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S1. Estimation of exchange rates using Bloch fitting of Z-spectra data at various B field
strengths.

Two-pool Bloch equation fitting was used to simultaneously fit Z-spectra acquired at five B4
field strengths according to previously published protocols 3. Fitting was conducted using the
open source Matlab scripts downloaded from cest-sources.org (https://www.cest-
sources.org/doku.php?id=multi-b1-fit-cw) that were developed by Zaiss et al *. The relative proton
concentration was f, =20 (mM) x6 (protons) /111 (M) = 1.1 x103. The water-pool relaxation rates
in phantoms were set to R1a=0.217 s™ and Rzs =0.454 s™', and relaxation rates of the CEST pool
were set fixed to Ris =18, Rsg =50 s™. Other fixed parameters included Tsat = 4 sec, recovering

time Trec = 2 sec; Aw = 0.8 ppm.
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Figure S1. Bloch fitting (lines) of the experiment data (solid dots) of 20 mM mannitol at pH
7.2 (37°C, PBS).

S2. Optimization of CEST acquisition parameters

The relationship between CEST contrast and CEST acquisition parameters was investigated,
i.e., Brand Tsa. As shown in Figures S2a and S2c, the peak position of the MTRasym plots of
mannitol shifted with both parameters, suggesting that the quantification of CEST MRI using the
MTRasym values at 0.8 ppm might lead to errors due to interference of direct water saturation. For
simplicity, we decided to use AUC (0.2 -2 ppm) values calculated from the MTRasym curves to
quantify CEST contrast at different conditions. Figure S2b shows that the CEST contrast of
mannitol leveled off between 2 - 3 sec, indicating that 3 sec can be considered an optimal Tsat
value. The B+ curve (Figure S2d) shows that 3.6 pT can be approximately considered as the
optimal B1 value at Tsat = 3 s in phantoms. However, we used a lower B4 value (1.8 uT) in our in
vivo studies because high B+ results in a pronounced magnetic transfer (MT) contrast that may

further complicate the CEST detection and quantification.
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Figure S2. Optimization of CEST MRI detection of mannitol. a) MTRasym plots and b) AUC
(0.2-2 ppm) of 20 mM mannitol (pH 7.4, 37 °C) as a function of Tsa. CEST MRI was acquired
using a RARE sequence (TR/TE= 10,000/5 ms) and a CW saturation pulse (B1= 1.8 uT). ¢)
MTRasym plots and d) AUC (0.2-4 ppm) of 20 mM mannitol (pH 7.4, 37 °C) at different B4 values.
CEST MRI was acquired using a RARE sequence (TR/TE= 6000/5 ms) and a CW saturation
pulse (Tsa=3 sec) at 37 °C.

S3. T1 and T; effects of mannitol

T, and T» maps were acquired according to our previously published procedures °. In brief, T+
maps were acquired using a RARE-based saturation recovery sequence with eight TR values
ranging between 200 ms to 15,000 ms (TE = 4.3 ms and RARE factor = 4, central encoding). T-
maps were acquired using a modified RARE pulse sequence (TR/TE = 25000/4.3 ms and RARE
factor = 8) with a Carr-Purcell-Meiboom-Gill (CPMG) T preparation module consisting of a CPMG
pulse train (tcrme = 10 ms). A total of 16 scans were acquired with the number of CPMG loops

varied from 2 to 1024, corresponding to TE times of 20 ms to 10.24 sec.
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Figure S3. R1 (a) and R: (b) relaxation rates of mannitol at different concentrations at pH

7.2 (37°C, PBS).

$4. In vivo quantification of mannitol concentration using Bloch fitting of Z-spectral data
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Figure S4. Estimation of the change in hydroxyl proton concentration due to mannitol

accumulation in the brain by Bloch fitting of Z-spectral data. (a) Experimental and fitted Z-

spectra of the contralateral hemisphere pre and post mannitol infusion. (b) Experimental and fitted

Z-spectra of the ipsilateral hemisphere pre and post mannitol infusion. Parametric maps of the

concentration of Hydroxyl protons (mM) in a representative rat pre- (¢) and post- (d) infusion of 3

mL mannitol. (e) Parametric map showing the change in hydroxyl proton concentration. (f)

Computed concentration map of mannitol.
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S5. Simulation of the mannitol CEST contrast at 3T and 9.4 T.

To estimate the CEST contrast of mannitol at 3T, we performed simulations using 2-pool Bloch
McConnel equations realized using MATLAB (Mathworks, Natick, MA). The following parameters
were used in the simulation, a continuous wave (CW) pulse with a duration of 4 seconds and a
B1 field strength of w1/2m = 1.8 uT, the chemical shift =0.8 ppm, and kex = 2.4 kHz. Two field
strengths, 3 and 9.4 Tesla, were used. Of note, 9.4 T was chosen because the availability of
literature-reported values of relaxation times in the brain. We used the literature reported
water relaxation times of white Matter (WM): T1w =1.66 sec and Tow=37.2 ms at 9.4 T & Tqw
=1.10 sec and Tow=69 ms at 3T ’. For hydroxyl protons, the T+ time was the same as that of
water and the T, was 94 ms respectively 8. The concentration of mannitol was set to 50 mM.
The result shows that the peak value of mannitol CEST is approximately four times higher at
9.4T than at 3T.
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Figure S5. Comparison of the CEST signal at 3T and 9.4T. a) Z-spectra. b) MTRasym plots.
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