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PROBLEM
NMR is often referred as the golden standard for in-vivo studies of large organisms. Thanks to its 
unique resolving power and non-invasive nature, it is nowadays routinely applied to research and 
clinical investigations. These same investigations would be highly beneficial at the nanoliter scale (nL), 
typical of early development of mammalian embryos, organoids, and microtissues. Unfortunately, 
sensitivity and sample handling issues at such small scale (about 100 micrometers) prevented the 
adoption of NMR.
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SOLUTION
Recently, our team has overcome these limitations with ultra-compact single-chip probes where 
microchip transceivers and 3D micro-printing are combined. It is demonstrated that such probes have 
sufficient sensitivity to resolve NMR signals from single human 3D cell cultures, early-stage embryos 
and more. All in the range of 100 – 400 microns in diameter. Our recent multichannel implementation 
enables high throughput experiments.

The biochemical content of embryos holds information on their 
wellbeing and future potential. Early stage embryos (2 days from 
fertilization), 64 in total, were analyzed with our multichannel 1nL 
probe over 4 days. The embryos were then left to develop in a 
controlled environment in an incubator until the blastocyst stage (6-7 
days from fertilization). NMR peaks, obtained at day 2, were shown 
to successfully predict their capability to develop, or not (70% 
precision, 90% accuracy).
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Grisi M., et al. “NMR microsystem for label-free characterization of 3D 

nanoliter microtissues." Nat. Scientific Reports (2020) Manuscript in preparation 

In human micro-livers we demonstrated high precision monitoring of 
fatty liver disease. The three groups are obtained by a control culture in 
lean medium (blue), a diabetic culture in diabetic medium (black), a 
diabetic culture exposed to lean medium (orange). Over time, the latter 
passes from disease to normal profile. The dynamics highlights that the 
recovery accelerates between Day 7 to Day 10 from exposure. These 
data originate from 117 measurements of single tissues. 
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Pig embryos are known to be particularly rich in lipids. Since these 
can contribute to the formation of crystals, potentially leading to 
cellular damage during the freezing process, delipidation (i.e., lipids 
removal) of early pig embryos is essential for survival post-
cryopreservation. In this small study, we used our 1nL-EmbryoSpin 
probes to measure life-supporting fatty acids through single-embryo 
MRS. We observed correlation between cryo-survival abilities and 
lipid content in delipidated embryos.

Media supplementation in pre-implantation embryo culture plays a 
pivotal role in optimizing the in vitro environment for successful 
development. The composition of the culture media significantly 
influences crucial factors such as nutrient availability, pH balance, 
and growth factors, mirroring the physiological conditions required
for embryos to thrive. We analyzed individual embryos that were 
cultured in different media. The results highlight NMR sensitivity to 
biochemical changes within individual embryos.
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