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Pattern Recbgnition Using NMR Spectral Data for Metabonomic Analysis
of Urine Samples from Experimental Animals

Hyun Jin Joo and JungHwan Cho*
College of Pharmacy, Sookmyung Women’s University, Chyungpadong-2-Ga, Yongsan-Gu, Seoul 140-742, Korea

Abstract — Metabonomic analysis has been recognized as a powerful approach for characterizing metabolic changes in biof-
luids due to toxicity, disease process or environmental influences. To investigate the possibility of relating metabolic changes
with 'H-NMR spectra, urine samples from Sprague-Dawley rats treated with various dietary restrictions or toxic substances
(nicotine) were analysed using 'H-NMR spectroscopy and pattern recognition techniques. Dietary restrictions-given to male
rats were normal diet and high fat diet and fasting. The nicotine urine samples were collected from SD rats administered
with nicotine (25 mg/kg) at the various time intervals. *H-NMR spectra of all urine samples were acquired at 400 MHz on
a VARIAN spectrometer. To establish the presence of any intrinsic class-related patterns or clusters in each NMR data,
methods of PCA (principal component analysis) and soft independent modeling of class analogy (SIMCA) analysis were
used, and the results from these analyses were compared to each other. In all cases of dietary conditions and nicotine treat-
ment, SIMCA analysis gave better results for the discrimination of NMR spectra of urine samples than PCA.
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Fig. 1-400MHz 1H NMR spectra of urine (& 0.0~4.8) obtained
from rats treated with different diets. (a) normal diet (b)
fasting (c) high fat diet.
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Table I-Sample set (Training/Validation) preparation for SIMCA

modeling
Sample G Number of samples
SE TOoup name — —
combination Training  Validation
Normal diet Normal diet 6 6
and fasting Fasting 6 5
Fasting Fasting 6 5
and high fat diet High fat diet 6 6
Normal diet Normal diet 6 6
and high fat diet High fat diet 6 6
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Fig. 2 - Plot of PC2 vs PC4 scores based on mean-centered data
from 'H NMR spectra of whole urine samples obtained
from rats treated with different diets. PC2 and PC4 stand
for the scores of the 2nd and 4th principal components,
respectively. Key : () normal diet; (@) fasting; (A ) high
fat diet.
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Fig. 3 —Plot of PC2 vs PC3scores based on mean-centered data
from 'H NMR spectra of combined urine samples (normal
fasting) obtained from rats treated with different diets.
Key : () normal diet; (@) fasting.
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Fig. 4 - Plot of PC2 vs PC4 scores based on mean-centered data
from "H NMR spectra of combined urine samples (fasting
high fat diet) obtained from rats treated with different diets.
Key : (@) fasting; (A) high fat diet.
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Fig. 5 —Plot of PC1 vs PC4 scores based on mean-centered data
from 'H NMR spectra of combined urine samples (normal
high fat diet) obtained from rats treated with different diets.
Key : (H) normal diet; (A) High fat diet.
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Table II - Pattern recognition results of validation set by SIMCA

Sample

Hit ratio (%)

o Group name - -
combination Autoscaling Mean-centering
Normal diet Normal diet 100 100
and Fasting Fasting 100 100
Fasting and Fasting 0 100
high fat diet High fat diet 100 67

Normal diet and Normal diet 0 100
high fat diet High fat diet 100 83
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Fig. 6 —400 MHz 'H NMR spectra (5 0.0~4.8) obtained from SD
rats (a) before (b) after nicotine oral administration.
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Table III - Sample set (Training/Validation) preparation for SIMCA

modeling

Number of samples

Data set Group name — —

Training Validation

control 11 11

Set A nicotine 10 10

control 11 11

Set B nicotine 10 10

Table IV - Pattern recognition results of validation set by SIMCA
Hit ratio (%)

Data set Group name - -
Autoscaling Mean-centering
control 100 73
Set A nicotine 80 100
control 100 100
Set B nicotine 80 30
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