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pHpH adjustmentadjustment



Temperature Temperature effectseffects



Temperature Temperature equilibrationequilibration



La concentrazione del riferimento è riproducibile?



L’ omogeneità di campo è soddisfacente?

3-(Trimethylsilyl)propionic acid-d4 sodium salt



Il pH risulta omogeneo?









Recent NMR developments relevant to 
metabolomics studies

¾ Sensitivity and dispersion gains from ultra high field magnets – up to 
900 MHz 1H observation frequencies

¾ Sensitivity improvements from use of cryogenic probes
¾ High throughput from flow-injection NMR methods and robotics
¾ Simplification of profiles from spectral editing – e.g. coherence level 

filtering, editing based on molecular diffusion and spin relaxation 
properties, 2D NMR

¾ Sample sparing using micro-scale NMR probes - 5 nl - 30 µl range
¾ High resolution magic angle spinning NMR of intact tissues 
¾ Biomarker identification using hyphenated NMR methods - HPLC-MS-

NMR
¾ Identification of biomarker peaks using statistical methods across 

technologies 



SpectralSpectral resolutionresolution



B0 = 21.2 Tesla

900 MHz NMR spectrometer

Actively shielded 
superconducting magnets

These contain a second coil to 
partly compensate for the 
magnetic field of the main 
magnet coil

This results in a drastically 
reduced 5 gauss line, allowing 
ultra high field magnets to be 
located more easily

It also means that HPLC-NMR 
equipment and mass 
spectrometers can be moved 
much closer to the magnet, 
resulting in shorter transfer 
times and pathways



Sensitivity and dispersion gains by increasing 
field strength

Oestradiol acetate in CDCl3

600 MHz

900 MHz

400 MHz

800 MHz 600 MHz 400 MHz

Signal/Noise ratio
(for H1(Man-4'))

1680 : 1

1130:1

594:1

Decasaccharide sample, 64 scans



Robotic sample preparation and NMR measurement



Cryoprobe technology

NMR detector coil and RF 
preamplifier cooled to 
around 20K

Reduces the thermal noise 
in the circuits by ca 4-5 
times

Can detect 20 ng sucrose in 
11.3 μl D2O

400 Scans LB = 1
1.7 mm capillary

~ 32 minutes



1H NMR spectra of mouse CSF

Normal probe

Cryoprobe

S/N = 7:1 
normal

S/N = 32:1 

cryoprobe

Only 10 - 20 μl available 

512 scans, 30 min, 20 ms echo time, 15 μl freeze-dried and dissolved in 25 μl D2O, 
measured in a 1.7 mm capillary tube



Cryoprobe 13C NMR spectra

Dosed 90 mg/kg 
hydrazine, 48 h

500 MHz 13C/1H dual probe

Rat urine diluted 2:1 with buffer, 512 scans, 30 minute acquisition

Control



HPLC, oven, diode array 
detector and loop collector

NMR 
spectrometer

Fraction 
collector

Mass spectrometer, 
usually ion trap

Splitter 95%

5%

Directly-coupled HPLC-NMR-MS

On-flow, isocratic and 
using HPLC solvent 
gradients

HPLC peak automatic 
detection, followed by: 

Direct stop flow

Time slicing

Loop collection, and 
later sequential 
measurement of loop 
contents



Visual Visual inspectioninspection



Peak Peak assignmentassignment: : referencereference databasesdatabases



Peak Peak assignmentassignment ((……))



AssignmentAssignment of major of major peakspeaks//regionsregions



1H NMR of 1H NMR of humanhuman bloodblood serumserum



• Discretise x-axis into n equal sized bins, height = area under intensity
(reduces impact of small variations in chemical shift e.g. due to pH)

• Normalise bars for constant total area (removes effect of differences in 
concentration across samples)

• Remove insignificant regions (e.g. water and urea resonances in urine 
spectra)

Data Data prepre--processingprocessing



FixedFixed vsvs variablevariable bucketingbucketing



1010 9 88 7 66 5 44 3 22 1

ppm
10 9 8 7 6 5 4 3 2 1

ppm

NormalizationNormalization
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