
©2003 The University of North Carolina at Chapel Hill, Department of Biomedical Engineering 

 

  TITLE: 

  

FUNDING SOURCES 
AND AFFILIATIONS: 

  _________________________________________________________________________________________

  
  

 

  
  

  
  

  
 

Introduction 
The purpose of this study is to investigate the use of a novel, artificially intelligent neural network as a more 

efficient method of analyzing nuclear magnetic resonance (NMR) data for identifying and staging metastasis in a 
mouse model of colon cancer. A dynamic neural network design has been constructed for this application. The 
network handles high-resolution data while being robust to noise. This will eliminate the need for a data reduction 
step before the network can analyze the data, reducing processor load and time. The network will accept the 
reduced NMR spectrum, and return one of five possible outputs: normal, metastatic potential 1, 2, 3, or 4. The 
performance of the network will be compared to the current premier metabolic analysis technology, principal 
component analysis (PCA). An improvement of 10% over the existing PCA method is sought. 

 
Methods 
 Data:  Urine samples from each mouse were collected. The mice will then be examined histologically for 
colon cancer tumors, and the tumors staged. One-pulse 1H NMR spectra will be obtained from each urine sample. 
The data points on each spectrum will be binned using commercially available NMR analysis software. This 
creates a matrix of numbers for each spectrum and will serve as the input for both the neural network and PCA 
analyses 

Analayis of Data: The artificial neural network is an information-processing paradigm loosely modeled on
the biological neural networks of the brain. Artificial neural networks are collections of mathematical models that
emulate some of the observed properties of biological nervous systems and draw on the analogies of adaptive
biological learning. Artificial neural networks learn through training, or exposure to a known set of input/output data
where the training algorithm iteratively adjusts the connection weights of the network. The final weights are stored
and contain the knowledge necessary to solve a specific problem.  

 
Results 
 Urine samples from four groups of mice have been obtained at sacrifice and stored at -80 C.  The samples
were thawed and 300 microliters of urine, 200 microliters of phosphate buffer and 100 microliters of deuterium oxide
were mixed (pH 7.4) and placed in a 5 mm NMR tube and 1H NMR spectra with presaturation pulse to eliminate the
water signal were obtained.  The downfield region from 0.5 to 4.5 ppm was divided into 125 bins and the Varian
software was used to output relative peak intensities of the various resonances. Five spectra from each group were
used as training sets for the artificial neural network.   
 
Conclusions 
 Our preliminary results demonstrate that the one-pulse 1H NMR of mouse urine can be obtained within 30
minutes and then binned into 125 sections for input into the neural network.  Presently, one-pulse 1H NMR spectra
of 100 samples per group are being obtained and used as training sets for the neural network and correlated to
histology.  Ultimately, longitudinal studies will be performed and the one-pulse 1H NMR spectrum of urine will be
entered into the neural network to output stage of cancer. 
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