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Ascending input from dorsal nuclei of lateral lemniscus mediates the plasticity of

inferior colliculus neurons in mice
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Abstract: The auditory system has the ability to adjust its structure and function as the environment changes, which is called auditory
plasticity. In the auditory system, inferior colliculus (IC) is an important relay station, which accepts the ascending inputs from dorsal
nuclei of lateral lemniscus (DNLL). The present study was aimed to investigate the role of the DNLL in the formation of the plasticity
of IC neurons. Here, we used extracellular single unit recording and electrical stimulation to investigate the plasticity of IC neurons in
Kunming mice. The results showed that after the cessation of 30-minute electrical stimulation on contralateral DNLL, 95% of the
inhibited IC neurons and 86% of the facilitated IC neurons showed plastic changes. Moreover, 1 h after the contralateral DNLL
stimulation was stopped, the plastic changes in 74% of the inhibited IC neurons vanished, but still were maintained in 26% of the
inhibited IC neurons. These results suggest that the contralateral DNLL ascending input can induce plastic changes of IC neurons,
and this kind of effect can be maintained for a certain period of time, which is beneficial to enhance the sound intensity sensitivity of

IC neurons.

Key words: dorsal nuclei of lateral lemniscus; ascending input; auditory plasticity; inferior colliculus; mouse

Received 2017-06-28  Accepted 2018-02-07

This work was supported by the National Natural Science Foundation of China (No. 31000493), the Natural Science Foundation
of Hubei Province, China (No. 2014CFB655), the Scientific Research Project Fund for Youth Teachers from Central China Normal
University (No. CCNU15A05035) and the Fund of Hubei Key Laboratory of Genetic Regulation and Integrative Biology, China (No.
GRIB201508).

"Corresponding author. Tel: +86-27-67867221; E-mail: 675341542@gqq.com



Bt e /N BRAMU 2R T % AT SN TR Feh 28 70 S B2 9 AT 28 4 5 ) 133

Wi, 2 498 L 46 T PR 858 1 AR AL R 2038 B & 45 4
FINREMIRE F1, AR W sE o B 2 R
(inferior colliculus, 1C) 1 N 5 & St vp 55 2L 1) b 4%
wli, FERTIBPERITE RS B R 2 B N AT R o IC
7K B K. BEFLRW, B B 24X IC
22 TU I ] B YE AR IAE IC #0122 T I JE A 75 g 8
Rk, WKL (spike count, SC). T IR AR BEAR A
(first spike latency, FSL) Fl [ {6 %, &ARILAE IC
ZIUX A S N T, Wi P R R
DA S 7 v g 7 5 T o ASIF 7 4L T 3 5% T 00
IC IR RIAT FER BT, X0 IC F 7K1 3 25t AT
— {10 IC #51 £8 70 1) 0 22 V] 155 R0 o8 B R 9 7 A ] SR
(RIsE, KRR ] LL4ERE 150 min, HEEA ™,
M2, ARALFHR EAT 5N A2 15 A% IC #1248 0 Y
7= A R SRR (R SR 7 I T R DA SR

A e 2R A ARG T 5 1C 1) 3 5 B,
HMIN e JR A TR = ANZ L 23 50 e A &R
4 (dorsal nuclei of lateral lemniscus, DNLL). #}Ml|
Fr & P AZ AN MU e R A% . e, DNLL £2F IC
FEEBI IR, 2 Bl Al Az A ER ML . TR
U] %) _E AR A A2 SORHI] DNILL £ 2% s 40 ) 1
Ao FEFUN IC A DNLL & H #8514
2932 I AR BRI T 2R, DNLL 148 X XUH-
I ] 22 RURCHE 5 22 UK, AE XA JEon LA 2 A
PR Ay R R EEAEA U, DNLL H 46 K355
N y- @ FE T (y-aminobutyric acid, GABA) AEff £
TG, JEHR A FE AT K IC, GABA 7E ¥ # IC
PR TUI A I SR P rh AR R, (K1t DNLL 5
IC #2 JO I 75 S RERe R 2 DA 96 1O

A FRAE 5T S, DNLL M oA §455%2 2
M. e PR MmN, BRI GABA fg
B RE IC 2 5, K IC #HE TG 1 HE A 40 26 J8 52 B
FEA R R, B0 IC W& TN S S S U
et P, H4, DNLL #1213 1 4 A 15 1
J&, DNLL X} IC #2870 (1) 52 Wi 22 15 Re % 4+, BJ
S AR BRVE RO 2 AHIE ST SR P AE AR H I A
A AL AMYCR AR IC S T, PRFT DNLL 1 EAT
BN IC M T & 75 BAT AT YRS, BT 4
RAB T2 7 1C Wr ot v] 2V 19T B L i) 22
HAT AR X

1 #RFn5E3%
1.1 ZPFARFBREIE  AFORAH 34 L EH

INER, AREE N 20~30 g, MEREASH), AL B
< 2R B s I = s O ARt . A S sL Tr
SRR EAR R B & ke, S NIH
SIS A AN 2 AT . S IRARH AL 2 BT
(AR 38 M, 1) /N B O S 0.48% [ B EL 22 4
(45~50 mg/kg 7R E ) {f HBREE . FREF, HRUIITF
SLTIE Sk B, B R AR, RR A B EX 95%
(B ARG I S, s R lifig . A5 SR
/I8 BRI S o7 PR U, R A TN BRSO A IC Ak
JAFsE DNLL 47y gk fL,  BEARZ9 4 200~500
wm, S R T A P s, A6 BB A A
NFFEEN . K20 1.8 em BV SL4T T 496 i [ 5E 78
RIIAL, FERFRKENE . FARTRE, ¥R
JHAE BRI N D7 R S & A o, [ e 30 Sk
o SEEE R W S IE IR R, WA R ANE
T 0.48% I LU AN, F S YRR T VR R I
WA IREFBRICE WIRFE N 25~30 °C. JIFF AR
I 75 >4 37 dB SPL.

185K 1C 28 70 L PR 38 3 i P A el ol P AR
4% (Bioscience, UK) Fiffil i 5, ¥ ELAZ) 1 um,
BH T M 5~10 MQ ; it 55t DNLL #1487t J2 37 I 8 45
FRICAL IR RN 4 J8 F b PR — X645 22 45 & LA (FHC
Inc., Bowdoin, ME, USA) 2H ji, HHR 2R ¥ H.42 < 10
um, PHFTA 1~5 MQ, PH[EIFE <50 pm.
12 /B, BRIBRGRHETREHNIZEE (B 14)

HH A FAT, K375 2580 AR 10 00 1%
M) (5 5ARGERL 60° Ko ffi ), FHORIEH 53 HAR AL
FFH—KFek E. B TDT &% (Tucker-Davis Tech-
nology system 3, Alachua, USA) 25 H 7 H 15 5 7
WA A R R RS S . R I O B R
40 ms [ 2l , AIERE N S ms, 2K /so SLITF
GEET, YK S gt (B & K-2610, Denmark) #l
1/4 JEF 2258 A (4936, B & K) X F IR Lt AT
e . HL I Y 2 HEh B ES (Model SEN-7203,
Nihon Kohden Co., Shinjuku, Tokyo, Japan) % &, I
TR 2 B LR AR 2 2% (CSS-202J, Nihon Kohden
Co., Tokyo, Japan) FIXUK 4 & H AR 25 HY FE K. H
Jik 2 I RE R 4 ms 177 BRI, BT R R 0.1
ms, [AFF 1 ms, HHEA4ANTH, B5HZMM
B2 500 ms, HHLUTGRE A 25 pA.

FH 0 A 32 2% (Kopf 640, USA) #4 XU 4 )&
W ELHE N0 ZY, JFHESE DNLL fifEiRfE, 47
40 ms [ 20F, 2088 H AR 98 B Ok F-4K DNLL



134

B 22 e, id3% DNLL 75 S0 28 0 TR FE IR A
5 AE 45 % (characteristic frequency, CF) 1 /)N %] 1
(minimum threshold, MT). #2701 S v H 4 ) H
Wt 2 AE LA 5O %% (ISO-DAM, WPI, USA) it
TR, 2 ek 27R 9 2% (PM3084, FLUKE, USA)
AT B AT AR S T, &S i ENLIEAT R
FETEAE . FH 20 3EHE3E 28 (SENSAEX, SMX, Finland)
VB F AR A 2 1C k%, SR IC BUE &
TR, CFHIRE . CF M MT. R, HHE
XU DNLL #2870 (4% 4 2 I /s), LA CF. MT +
10 dB SPL 7 il N i R JBEAE Ak 20% My 4t 1,
FIE IC A TCM R PETZ RN M., 45 IC #ET0
(1) ) B 52 2 52 e, D) RF 22 H ) 3 DNLL # 22 ot
(DNLL;s) 30 min ( i3 A 10 ¥% /s), 30 min J5 {2 11
R, i 1C M T O . BERE S min U
2R IC AT RN, 4 IC P& T R T K
2 A 56 KT (R HL 3 6 DNLL /i IC 48148 6
76 CF. MT + 10 dB SPL J5 HIl3 T (1 & L + 5%),
TRA AR A E 1.

1.3 HAERE  BAEHICRS NG, Ml
DNLL #1470 B A s AT B (0.1 mA, 10 s)
Yake, FEIRRTBET s s X RS AT 0
WEFE AL B, FRHEN 4% 12 58 H VAV ] 52 1~2 ho
RIGEUH AL, BHET 4% M2 RFRE IR
24 hEAT JE e . R B FARZI D) AL (VT 10008,
Leica CO, USA) Y1/, JERE N 40 pm. 2 H 2R

B 1. s ] S DNLLAZ H ) J8 IR G 6 ]

HEPR2EHR Acta Physiologica Sinica, April 25, 2018, 70(2): 132-140

Qe IR Fr, A2 RIS (Leica, DM4000B, Ger-
many) NWELIBAL SRR (B 1B).

1.4 BWBGIEFH WRIANET0 SR -
iJ 18] B 7 B (post-stimulus-time histograms, PSTH),
RAG AL Ju R SC. FSL BA K & i i #2 (firing dura-
tion, FD) &5 4445 . SC Ny £ o 0t 75 ) 3= A 1 3))
PERALIN 2, FSL 9 RIEOIT IR R EE 14 (&)
BNAE B I (8] ZZ 4800 E, FD N3 1 A ahfE Rz
Bl fa 1A () shE AL I A Z 4 0B . 28
P A mean + SD %o, gttt (FE
e Origin 6.0 & Sigmaplot 10.0 5%, FfH &
K& 77 % (one-way ANOVA) Rl ¢ 365K 3 M B ds 2
mESEASGITES, P<0.05HINVNERER
ENE

2 R

AW 5t L0 £ 5] 55 4 DNLL #1261 103 4
IC #f142J6. DNLL #1 £ Ju 0K BV v 2 020~
2794 (2282 + 185) um ; CF Ju[l A 7.7~35.4 (18.8 £
6.5) kHz ; MT iy 25.5~81.0 (57.8 = 15.9) dB SPL.
IC ' 28 T (1) 3 J£ 96 [l D 188~1 714 (1 028 + 360)
pum ; CF JulE N 8.0~54.0 (20.4 £ 9.5) kHz ; MT il
4 18.7~ 85.5 (54.6 = 16.6) dB SPL.
2.1 REXMDNLL LT R SEICHE T AT
T

L DNLL #0644 7, LA CF. MT + 10

400 pm

Fig. 1. Electric stimulation diagram (4) and Nissl’s staining (8) of DNLL neurons and surrounding tissue of mouse. Scale bar, 400

pum. IC, inferior colliculus; DL: dorsal nuclei of lateral lemniscus; LL: lateral lemniscus; Es: electric stimulation; Rec: recording; S;

switch.
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Fig. 2. Post-stimulus-time histograms of representative neurons under different situations. An inhibited (4) and a facilitated (B) IC

neurons were measured under different situations (control, DNLL after 30-minute DNLL;4 and recovery). The recording depths (um),
MTs (dB SPL), and CFs (kHz) of two neurons are 488, 57.9, 19.6 in A4, respectively; and 698, 72.6, 14.7 in B. The bar under the

abscissa represents 40 ms acoustic stimulus. 7 is spike number. The square wave under the abscissa represents the electrical stimulus.
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Fig. 3. Variation in the acoustic response characteristics of inhibited and facilitated neurons during DNLL ¢ and after 30-minute
DNLLg. A-C: The variation in the spike count (SC, 4), first spike latency (FSL, B) and firing duration (FD, C) of inhibited neurons
during DNLLg and after 30-minute DNLL.g; D—F: The variation in the SC (D), FSL (£) and FD (F) of facilitated neurons during
DNLL g and after 30-minute DNLLs. Horizontal line in box is median. Up side and down side of box are quartiles. Whisker on box

extends to the maximum value, and whisker under box extends to the minimum value. Solid dot is outlier. ‘P < 0.05, P < 0.001.
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Fig. 5. The maintaining time of plasticity of inhibited and facilitated IC neurons. The time course of the variation in the post-stimulus-

time histograms of an inhibited IC neuron (4) and a facilitated neuron (£); B, F: The variation in the percentage of spike count (SC)
of short-term plastic inhibited (B) and facilitated IC neurons (F); C, G: The maintaining time of short-term plastic inhibited (C) and

facilitated IC neurons (G); D, H: The percentages of short-term and long-term plastic neurons in inhibited (D) and facilitated IC ones
(H). The recording depths (um), MTs (dB SPL), and CFs (kHz) of two types of neurons are 488, 57.9, 19.6 (4), and 698, 72.6, 14.7 (E)

respectively.
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Fig. 6. The schematic of the plasticity of IC neurons. A: The neural circuits under control (a-1), DNLLg (a-2) and after 30-minute

DNLL (a-3) explaining the plasticity induced by synaptic structural changes. I’ > I, I’ > 1. B: The neural circuits under control (b-1),
DNLL (b-2) and after 30-minute DNLL (b-3) explaining the plasticity induced by activation of reserve pathway. I’ > I, III" < III.

Sub-IC represents auditory brain stem nuclei; RN: recorded IC neuron; —| represents inhibitory synapse; —< represents excitatory

synapse. Red lines in a-3 and b-3 mean the constructions have been changed.
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