
NMR Metabolomic Analysis of Biomarkers for Mouse MC3T3 Osteoblastic Cells 

Exposed to Ionizing Radiation

Introduction
The research is relevant to radiation therapy for bone cancer. This study seeks to determine if radiation 

damage to osteoblastic bone cells is observable via NMR spectroscopy of cell metabolomics. Sample 

preparation, NMR spectroscopic techniques and analysis were developed during the previous UROP 

study of osteoblast cell differentiation. 

Hypothesis
We hypothesize that radiation dose and time following irradiation will influence the in vitro phenotypic 

expression of pre osteoblastic cells. We anticipate that an vitro radiation dose of 10Gy will result in a 

increase in the appearance of adipocytes with a related decline in osteoblastic cells, resulting in NMR 

spectral changes.

Methods
Water soluble cell extracts of MC3T3 osteoblastic cells were isolated using a methanol, water, chloroform 

extraction procedure 11 days post irradiation3. The aqueous phase was lyophilized for 24 hours. For the 

control, 181mg of lyophilized MC3T3 osteoblastic extract was dissolved in 100mM phosphate buffer with 

1mM TSP. For the irradiated sample. 221mg of lyophilized MC3T3 osteoblastic cell extract was dissolved 

in 100mM phosphate buffer with 1mM TSP. The pH of the both samples was 7.01. 1D-1H NMR (700MHz) 

spectra of water soluble extracts from MC3T3 Osteoblastic cells were obtained. The metabolomic

signature of osteoblast cells, irradiated and control , were compared through 1D-1H NMR spectroscopy . 

Chenomix 6.1 software was used for peak identification of 1H NMR Spectra.


1H-1DNMR (700MHz) spectra of water soluble extracts from MC3T3 Osteoblastic cells were obtained. 

 The metabolomic signature of osteoblast cells, 0Gy(control) and 10Gy extracted, were compared 

through 1H-1DNMR spectroscopy.


1H NMR Spectra was analyzed by Chenomx 6.1 software. Chenomx deconvolves the chemical shifts 

of an NMR spectrum and assigns them to known metabolite signatures. This allows the identification of 

roughly 100 to 200 metabolites. 

Due to different sample quantity, the 10Gy specimen was normalized to the control: 

(10Gy Concentration)*181/221.

Results
 Increased: 1,3-Dimethylurate, 2-Oxocaproate, 3-Hydroxyisovalerate, 4-Pyridoxate, 5,6-

Dihydrothymine, Acetate, Acetoacetate, Alanine, β-Alanine, Betaine, Choline, Glutamine, Glycerol, 

Glycylproline, Isobutyrate, Malonate, Methionine, Methylamine, O-Phosphocholine, Phenylalanine, π-

Methylhistine, Succinate, Trimethylamine N-Oxide, Vanillate

 Decreased: Aspartate, Ethanol, Glycine, Lactate, Oxypurinol, Pyruvate
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Conclusions
Ionizing radiation affects the metabolic profile of osteoblastic cells.

These results may aid understanding mechanisms of cancer treatment related to bone loss.

Further work is necessary to determine appropriate radiation dose to observe significant differences or change in 

metabolite levels and role of each metabolite.
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Figure 2(a). A bar graph shows some metabolites increasing in both samples. Red bars are control and blue bars are 10Gy 

sample.

Figure 2 (b). A bar graph shows some metabolites decreasing in both samples. Red bars are control and blue bars are 10Gy sample.

Figure 1 (b). 1H-1DNMR spectra (expended between 6ppm and 9ppm).  A spectrum in red is control and a spectrum in blue 

is irradiated sample. Figure 1 (a). Overlaid 1D-1H NMR spectra (expended between 6ppm and 9ppm)
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