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Relation between frequency modulation direction selectivity and forward masking

of inferior collicular neurons: a study on in vivo intracellular recording in mice

FU Zi-Ying, ZENG Hong, TANG Jia®, LI Jie, LI Juan, CHEN Qi-Cai
School of Life Sciences and Hubei Key Laboratory of Genetic Regulation and Integrative Biology, Central China Normal University,
Wuhan 430079, China

Abstract: It has been reported that the frequency modulation (FM) or FM direction sensitivity and forward masking of central audito-
ry neurons are related with the neural inhibition, but there are some arguments, because no direct evidence of inhibitory synaptic input
was obtained in previous studies using extracellular recording. In the present study, we studied the relation between FM direction sen-
sitivity and forward masking of the inferior collicular (IC) neurons using in vivo intracellular recordings in 20 Mus musculus Km
mice. Thirty seven with complete data among 93 neurons were analyzed and discussed. There was an inhibitory area which consisted
of inhibitory postsynaptic potentials (IPSP) at high frequency side of frequency tuning of up-sweep FM (FM,) sensitive neurons (n =
12) and at low frequency side of frequency tuning of down-sweep FM (FM,,) selective neurons (n = 8), while there was no any inhibi-
tory area at both sides of frequency tuning of non-FM sweep direction (FM,) sensitive neurons (rn = 17). Therefore, these results show
that the inhibitory area at low or high frequency side of frequency tuning is one of the mechanisms for forming FM sweep direction
sensitivity of IC neurons. By comparison of forward masking produced by FM,, and FM,, sound stimuli in FM,, FM;, and FM, neu-
rons, the selective FM sounds could produce stronger forward masking than the non-selective in FM, and FM,, neurons, while there

was no forward masking difference between FM,, and FM, stimuli in the FM, neurons. We suggest that the post-action potential IPSP
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is a potential mechanism for producing stronger forward masking in FM, and FM,, neurons.

Key words: inferior collicular neuron; FM direction sensitivity; forward masking; in vivo intracellular recording
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Fig. 1. The percentage of neurons with different sweep direction sensitivity and the distribution of their best frequencies (BF). 4: The
percentage of up-sweep FM (FMy), down-sweep FM (FM,)) and non-FM sweep direction (FMy) selective neurons. B: The distribution
of BF of FMy, FM;, and FMy neurons. C: The comparison of mean BF of FM,, FM;, and FM neurons. The number in the histogram

is the number of neurons. **P < 0.001.
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Fig. 2. The frequency tuning and forward masking of a representative up-sweep FM (FM) sensitive neuron. 4: The frequency tuning

of this neuron. B, C: The responses of this neuron to FM, and down-sweep FM (FM,,) sound. D, E: The forward masking of FM, and

FM,, sound to best frequency (BF) sound. a—f: The number in the bracket is the interval (ms) between two tones. /: Comparison of the

number of impulses of this neuron elicited by 5 repeated FM,,, FM;, and BF pure tone bursts. G: The recovery index curve of this neu-

ron under FM, and FM,, forward masking. The dashed line indicates 50% recovery. MI, masking index. The recording depth and BF

of this neuron are 1 007 um and 18 kHz. /: The averaged 50% recovery interval under FMy and FM,, forward masking of all 12 FM,

neurons. ~"P < 0.001.
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Fig. 3. The frequency tuning and forward masking of a representative down-sweep FM (FM,,) sensitive neuron. 4: The frequency tun-

ing of this neuron. B, C: the responses of this neuron to up-sweep FM (FMy) and FM,, sound. D, E: The forward masking of FM,, and

FMj, sound to best frequency (BF) sound. a—f: The number in the bracket is the interval (ms) between two tones. /: Comparison of the

number of impulses of this neuron elicited by 5 repeated FM,,, FM;, and BF pure tone bursts. G: The recovery index curve of this neu-

ron under FM, and FM,, forward masking. The dashed line indicates 50% recovery. MI, masking index. The recording depth and BF

of this neuron are 1 358 pm and 24 kHz. H: The averaged 50% recovery interval under FM and FM,, forward masking of all 8 FM,,

neurons. "P < 0.05.
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quency tuning of this neuron. B, C: The responses of this neuron to up-sweep FM (FM_) and down-sweep FM (FM,,) sound. D, E: The

forward masking of FM,, and FM}, sound to best frequency (BF) sound. a—f: The number in the bracket is the interval (ms) between

two tones. F: Comparison of the number of impulses of this neuron elicited by 5 repeated FM,;, FM;, and BF pure tone bursts. G: The

recovery index curve of this neuron under FM, and FM,, forward masking. The dashed line indicates 50% recovery. MI, masking in-
dex. The recording depth and BF of this neuron are 877 um and 16 kHz. A: The averaged 50% recovery interval under FM,, and FM,,

forward masking of all 17 FMy neurons.
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LE G LEAS TR b b Jir o B 81 22 52 AN K, (H FM Al
FM,, #1148 0 T 7 18 LU B A6 AN [R) 0 v H0A 3K 22
o W H S W 2 )2 (auditory cortex, AC) Fl IC
T FM 5 5 ) JE R A2 0 B FM, R4
JG 2020, i K AC Mo HAA FM 5 B
PRI E TG K2 H0h FM, E#EME, FM, #l EM,,
28 TC I HL A R 75% FIT 25%022, T VU8 B A 2 TG I
FM 7 1 1l 7 1) 16 B P A6 AN [0 L3 Wt o Ak LA
WP, R ARG W RN S R A 1 A
Rk s LA AT o 2= S 1 DR RUIR A 0T e 55 AN [ R
SIIT FR ER BRI A I T SRR Ok
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SETHT O TR T I BRI T B s 2 AL T
KZ KA AMC T T, MR Ee g FA N 1T
TR S T4 00 EFTC PN A7 2E SRR
(T DX T 35 ) G R NAERF ST PR F vk
NI 3 2 AR BRI T v, S E] GABA
WIS 5 T HZ 0 FM 7 R R R TE R
FA0 R G 5 I 2B R R 55 T 2R Rk 160100
P RE 2, AR PREE TCHE S AR 2 SN, oA
WA TG XA, JSBR IS A5 A
(192 TR g 5 IR ER A5 2 5 i A\ 1)
EPEEUE KLU & 2 il o A St R FH 40 i
PAE ST, AT B A 28 oA I 45 AR
FMy, #HZET0, A S A N 4 B 1 400 21 DX 90 A
PES AT IX A (3 )( 1B 24), 1 FMy 7 R0 B
WG N AT X, PR BOEAIHIX, X
Ti5 BT 2R TG IR 2 A 1 S N SE AR TR 5 1T FM,
PRI ELF 55 FM A B, B SE0E B X,
7 AR TR I S i N A TR 2R T8 1) 2% Ay IR
MR TC RNy FM, 882 (8 2B, C, F).
FM,, #1285 76 I 50 2 W 1 RF R IE 4 5 M, #0148 0 A
(B 34), M A A5 3L 3 B FM, 2 5 (&
3B, C, F). IA}T FMy i on, R
IR 2% iy M S Y DX A G B Sk PR A ) XA A (T
44), HE7r AN PG I AR W REETE IC
NI AZ AP, AR YA DX 00 35 4 A A
X, A2 FMy A1 My, 75RO Y AR AR, 8
s 7 ik P (&l 4B, C, F). Voytenko
A1 Galazyuk ) FH ARG B N 0 sk 1 715, WESL T
NERIE IC P2 Joxf Hml /A 5E £ FM (80~20 kHz) {55
5y LURORE B 45 B 1) 3 A FM (80~60, 60~40 Fl
40~20 kHz) V53 (P RN, K 3 Bl o) s Y. 1) 45
BRI G 5 80~20 kHz FM J 3 [ 45 B A Lt, T W
1/3 [P o ht 80~20 kHz FM J N [ 45 5 5 3 Fhil
By FM 8 28 4 B AR B RS ) 45 BEAR I, 2/3 1)
FREE TEI) 5 3 Bl a4 FM N P R 22 f4D e A s
A, FHEDU K SRR 1T g A AR 22 06 FM 75 1)
5 T BRI AL B30 R 55 AT 5T A 40 i
P AL S 7 VT TR SE ¥ ML 30807 m) 3 6 2 11 &5
FIFA AL, I 2 B 3 (A UE 4 IS 7R FMy. FM, Al
FMy 48 TR T R A28 5 18 A i 4 vh W -
e IS8 (10 Ao 20 4 i A
3.2 BEEARREHA EEFERHE TR B

A B0 FHAN [R)3 10 77 1ra () FML RS A5 17 448 ik
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SNBSS R s, A H AR EIT kS
I oo, BT A ) FM RS 3 s S i s
Sl AWML FM 5 (K 2D, E, G, H: & 3D,
E, G, Hyo UM g, —, S8 9 i o )7
] (F) FM PS5 500 T30dIvERI ., (R RREL I [A)
A, RIS ey kI, FERCIN AR SR =
AT HT AP JE ERBE G IPSP ;. H: ., i J7 7] 1)
FM 7 B8 e S A 2 o2 i 1 2% Ay X, Bl A B
PR, fERMNIER 2RI AP J5 IR — M
SR PSP, 1% IPSP X 2L Jim BRI 75 FR) X Ay S 7 A=
ECORIAEMOANY. 5 Ho =, W77 0 ) FM 75 Befg 5|
EAE U R Z A H I AP, PRE ol 5 B0,
NTITASE A5 i 25 3288 Jo R TS ik 2> B o 428 3688 Jo 52 A R B,
T T B M AL 3B R )R B, R AR ) R file
J 411 (synaptic depression)?+201, {g &f- 75 [ [f) FM /=
REfE 512 AP RIS BRI 1 ey N B A 2 )
) X, a7 g A (echolocation) 3h4), ‘Al
R A 5 A4 MR B [B] 75 (echo) 15 = 1T 3K
73 5 BRI A B A5 2 7280, R HE TR 7R A 5 5 A () A
PEFT N BERE L M 2 U IS RE L AR DL R 5 A L
SIHTRES) B X TR M AL E W, w5
FM 7= A (R R FE A, 38F S T 3L e 75 AR 5 0
U AT DAL R B g . T AR LA AT FM 67 )
ERER AL TG, FMy Al FMy, S RO AR (&
4D, E, G, H), LI585 1) £ 1% 1 8 1k
FHARL, XA A T BELESI ) o BT A5 5 T i
ROy 5 T B AT A S
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