Particle Size Measurement of Lipoprotein Fractions Using
Diffusion-Ordered NMR Spectroscopy
R. Mallol1, M. Rodríguez1, M. Heras2, M. Vinaixa1, N. Plana2, N. Cañellas1, J. Brezmes1, L.
Masana2, Gareth A. Morris3, X. Correig1
1CIBERDEM-IISPV-URV,

Department of Electronic Engineering, Av. Països Catalans 26, 43007 Tarragona, Spain
2CIBERDEM-IISPV-URV, Research Unit in Lipids & Atherosclerosis, St Joan University Hospital, E-43201 Reus, Spain
3School of Chemistry, University of Manchester, Manchester M13 9PL, UK

[@] roger.mallol@urv.cat

1. AIMS AND GOALS
o The sizes of certain type of lipoprotein particles have been associated with an increased risk of cardiovascular disease (CVD)1. However,
there is currently no gold standard technique for the determination of this parameter.
o Here, we propose an analytical method to measure lipoprotein particles sizes using diffusion-ordered NMR spectroscopy (DOSY).
2. MATERIALS AND METHODS
o 4 plasma samples were
ultracentrifuged to obtain 6
lipoprotein fractions:
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o Each lipoprotein fraction was
analyzed using a viscometer, a
Double Stimulated Spin Echo
(DSTE) NMR pulse2, and
Transmission
Electron
Microscopy (TEM).

o To
obtain
the
diffusion o The hydrodynamic radii
coefficient for each lipoprotein
was obtained using the
fraction, the attenuation of the
Stokes-Einstein equation
methyl signal was fitted using a
2D model3:
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3. RESULTS
Figure 3. Regression between NMRderived data and TEM-derived
particle sizes. A) Relationship
between mobility (M) and TEMderived particle sizes (y=-5.5x+1300),
B)
Relationship
between
hydrodynamic radii (RH) and TEMderived particle sizes (y=1.37x-29). C)
Regression between corrected NMR
sizes and mean TEM sizes (y=0.99x12).

Figure 1. Surface fitting of the attenuated methyl signal of a VLDL fraction (A) using an individual Lorentzian function (B).
o The hydrodynamic radii found when
using the experimental viscosity in the
Stokes-Einstein equation were highly
correlated with the mean TEM sizes,
although there was a systematic
difference between the TEM and NMRderived sizes.

C)

o This systematic difference was shown
to be explained by the polydisperse
distributions found by TEM; once this
was taken into account, a high degree
of agreement was obtained between
the two techniques.

Figure 2. DOSY peak map showing the diffusion coefficients obtained. The superimposed spectra at the top of the figure
are those acquired for the lipoprotein fractions from patient 3; the Gaussian functions at the right side correspond to the
projection of the diffusion spectra obtained for all samples.

4. CONCLUSIONS
o In this study, diffusion-ordered NMR spectroscopy (DOSY) experiments were carried out on lipoprotein fractions to assess their average
particle sizes.
o We propose that NMR is a potentially useful alternative to other available approaches for measuring lipoprotein fraction particle sizes, due
to its inherent robustness, and minimal sample manipulation.
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