D) )] i 5 mammmit e
' ' Progress in Biochemistry and Biophysics
4 2007, 34(4): 431~438

www.pibb.ac.cn

Research Papers

RRERXBIIEFIKE
L TTRHESIR R AT 2B

%

E K HUb

KEF Thg

(PRI ZA i B 2 B AL ABETT L, EifE 200062)

BE VR ARSAROR,  DURZ T IR AR AR R 2 b g8 bR, e )R 24 3. 4. 5. 6 A8 ik SD K
b WP R IR, W R SR AR SO AR . G RARY], AESS T A AR AR A AR LR TR A M 2 1.0 kHz
T A, 2 PR T 5 5 R AP AL A 28 TR A A [ 303 U 08 o e PO v 00 sl D0 01 2 0 Y i AT 2 P i 8% . 2R
PR A PR3 L5 SR AH DG, BEAE SR8 IO, FRAEAIUR A A2 (K L) B B, T AN A2 ) EL U] BT, B 4R i1, s
Qio-dB {E KA Y 185 i Ze S R HOR T H R0, R LA (i B 2 AR I 1 b 2k i 1) LLAGU 8 n S0 W1 A2 (P < 0.01).
5 PR AL 52 A i B 1) I AN AL R AR S (I FE 0 S B I F AR OG, BB SR RIS IC, A S AR N RE A e K
(P < 0.05). 85 R, K BWT B2 M2 Tois A (0 i) S 5 AR S AR AR G, IR AIFFT R R A 28 70 2 REI 5l T 4k R AL

fefit 7 E S PR

KR KR WrB 2, eI, RRESAR, e, ERKRE

FRTES Q6

W Ll ) B o oK HLAT 2 R D) RE AL IX Lt
Ditie B A] R JRee 2250 . R<F el SR s, RN
R /AN AT 2 S = N SR B 2SI Tv 7 ) i
(receptive field, RF) [ A %8 VE 70 Wi . 0 1 S
JEC B AR Bl 55 22 Ml 40 16D 22 A Wi i i XA a4,
AL L WTTTRN], AR IR I B R 5
PRIV, e bR 35 5 K B BT B2 = (A FR 48 T
RF el 8L T RF w38 BAABCA T SiF
FEPEL m T HEE . BRTRIENS TR ORAE IR TR B A AR
FRCIZHFAE, HEME TR &% 2] W2 EE AR
JCHLHIZ 00 SR, Wi #i 20  RE W] 53 1
AR AT TR, 215 ] oA T i A 28 76 A S
FebE, AR N i AR BB . RNV IR
A U U il R R K 2 B A, AE AR
A AN BERE . AT EE
ANWTEAHIE. Ry l, FRATTUAUK BT WT K JZ (A1)
A28 T IR R AIE 026 (characteristic frequency, CF)A4
fabr, HFRRRAERREER S, #h&T CF il
PERREAGE RS, IR PR B D e mT 98 1 1
PUI SR AL S50 B L

1 #RFAEE

1.1 z¥594A

SCU fE 129 KA AR R B SD K
(Sprague-Dawley, SD) bifffy, MEHEAH, HAFE3)
Y b HOR B A B SR A Dy, TS
G, AL, B, YFENYITAREL.
o6 4l: 2 w17 K, #KE 20~25¢). 3 )i
W29 K, AT 30~45¢). 4 Q0 K, {AE
50~70 g). 5 JA®B0 H, AH 90~110g). 6 ik
(15 H, {KH 130~150 g) Al 8 J& it (18 M, fA =
180~200 g).
1.2 FK

FARE, & 5N 4 BT 4T 5 (atroping,
0.25 mg/kg AT LU/ S IR E 73 ). SR 5 4
JI s v S 3% B Bl 22 494 (sodium pentobarbital, 30 ~

*[E K [ ARREIE 4 7 BT H (30170313, 90208012, 30570595), |- ##
T BRI H (05SQMX1420)F1_E ity TiTHE 64l 5t H (05SG28).

* HIHIPER N, Tel: 021-62232775, E-mail: xdsun@bio.ecnu.edu.cn
Wk H #H: 2006-10-13, #5552 HH#H: 2006-12-11




. 432 . EYESEYYEHR

Prog. Biochem. Biophys. 2007; 34 (4)

40 mg/kg A ) RRIESNY), 70 Hh R R DR ) i R
W, ATAERREAR. DTS Rk, Bk a4
g1, FRERIE, f58h 502 BAKFF RIKJe R — MK
2 cm [FRRETRGE T s b, DLkl sh sk, 41
TEA MG, BT E, BRI, s
TR G, I ST ERAT K ) S e sk
6 TE v Ik e S DR E N HEAT B A SR R
38°C.
1.3 AR

BRI ARG A S S BT &
AD/DA £, 5L, dB ZE ik #% (Leader LAT-45).
D2 TR B i R LA 75 28 41 1. 1.0~50.0 kHz 46
TR IELE T, A RS ] 40 ms, Tt
HMUR BN 1A) 23 %) A 4 ms, 75 98 % Ll dB SPL(0dB
SPL AT 20 wPa)& o, BRAPLA K. 5 2847
T-BN) SR 7 A sk HRORHN AP g 1) 30 B, I
HJ7 0 0 FEZE A B Y, B 2 2
45 cm Ab. SEEGHTH) 5 A8 48 6.35 mm %7 g M (B&K
413 5)FHI UK 8 (B&K 260745 1E
1.4 U7 MZH9IER

22 T AR 7 A (Narishige PE-21) 4 il ) 3% 75
WA, PEEL 3 mol/L KCI fil 2% Biocytin, HiH
AU EAE 1.0~1.5 um, FHFT5~10 MQ . £ TR
N, MR RIT K Z (AD ML X AT RHIE T 2 7%
KR Pl 15002, B A AR T 2 2 (AL, AT 4
A SR BN B2 T S N W S A 5 R RO H
(ISODAMX)JHUK P& fE, HIFEHERFE, IFE
U I 1R) 7 51 5 I (PSTHE).
1.5 #UES

SEEGIT, MM BT TT R, SeI i HRRE
4l % (characteristic frequency, CF). #x ik ¥ 1
(minimum threshold, MT). Wr Jz W 7% 1k ## (latency),
W) 22 H 020 1 il 28 (frequency tuning curve, FTC)
S5 78 40 min [N YO N, 45 T B I AR Z T
CF 1.0 kHz (14} ¥ 4% 1 ] ¥ (conditioned stimulus,
CS), Z&AF R 9 T A i 2 o0 MT LA | 10 dB
SPL. £ 5~40 min WA RIE T 5, FF50 0l
AL G CFy MT. FTC 2%, 0 3% 410 i
[N EE v G A = i S P g i ESS ]
CF J FTC [Fn] #9448 4k, I H Sigma plot 8.0 # ff
G S 50 G A Ak B

2 4 R
SEEOAE 129 HOK AT 0T )2 J2 B3l ¢ 3

450 N0 75 O AR R VA EE TT(2 RS 74 AN 3
JAES 76 A~ 4 JEE 70 AL 5 FEY 89 4. 6 FliEY 60
AL 8 JHEE 81 ), X 436 ML T CF 1y 1]
IVERHT TR, S5 RaTE.
2.1 R ITTHSESAER A BB P4 E

Bl 1T 3 MRS B ME4 G CF 5¢
A 3 BRI Hodr, & 1a > 3 RS
CF XUMIHR BE & A e I o 2206, M4 3 & 1)
CF 4 5.3 kHz, X 43345 F 10 min 1K T (CS;=
4.3 kHz) M F(CS, = 6.3 kHz) CF 4 1F 13, %
PRZETCIY CF 2] i A AR IR 58 2 i 18] 16 & —
A5 ERESIII CF (1) FTC A &% 1A 286,
‘© HGS1 CF 4 9.7 kHz, % T 10 min [fJ 8.7 kHz
(CS)II AL, ZAPL T CF #7153 8.7 kHz,
ZAPRBAT LS, M AT CF Xk & 3|
8.7 kHz (recovery). I 1c —4> 8 &84 CF [r)
FTC Aty i e AN £ 7, 1A J0 H B CF A
12.9 kHz, %% 7 11.9 kHz (1) 4 1 % 34 (CS)
40 min, CF JEARAAAN IR, 20 min J5, FF45
T 13.9 kHz 19 4% 1 51 3 (CS,), - CF W %% % 3|
13.9 kHz. £cAF #3845 11 25 min 7, M4 0H CF
Nk F 12.9 kHz (recovery).
22 FIREMEBRZTEAEAMN

WAV MT TG 2 . 3 8. 4 . 5 4.
6 AN 8 JH ISt 6 ANEUE BB WIWT iz J2 Al 28 JU R AIE
PR AR, B 2 BoR T B ANER B CF i)
FTC s WA o Ot B LA S 19 0 35 AN 2 A 4%
(2 e B AR 4y L.

H P 2 AL, FERATT MM c Y, 4
T G A O AR TP 28 TORFAE R AH 22 1.0 kHz 10
I, B HAEEERREK, 5SZ 00 CF I
Fe A AR AT T B2 11 7 3 500 S T 3 7 3 ik [ 10
P Forh, 2 )8 3 RS WIS T 4 LL AR LA
m, HEMZBAHZEARKR, BIHAESE 6 i, W
e A R AT D s 1D 1T 93 25053 k2> £ 28.2% 1
23.4%. 2| 8 WS my, @ — 9 D> 2 25.2% F
18.5%, CLIAFIAES))/KF-. CF [a LA i i £% F1
CF [r) i A i B 1 43 LR B8 20 il Rk AR e A ) 3
FL 42 )G, MG CF BEAS [ i A A )
A i O % 140 ¥ 43 L ) i A % 1 38 K 1 38 3 1
B AE 2 ARSI, R 28%MIHH 2 ST A K A ATA]
¥, B4 6 FEI, W3 54%, 38 fwd
N AN R AR A AL IR A 28 TGy P2 T B 2 57.1%.



2007; 34 (4)

BIIES: ARERREIRDITEEMETHHERERATEE T

. 433 -

—~
o
=

52

CS,CFCS,

48+g
a4t \|

40t

Intensity/dB SPL

—~
(=
=
D
(=)
T

CSl. CF |CSZ

Intensity/dB SPL
(98]
W

36F \\UL 25t Ny
32 ] 20f e |
1 N P R 8
0 3 6 9 12 15 18 21 0 2 4 6 8 10 12 14
Frequency/kHz Frequency/kHz
(© i
= cs, CF G,
50+ | |
| |
451 | |
& |
& 40f
2 | | |
i R | |
£ | |
=
= 2sf N
20 1 || 1 || 1
10 11 12 13 14 15
Frequency/kHz

Fig. 1 Characteristics and types of CF plasticity in AC neurons induced by conditioned stimulus

(CS) at the age of 3 week, 5 week, 8 week respectively
(a) CF shift to both HFS and LFS of AC neuron (BLH). (b) CF shift to the lower frequency side (LFS) of frequency tuning
curve (FTC) of AC neuron. (c) CF shift to the higher frequency side (HFS) of frequency tuning curve (FTC) of AC neuron.
®—@®:CF;, A—A:CS;; O—O: Recovery 1; A—A: CS,; l—M: Recovery 2.
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Fig. 2 Graph showing the percentage of CF shift at
different postnatal age (2 week, 3 week, 4 week, 5 week,
6 week, 8 week)

CF,: CF shift toward higher frequency side; CF;: CF shift toward lower

frequency side; CF,, gin: CF neither toward higher frequency side, nor

toward lower frequency side. @ —@®: CF,; A—A: CF; O—O: CF , g
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Fig. 3 Graph showing CF shift and recovery time at
different postnatal age (2 week, 3 week, 4 week, 5 week,
6 week and 8 week)

Shift time means the time courses(minute) for CF shift to the shifted CF,
or CF, .

CF, or CF, return to CF. The linear regression line and correlation

Recovery time means the time courses(minute) for the shifted

coefficient for each dot are shown with solid and dashed lines and r. The
bars stand for half of the standard error. @ —@ : Shift time, r = 0.987,
P < 0.05; O—0O: Recovery time, r=0.987, P < 0.05.
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Table 1 The relationship between CF plasticity and Q,-dB values of AC neurons at different postnatal age
(Bweek, Sweek, 8week)
Percent of CF shift /%
Postnatal
Q,-dB values (0.0~1.0) Q,-dB values (1.0~5.0) Q,-dB values (5.0~8.0) Q,-dB values(8.0~12.0)
age/week
BLH HFS LFS BLH HFS LFS BLH HFS LFS BLH HFS LFS
3 50.0 143 28.6 57.5 15.4 154 e e
5 30.8 46.2 15.4 18.2 36.7 9.10 e e
8 e 15.2 18.3 13.5 15.2 25.1 18.8 242 52.0 27.6
P <0.05 <0.01 <0.05 <0.01 <0.01 >0.05

HEFS: CF shift toward higher frequency side of FTC in AC neuron; LFS: CF shift toward lower frequency side of FTC in AC neuron; BLH: Both

LFS and HFS, CF shift toward both lower frequency side and higher frequency side in AC neuron.
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Fig. 4 Histogram showing the relationship between CF plasticity and symmetry index of frequency tuning curve (FTC) of

AC neurons induced by conditioned stimulus (CS) at the age of 3 week, 5 week, 8 week, respectively

(a) Experimental arrangement for measuring symmetry index of FTC in AC neuron. The arrows indicate the CF shift toward higher frequency side

(HFES) or lower frequency side (LFS) of FTC. (b) The histogram showing the relationship between CF shift and symmetry index, which measured at

(+10)dB above minimum threshold (MT) of neuron at the age of 3 week. 5 week. 8 week, respectively. HFS: CF shift toward higher frequency side;
LFS: CF shift toward lower frequency side. BLH: CF shift toward Both LFS and HFS. P < 0.05 and “P < 0.01. l: BLH; (J: HFS; [@: LFS.
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Plasticity of Characteristic Frequency in Rat
Auditory Cortical Neurons During Postnatal Development”

TAN Jiang-Xiu, WANG Fang, YANG Wen-Wei, ZHANG Ji-Ping, SUN Xin-De™
(Research Center for Brain Science, College of Life Science, East China Normal University, Shanghai 200062, China)

Abstract Using conventional electrophysiological technique, the plasticity of characteristic frequency (CF) of
neurons in rat auditory cortex (AC) at postnatal age of two, three, four, five, six and eight week was investigated by
determining CF and frequency tuning curve (FTC) shifts of neurons. It was found that when the frequency
difference between conditioned stimulus frequency (CSF) and CF of neuron was in 1.0 kHz with conditioned
stimulation, conditioned stimulus can induce CF shift toward higher frequency side (HFS), lower frequency side
(LFS) and both sides (BLH) of neuron’s FTC. The proportion of CF shift becomes lower and the proportion of non
CF shift becomes higher with the increasing of the age. Neurons with bigger Q,-dB value and symmetry index >0
of the FTC, increasing of the proportion of CF shift toward higher frequency side (HFS) of neuron's FTC is much
higher. There is significant correlation between the time course and the age of rat, the older is the age, the longer is
the shift time (P < 0.05) and the recovery time (P < 0.05) of neurons. The results suggest that plasticity of
characteristic frequency in rat auditory cortical neurons is correlated with the postnatal age. The findings provided

important data to the study of the mechanisms for the developmental plasticity of central nervous system.

Key words rat, auditory cortex, neuron, characteristic frequency, plasticity, postnatal development
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