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Phantom Study Methods
A phantom study was conducted to assess the reliability and specificity of the chosen saturation frequencies in detecting changes in GABA and glutamate levels. The phantom consisted of five tubes containing the following solutions: 20 mM GABA, 10 mM GABA, 20 mM glutamate, 10 mM glutamate, and phosphate-buffered saline (PBS) as a reference. All solutions were adjusted to pH 7.0. CEST imaging of the phantom was performed using the same sequence and parameters as the in vivo experiments described in the main text.

Phantom Study Results
The GABACEST-weighted image acquired at 2.75 ppm (Figure S1A) showed strong contrast for the GABA-containing tubes, with a minor contribution from glutamate. Conversely, the GluCEST-weighted image acquired at 3.0 ppm (Figure S1B) demonstrated stronger contrast for the glutamate-containing tubes, with a smaller contribution from GABA. The Z-spectra and MTRasym plots (Figure S1C) further [image: ]illustrated the CEST effects of GABA and glutamate at their respective frequencies.
Figure S1. Phantom study evaluating the contributions of GABA and glutamate to the CEST signal at different saturation frequencies. (A) GABACEST-weighted image acquired at 2.75 ppm saturation frequency, showing relative contrast for tubes containing 20 mM GABA, 10 mM GABA, 20 mM glutamate, 10 mM glutamate, and phosphate-buffered saline (PBS) as a reference. (B) GluCEST-weighted image acquired at 3.0 ppm saturation frequency for the same phantom setup. (C) Z-spectra and magnetization transfer ratio asymmetry (MTRasym) plots for each phantom solution.


[image: ]
Figure S2. Z-spectra and magnetization transfer ratio asymmetry spectra of four groups of mice of brain regions after 20-week treatment. (A-D) Z-spectra and magnetization transfer ratio asymmetry spectra (insets in the lower left of each panel) for the AD_R (A), AD_C (B), C57_R (C), and C57_C (D) groups. Within each group, the whole brain (left column), cortex (middle column), and hippocampus (right column) regions are shown. The AD_C group exhibits lower peak intensities at 2.75 ppm and 3.0 ppm compared to the other groups across all brain regions, indicating reduced CEST effects associated with glutamate and GABA.
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Figure S3. Effects of riluzole on Tau immunostaining in the cortex of four groups of mice.

Table S1. Primary antibodies used for immunohistochemistry (IHC) and Western blot (WB) analysis.
	Antibody target
	Host species
	Supplier
	Catalog number
	Dilution
	Application

	β-Amyloid
	Rabbit
	Thermo Scientific
	715800
	1:100
	IHC

	Tau pS404
	Rabbit
	Abcam
	ab92676
	1:100
	IHC

	GFAP  
	Rabbit
	Abcam
	ab7260
	1:100
	IHC

	EAAT2   
	Rabbit
	Abcam
	ab205248
	1:1,000
	WB

	GAD65/67
	Rabbit
	Abcam
	ab183999
	1:1,000
	WB

	GS
	Rabbit
	Abcam
	ab197024
	1:1,000
	WB

	GAPDH
	Rabbit
	Abcam
	ab181602
	1:10,000
	WB



Table S2. GluCEST and GABACEST signals in hippocampus and cortex at 20 weeks post-treatment.
	Group
	Brain Region
	GluCEST Singal
	GABACEST Signal

	AD_R
	Hippocampus
	0.186 ± 0.005
	0.144 ± 0.004

	
	Cortex
	0.194 ± 0.006
	0.151 ± 0.005

	AD_C
	Hippocampus
	0.144 ± 0.007a
	0.127 ± 0.003c

	
	Cortex
	0.156 ± 0.010b
	0.140 ± 0.006c

	C57_R
	Hippocampus
	0.186 ± 0.004
	0.154 ± 0.004

	
	Cortex
	0.202 ± 0.006
	0.169 ± 0.005

	C57_C
	Hippocampus
	0.189 ± 0.004
	0.154 ± 0.003

	
	Cortex
	0.196 ± 0.003
	0.166 ± 0.003


Data are presented as mean ± SD. Statistical significance was determined using Tukey's multiple comparisons test. ap < 0.01 compared to other groups. bp < 0.05 compared to other groups. cp < 0.05 compared to C57_R and C57_C groups.
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