERSEM, L
—HIERENBRAERET, TR EEXHHEH T BF %8B E—BH(Zhang et
al., 1997, Yan and Suga, 1998, Chowdhury and Suga, 2000, Ma and Suga, 2001, Xiao and
Suga, 2002b). Z K 4Z4E ((Chowdhury and Suga, 2000, Ma and Suga, 2001)F1¥} i (Sakai
and Suga, 2001)HIF iz R A48 ¥ B B(Yan and Ehret, 20020 F ., L
BF ## K47 matched WETABN AT TEEA, MHOHEBREEROERE
BXREABRNKEREA . XEYFHTEEORERNEGEER A0 BFES.
1B 7 43 Z0 48 A9 W7 B¢ 2 5% %k (X 3 9 ——DSCF (the DOPPLER-SHIFTED constant
frequency area), MELRMHLTABRNMRARBRAHRER LM BFEB. £HM
BT ER AR R R IR, MR LEM2 T ABENRRKKEAHRER.OM BF
®E,

bR MR R R RAERYH KRR SRR, BF #8502 R it R .
BF #BH%ER SHEMNERG %, BF WEBEAEMNT XHA LTS E
A, BAT KRHHETHEEREW2TRMZREEERE. HAEYTEEN
DSCF X #Z TR R BTG F. EXIFEL, FHABAERN BFEBER ES R
W AR M M RS R AH R HI(Gao and Suga, 1998a). 4

MO BF #BSIERE THRMNEEHETRERRNHETHEHEMN
(Gao and Suga, 1998a, Yan and Suga, 1998, Gao and Suga, 2000, Ma and Suga, 2001),
HEl, BIIET “PAM” MEAMEN. HK, BOM BF EBIE T HRs
ZTREREREX BN, X5 matched WETTHIT RN, BERIE ML
AHEX R (Zhang et al,, 1997). RXFEMFRA “H4D k" MEHHMEM (Suga et al,
2002). FE/MEEMMIMT VEFESHESHHIXLE, Bk, BANRLT AHE
HWEEETFHERESHIF.

BRI BB TTH R T AA5IE(Yan and Suga, 1998, Chowdhury and Suga, 2000,
Ma and Suga, 2001). #%U#5(Sakai and Suga, 2001). ¥ 5 (Sakai and Suga, 2001, Sakai
and Suga, 2002)F15 .(Yan and Ehret, 2002)f# T EEFI07 52 E #9044 BF E8 . 07 Fl
BB ARERNNES TWEEWETH BF MO8 (Kilgard and
Merzenich, 1998a). W7 3t B AR 4 2 5 5 )42 JK B (Weinberger and Bakin, 1998)U7 &2
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B. KI5 R K EMZIT(Gao and Suga, 1998a, Gao and Suga, 2000, Ji et al.,,
2001)f BF MOt #B . EXRRNWASIYYMS, RREEREHZTRZENE
# it [0 A (Buonomano and Merzenich, 1998, Rasmusson, 2000), FfILE E AL
AR TR 7.0 #(Godde et al., 2002), HEik, T REEMEFZHEIHY
BARKPREBHELER.

EMAERET, ERRIEFPEITTHE B AR B A(Singer, 1993, Sillito et
al., 1994), ZHRBEERL, ERGBEEZEANERRSEBTERERAZERLA
(Ergenzinger et al., 1998, Krupa et al., 1999). AT, &7 /&5 RIARL 5 2l p B 32 B2
Bt iES DR ERERSTEZETREE, MRTH.

BB BRI

PRUEHMEIMEMETEAARMNSG? EASES, BREEKE
DSCF R ##£: 05|88 F £ 5 Z DSCF #& il Otk BF #8 . AT, FERIBA <
10 GABA-ZAAFEH# bicuculline, B0 BF #8384 /.04 BF ##. bicuculline
W% T GABA-SARMSIEN, SHT REHATNNGE, HNEFHRTTE
HEEWHEL TN BF MOERB. SRERRY, JEREMHBMRN, $/ME
R AT KN EN . 17 KE BB R R T Xt fsE . 8
L AT bicuculline, FTLUMIRIICHRAT. 18], MR T SHA.LH BF
HEBHME.

Jen FEKRIFIET EWEURTEERABHARR, BRAFKTEMETH
B RS A R A— S AHIMET (26%) FIPHIABIMETT (74%) (Jenet
al, 1998). X FHLREHIMET, KEERBOERT EHETHRE, HELAE
g ME. Xt FHRFMET, EEBRBENHE T ZMATH RN, SR
RIR L. XML AT REET ENETREMENER BN EEHET
Rt SR E SOkHz MTEEA. .

‘Zhou 1 Jen i& & BL(Zhou and Jen, 2000), #55 K2 FAHIM T EM& T AR4.:
TBHMBTL (49%), BRERMNIFLE 5-35 44 ETERWLT (51%), BE
B AR 10 B4, B BRIBE RN BF EB KB T KEMN T EHETME
V318 2 8] i) % R (Yan and Suga, 1998, Rauschecker and Tian, 2000, Ma and Suga, 2001,
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Ma and Suga, 2003)Ff11Z AR “%-BF &7 HHX AL E X FK(Sakai and Suga,
2002).

Nwabueze-Ogbo % % Bl(Nwabueze-Ogbo et al., 2002), {FRMEFERKIFEARKN
¥BANER, A5IETEMEZTT BF BBIHEK, REMEITRIV RN A s
DT, BNBHEIRINA, KRAKENERTEEAR. EHARES, B
RIEVEEASRERTWEATT BF #8, M ZRNEBERENKENETERK
TH#E BF %8, REERB5RMETTIT R MR AR KW (Zhang et al., 1997,
 Yan and Suga, 1999). EMELRRH, KEENHABBERELYRETER, R
WABE RS BF #8, REXLRIMEY SRR T2l RN AR
HRD. FHik, ERXRMAFEZARFEREHENEETAEREN. mMHE, A
YRAMXAET B BN EIERS, R MM E AR SR LR R,

WA T ERD AR, Jen ZRHJen et al., 2001), FESMUBAHZTCRMEIER,
HEREMLRE, HER-TEMESEHAHANE, ZHMEttER S5 RER
WIS (g EmiRRE) ML
B 40 H 0 B B R A ,

MRS, BRI TR RNRBIRIE T4 61 kHz, HRIBIKSKE DSCF #
Z7L (415 kHz), 3BT EMAREIE LR BF #BJen et al, 1998). R, X
MR RAREIRHUERRY. H—HH, BAKRERE (33kHz) 3R
FBRNEHNEOE BF B, MRMNHESRRNRET B OHERE @0 BF
2% HIRHERRNMEENE, RIBHER B DSCF KEMZ T REMENAL
B 0.25 kHz TR W RERL M (Xiao and Suga, 2002a). FERMEVNEHES
B, BRMEs RN M RESHELE 0.15 kHz 8B W K £ # ¥ (Goldberg and Henson,
1998). XFHBUREHEERALTE, SHEFHFTEERTX.
£ BB BRI

YRR EERARE. BENRENHENRSHARFE. WERER
EHARRRE M ITCIEE T RESERRNY S $(Suga, 1984, Suga, 1994b, Covey
and Casseday, 1999, Rauschecker and Tian, 2000). 5 5z iU RS MR8 4 R BB B AT
PO RERTHETHARFEXRR, U—FEKRE. RENTASENTHRER
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AR SH A AE.
KA P B R R A ) R e 220 T T B B R

XK. /MFIE T B2 ST (Pinheiro et al., 1991, Casseday et al., 1994, Ehrlich et al.,
1997)F1%7 K E(Galazyuk and Feng, 1997)0 R LE X B SR LM EAENME T, ©
1%t B MBS F IR A AR RBUR, MNE—BRARBEFENERMEX, BH
“ B EERFEERTIA]” (best duration, BDu). HEFREEEFRHENRIKEEMHZT, F
BRI T IR LR AT ML T RSB NE, SR R sii. MR,
JEX$ R F ik BDu B F E#£TTH BDu B EE RIEMEEEE. HikRrEah
BIEREHBHELREL 4 ms T 6 kHz TTEA.

TEWZ TR ERER RS RER BN EEHE TR EFERREE—R
HZABERENEERFBRK, FBNEERRK. TEMSTEERFENEHRA
BORIBH  EW AR TR ERER RSN, BFENRRERERE—FEZM
BEFERREREA, BIEMETROEZRELR. Flt, XL LR LR,
BAERFER R E RSB EMEN B RIAR—#, iRl Rk
HTHC T2 TR BRI B2 T (R B AR RESE Y (8] 5% 3R (Ma and Suga, 2001).

FraLut (VAT RIS T RER ER IR TR, FERREEIENEE
WERLOEHEB, —RREEBRIBT MRS TR KRS TR HERE M
£ 15 kHz UAWTEEN. Eit, RFErREEmETmrRMASREIERMES
TCRB R B 2T B SR B AR R L ) 2 R A LRI Th AR A TR (Ma and Suga,
2001) o EOHEBRERRNSERFERNEB, NiZE5ETEMEBEHSTE
EFERSHT KEER. ‘

FHFRRYP, KEET R AW TR R R S A 8 #9402 TT /51 (Bhrlich
etal., 1997). SR, 3¢ FFRIBFRLERT AR X IO AR HIHE S EI R B K B (Pinheiro et
al., 1991, Ehrlich et al., 1997, Galazyuk and Feng, 1997). —/NE o ia @R, &
BREMNAFAE, BRRRAZMFAEERFE. RENRGIEET HE TR
[ EMZTT.

A 250 o B B VR R 428 T R B B R TR
EEEEMS, REREFFNEFEN S HiFOEEERAX. EHUEN
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WEE. RBEERMTEY, EREEMEITREENEFENBER. WEEHA
BAH—ARER B EEN R K FHE (Suga, 1984, Suga, 1994b). 7T EAIERS
gL THRGEENER.

HRI 8 E FM-FM (FM, frequency modulation, -SR] X, T
SHRF (matched) % EMWATCRAEIER (best delay, BDe) HEZ R TR IRE M
LRI, FIESH T XINERTHETHERFEHE BRERBENR
HEGER . Wi RIBR E FM-FM XBt, FEREMHE T IEXNNT (unmatched) ZEZE
W& TR TR B BUR T EM R IE LT R, %R THETHREER
HREEERBNEEMETNT B (MEOEREENER). BDe HHBH
B 5 HRI E BME TR ER B EWHE T ZER PR —ZEEB
K, BBHEHBK. F/HARHRRAREREREEENAIEHETT, FEKRT
ERHREWETRET SRIER TR KB R R FE 22 REZ(Yan and Suga,
1996). RIFELRRHA, ERHFEMETHTREAFHNEEEEHBRL T HEREER
GLRE . '

X FAE S, KR R MR B FURTE (B B FIEHE, egocentric selection),
ENESHFHHREUTFRARSHEHPRER—RFEN R BN R OERS
FIEERS IS B O .

2% B8, 5P ) AL Y B B

B/PEME (minimum threshold, MT) #ATTERBEMBLNK RM. EFER
%, EAMWEILH BF M MT SR HR. EXRY, EEERESIETEMET
BF #l MT %% . XN FEEMHELTT BF WTEMETT, X MT NN, ZRA

BF AEH, TH MT RET HRPREHET MT KEB (0% MT#8) —
MT ZEBK, MT #BHIERERBK. D0 RHETH MT BT HRRBWHETH
MT i, WETHEK MT REFREHE K MT B35). 4HHCRKHSTH MT EF#
P2 T MT B, WETHEK MT A®SEEGEH MT B3). 5—FE, T
xR F K E#4 T BF M MT B9 F E#WZ70, EEBRRIBGIET L#4 T BF fl MT
W, AL MT 5% BF ZEER, JLFHEHLTHRETHE.

MT $meEbanT RN K B>, Bk, BERFZERHE BF MM NAHZTH
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MT [E.OHEHEB, 6] BF dExf 2T 0T R, ¥ T X0t S e B nmaef
X3} LGB (Yan and Ehret, 2002). SR RPERMHR, EXGRE LREUEIKH
MT %%, JEX ML TR L BF FOMEES, F LEEBEN BF AW RNES L.
Alt, KRAOXRENELTARRFTERN.

FEZ R.(Yan and Ehret, 2002)F1KH7858(Zhou and Jen, 2000)4, B BRIH5 IR T
EMETMT 75, WA TTx 7RISR R A RS A0 3h J) 230 R . XLt
RRAEHZ TN BRIBATI IR BF 43T, NiXHEHIMATHXN K BF HEBEH
BF &b 9902 SRig3)) o 276 B DA VP 4 B8 B2 B ) A AR
KARIE - 22 1R 1 A 78 B A3

ERZmNRiEstE (O meuRe) BESRBARIRmENL. EXRES,
EESAINEIET BRSNS LRENH, #ARE SN0 s —
BB RS R 2B A R i A, B B AT B A 2B A 1 1 R R (Jen
et al,, 1998). B FUAE AT REAKI FHRBH K EHE TR ERN T ENE TS
BIEEMEZ AKX R. BE T LA ML S REERIMNEEMEITH
BARAF BRI MR R RS RATEE? REEN
WENRU SRRSO S URENHTLR? RERFXFENMRARE, B
1R B v R 7 2 (R VR RV R P AR A TS B R .

BRI AR 5RO TTEE

VIR AT R R — RS R R ? AR E, EXRESR, £
FA=ZMERMRIHRAA T EMETARENEZTH BF 8. XaWATERES
Fl#; SRR R YT B B (Gao and Suga, 1998b, Yan and Suga, 1998, Chowdhury and
Suga, 2000, Ma and Suga, 2001); RT3 &A% K 5 (Gao and Suga, 1998b, Gao and
Suga, 2000, Ji et al., 2001). REERFRHF TS MEAEBFHRBIRER, X=
MRIBEEA FE5IET FTEMETH BF 8. THRY, DEAMAERIHEBER
HUFIBOT R B, BdEERRASIRTEMSTENK. Fik, KERH#TIE
MTFERSTEUTRBANS, TRERREEREADIRNES &4

Weinberger %38 i Ul FEZLRARB AT &R §5IEH BF #8. —4
WRES (KARIBO EEENARE (MGBy, HAMEREETEMNEH)
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REMA RS MGBm (NG RATEHR) MEMMERASERIETEE. £
BRI GQEFARBD SIEMERILE S HEE MGBm FERKKBERAZER.
XL BT BN AR E SRS BHITHREREINTHL. BKEFESHER
BUr K2 2 LA In5R MGBv M2T6 (BAMRIBNE) MWITREMSTHRMN, XM
BRESEREEBF LR, FLBNRH EEHAEERAM (ERE). R8N
TEREZBERE R, HEE—PHRT MGBm WAL EEHATHBN. B
KW, MHEEERNYTREETEERLEN. B, HEEAERIMERIHE
JERTFN 51 BF RAOMERS, X7 FRIBIEKN LA RX (Bakin and Weinberger,
1996, Bjordahl et al., 1998, Kilgard and Merzenich, 1998a, Ma and Suga, 2003).

ERBEMEM R, MGBv BREHM. SRR 7 K7 28 (Edeline and
Weinberger, 1991). #AT, ZERTRKMAE S, MGBv ARG EH, T MGBm A%
] 8 ¥ (Weinberger et al., 1990, Weinberger, 1998). MGBm #Z THRIF LML R &
Ty, 7Z6)LIKAERISUE B/ iEMNE (Aitkin, 1973, Calford, 1983). Eit, MGBm
HFAREA TR EGESAEMBAET. R, WEREHHMGES, W#Tw
WA SHE T R B R R 85 | 0 W R e 7 P AR LB B2 R 45#9(Yan and Suga,
1996, Zhang et al.,, 1997, Gao and Suga, 1998b, Yan and Sﬁga, 1998, Ma and Suga,
2001), ATBE4H &« T F(Gao and Suga, 1998b) % U7 5 JZ(Zhang et al., 1997) B/ -5 B
BREIFRNTEMZN. Bk, MGBm KT EM TR i T T EHETTH
HBHERLIIEN.

BB R R R R AR R BB R R & R P T AT R E R B
RIETEZEHEM, FE,, Suga fl Gao(Gao and Suga, 1998b, Gao and Suga, 2000)3&
TN “HB TR, X TERLTFIUNTHLERENNEE, WEEHET
HRERNF R, HETEERRERARZRRA THETTH RN R, XMRE
F “BREE” MRNIFAEE, RUMDN. SRR EREFRUSHEERIEKN
S8 . UERIBEREERED, WHRMGRILESE AN EREREEZNSA
mefEiE, RETVRELIHKESEBEREELCE XEGSERCBA/ESHMBERX
BiTEE, Bt XEFREBESERT N FaPTh LHEXHES(Gao and
Suga, 1998b, Gao and Suga, 2000).
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BB S0 R B2 24 75 i (Weinberger, 1998, LeDoux, 2000), ‘& 18- B B
ERSERFIBRAERATRN. RIE Weinberger ZEHIE 1, AERKALEIR TN X REHS
181 5% 2 Z. B AR 55 (17K SF-(Weinberger et al., 1990). JHHIREE G TRER A XN THF
FESARSENERREGER, Bit, BERALNESHR ERTHETRN
BT BREEMEM, EXHEUREHN. AT TFTENETNERNL, KEHE
TURIRA R, ERAR KN, BARRKN ZBHEHAKTRE T (et al, 2001).
BRAMER-T E-K B RGBT Aeak i PUR S s, Eh ERMRAERZ
E AT BB e B (Levey et al., 1987, Steriade et al., 1987).

EARKYH LEAMET, BB EEE KT N(Bakin and Weinberger, 1996,
Kilgard and Merzenich, 1998a, Ma and Suga, 2003) % % ELf&HE VTA [X (Bao et al., 2001)
BIRMMESKTERE P KB TEERNIER. EXRF, EEMSTRAEES
(Kilgard and Merzenich, 1998b)5(# & 7% 75 % #(Kilgard and Merzenich, 2002)f 2 B
PRI R AT . S FM-FM W2 TR IR IE R, ST ZHR
K E A BUBR P2 TT.(O'Neill and Suga, 1982, Suga et al., 1983). 1 EICIR BN,
BIEEUE KI5 B FM-FM #2707 LURHIR R T FM-FM 250, EE8RIE, B
B2 FM-FM #2703 8 FE RIS 5 A P ROBE, 1R K72 B _E Ak i 88 B2 U 1 (Yan
and Suga, 1999). BBk, Suga FHEM, BIR FURMRIEEIRK R EEME TR RERE
FIBERE 5 A 78RR = R 2 46 (Suga and Ma, 2003).

EFMRED, ERECEIMBHETE, S TESRZMarsh et al,
2002). SEHEHTT S RARMAN McDonald, 1996). K& 5 R ol (i KR
HBR T B &4 RIS 1ER T £ BF 3#(Gao and Suga, 1998b, Gao and Suga, 2000).
T T ERIERARESAAES, MR T TE BF $BOMA. #ERDTHEHE
{LEIER) BF %B(Jietal, 2001). TEARER T MTEMAEKE KRS Baoet al,
2001). ik, FE BF B RARBEHK-T ERHTIEN, XAMBUHITAEE
HEH Rt — S5
BERRSENEFTHRE
BRPOER

Wkl RREERETERREAERS, METEARPTLOERE. BERPL
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MR LU 1 B R T YT A5 5 B BRI R T R E M E T BTN,
BB T FWT B B #9570 B B SR S AR BR B A BB AR £ IE R S PR B (Yan and Suga, 1996,
Zhang et al., 1997). HRMIEFEFEBHMNZE I (Zhang et al., 1997, Chowdhury
and Suga, 2000). 52/ . BfE](Yan émd Suga, 1996, Ma and Suga, 2001)F1Z[@](Jen et al.,
1998)S BB M AL 15 S A% AL, HORXIF B A R AYBURTE(Yan and Suga,
1998). ZEHZAEE(Xiao and Suga, 2002a), HZEFJREZEA(Khalfa et al.,, 2001) L, H47
W ARG, ERERAET, VPg 4 o007 5 R R A B s f
R, 20 7 A A % 3 BN U H £ BOE R I BB E 43R (crossed olivocochlear
bundle, COCB) B, W #2414k 5907 )R 4% in . 8 B, COCB #4117 7% tE.(Nieder and
Nieder, 1970, Dolan and Nuttall, 1989, Kawase et al., 1993). ZE#&F9, COCB {2 T
B ch A A AR 2 B (Dewson, 1967). XSS 4 Pris I MIMSRRT R — 384 R i
FEEFAHRERIRT.

EREUE RS, EEFASREMEZTHE AR OEEDH#(Tsumoto et al.,
1978, Murphy et al., 1999), B 5 R BERAR T B2 7T R NAF M (Sillito et al.,
1993). 18 XHiZZ)-BURHEMWATHARIMBAIEMT 18 KHLTHMR, FFIT
TR BN, XERAERN, KEEMBAHNEENNRBRHTRELZA
R ORI BRI

M FRAEFRE, ARPOEFTEHTENNEETEERM/K. EH
M. AT, XTI ERREAGRS, BIFIENTERBES. SHOTEERE
BXEER. KEMTEE. GHNTENEENSS5KANEETBEEHMER.
KIBRER T R0 2 R 0T B4 B0 S R B BB IR B S B R R R AT, 3
TR R AR RS B 2 N5 K AT Al (Gao and Suga, 1998b, Gao and Suga, 2000, Ji et al.,
2001). ERFARKBOFABERR, BERRSGS5ENGBREZARTEE.
ERAS

BERALA RN T T Uit 5 S 42 #07E B 9% (Xiao and Suga, 2002a). 7EH
AR, 3£ RHAEE TR T BI85 B (Hernandez-Peon et al., 1956)8197T K &2,
VB AR S D T X RS 75 9T #4128 ) I.(Oatman, 1971, Oatman and Anderson,
1977). FENZK, AR TITHL R R (Lukas, 1980)RIHEIE 73 [2AH0 ELAR AT R
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5t(Puel et al., 1988). FEMAET, £YIE K KM HE; BF KA F(Goldberg
and Henson, 1998), 1EEHE#E JF# 5 R BIE KA RIEAL R 4 RS (Xiao and
Suga, 2002a).

14 25 2 61

#%(Massopust and Ordy, 1962, Watanabe et al., 1966, Amato et al., 1969, Andersen
et ai., 1972, Ryugo and Weinberger, 1976, Orman and Humphrey, 1981, Villa et al.,
1991). X (Syka and Popelar, 1984)F14+3E (Sun et al., 1996, Zhang et al., 1997, Jen et
al., 1998, Yan and Suga, 1999)7 H97% B 5 AL AN BIAE IR A AR RE BT BE 15 5 AL 3
38 2RI RAERE . COCB B W+ B 4B 41 M i M {E(Brown and Nuttall, 1984)
FORE R ER A2 4 4 ) B {H(Wiederhold, 1970). T IERBH BFMIPHIH B R+
DR BOA A RIEEMIMA S E. FEHP, COCB BE TS AENRE
LN 1 F W (Geisler, 1974). R 4n15_E AR B SR HIB) ) %76 B/ R(Yan
and Ehret, 2002)#1954% (Zhou and Jen, 2000)f T W77 7E . X 32 H AL IRHIEIB) 1%
TEE R R EHIRER,

KR 2 BRI

B R RS R EES MBI (oscillatory changes) & EfE, X
T8 BB s AR = A G BB R, BhsENEYE, PETART
FPRA T B 9 Kl 45 42 (Steriade, 1999). WT BB BE R AL etk il T XM Psh
62 FfisWir 56 4% H] (Suga and Ma, 2003).

KHLLK, AREERTITRAEFREBLAETHERA—ERARIIEBH
THRAEN. FETTRABNZESE, #REETTARR-BSETTR. X
S FRRPREOGEBLENS, FHRAXDEAIVHFREMIBTHERER
MEREX. MFFANE, BRERLETETARUNTRIEARML 4. Fit0,
PR SHRENGE MEEMRE RS T IREN I E SRR S Haeh? FFE, &
BESHOEHT K ENRTHMT N EARFETHBUBL? FHXE R
TSR . '

B LK
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