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INTRODUCTION. A new non-invasive method for simultaneous measurements of temperature and pH — based on the strong dependence on
temperature and pH of the proton chemical shifts from the complex between the thulium ion and the macrocyclic chelate 1,4,7,10-
tetraazacyclododecane-N,N’,N’* N"*"-tetra (methylene phosphonate) or TmDOTP® (A, top) — has been developed [1-5]. Due to high sensitivity of
each resonance on temperature and pH, models can be developed [2,3] to determine both temperature and pH simultaneously and with high accuracy
in rat brain [4]. More recently, a new temperature-sensitive probe was introduced, using the same thulium ion integrated with a macrocyclic chelate
of 1,4,7,10-tetraazacyclododecane-1,4,7,10- tetramethyl-1,4,7,10-tetraacetate or TmDOTMA™ (A, bottom) where the methyl "H chemical shift of
TmDOTMA' is pH-independent [6]. In the present work we compare the accuracy of temperature determination in vitro using these two temperature
probes and discuss advantages and disadvantages of using these two complexes as non-invasive exogenous probes. Additionally we report detection
of TMDOTMA " in the brain and we compare in vivo temperature distributions obtained using TmDOTP> and TmDOTMA complexes.

METHODS. In vitro: The '"H NMR spectra of TmDOTP® and TmDOTMA"™ were obtained using samples at pH values between 6.9 and 7.7,
containing 4mM TmDOTP” or 4mM TmDOTMA’, respectively, and 3mM TSP in 10%D,0. In vivo. Sprague-Dawley rats were prepared as
previously described [4]. The rats were similarly anesthetized (1 to 2 % halothane for induction, then 40 mg/kg/hr a-chloralose). In vivo 'H 16x16
CSI data were acquired on a modified 11.7T Bruker spectrometer using a 'H surface coil. A gaussian pulse of 200 us was used for excitation of a 4
mm slice with FOV of 2.56 cmx2.56 cm using previously described parameters [4,5].

RESULTS. Temperature-dependent redundancy of three TmDOTP® protons, H2, H3 and H6, (A, top) can be used to increase the accuracy of
temperature (and pH) prediction [3]. The temperature can be calculated from the chemical shift values &, J; and & of the protons using the equation:
T (TmDOTP) a, +a,0, +a,0, +a,0, + a5622 + a6632 + a7§62 +8,0,0, +a,0,0,, where nominal values of the parameters a, — a; were
estimated by linear regression. For the TmnDOTMA™ complex, the chemical shifts of proton resonances do not depend on pH or Ca** concentration
(data not shown). Therefore, temperature determination requires only the measurement of the methyl group only, for which the signal-to-noise ratio

(SNR) is much larger than the SNR for the other proton resonances (A, bottom). Temperature can be calculated from the chemical shift of the methyl
group of TmDOTMA™ according to the
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Therefore the gain in accuracy of temperature

determination due to higher SNR for the TmDOTMA™ methyl group is partially compensated by its lower temperature sensitivity, resulting in very
similar accuracies for temperature predictions for both TnDOTMA™ and TmDOTP’" methods. The in vivo results suggest that both methods can be
used successfully to calculate temperature distributions in the rat brain (C and D). The main advantage of the TmDOTMA™ method is that it uses only
one proton resonance, avoiding therefore the scanning of two different spectral regions (as in the case of the TmDOTPY method). Although the
linewidth of the TmMDOTMA™ methyl group is ~ 150 Hz in vitro, our in vivo results show a linewidth of ~ 450 Hz for this resonance, most likely
because of inhomogeneous temperature distributions in the rat brain. The advantage of the TmDOTP> method is that it can simultaneously provide
temperature and pH measurements, which are extremely important in a large number of physiological and pathological situations.

REFERENCES. [1] Zuo CS et al., Magn Reson Med 36: 955-999, 1996. [2] Trubel HK et al., J Appl Physiol 94: 1641-1649, 2003. [3] Coman D et
al., Proc. 14th ISMRM, # 4911, 2006. [4] Coman D et al., Proc. 14th ISMRM, # 5367, 2006. [5] Coman D and Hyder F., Proc. 15th ISMRM, # 3381,
2007. [6] Pakin SK et al., NMR Biomed. 19(1): 116-124, 2006.

ACKNOWLEDGEMENTS. Supported by ROI RO1 MH-067528 (FH), P30 NS-052519 (FH).

TTmDOTMA) (0C)

o s o —

Proc. Intl. Soc. Mag. Reson. Med. 16 (2008) 1586



