


1. Principal component analysis of heparin 1H NMR spectra 

2. Two-dimensional correlation spectroscopy and two-dimensional 

correlation spectroscopic filtering of heparin 1H NMR spectra 

 

 





 The product has evolved, heparin has been 

depolymerised to low molecular weight 

heparins  

• Its role is governed by protein-

interactions; ~ 300 known at present - 

1000s predicted. 
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1. PCA of heparin 1H NMR spectra 

 Scores - spectral features extracted by PCA. 
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1. PCA of heparin 1H NMR spectra 

 OSCS has a free signal at 2.16 ppm. By selecting these data, 

sensitivity can be improved - heparin contaminated with 1% OSCS is 

differentiable. 



1. PCA of heparin 1H NMR spectra 

 “Heparin” has no conventional definition, but a statistical one. 

 The pragmatic definition of heparin takes the form of a library of 1H NMR 

spectra. 

 PCA can be used to explore the heparin library/definition. 

 A library of heparin 1H NMR spectra can be used to differentiate a heparin 

sample contaminated with 7% OSCS - full spectrum. 

 Selecting the spectral region can increase the limit of detection for OSCS, with 

samples containing 1% OSCS differentiable - N-acetyl region, OSCS signal at 

2.16 ppm. 



2. 2D-COS/2D-COS-f 

2D-COS spectrum = Covariance matrix = 1/(n-1)XXT 

Linear algebra formalisation Šašic et al. 2000 J. Phys. Chem. B 



2. 2D-COS/2D-COS-f 

 A psuedo-TOCSY spectrum is produced 

 Diagonal - Variances of the covariance 

matrix - power spectrum. 

 Off-diagonal - Covariances - cross peak 

correlations. 



2. 2D-COS/2D-COS-f 

Reveals library contents 



2. 2D-COS/2D-COS-f 

2D-COS-Filtering: Effectively a 2D-COS difference spectrum between 

the reference heparin library and a test heparin sample. 

2D-COS-F spectrum = 1/(nlib+Test Sample-1)(Xlib+Test Sample Xlib+Test Sample
T) -1/(nlib-1)(XlibXlib

T) 

• Auto-correlations between signals from the heparin samples in the 

reference library and heparin test sample. 

• Subtraction removes correlated heparin signals, leaving ‘alien’ features. 
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2. 2D-COS/2D-COS-f 

•2D-COS filtering is a means of visualising signals which are under a complicated 

spectrum. 
 

•The technique relies on having a library of reference samples to filter out 

signals from the test sample. 
 

•In this circumstance the library is a definition of the polydisperse carbohydrate 

heparin. 
 

•2D-COS filtering can detect signals from compounds that do not have N-acetyl 

signals, which would be hidden under the mass of heparin signals. 
 

•2D-COS filtering can be used to visualise OSCS signals from samples 

contaminated with as little as 0.25 % and 2% oversulfated dextran sulfate. 



•2D-COS - a means of visualising signals under  complicated spectra. 

• Employs library approach to define heterogeneous product 

• Sensitive detection of samples with separate NMR signals and those 

without 

• Applicable to any heterogeneous compounds, natural products, 

industrial products etc 

 

Final Remarks 
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