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Fig. 1 Stimulus diagram and stimulus mode diagram
The iTBS used has an intra cluster frequency of 50 Hz and an inter

cluster frequency of 5 Hz.
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Fig. 2 Schematic diagram of segmentation effect and cross—frequency coupling

(a, b) Corresponding to the extracted time domain sequence of the theta band (a) and gamma band (b) signals; (c, d) corresponding to phase maps of

LFP signals in theta (c) and some gamma (d) frequency bands (800 sampling points) of two brain regions; (e, f) corresponding to schematic diagram

of phase-amplitude coupling between the phase of the PFC-HPC (e) and HPC-PFC (f) low-frequency signals and the amplitude of the high-frequency

signal.
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S EAES RN, JFidh 7 Y P<
0.01 i, FoRMEdEZ a0 25 57 B W g
SRR, O R

2 & R

iTBSY X R TAEICIZ1T A FRE TR0
ATV BLAF 22 SWM AT R 244 55 R T
] () SeAS R B 255 MU B-F-42 TE A
RIS AR B SWMAE TS (K13).

21

100

80

60

Accuracy/%

40

20

0

AS AC ES EC

Fig.3 The average number of days and the average accuracy rate of each group learning SWM behavior experiment rules
The data obtained after statistical analysis is displayed in the form of “mean + standard deviation”. The figure on the left shows the average number
of days for the four groups of rats to learn the experimental rules of SWM behavior: AS (4.50+1.309) d, AC (7.56+1.657) d, ES (7.20+2.354) d, and
EC (10.25+1.118) d. The figure on the right shows the average accuracy of the four groups of rats after learning the SWM behavioral task: AS (88.50+
1.247)%, AC (83.44+1.632)%, ES (82.19+1.288)%, and EC (77.00+£2.000)%. *P<0.05, **P<0.01. AS: adult stimulation group; AC: adult control

group; ES: elderly stimulation group; EC: elderly control group.
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Fig. 4 Time—frequency energy map of theta band LFP signals in PFC and HPC in each group of rats
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Fig. 5 Average time—frequency energy statistics of theta band LFP signals in each group of rat PFC and HPC
The left figure shows the average time-frequency energy of the theta band LFP signals in the PFC brain regions of four groups of rats, which are
AS (0.162+0.029) mV*/Hz, AC (0.108+0.035) mV*/Hz, ES (0.035+0.012) mV*Hz, and EC (0.026+0.009) mV*/Hz, respectively. The right figure shows
the average time-frequency energy of the theta band LFP signals in the HPC brain regions of four groups of rats, which are AS (0.305+0.078) mV*/Hz,
AC (0.251+0.056) mV*/Hz, ES (0.183+0.083) mV*Hz, and EC (0.129+0.089) mV*/Hz, respectively. *P<0.05, **P<0.01.
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Fig. 6 Time—frequency energy map of gamma band LFP signals in PFC and HPC in each group of rats
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Fig.7 Average time—frequency energy statistics of gamma band LFP signals in each group of rat PFC and HPC
The left figure shows the average time-frequency energy of the gamma band LFP signals in the PFC brain regions of four groups of rats, which are
AS (9.420+2.665) %10 mV*/Hz, AC (7.576+2.127)x10™* mV?*/Hz, ES (3.448+1.133)x10™* mV?*/Hz, and EC (2.317+0.114)x10™* mV?*/Hz, respectively.
The right figure shows the average time-frequency energy of the gamma band LFP signals in the HPC brain regions of four groups of rats, which are
AS (9.420+3.507)x10™ mV?*/Hz, AC (7.563+2.287)x10™* mV*/Hz, ES (5.075+2.169)x10™* mV*/Hz, and EC (2.955+0.701)x10™* mV*/Hz, respectively.
*P<0.05, **P<0.01.
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Fig. 8 Scatter plots of time—frequency energy and behavioral task accuracy of LFP signals in the theta and gamma

frequency bands of two brain regions during WM behavioral tasks in rats



2230+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (9

Theta Gamma
AS AC

AS

0.7 0.7 0.7
o8 i o8 o8 o8
= 7 0.6 = 7 = 7 0.6 = 7 0.6
e =% (=% =%
§6 0.5 é’G §6 0.5 é’G 0.5
=5 04 ¢35 £5 04 =5 0.4
24 03 24 24 03 24 03
g; 0.2 g; §g 0.2 g; 0.2
61 0.1{31 . 51 @0451 0.1
12345678 ° 12345678 ° 12345678 ° 12345678 °
Channels in the HPC Channels in the HPC Channels in the HPC Channels in the HPC
ES EC ES EC
3 ; i 0.7 3 0.7 3 0.7 0.7
£ I0.6 g5 I0.6 g7 I0.6 g5 I0.6
e =% (=% =%
g 6 0.5 é} 6 0.5 g 6 0.5 :EE) 6 0.5
E5 04 =5 04 25 04 =5 0.4
24 03 24 03 24 03 24 0.3
g3 02 £3 02 £3 02 £3 0.2
22 01 =2 01 =2 01 =2 o1
B ‘ 0 O 1 © ‘ 0 4 o
123456738 12345678 123456738 12345678
Channels in the HPC Channels in the HPC Channels in the HPC Channels in the HPC

Fig. 9 Mean PLYV of theta and gamma frequency band neural oscillations between channels of PFC and HPC brain regions
in each group
The horizontal axis represents 8 microfilament electrode channels in the HPC brain area, and the vertical axis represents 8 microfilament electrode

channels in the PFC brain area.
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Fig. 10 PLV of each phase of the PFC and HPC brain regions in the theta band and gamma band LFP signals in each group
Each colored small sector in the figure represents a phase bin, which is divided into 18 phase bins between —n and w. The left image shows the PLV of
the theta frequency band LFP signals in both brain regions, while the right image shows the PLV of the gamma frequency band LFP signals in both

brain regions.
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Fig. 11 Average PLV of LFP signals in the two brain bands of the rats in the theta band and gamma band

The left figure shows the average PLV of the theta frequency band LFP signals in the two brain regions of four groups of rats, namely
AS (0.421 0+0.075 4), AC (0.414 7+0.053 5), ES (0.396 6+0.033 0), and EC (0.398 4+0.032 8); the figure on the right shows the average PLV of
gamma frequency band LFP signals in the two brain regions of four groups of rats, namely AS (0.432 2+0.089 4), AC (0.342 9+0.029 7), ES (0.322 2+

0.034 0), and EC (0.305 8+0.036 9). *P<0.05, **P<0.01.
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Fig. 12 Scatterplot of average PLV and behavioral task accuracy of LFP signals in both brain regions theta and gamma

band during WM behavioral task in rats
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Fig. 13 PFC-HPC and HPC-PFC phase amplitude coupling diagram of rats in each group

The horizontal and vertical coordinates of the image represent the frequency range of the theta band and gamma band signals, respectively, and the

shade of color indicates the value of MI.
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Fig. 14 Statistical chart of mean MI of PFC-HPC and HPC-PFC in each group of rats
The left figure shows the average MI of PFC-HPC in each group of rats during WM behavioral tasks, which are AS (3.625+0.230)x107, AC (3.461+
0.454)x107, ES (3.304+0.447)x107, and EC (2.880+0.547)x107%, respectively; the figure on the right shows the average MI of HPC-PFC in each
group of rats during WM behavioral tasks, which are AS (3.674+0.379) x107, AC (3.534+0.489) x107, ES (3.436+0.238)x10~, and EC (3.282+

0.131)x107%, respectively. *P<0.05, **P<0.01.
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Fig. 15 Scatterplot of mean MI of PFC-HPC and HPC-PFC versus behavioral task accuracy during WM behavioral task

in rats
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Abstract Objective Spatial working memory (SWM) is an important function in cognitive behavior, and
working memory impairment can seriously affect the patient’s life and cause great stress to the patient.
Intermittent theta burst stimulation (iTBS) has been shown to regulate working memory function by entrainment
of neural oscillations in different frequencies of the brain, but its regulation of working memory-related neural
oscillations and their synchronization is not clear. The purpose of this study was to study the effect of iTBS on
neural oscillation and synchronization in local and transbrain regions of rats, and to explore the mechanism of

iTBS in regulating working memory. Methods Twenty-four rats were randomly divided into four groups
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according to their age and whether they received iTBS stimulation (AS: adult stimulation group, AC: adult control
group, ES: elderly stimulation group, EC: elderly control group). Using the methods of time-frequency
distribution, phase synchronization and phase-amplitude coupling analysis, the changes of local field potential
signal neural oscillations in the prefrontal and hippocampal brain regions of theta and gamma bands in the process
of spatial working memory behavioral tasks in each group of rats were compared and analyzed, and the
relationship between the changes of neural oscillations in the two brain regions and the changes in spatial working
memory ability of rats was judged based on the Pearson correlation coefficient. Results = With the increase of age,
the time taken by the elderly rats to learn the spatial working memory task rules increased significantly (P=0.005 6),
and the time taken by iTBS stimulation to learn the SWM task rules in adult rats (P=0.001 1) and elderly rats
(P=0.009 0) was shortened. At the same time, compared with adult rats, the time-frequency energy of theta and
gamma band neural oscillations in the prefrontal and hippocampal brain regions of elderly rats (theta: £<0.000 1;
gamma: P<0.000 1) and phase-amplitude coupling across brain regions (PFC-HPC: P=0.0002; HPC-PFC:
P=0.027 7) decreased to a certain extent, and iTBS stimulation could increase the time-frequency energy of neural
oscillations of adult rats (theta: P<0.000 1; gamma: P<0.000 1) and elderly rats (theta: P=0.014 4; gamma:
P=0.000 6) and the phase-amplitude coupling effect across brain regions in elderly rats (PFC-HPC: P=0.018 0;
HPC-PFC: P=0.022 1). In addition, the time-frequency energy and phase-amplitude coupling of signals in each
frequency band of the two brain regions were positively correlated with the behavioral accuracy of rats, while the
phase synchronization of theta band and gamma band neural oscillations in the two brain regions during working
memory was not correlated with the behavioral accuracy. Conclusion iTBS can enhance SWM ability and
cognitive function in elderly rats, and this improvement is associated with increased coupling of time-frequency
energy and cross-brain phase amplitude of neural oscillations across theta and gamma bands during SWM tasks.
Similarly, in adult rats, iTBS enhances SWM ability and cognitive function by increasing the time-frequency
energy of theta and gamma band neural oscillations in both brain regions during SWM tasks. Furthermore, in
addition to the main findings, this study provides evidence supporting the state-dependent effects of iTBS

stimulation to some extent.

Key words intermittent theta burst stimulation, spatial working memory, nerve oscillations, phase synchronicity,
phase-amplitude coupling
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