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Maternal and Fetal Glucose Uptake Followed by Chemical Exchange Saturation Transfer Imaging (glucoCEST) on Pregnant Mice at 21.1T
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Introduction 

Glucose uptake is noticeably different in pregnant and non-pregnant females, as a result of an insulin resistance developed to facilitate pregnancy-related activities and the nourishment of the fetus. Glucose-based chemical-exchange saturation transfer (glucoCEST) [1-5] provides a promising way of monitoring this process non-invasively, with high spatial resolution, and in real time. We show here that glucoCEST is greatly aided by its performance at ultrahigh fields. This was exploited to image the glucose uptake of maternal compartments and fetuses in pregnant mice, after gavage with typical glucose-tolerance test solutions.
Experimental


At days 16-17 of gestation, 16 white ICR (CD-1) female mice were anesthetized with isoflurane and gavaged with 8mg glucose/g body weight. All MRI experiments were carried out with the 21.1 T magnet. GlucoCEST measurements were performed using a spin echo (SE) sequence with TR/TE=2.5/0.023s. Z-spectra revealed two resonances at 1.2 and 2.4 ppm, were gluCEST occurs and time series were focused on these two offsets. Pre-saturation consisted of a 2s pulse train involving 200, 10 ms Gaussian pulses. Magnetization transfer ratios (MTR) were calculated according to MTR()=S(-)/S0-S()/S0. Dynamic glucoCEST images were also acquired totaling approximately 3 h overall measurement times. All data were processed in Matlab.
Results and Discussion


Anatomical imaging enabled the identification of maternal/fetal compartments including the maternal kidneys, intestine, stomach and placenta; the fetus and its liver and heart could also be distinguished. MTRs in the maternal intestines rose upon gavage to ≥70%, with a gradual decay over time (figure 1, top trace, blue and red regions). This behavior mimics the overall tendencies detected in a glucose measurement of blood samples extracted from the dames. By contrast, MTRs for fetuses remain steady with no decline at an MTR up to 25% (figure 1, top trace, purple and black regions). In a control experiment without gavage, MTRs in fetuses were systematically smaller than in animals that underwent gavage. Control experiments performed in non-pregnant animals (figure 1, bottom trace) showed an even faster glucose uptake in the animal’s intestine and kidneys.
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These measurements show for the first time, the distinct, organ-specific metabolic behavior induced by pregnancy on glucose uptake. Results show very strong and significantly different MTRs for maternal and fetal compartments. Thus the methodology is suitable to study pregnant animals with placental conditions that have impaired perfusion of fetuses, and/or under conditions leading to gestational diabetes.
Acknowledgements
This work was performed at the NHMFL, which is supported by NSF DMR-1157490 and the State of Florida. Support was also from by Minerva Project 712277, NIH grant R01HD086323, the Kimmel Institute for Magnetic Resonance and the generosity of the Perlman Family Foundation. 

References

[1] Chan, K.W., et al., Magn Reson Med,  68, 1764-73 (2012). 
[2] Jin, T., et al., Nat Med, 17, 1067-72 (2013). 
[3] Wang, J., et al., Sci Rep, 6, 30618 (2016). 
[4] Schuenke, P., et al., Magn Reson Med, in press.
Fig.1. Left: Anatomical image depicting four regions of interest per mouse (Intestine, fetus, kidney). Middle: MTR maps at 1.2 ppm offset for the same slice at different time points. Yellow regions indicate strongest glucoCEST saturation. Right: time traces of MTR for individual regions of interest that are indicated in the anatomical image.








