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NMR Compatible Bioreactor with a Three Dimensional Cell Culture on Chip-
Application of 23Na Triple Quantum Filtered NMR and MRI/S Methods
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Introduction 
Cellular functions such as signal transduction and regulation of cellular proliferation strongly depend on the sodium (23Na) concentration gradient across cell membranes. Since 23Na is NMR visible, much research is carried out on humans and animals to study changes in 23Na concentrations in vivo. The range of the cell metabolism to be studied can be dramatically expanded by using bioreactors containing organotypic three dimensional cell cultures. Additional advantages of a bioreactor include a high level of control over physiological parameters such as pH, temperature, and external ion concentrations. The initial goal of this study is to demonstrate the feasibility of the investigation of three dimensional cell cultures by means of 23Na multi quantum spectroscopy. 
Experimental 
[image: ]	A Triple Quantum filtered Sequence with Time Proportional Phase Increment (TQTPPI) [1,2] with an additional 180° refocusing pulse was used at the 21.1T MRI system in the NMR facility using the ParaVision 6.0 software. For all experiments the hepatoma cell line Hep G2 (ATCC, HB-8065, Manassas, VA, USA) was used. The cells were passaged according to standard procedures. Briefly, 6*106 cells in a drop of 150 µl cell culture medium were placed on top of the microstructured grid leading to sedimentation of the cells into the chip’s microcontainers during two hours of incubation. After the sedimentation phase, the chip was inserted into the bioreactor housing. Perfusion of the culture was maintained at 400 µl/min using a peristaltic pump. Normoxic conditions were established by connecting the medium reservoir to a gas mixing station.
[image: ]Results and DiscussionFigure 1. TQTPPI spectrum recorded without cells. Single (SQ) and double quantum (DQ) resonances are clearly present. A triple quantum (TQ) resonance is barely present.
[bookmark: _GoBack]Figure 2. TQTPPI spectrum recorded with cells. A triple quantum (TQ) resonance is clearly present in addition to single (SQ) and double quantum (DQ) resonances.

	In a first step the TQTPPI sequence was applied to the bioreactor without cells. Figure 1 shows the resulting real part of the TQTPPI spectrum containing single quantum (SQ) resonances at 0.42 kHz and double quantum (DQ) resonances at 0.84 kHz. The expected position for the triple quantum (TQ) resonance at 1.25 kHz is also shown. It can be seen that there is barely any TQ resonance. A recorded TQTPPI spectrum with cells is shown in Figure 2. Again, SQ as well as DQ resonances can be found at 0.42  and 0.84 kHz, respectively. In contrast to the situation without cells a TQ resonance at 1.25 kHz is clearly present. This resonance is linked to the presence of living cells in the bioreactor.
Conclusions
	We showed that the bioreactor system can keep the cells alive over several hours within the MRI scanner. Furthermore, we demonstrated the examination of three dimensional cell cultures by means of TQTPPI spectroscopy. Our results show that there is a clear link between the presence of living cells and an observable TQ resonance. 
Acknowledgements
	A portion of this work was performed at the NHMFL supported by NSF DMR-1157490 and the State of Florida.  Additional support from Heidelberg University to L.R.S. and Karlsruhe Institute of Technology to E.G. 
References
[1] Schepkin, V.D., et al., Proc. Intl. Soc. Mag. Reson. Med., 24, 3972 (2016).
[2] Van der Maarel, J.R.C., Concept. Magn. Reson. A, 19A(2), 97–116, (2003).



image1.jpeg
“>Na Signal [a. u.]

“>Na TQTPPI Spectrum without cells at 21.1 T

DQ TQ

0.4

0.6 0.8 1 1.2 1.4

Frequency [kHZ]

1.6




image2.jpeg
“>Na Signal [a. u.]

“>Na TQTPPI Spectrum with cells at 21.1 T

DQ TQ

0.2 04 0.6 0.8 1 1.2
Frequency [kHZ]

1.4

1.6




image3.jpeg
<




