Research Papers [ iEaE iE

N Lok semmmin
. . Progress in Biochemistry and Biophysics
)i 2013, 40(4): 365~373

www.pibb.ac.cn

INR IR B B 2 JT 52 2
ISR IE S HLH 54

3% BI4F ¥ M L gk
(TEHITE R e kb i B, AR R S G4 A& DS =, 1K 430079)

E BERAENEARSH L —, WAg o B VTS SR T B BEE . UAEPFFRRI v- 2 TR
(y-aminobutyric acid, GABA) GEHMN I 1 4 A AE S S WS I B FE P it AR R, Rl 4 5 o3 o 22 [ i 22 [ 1) 2K R
HATERE . ASLI0 I I A A A0 A A B SRR 2B 7, AT T /N BRI GROUT B TN T IR R R R, SR
AR LIRS SR PR RE R A R e R S A A (P < 0.05) HLUR JEUFR S I T RE K (P < 0.05), AR B o n e
T R B R T S 8 v ISP AR AN AR R JBCRR SR I TR 445 (P < 0.01). V5T GABA G LT 571 faf .41 J- 8% (bicuculline, Bic)

Jais 39.3%MIAN LTI EEIERAAAR,  42.9% A2 AR R TESRSS , 17.9% 02 uF LR PR, W] GABA BEMIHIIF
AR TE AR B PERIME— PR3-, A PRSI A B BOAE S P e B A A GABA BEAHI AR S00G th mT REAE LA A4 A AT 4
H Xy PRV A N TR B JR) FS Ao 22 D R I i B JL A s T W g T 8 T D 5 S R R
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22 TCIR) B3R B P o 8 i B9 n 31— € K W
R, I R R - RS BR 4 (rate-intensity
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PR AR AR 7 2 X L8 S ANE 2, RN
SER TR VAR AEA R SR 30 BTS2 i A
—3 Ak, RN RO, R
WAL o M I S A S LA S A PR S Sl S
A (18 D) A v S P I T AR, B M Sk s
HEL AR T S v o S P B S AN i e o, 38938 il
JBE AT EARA KTk 55, AN T A A i sk /b0
T 5 T TR E T A o N R SR U % I AR R
SR LRy R 22 e e (1) 3 2R 7 RT3t A FH v R A
i,

AHIFFCR AN A5 (P a3V g BRI 7s - 856
PR DT T7 18, WS T K2 i (primary auditory
cortex, AI) 2L JTAE 5 & R B i R A e & b B kA
(AR, ERIH G o2 I E R R 28
FILAEEEE P E R, ST AL R Pl 22 [ %
B HIF T4k AR T [ R I 7L 20 AW A 28 G PR i 1
WRHE, AR R LI (L

1 HMRFITTE

1.1 M FARAKREE

GEHAE R W BRI RN R (Mus musculus,
Km)ll K, K& 20~25g, WA, FREHLZ
Al (nembutal 60~ 90 mg/kg b. w.)IE I E S RREE. K
TRIE R D) FF Sk B, Bk 25 32 10 1R i J2 L PR B & i 4
2, BRI, FEH 95% 9K fin Bk, ff
FRE RS, B 1.8 em KRS S8 AT 9 T e
il AE P, A BRI, DA SE 56 [ e
Y. HRET AL PTEAL S s o — > H AT
200~ 500 pm F/NFL,  FERRBRNRLE, DL\ 35 5
AR, FIRERAESE RS, S 8CT T R b
W= N PTE LR G, S SkMIET [ e 7
B8 b, LB RSk g, fREEshW AR
& 5P AR OAET R BRI AR S
29 dB SPL, i/ FihlfE 25~28°C . SEE LR AR
B S N N LSk B S T 8 I IS R 0.6% 1K
ELEL 2RI, AERE T VRIS
1.2 FRERAFERAFER

H 53 & T 45 H 40 ms 11 % 46 & (tone
burst), BIW\[] € LEARAD T AL A1 0011 22 10) J5 AL
FA AN R ) 60, 75 IR S AL e EUE S
& " %% (GFG-8016G, Good Will Instrument Co.,
LTD). Hi kAE#s (B H) 75 5 5 Jk 2% (LAT-45,
LEADER, Japan). a8l Uy 28 JSOK 28 (1 i) Ak
1 W\ (AKG model CK50, E 12 1.5 cm, #53 Wjij [

1~100 kHz). S5 i 7 ) ¥R 48 H 75 ik (B&K-
2610, Denmark) 1 1/4 5&~] 4% 7 254139, B&K)FL
1E, A5 dB SPL % 7x(0 dB SPL AH4 T 20 pPa).
gl o B (E P 4R 4% 10 dB #8314, INRE R 40 ms,
PRI ETE /R BT 5 ms, RSO 1K /s
S e R R R R R R AN T ek R SR IN 25 HH TR R K S
SR, P AU IO TR AR AL B 1 20 B, PRIAE
P SRR 2 T IR B A R B O ) | 19.7 dB, R
FATAH B RO, IR RS | A2 T B A HUAL IR R
/N {E (minimum threshold, MT).
1.3 REHETERMMIEREREHHE

B TSk PR P PR PRI RN A R AR A R T
PR HLRE A 78 HE 2 mol/L NaCl %V, FHT 5~ 10 MQ),
Tl s s RN, =8 W plch w93 o 7o
2 mol/L NaCl ¥, 73l TP A Fl e, 53
— & N FERE 10 mmol fi7 (4L SHiE(bicuculline, Bic) %
W, AT THkiES. AR AT K E
HEdE, FAEE TR TT, PIE TTI RN B 3
WA, AP HE 5 BCK 3 (ISO-DAM,
WPI, USA)CK J5 i 22 75 )% #% (PM3084, FLUKE,
USA) AL, 2 7 2 M W 0 2 UF S LR i A7
TR AL RIS 7T IR 2 (depth) 55 FE 491 26 (best
frequency, BF)HNl/MR{EMT), 2 sl
2707 NV IK) BE A8 AR T AL 5] P il
2320, KRG IR AR )3 -
/8] 77 " (peri-stimulus time histogram, PSTH).
BF Al T, LA 10 dB i B e 4 75 5%, f53H RIF.
SR, B = FAT I (1 5 7 HL UK AU (WP, USA)
(1 B FEL U (— 10 nA)H b ¥ 5 HLIAL (10~ 100 nA),
HLVKIE AN y- 23 T 1R (y-aminobutyric acid, GABA)
HE 32 A BT 1) Bic, M %271 24 5 A 28 70 I WY 1Y AR
1, HEESRTIE.
14 BEFKITEHLH

HRAE 32 YIS A4 0 N 1) PSTHs,  3k43
IO I RS (spike count, SC). T K K AR
¥ (first spike latency, FSL). & Ji£F 4L i 1] (firing
duration, FD)(AZ —A>gh 4k A F 46 2 8 Jg — 4
BIE AL S R Z I IFE) . RIF %5540, M4l RIF
ST E AL MR TTIR BB IR A, Bl giih S
)M EH A SPSS 13.0 S8R, P A7 S48 B
Sigmaplot 10.0 HIFE. L4040 Mr J5 (0503 45 3
x s %78, M One-way ANOVA Al i-test LLARAR
e HAT W
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S IEIRAG 83 AN ALMIZ TG, X AEHZ T IR > 28
FEE A 156~ 1 338 (764.5£25.9) wm; BF [ K4 20 o
o= 10

5.7~34.6 (17.0+0.5) kHz; MT yu[fl 4 22.7~72.6
(50.7+1.2) dB SPL. o 28 ML AT T Bic &
F HLVK PRI E RIF.

2.1 /MR AIHETHIRE FTEZEE

40 ms [¥] BF FEHIICT, 220 38 KR B g
/NEL AL A TT I RO ECH I B o, &
IR A () 1 i B RS R 1. 5 BRI N AR =5 9 T
(PIARAENT 18, 7 S B 0 I R OB SR 38 n  AS AR B
R < 25% A FRUE Y RIF; 5 o 88 I s & s s
[ =25% K AE A 4 RIF. W& T 72 4 AL &0
) RIF, Jirp 28 A& uR I 59l 21 RIF, 44
ANRZE TCR I A AR PR RIF. PRI BF .
depth. FSL 1 FD ¥ WL 2 5, {H B 1Y 4 8 5
1) MT %k 25 T AR B B 40 28 T8 1) MIT (1=2.67,
P<0.05, & 1). FHfil¥anE N MT Tt & a2
Hr, PIEMIZ T FSL. FD. SC M2 fh s dan & 1
PR,

22 BIAREERIFRRETERREERIBEE
T R B4R EL AL

28 AN B A A 22 T K R A SR 2 O MT +
20 dB, LA 5 E Ff A 48 0 1) S £ 5 S R AT 0T
TR (e o 3 4 MT+19.7 dB). i B4 28 ¢
TEAHYS T MT RSRAE . hAFomAE. mamps 3 Fis
T 1) FSL A FD 4n & 2a B, A o i o
WALPPZE JCIN FSL W4 i, FD BHiaE K.

44 A~ HE 5 B ph 22 0 S A 0 R Y R
42.6~91.3 (66.2+1.8) dB SPL. : F i 74 4 28 S0 45
fIC SR BE . B ARERRAE . SromAE 3 i A IR (1) FSL
HFD Wil 2b o, 7 om A R B R 4 T
K] FSL 5G46 %4 = 3.65, P < 0.001)F A48, FD A5
JIEK (¢ = 5.35, P < 0.001) T4/ (t = 3.08, P <
0.01) 1%
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Fig. 1 Two representative neurons showing monotonic
(a-1) and non-monotonic responses (b-1). a-2~ a-6
and b-2~ b-6 were the corresponding PSTHs
at different sound intensity
The BFs (kHz), MTs (dB SPL) and recording depths (um) of these
neurons are 14.5, 63.4, 774 (a); 14.5, 54.7, 716 (b) respectively. n is

spike number.

Table 1 Response properties of AI neurons

BF/kHz MT/dB SPL Depth/pm FSL/ms FD/ms
Monotonic neurons (n=28) 16.7£0.8 57.7+1.6* 730.4+43.6 27.3+2.5 9.2+1.0
Non-monotonic neurons (n=44) 17.7£0.8 46.7+1.8* 754.9+35.4 27.3+1.9 7.9+0.6

* P<0.05, i-test.
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50t 20.5% (9/44) & LRIV FD 1 5 #0046 5.
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Fig. 2 Comparison of first spike latency (FSL) and firing
duration (FD) at different intensity in monotonic
(a) and non-monotonic neurons (b)
*P < 0.05, **P < 0.01, *** p < 0.001. O: Low intensity (LI); I
Moderate intensity(MI); B: High intensity(HI).
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HEEB A IE K, 60.7 % (17/28) () 5 if Y 4 22 50 h
FD Ja =i B, PR IEAHDCE. 42.9%(12/28)
AN TTR I FD AT G AR K. DUARSR R A 2
TCI BRI N RSB SR I ) () S R M, K i
NI R BRSNS TA) 43 A S PR 43, 1S A0 o 2 e
AR R HF 58 0 AR A H P30 B s, S 40
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Fig. 3 Changes of FD at different intensity in monotonic

(a) and non-monotonic (b) neurons
a: PSTH of a respective monotonic Al neuron at MI (a-1) and HI (a-2).
b: Average of FD in 28 monotonic Al neurons at MI and HI (b-1), first
and second half of FD variation of monotonic neurons determined in MI
to HI sound stimulation (b-2). ¢: PSTH of a respective non-monotonic
Al neuron at BI (c-1) and HI (c-2). d: Average of FD in 44
non-monotonic Al neurons at BI and HI (d-1), first and second half of
FD variation of non-monotonic neurons determined in BI to HI sound
stimulation (d-2). The arrows in a-1, 2 and b-1, 2 show the FD midpoint
at Bl or M1, n is spike number.

2.3 Bic X AI #H2Z2 TR E IR RIS
XF 28 /N AL U HL VK 5 N GABA,, 52 /4 FH i
51 Bic, MELARIE GABA BEAMHIG AL #1426 I
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P IX A 8 T P R AR a3 2 BT, 270, R AAERPFTEIRTT; 17.9% (5/28) HIFHL
39.3% (11/28) AT JUom IR IUAAS ;. 42.9%  JUH BB e B A8 h AR il e 20, RN
(12/28) A& JC HAE L AT & TR AR i A 4 R PEsgos. 3 PSR S s 4 By

Table 2 Changes of Al neurons intensity tuning after application of bicuculline

Before Bic
After Bic
Monotonic neurons (n=8) Non-monotonic neurons (n=20)
Monotonic neurons (n=15) 3 12
Non-monotonic neurons (n=13) 5 8
107 a1 443 BI 10F b1 =35 BI 0 ¢y pz11 MI
5 St St
g O.L...O..lm...
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
10r a2  n=120 BI+Bic 10f n=41 Bl+Bic 10F ¢ n=85 MlI+Bic
St St S5t
: bl | YR " T
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
2 10r a3 =26 I 07 b3 =23 HI 107 c3 =50 HI
8 St St St
* \ a
_a 0 ! ! . Mu 0 . . 1 . . . 0 L 1 III .
E 10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
10F a4 =79 HI+Bic 10F b4 4299 HItBic 10r ¢4 =24 HLBic
5 5
0 . . . 0 . . L IHIUIII |
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
t/ms
160 + 120+ F
a5 b5 1200 s
120+ #091421 #111731 #091221
80+ 80+
80+
a0} M 40 40r
0 il 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1
20 40 60 80 100 20 40 60 80 100 30 40 50 60 70 80 90

Intensity/dB SPL

Fig. 4 Three representive neurons showing effects of bicuculline on intensity tuning of AI neurons
a: PSTHs of an Al neuron which is non-monotonic before and after Bic application (a-1~ a-4), and RIF of this neuron before and after Bic application
(a-5). b: PSTHs of an Al neuron which is non-monotonic turns to monotonic after Bic application (b-1~b-4), and RIF of this neuron before and after
Bic application (b-5). c: PSTHs of an Al neuron which is monotonic turns to non-monotonic after Bic application (c-1~ c-4), and RIF of this neuron
before and after Bic application (c-5). The BFs (kHz), MTs (dB SPL) and recording depths (pwm) of these neurons are 13.5, 38.5, 1038(a); 15, 45.6, 748
(b); 18.3, 63.4, 952 (c) respectively. n is spike number. o—o : Con; e—e: Bic.
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N SREETRIE R AR A2 T HLIK Bic G, &
SR JEE P T R A e T, AR R kS 1
PREETOIE K Bic i, kB 7 0T IR R R R
% BTt ARSI R SR A2 TR LK Bic S5,
T N OV 07 & G - o) WO =T e e b
NIRRT WD T

20 M ERIF AR UL YK Bic 5, 8 ME
JCI AR R PE NS, 12 AN e 1 AR B
59, Zeit I eRVK Bic S AR B PEARAS R
JG, FSL ZEARFFHERE T LR E %S, FD 1
AL A IR A T A 535 22 51 (One-way ANOVA,
P<0.001), FD 7E s fd: 55 75 HIBC R 9(10.2140.45) ms,
FE TR 90 P P BT 46 45 52(7.76£0.49) ms, Tl L K
Bic Ji 5 £ 5 JE 7 0T 1 K %2 (22.77+0.73) ms,
TE 5 5 55 7 TR 4 4 %5 (18.48+0.84) ms. i HAL ik
Bic Ji HL A PEIR IS A 40, FSL AXAERL K Bic
Jii 7 U5 SR N e A i S b T B v i 4
(t=3.14, P <0.01), FD {EA[A] RS A 2%
#:5#(One-way ANOVA, P <0.001), FD 7 fefd: i
FERIECN J(13.330.62) ms, 7T i 95 7 TR N 4
$122(10.93+0.65) ms, i HLVK Bic J& e R0 75 ]
BN K F(17.9740.77) ms,  F i 4 B 75 )T 4%
BEFEK: 52(22.62+0.69) ms.

3 it it

3.1 Al TR E FIEE T

A S I3RS 72 A AL T RIF, JLh
38.9% (28/72) MM, 61.1%(44/72) Jy A i,
5N BAR S = 56 1 BT AR IC A28 T8 I R PR A
b, AT H R R AR 2 SC T o L) B S A e 19,
AR P TR B DA Ay i 0 P A N 1 R o 5 R
Al FHERIY RIF LB AT RES AL PP/ 2
(R E S N 0 DUAESEEG IR R L, AL #i 4
TGS IC P& TeAHLL, 75 Bk ER B R R RN 5)
127495 [l (dynamic range, DR)FA, IXUeh5EIRpY
A5 AT A I S N AT D0, P i A AE
AT A2 TE0 75 45 B R AEAS I rp ke S A, 1
AW A AR IR AT N T4 R R il A
:‘@[21—23]'

P2 gt ) 2 RN 25 3 22 E AR B, AL R ()4 ]
M3 T R GABA,  HAEZ K [ AL =346
PERRZE TOSCAC, AR DL 52k B LA R T X B
JE R AR FEMRIPE S e 029, A 206 i GABA fig
P Bic 7, AF L R0 2 0 A O W R

o 60% (12/20) AE AL S, 40% (8/20) FH
WPET R EE. 7T GABA RedIIZ 5 T AL M TT
AR RIE G, HFRE e AT #IE JCAE S P
(R JEU DAL AL P Yy MRS N TR A B T e
JE TR RS TR LUK Bic S5 A4 A SRR R ) S A
ST A 3o 5 R TT BB S 5 R B I (DT 200,

DAFESEEG W, KR AL A7 P 4 f 41
. - I A P R T A N TR AR X B
[F) RGP AR E 1R, AR PHTHI IR fh 2 oo A
LA RN Z VR ) B Bt A 7 i g ok /S, 5k
B 7 oI PRI S AR X 3. Hodr, JEP
FOAHI 2 7 A R i e 228 G A B U P (1 2 Ji PRI 6,
ASEEGH, FUR R A G GABA BEHIE#Y Bic
FR BRI, A28 0 mT BE H IR 16 T 1y 00 £ (L 4 2 1
), AR AE R B AR, R A
2 JGI GABA fe il gk Bic filRBR I, AP o] fg
HH BB I T A 1) B R AR, ml RSP A o
(PRIFIE ). X AR Tyl o S A P 48 T %
S R, DRI R AN, R (R
Z IR BRI AR HEE .
3.2 MAEEIMFEIEMARE RS T

PLAERIFIT 2 LA ph Bl (1) R 8 (spike count,
SC) 3k & Jil % (spike rate, SR)IE A HHHXWT #1250 [
N bR, TR, S AL I R JBUN TR], R
ST FSL 7 5286 75 [ 4% UIE 522 Lk SC S U 1¥) ) W 357
PRSI SERG 25 FAE R, 7 AR R A I T
2 RO S B AR 2 o0 FSL IR RE, fhgooxt
A B gt AR T FSL RS A e, A sk
B, FSL 76 RE 5 1w g i R B 2 35 1 R A
PE, BB A 250 FSL 76 7 AR T
I 455 46 (1.=2.92, P < 0.01), AEF I8 $l £ S0 FSL
7 75 0 e R B TF AR AR (:=0.03, P> 0.05),
XA YK Bic JEMKARAAAE. FSL 1252 |k
ATAENPEDCAT R 52T, HE P 53 s i EAT A NP
BTN, i IR BN G FSL 4R, AR
R TT I FSL 76 75 5 FAR SR E BT 2 e R oA
I 45 % (1=4.26, P< 0.001), H fedlEomE ETFI RS
(t=0.07, P> 0.05), #EM FATAE NPEX A fE e fE i
JEE IR S LA

FD (178 4, S e B 2% Ao P B4 ot v i N 1) 2104
I TR A5 25 L, AT Y oy MR s PR N 11k
PR ORSZEG, FD 5 SC R I W2 I AH K
PE, FRASANEE G FD A6 5k H P AR L TN
FEK(1=2.17, P<0.05), JEFIFHRIMNZE IO FD 767
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B A B B T I 4 4 (1=3.08, P < 0.01), X Ff
FUAEAE MUK Bic JEMARAALE. HED AL #11£ J0id
TE A SN RS FD, T s SC 3% AR R 7
5 SR AT . A RE— 22 A S A TRk
i, CLFD e, THE FD Ao A S 5
SR (] 3). R A AR BT, 60.7%(1)
FUIFTAHZTC FD 186 a4, A AT A APE
B 60.7%I FLR BY A EE JC A FD Ji5 130 47 4E
i, Ry EATAE NP DA S K B R B et 3t s
B IEAHRNE, HEW EATAE ANPEDSAT BG NNy, St
PEX AT . o R BT, 47.7% 0 9E
FOIRTARZTC FD W8 4k, A EAT AR APEH
IR 68.2% K1 AR HL iR B AR 2 70 FD 5 =35 70 4
Fi, A EATAR AN A S R A B s P
FAFAHINE, HEW AT A AP IIG sy, st
PRSI . AN A T EAT AR N
P&, UK Bic JE PG TOREAS TR 52 B (R A A
N NI E B (PR TS B R, AR SEE
17.9% (5/28) I &8 Tk HEL UKk Bic Jig th IR AE 53 14
w6, N R AR GBAB fEAMHRIAEAE T S it
i L.

3.3 BERIEMERERER

YEA WA RIS o LA DS R A 4L, 5
JEE PRSI g A T b A P 0 i N S N
FEL I gl 0230 Ry W 2R TR B2 I Y
o PR N A R G S AL, TR RSN
AP 315 DU TG i 5 3 B P 11 R 0201, fige | 2%
WL EoR, EMin AL 8 T2 B AR LR A&
AR T EAT AR N XA, AL & T 52
K E AL W ERIAHIHIEENG AT, XS AT PRI ik
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Fig. 5 A postulated model explaining the mechanism

High threshold
N inhibition

Low threshold
inhibition

of intensity tuning in AI neurons
Monotonic RIF may remain the monotonicity after application of Bic if
there is low threshold GABAergic inhibition in the ascending input (D)
and/or excitatory neuron in the descending feedback ( @ ).
Non-monotonic RIF may remain the non-monotonicity if high threshold
non-GABAergic inhibition in the descending feedback (@ ). Monotonic
RIF may turn to non-monotonic after application of Bic if there is high
threshold non-GABAergic inhibition in the descending feedback (@ )
which excited when GABAergic inhibition was removed. Non-
monotonic RIF may turn to monotonic RIF after Bic application if there
is high threshold GABAergic inhibition in the ascending input (@ )
and/or descending feedback (@ ). The dotted lines show the circuits
which relate to non-monotonicity. EN: Excitatory neuron, IN: Inhibitory

neuron.
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Intensity Tuning of Neurons in The Primary
Auditory Cortex of Albino Mouse®

QI Qiao-Zhen, SI Wen-Juan, LUO Feng™, WANG Xin"™
(College of Life Sciences & Hubet Key Laboraiory of Genetic Regulaiion and Integrative Biology,
Central China Normal University, Wuhan 430079, China)

Abstract Cortical neurons that are tuned to sound intensity (non-monotonic neurons) are very important for
processing auditory information. Considering the fact that all auditory nerve fibers have monotonical responses,
inhibition in the primary auditory cortex (Al) is essential for intensity tuning. By using free field sound stimulation
and in vivo extracellular recording, the present study investigated the intensity-tuning properties in Al neurons of
mouse (Mus musculus, Km). We also examined the effect of cortical application of the GABAa receptor antagonist
bicuculline on Al intensity tuning in order to indentify the possible source of inhibition. The intensity-tuning curves
were recorded in 72 Al neurons among which 28 showed monotonic responses and 44 showed non-monotonic
responses. In non-monotonic neurons, there was no change in the first spike latency but a decrease in the firing
duration (P < 0.01) when the sound intensity increased from best intensity to highest intensity. After Al application
of bicuculline by electrophoresis (n = 28), the non-monotonic responses did not change in 39.3% neurons, was
weakened in 42.9% neurons and was enhanced in 17.9% neurons. It suggested that GABAergic inhibition must be
involved in Al intensity tuning but was not the only source. Non-monotonic excitatory input and non-GABAergic
inhibition should also be considered. A postulated model was presented to explain the mechanism of

intensity-tuning in Al neurons.
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