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Application of wireless neuronal recording system in fear conditioning of Alzheimer’s

disease mice — hippocampal Theta oscillation observation

HU Meng-Ming, YAN Xu-Dong, ZHANG Xiu-Min, BAI Yu, ZHAO Fang, QI Jin-Shun"
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Abstract: APP/PS1/tau triple transgenic (3xTg) mouse is a classical animal model of Alzheimer’s disease (AD), which has abnormal-
ities in recognition and electrophysiological properties at early 6-month-old age. However, few studies were performed by using
simultaneously recording cognitive behavior and brain electrical activity in the conscious 3xTg mice. By using a new wireless recording
system, we recorded hippocampal Theta oscillations in 3xTg mice during the process of fear conditioning test. The results showed
that: (1) in training session, no significant difference in the fear behavior and hippocampal Theta activity was found between 3xTg
mice and WT mice; (2) in test session, 3xTg mice showed a significant decrease in freezing ratio compared with WT mice when they
were exposed to conditioning stimulus (CS); (3) the 3xTg mice showed lower peak power in Theta oscillation in both Pre-CS and CS
duration compared with WT mice; (4) CS effectively induced an increase in the peak frequency of Theta oscillation in WT mice, but
not in 3xTg mice. These results indicated that the impairment of cognition behavior in 3xTg mice was accompanied with the
decreased peak power and peak frequency of Theta oscillation in the hippocampus, suggesting that a decline in Theta oscillation might
be involved in the impairments of the fear conditioning, and the enhanced hippocampal Theta oscillation may be beneficial for

improving AD cognitive function.
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Fig. 2. Schematic of fear conditioning test. 4: A diagram show-
ing a pressure-sensing device at the bottom of fear testing box
and a sample pressure trace with active and freezing status
decided by two threshold lines in red. B: Schematic illustration
of the fear conditioning test protocol.

1.5 D SERIFHE L (local field potential, LFP) iy
EBALERSAE YR SICZRIET, S
BUBRIE (5o lt, 3% B3, 1.5% 4E%F), 4 HE
T RO L, T AR IRk Gt %5 B Headstage
(E1), FHEammiR. fFaiEneEiE R 15~20 min,
FFJEAE T A HE RSt NeuroWare, 224 DU 21 1 41
25 5 I8 LFP FRAEHEAT RAFE (RS 3 000 Hz,
738 0.1~500 Hz) FIS2ific W %%, LFP J5 4h 303
F NeuroExplorer 5 347 25 28 i 41 B J Dy %3 73 #r
1.6 BRGS0 R L mean £ SEM
Fom, {F ] SPSS 18 AR, SR F AL AEAS £ 4656
MR ZE J5 2 53 B Al LSD 5 i e Ab B, P < 0.05 %
IR Z A W 2 5.

2 &R

2.1 3xTg/MRBRIRITIZRE D T BE

WK 34 /1B fiw, NGB, BEE MK
o 3gm, WT /N5 3xTg /) BAR B H 58 8
hn, 3 B — ORAETY (25.655 6 + 1.847 0)%
F1(24.758 3 + 1.003 2)% 3 hn 2 &5 T 7k &AL 5 1
(79.911 1 £ 2.293 5)% A1 (85.300 0 + 2.641 2)%. Il
ZITUR 5 45 ) 3xTg /NS WT /N 2 8] /8 B
EbR T B2 5, £ 3xTg /N BV IE 2% S ik A %
AR BNFm o AR R R BRI IZAS I P9 2H /N B
KIAFE. & 3C F D Frzx, 3xTg /N H CS 7
SR IE B LR [(55.349 0+ 3.075 7)%] & WT /NI
[(79.134 0+ 3.188 3)%] B FEAK (FCXS ¢ KE58, 14 =
11.543, P <0.001). & 3E &7 7 A [ ZH 50 1) 55 51
/NSRBI i IRz i 28, AT UL 3xTg /MR 4G T CS
JE PR FFA A IR B B AT WT /N . BA LSRR
B, 3xTg /N 24 h ZAEICIZ 52 3 B A5 5 .
2.2 IxTg/MRBIRITIZHEHBEE FE S Theta i
78

FEREAT BAR IS A2 I 5258 f) (R, FRATT IR B i
S T/NRED CAL X LFP. B 44 o8 T WT /h
BLUFN 3xTg /N B 7E Pre-CS F1 CS ][] 4t 74 f) LFP 2%
e 2. FATHE B 46 1) LFP H NeuroExplorer 5 3K
AT AR S B, EE S LR T P ALY Theta 35
4 (4~10 Hz). [ 4B R TR B 528 4 Pre-CS
1 CS WA 2% 150 s AR M1/ R AT NG 3id 3¢
( B FAERL M S CAL Xz A i (R,
Kl 4C 7R T LFP MR T3 4%, K 4D il E HLEL
TP /N R Theta =15 43 R I E 4K (peak frequency,



574

HE B ZEH Acta Physiologica Sinica, October 25, 2018, 70(5): 571-578

A Training session e WT Training session T
100 +3XT9 100+ = 3XTg
801 80
& 601 S 60
[o)) [o))
£ <
N 404 N
g 40 8 404
i i
20+
N '_l
0 2 4 6 8 10 12
Time (min) Before 1st reinforce  After 5Sth reinforce
c Training session —WT D Training session
—=—3xTg w— W'T
100+ 100+ = 3XTg
Aok sk
80 80+
60 g
2 2]
0 40 N
o 8 40
[T [T
20
201
Pre-CS CSs
o 1 2 3 a4 5 0
Time (min) Pre-CS CS
E
WT ‘H,
3xTg T WMM»-—M«»-M»—-

Pre-CS

Cs

3. W/ 5 3x T/ SRR AR TS AZ A I 2R 5 A T B B A B EE AR LA

Fig. 3. Comparison of freezing ratio between WT and 3xTg mice in training and testing session. 4: Freezing behavior plots showing the

changes in freezing ratio during training session in WT and 3xTg mice. Grey bars represents paired auditory stimulus and foot shock.
B: Histograms showing the freezing percentages in both two groups before the 1st reinforce and after the 5th reinforce. C: Freezing
behavior plots showing the changes of freezing ratio in WT and 3xTg mice during pre-CS and CS in testing session. D: Histograms

showing a significant decrease in freezing behavior in 3xTg mice during 150 s of CS in testing session. £: Representative pressure
sensing traces in testing session. Mean + SEM, P < 0.001, n = 10 for each group.
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Fig. 4. Simultaneous recording of the cognitive behavior and hippocampal electrical activity in the conscious 3xTg mice during fear
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time-frequency spectrogram in 3xTg and WT mice during testing session. Notice the difference in the color scale of power. C: Rep-
resentative LFP power spectrum in 3xTg and WT mice in different phases of testing session. D and £: Histograms showing the peak
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Fig. 5. Representative spectral power distribution for 0—40 Hz oscillation in the hippocampal CA1 region in WT and 3xTg mice.

Compared with WT, the power of Gamma oscillation (30—40 Hz) in 3xTg mice had significant decreases during pre-CS (left) and CS

(right).
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