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Metabonomics

• Approach pioneered by Jeremy Nicolson at Imperial College London

• Defined as “the quantitative measurement of the dynamic 
multiparametric metabolic response of living systems to 
pathophysiological stimuli or genetic modification”

• Metabonomics extends metabolic profiling to include study of 
perturbations caused by extragenomic sources such as environment, 
microflora, and disease processes 

J K Nicolson et al (1999, 2002, 2006)



Introduction

• Ulcerative colitis (UC) and Crohn’s disease (CD) - two distinct but 
similar disease – are part of  Inflammatory Bowel Disease (IBD) 
syndrome

• Caused by unbalanced immunological response to the intestinal 
microbes and its components in genetically predisposed individuals



Objective of the study

• Current diagnosis approach for IBD involves clinical history, 
endoscopy, radiology, histology, microbiology, and hematology

• Invasive, time consuming and still leaves around 10% patients as 
unclassified

• To develop non invasive metabonomics approach to identify 
metabolic markers from fecal extracts to differentiate between IBD 
patients and controls as well as between the IBD subtypes



Materials and Methods



Sample collection and preparation

One fecal sample per 
patient collected

Stored on ice and 
transferred to lab within 

3 hrs

Stored in lab at -80 °C

Fecal water was 
extracted by taking 

weighed sample and 
adding Phosphate 

buffered saline

Fecal slurry was 
centrifuged at 3000xg 

for 15 mins and 
supernatant was filtered 

using syringe

Filtrate was centrifuged 
at 14,000xg for 30 mins

Supernatant filtered 
through sterile syringe 

filter having pore size of 
0.2 µm

Filtered fecal water was 
stored at -80 °C until 

further analysis



1H NMR spectroscopy

• NMR samples were prepared by mixing 4 µl of D2O/TSP (3-
trimethylsilyl-2,2,3,3-tetradeuterosodium propionate) with                      
40 µl of fecal extract

• Bruker 600 MHz equipped with inverse detection cryogenic probe

• Spectra were acquired using CPMG pulse sequence with echo time of 
160 ms

• 256 scans were collected with a spectral width of 12 ppm



Data Analysis

• NMR Spectra were manually corrected for phase and baseline 
distortions using TOPSPIN and referenced to TSP signal at δ 0.0 ppm

• Spectral regions δ 0.5-9.0 binned with width of 0.004 ppm using Amix

• Water regions δ 4.4-5.2 were removed to avoid saturation

• δ 2.12-2.26 which included region of 5-aminosalicylic acid and its 
metabolite were removed (drug used to treat UC patients) 

• Data was normalized to total sum of their spectral integrals



Data Analysis

• PCA to visualize data
• Data scaled to Unit variance

• Hotelling’s T2 test to check for abnormalities

• 10 samples were removed 

• PLS-DA and OPLS-DA to classify data
• Seven-fold cross validation

• CV-ANOVA

• Permutation test (n=200)

• ROC curve (True positive rate vs False positive rate)



Data Analysis - Validation



Results



Results



Conclusions

• Study demonstrates both possibilities and limitations of the approach

• The models are able to classify with all the patients included

• Only two models work once patients with surgery are removed 

• Surgery (even a minor one) has a drastic effect on fecal metabolome


