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Introduction: The intracellular/extracellular pH gradient within tumors plays an important role in tumor growth and influences anticancer therapies.  
We have recently developed a novel magnetic resonance imaging (MRI) method to measure absolute intracellular pH (pHi) using chemical exchange 
saturation transfer (CEST) called amine/amide concentration independent detection (AACID)1. AACID values have a linear dependence on pHi. In a 
mouse model of cancer we have previously used AACID to show tumor selective acidification (decreased pHi) induced by a single dose of the 
mitochondrial inhibitor –lonidamine2.  Producing a physiologic stress to highlight subtle differences in metabolism is a new approach that could be 
used to identify or grade tumors. However, lonidamine is not currently approved for use in humans. Therefore the purpose of this study was to 
quantify changes in pHi induced by a single dose of an approved drug called Topiramate (TPM) which is used in the treatment of epilepsy. 
Topiramate inhibits the action of carbonic anhydrases3, which ultimately reduces production of extracellular HCO3

–3. It also increases the transport of 
HCO3

– out of the intracellular compartment by activating the Na+-independent Cl-/HCO3
– exchanger4. The net result is that less intracellular HCO3

– is 
available to react with intracellular H+ inducing intracellular acidification. 

Methods:  Brain tumors were induced in NU/NU mice (N=8) by stereotactic injection of 1x105 U87MG glioma cancer cells. All the animals were 
scanned on a small-animal Agilent 9.4T horizontal bore MRI scanner using a 30 mm diameter 
millipede volume coil. Initially T2 weighted images were acquired, to determine tumor location, 
using a standard fast spin echo (FSE) pulse sequence (TR/TE=3000/10, FOV=25.6X25.6mm2, 
matrix size =128x128, slice thickness=2mm). CEST images were acquired using the same FSE 
pulse sequence preceded by a 4s, 1.5μT continuous wave radio frequency(RF) saturation pulse (saturation frequencies from -1000, 1.6 to 4.5 (Δ=0.1), 
and 5.4 to 6.6(Δ=0.1), and 1000 ppm). CEST spectra were acquired prior to and 75 minutes post intra peritoneal (IP) injection of 120 mg/kg 
Topiramate (Topiramate was dissolved 5mg/ml in a solution of phosphate-buffered saline at pH 7.2).  AACID values1 were calculated from CEST 
spectra using Equation 1 on a pixel-by-pixel basis in MATLAB (Natik, MA) following WASSR B0 correction5 and converted to pH using the 
following calibration: pH= (AACID-3.66)/(-0.34)                                                                   

Results: The AACID map from a single mouse is shown pre-injection (Figure 1a), and post-injection (Figure 1b), along with the difference map 
(Figure 1c). The pre injection AACID values were lower within the tumor compared to tissue on the contralateral side and increased significantly 
(p=0.017) in tumors (N=8) after topiramate injection (Figure 3a, b).  Corresponding pH distribution maps are shown in Figures 2a, 2b, and 2c. On 
average pH decreased by 0.12 pH units, after topiramate injection (p=0.017), while on the contralateral side, pH was unchanged.  

Figure 3 Summary of 
AACID and pH values 
from NU/NU mice (N=8). 
(a, b)  Mean AACID 
values acquired at baseline 
and 75 minutes post 
injection of topiramate in 
contralateral and tumor 
ROI. (c, d) Mean pH 
values calculated from 
corresponding AACID 
maps within the same 
ROI. Error bars equal to 
one standard error 

Discussion: The results showed that topiramate decreases pH in tumors within 75 minutes of injection. The difference between pre- and post-
injection images (Difference= (AACIDbaseline –AACIDtopiramate)) indicated greater changes within the tumor compared to the surrounding brain tissue. 
The post injection decrease in pHi may be due to the inhibitory effect of topiramate on tumor specific carbonic anhydrases and Na+ independent 
bicarbonate exchangers. 

Conclusion: Topiramate produced a significant decrease in pHi within U87MG brain tumors, but no detectable change in tissue on the contralateral 
side. Further study of topiramate induced tumor selective acidification is needed to determine whether the CEST/AACID effects can be used for 
tumor detection and monitoring of tumor response to treatment. 
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