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Fig.1 The experimental timeline of rTMS treatment and behavioral tests
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Fig. 2 Flow chart of the novel object recognition experiment
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Fig.3 Cognitive index of novel object recognition test
(a) Cognitive index of test phase I. (b) Cognitive index of test phase II. *P<0.05, ***P<0.001; n=8.

TE Morris K 2R B, Nl 4a s, B
YILRREIIG N, A pSkER Rz, =
AR AT (25 2] FREAZRE T o % kB AR i i 40
Woariess, RIFEE (F (3, 140) =19.10, P<
0.001) FImffE K &£ (F (4, 140) =2598, P<
0.001) FHIfFfe W B TR . EF T2
ML AR AR S EE (F (12, 140) =1.564,
P=0.108 9) . iX—XELLE LG IH] T IGY7 2R AT [A]
PR 22 5% 9k ke P AR U1 () A S ) . (EAS T A 2,
AD-+Sham 2H 3 1% V5 AR 10 4 Jo i o5 (b SE00 T A 2
S (Kl 4a), FEHH AD R EE i 25 10 3 25 fa) 2 ) JERR
YIRS S K (MRZen), El4b R T/l e
E B E, AD+Sham 2H 14 UWHGIA - A 3R
% KT Control 1 (P<0.001) . AD+H rTMS 4
(P<0.001) S AD+L rTMS 4 (P<0.001) (&l 4c).
AR Biit— A5 78 , Control 41/ 7E H b
- {5 X e 6 5% B8 BF ] 45 AD+Sham 1 #E K (P<0.01,

[¥14d) ; AD+Sham 20 H b5 5 FRAF B4 B[R] (5 L0 0 2%
fi& F Control 2 (P<0.001) . AD+H rTMS 4 (P<
0.001) X AD+L rTMS 41 (P<0.001) ( &l 4e) ;
Control 40 5 AD+L rTMS ZH /) U558 5 IR B U &
T AD+Sham 2 (P<0.05). [ihZEEEM, AD+
Sham 21 52 8L I 25 19 25 [BCAC R & Bens , HAT 2
BB 5 AR IS A B R — B /AR
rTMS T REA B s AD /NI 238124545
Horr AD+L rTMS 20 75 6 36 W5 AR 30 4 i i %2 (]
4a) M EAWZRIREMmLE (Klde) EFfabr LRMN
5 Control AAH 4117 WA . ZEE& 24, IR
A ' TMS 23 A C I F e 50w B8 Ry Bk 2, o
AT fRIE A R ol 28 T SRR RLTR R ARV E R
2.2 rTMSX}iE5 N 4L L 7K F RIS NG

&l 5a ffi7n, AD+Sham 4119 GSH & & i 51K
F Control 20 (P<0.01). AD+LrTMS (P<0.05) #l
AD+H rTMS (P<0.05), HAx3 412000 i E 2



"6° EMUFSEYIEHR R

Prog. Biochem. Biophys. XXXX; XX (XX)

(a)

-e- Control = ADH

HrTMS

AD+
Sham

AD+ -
L rTMS

300

[

=

=3
1

—_

=

=
1

Escaping lateney/s

=]

_
[¢]
—

o0
=3
1
*
*
*

=
=
1

. H e

s
=
1

The time of girst
arrival at the the platform/s

%
=
1

=

T
AD+
LrTMS I rTMS

T T T
Control AD+ AD+
Sham

—
4]
~—

60

o Target quadrant
= First quadrant

4014 o
v Third quadrant

SRR %
e o

EERRRRRNRANRN 13 1

The spent in the target quadrant/s

AD+ AD+
L rTMS HrTMS

Control  AD+

Sham

4 Sceond quadrant

AD+H rTMS

(d)
- 49 * ok
2 —_—
= .
< 3
233
2=
2, T .
2= * T
°x . ¢ T .1
;E 14 . T o %
=
Fl | =
= B A
G T T T T
Control  AD+ AD+ AD+
Sham L rTMS T rTMS
o 8+ *
= - __*
£
5 6
g
3
£ 44 s
= T
| I =
15 il
T 2 T w1 .
= |—l—|
= T .
=
z 0 T T T T
Control  AD+ AD+ AD+

Sham L rTMS HrTMS

Fig. 4 Data analysis of Morris water maze test

/ (a) Alterations in the escaping latency of all mouse groups during the 5-day training phase.

time of first arrival at the platform.

platform crossings. "P<0.05; “P<0.01; ““P<0.001, n=8.
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(b) Trajectory plot of the test phase. (c¢) The

(e) Time spent in the target quadrant. (f) Number of
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Fig. 5 rTMS treatment reduced Iron levels and oxidative stress markers

(a) GSH concentration in the hippocampus tissue of mice.. (b) MDA concentration in the hippocampus tissue of mice. (c) SOD concentration

in the hippocampus tissue of mice.
AD+Sham; n=3.
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Fig. 6 Effect of rTMS on cell activity

(a) Pre-experiment to determine the concentration of erastin. (b) Effect of rTMS on normal cell viability. (c) Effect of rTMS on ferroptosis

cell activity. *P<0.05, ***P<0.001 vs Control;

###P<0.01 vs Control+H rTMS and Erastin+H rTMS; »n=8.
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Fig.7 Effect of rTMS on intracellular Ca** content

(a) Effect of magnetic stimulation on Ca*" content in normal cells. (b) Effect of magnetic stimulation on Ca*' content in ferroptosis cells. ***P<

0.001 vs Control; “#P<0.01 vs Erastin+H rTMS; n=8.
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Fig. 8 Correlation analysis between iron metabolism indices and cognitive functions

Correlations were assessed between the cognitive indices of the new object test phase I (a, e, i, m), the cognitive indices of the test phase I

(b, f, j, n),
platform for the first time during the water maze test phase,

phase, and the levels of malondialdehyde in the hippocampal region,

the duration of stay in the platform quadrant during the water maze test phase (c,

superoxide dismutase activity,

g, k, o), the time taken to reach the

the time taken to reach the platform for the first time during the water maze test

glutathione content, and divalent iron ions

in the brains of the mice. P values are Pearson correlation analyses and 7 values are Pearson correlation coefficients.
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Abstract Objective Repetitive transcranial magnetic stimulation (rTMS), a non-invasive brain stimulation
technique, offers a non-pharmacological therapeutic option for the management of Alzheimer's disease (AD).
Studies have demonstrated that ferroptosis plays a pivotal role in the pathological onset and progression of AD,
and the inhibition of neuronal ferroptosis can significantly ameliorate cognitive impairments associated with AD.
The imbalance of calcium ion (Ca*") homeostasis is intimately associated with the pathology of AD and serves as
a catalyst for the induction of ferroptosis through various pathways. This study is designed to investigate whether
rTMS can ameliorate AD by inhibiting neuronal ferroptosis or maintaining calcium homeostasis, ultimately
establishing a theoretical and experimental framework for the utilization of rTMS in AD treatment.
Methods APP/PS1 AD mice were subjected to both 0.5 Hz low-frequency and 20 Hz high-frequency rTMS

treatments, and the efficacy of these treatments was evaluated using novel object recognition and Morris water
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maze tests. ELISA was employed to quantify the levels of glutathione (GSH), malondialdehyde (MDA),
superoxide dismutase (SOD), Fe** within the hippocampi of mice from each group. HT-22 cells were induced to
undergo ferroptosis via Erastin treatment, and subsequent to high- and low-frequency magnetic stimulation, cell
viability was assessed using CCK-8 assay, while intracellular calcium ion concentration fluctuations were
monitored using Fluo-4 AM. Results The findings revealed that, when compared to normal mice, AD mice
displayed a notable decline in cognitive function, accompanied by a substantial increase in ferroptosis levels and
intracellular calcium ion concentrations. Both high-frequency and low-frequency applications of rTMS were
found to significantly ameliorate cognitive impairments in AD mice, while also effectively mitigating the
abnormal augmentation of neuronal ferroptosis and intracellular calcium ion levels. Conclusion The present
study underscores that both high-frequency and low-frequency rTMS exhibit efficacy in alleviating cognitive
dysfunction in AD mice, potentially through the modulation of ferroptosis and intracellular calcium ion

homeostasis.
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