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Abstract 

The long-range goals Included development of a 13C-labelled lactose method 
for measuring lactose malabsorption in patients with diarrhoea. The short-
term goals included assembling a nuclear magnetic resonance system and 
a computer system for spectra analysis. The latter results are the subject 
of the report. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

1.1 . Scientific background 

High mortality rates are a common characteristic to underdeveloped countries. 
Thus, while Sweden and the United States have figures of 6 and 10 per thousand, some 
Latin American countries exceed 15 %o (Chile, Costa Rica, Brazil and Haiti). Uruguay's rate 
is approximately 20 % o . 

One of the failures contributing to this is the prevalence of diarrhoea derived from 
different etiologies, that debilitate infants putting them in risk. As infantile diarrhoea can 
be of different etiologies (genetic or infectious), it is important to ascertain the origins to 
start the appropriate treatments without undue delay. 

At present two-thirds of the patients incoming to Montevideo's Paediatric Services 
suffer from diarrhoea. Half of the present infantile mortality for Uruguay can be ascribed 
to malnourishment and diarrhoea. 

One of the factors resulting in the disorder is the inability of lactose absorption, due 
to low concentrations of lactases in the intestinal brush border. Although this can result 
from infections and other transitory causes, it can be due to genetic factors, for while the 
northern European races have higher concentrations, the African and Asian populations 
tend to have lower values. These racial figures are similar when the populations are 
transplanted to new regions as is the case of Latin America. 

The inability of the intestine to absorb the lactose results in its unmodified transit 
in the intestine, which permits the activity of anaerobic bacteria wi th the production of 
hydrogen, methane and acid substances, a situation that originates the disorder. 
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If the causes of the diarrhoea can be ascertained quickly by a reliable analytical 
procedure, much time and trial-and-errors can be obviated, so several clinical procedures 
are in use. Some of them are direct, trying to detect the presence of reducing sugars in 
the faeces. The methods used are crude (Fehling's or the anthrone methods), and evaluate 
the reducing character of the whole range of components in the sample. Others are 
indirect, measuring the presence of hydrogen in the expired breath, and are more 
sophisticated but do not take account of other conditions that can result in high figures. 

1.2. Scope of the project 

The original proposal was to develop a method for detecting the presence of 
unaltered "spiked" lactose, where C-13 had been incorporated in one specific position of 
a lactose sample. In this way, by using C-13 NMR, detection of the untreated samples 
could result in a high-precision, high throughput method. 

This approach implied: the synthesis of specifically labelled lactose; the adaptation 
of an NMR spectrophotometer for the measurements; the determination of real-life 
samples; the comparison of all known methods wi th the new technique. 

2. EXPERIMENTAL METHODS 

The synthesis of labelled lactose was considered in two paths. In the first, the 
oxidation of lactose to transform it to arabino-galactose (loss of the carbon in the C-1 
position), and its reconstruction by the Kiliani procedure, using Na 1 3 CN. 

The second implied the formation of C-1 labelled glucose (from D-arabinose by the 
Kiliani method), and its transformation to C-1; C'-1 lactose using rat-liver microsomes. 

Thin Layer chromatographic methods were considered a reasonable alternative, 
useful as standards to evaluate all those in use. 

A couple of obsolete Varían XL-100 NMR spectrophotometers donated by the 
Zürich ETH (Switzerland) were used to assemble one workable machine. 

3. RESULTS OBTAINED 

Of the three work lines the analytical and the equipment reconstruction ones 
advanced very reasonably. The basic synthetic line did not develop to the full extent 
desired. 

The synthetic procedures advanced using "cold" samples, and both, a sample of 
reconstructed glucose and lactose were obtained during the period. No "hot" samples 
were prepared, as the other work lines were much more successful, making the starting 
plan unoperable. 

The reconstruction of the NMR was extremely laborious, but successful. The work 
implied the reconstruction of the power supply, cooling tower, magnets and probes, and 
pulse generators. One machine was made of the t w o received. Finally, spectra were 
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obtained using the pulse method for 1 H . The most interesting work went into developing 
an alternative computer system, based on a PC, that substituted the teletype and 
computer. This allows the accumulation of spectra, and the PC-analysis of the resulting 
signals. The substitution was presented as a communication to the Editor of the Journal 
of Chemical Education, where it was accepted and wil l be published in one of the 1993 
issues. 

The analytical procedures by TLC were extremely successful. The resulting 
technique, which covers the preparation of samples, the development techniques and their 
qualitative and quantitative detection and measurement by TLC-scanning, was able to 
isolate and identify lactose, other disaccharides and simple hexoses and pentoses. Results 
were obtained from pure sugars and directly from faeces. Both qualitative and quantitative 
measurements were possible. The technique was presented to the Editor of the Clinical 
Chemistry for publication. The method is extensible to other fields where sugars have to 
be detected and measured in aqueous solutions (clinical, biological and food areas). 
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