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Fig. 1 Drug injection cannula and

micro-wire multi-electrode array
Recording multi-electrode array and cannula (plastics one inc.) were
adhered together to a piece of hard paper. The distance between
multi-electrode array and cannula is about 2 mm. The distance between

each tungsten micro-wire in the array is about 0.5 mm.

2 & R

2.1 RMERAR R 22 JT 7 RE AR H 2 PR A5 BRI ON
R

FAAE 11 FARBRRE K Bl sk 3 24 A% g
FERCAT SN FR) A A JR AR A4 i 282 s B (A 3038 i
multi-unit). E3E 19 N IBRAHIZ T AL E NREM
(RIS WOMEIR Y], 17 AN7E REM BERY, ¥id
SKEIRGGE « EMTICSE B B 5 AN KRR
SKBIE G /ATl B, A8 S IO A B I R
T UAHERR.

B2 g T — AN B i R A pl & T e
NREM HEHRAT REM R PR AR AT R 1 W 75 1)
MNAEHL. Wy B (waveform) A2 5 (%) T, &40
2 50/F NREM HEIRFT REM BEHR YRR ZS T 2 0] %t
W 75 PR HH 15 & ON . (evoked ON response).
B (raster) B 25 T 1240 28 0 AE 3 S AN W] W (14 BEEAIR
WS, AR 41 F1 64 YRR I spike %X



«234e EMUFEEYIEHR

Prog. Biochem. Biophys. 2013; 40 (3)

. S5 A O ()~ 38 R B it 8 (PSTH) 1) LUF Bl
PARIRES NEAT —A ON ViU, WEAE mi 38 tH LA
16 ms B ZI BT, IXA~ ON [ W 7 raster K] A [A] £
TEWAT L. A 2d 1 nissl Je i gh R, w LR 2%
PR TC B R A0 s LR R B 7 T P 0 TR A A% 4]
WL AR T & o/ ARIRES T 1) B RIS

(2)

7K *F- (spontaneous activity) #1 ON & % (evoked ON
response, 0~ 50 ms). JPHT 100 ms H & H T
7K I NREM (1) 0.02 4~ /trial 7145 REM 1)
0.03 A /trial. M 75 M 75 R onset J5 50ms K] 75
RN 53530 4 NREM ] 2.37 4> /trial Al REM
EARIYI 1.91 A /trial.

A Waveform B Raster C PSTH
45
EEG MW\/\/\,MW ;"(5) r :Z T:' '._ '- o N S00F
S < 400
EMG . s E
= 25F- 7% & 300}
Z 200 £
* / 200 ms 15 . % “é 200
MGB b= 7
i ataes 10 £ 100
Noise— 0r . 0
® A B C
60. 500+
EEG ARPIANSA A AN AN . : E
50p, s e 400 -
EMG 407, =
S e %o 300+
§ * 30 :" lE 200+
pp—— 5
MGB 10"“ < 100}
Noise » oF ey 7T o
-100 0 100 200 300 400 500 -100 0 100200 300400 500
t/ms t/ms
©
8r (@)
ON response
ot~
Q
= Duration of PRI
G
g
2 1 x std
N 2 Mean of spon
01- X X
-2
0 100 200 300 400 500
t/ms

Fig. 2 Auditory responses of one MGB neuron in sleep

Auditory responses recorded from one MGB unit were shown in Figure 2. (a) Results from non-rapid eye movement (NREM) sleep. (b) Results from

rapid eye movement (REM) sleep. In Figure (a) and (b), all "A" panels, left, are polygraph recordings. Four traces from top to bottom are waveforms for

EEG, EMG, extracellular recording, and noise burst stimulus individually. The 200 ms time bar was shown in panel (a)-A, it is also applied to all "A"

panels. The noise evoked response onset spikes of this MGB unit were indicated by asterisks "*". All "B" panels, medial, and "C" panels, right, are raster

plot and Peri-stimulus Histogram (PSTH) showing the auditory responses of this MGB unit in two different sleep states. Please note that the long silence

period indicated by arrows. The y axis is trial number in raster plot. It changed to mean firing rate in PSTH plot. The data are from 41 trials in (a), and

66 trials in (b). The acoustic stimuli were 50 ms, 45dB SPL, repeated white noise bursts with 2 s intervals. The stimuli were presented to the subject at

0 ms point in each trial, shown in raster and PSTH plots (bin=2 ms). (c¢) The schematic illustration for duration of post-response inhibition (PRI). This

Z-score value curve is derived from (b)-C. (d) Picture of nissl stained coronal section to illustrate the location of this unit in MGB nucleus.
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Fig. 3 Auditory responses of MGB units in sleep

(a) Spontaneous activities of MGB neurons in non-rapid eye movement (NREM) sleep and rapid eye movement (REM) sleep. (b) Evoked ON responses

of MGB neurons in NREM sleep and REM sleep. (¢) Duration of post-response inhibition (PRI) on MGB neurons in NREM sleep and REM sleep. In all

Figures, *P < 0.05, **P < 0.01. Please refer to Table 1 for the number of MGB neurons in each group. Error bars in each figure represent s.e.m.

Table 1 Changes in physiological parameters
for 19 MGB units tested in sleep

Vigilance states (x + s (n))
NREM REM
Spontaneous activity (spikes/trial) 0.027+0.02(19) 0.054+0.04(17)

2.985+1.86(19) 3.264+1.89(17)
57.2+440.3(13) 19.9+32.0(13)

Mean ON response (spikes/trial)
Duration of post-response

inhibition ( ms )

Spontaneous activity was quantified during the 100 ms preceding
each noise burst. Mean ON response was quantified during the 50 ms
following each noise onset. Duration of post-response inhibition: the
duration when the normalized firing rate was under minus standard
deviation of spontaneous activity after the auditory response.

n: Number of units.
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Fig. 4 Post response inhibition on MGB unit was eliminated by TRN inactivation in NREM sleep
(a) Recordings from medial geniculate units in NREM sleep before lidocaine applied on thalamic reticular nucleus. (b) Recordings from medial

geniculate units in NREM sleep after application of lidocaine on thalamic reticular nucleus. The acoustic stimuli were 50 ms, 45dB SPL, repeated white

noise bursts with 2 s intervals. The stimuli were presented to the subject at 100 ms point, shown in raster and PSTH plots (bin = 8 ms) in each trial.

(c) The cannula trace in nissl staining section. The area between two black dashed lines is auditory sector of thalamic reticular nucleus!™. Note that the

post-response inhibition is right after the evoked ON-OFF component in (a), as the arrows shown. It disappeared in 30 min after we injected 3 .l

lidocaine (20 g/L) in thalamic reticular nucleus, see Figure (b).
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Fig. 5 Effects of TRN inactivation on auditory responses of MGB neurons in NREM sleep

Neural activity changes in MGB neurons when TRN was inactivated by lidocaine in NREM sleep. (a) Spontaneous activity of MGB neurons before and

after TRN inactivation, n=5. (b) Evoked responses of MGB units before and after lidocaine application on TRN, n=5. (¢) Duration of post-response

inhibition on MGB units before and after lidocaine application on TRN, n=4. Note that the post-response inhibition disappeared in three of them in

30 min after application of lidocaine on TRN. Before: Before TRN was inactivated. After: After TRN was inactivated, mostly 30 min after lidocaine

application. Error bars in each figure represent s.e.m.
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Post-response Inhibition on Medial Geniculate Neurons in Sleep”

MENG Xian-Kai"?, SUN Wen-Jian®, XU Xin-Xiu", ZHANG Zi-Cong”, HE Ju-Fang"*"
(" Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
? University of Chinese Academy of Sciences, Beijing 100049, China;
? Department of Rehabilitation Sciences, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong, China)

Abstract The medial geniculate body (MGB, the auditory thalamus) receives strong corticofugal modulation that
includes facilitation and inhibition. Auditory stimuli evoke an onset response that in many neurons followed by a
lasting post response inhibition in MGB neurons. In the present study, we investigated the post response inhibition
of MGB neurons in sleeping rats. Chronically implanted electrodes were used to record the neuronal activities of
the MGB, as well as, the electroencephalogram (EEG) and the electromyography (EMG) from the rats in different
stages of sleep. Both ON and ON-OFF neurons in the MGB showed prolonged post-response inhibition of over
50 ms. The post-response inhibition showed a shorter duration in rapid eye movement (REM) sleep than that in
non-rapid eye movement (NREM) sleep. After the auditory sector of the thalamic reticular nucleus (TRN) was
reversibly inactivated by local application of lidocaine, the post-response inhibition of MGB neurons disappeared
or decreased. Based on these results, we concluded that the TRN was involved in the post response inhibition of
the MGB in sleep. The TRN applied stronger inhibition to the MGB neurons during non-REM sleep than during
REM sleep.

Key words medial geniculate body (MGB), thalamic reticular nucleus (TRN), post-response inhibition (PRI),
rapid eye movement sleep (REM), non-rapid eye movement sleep (NREM)
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