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One of current fields in Analytical Chemistry for application in biomedical 
areas is the establishment of rapid and efficient methods of analysis for the 
determination of endogenous metabolites of clinical interest in biological fluids. 

Free and modified nucleosides and nucleobases lie within this field; they are 
compounds that are excreted naturally in urine as products of transfer RNA (tRNA) 
regeneration and of DNA repair as the result of damage due to oxidative stress. 
Their levels in urine increase anomalously in certain pathologies, such as tumour 
processes and neurodegenerative diseases, such that these substances are of great 
interest as biomarkers in clinical chemistry. Reports have been made of the potential 
usefulness of free and modified nucleosides as biological markers in diseases as 
diverse as rheumatoid arthritis, Alzheimer’s disease and AIDS, but mainly as early 
markers of many different types of cancer. 

Some authors have also reported studies relating the urinary levels of modified 
nucleosides to other benign diseases and different lifestyles, such as smoking, fatigue, 
stress, poor nutrition, exposure to toxic compounds, etc. 

Accordingly, most of these compounds lack specificity, such that they cannot 
be used as sole diagnostic tests. By contrast, they are useful for the early diagnosis 
of certain diseases, in the control of the efficacy of a given treatment or specific 
therapy and in the monitoring of post–operative recurrences. 

The aim of this work was to develop rapid and efficient methodologies that 
could be used for the separation, identification and quantification of a broad set of 
free and modified nucleosides in biological fluids. Urine was chosen as the matrix 
because it is readily available and its collection is non–invasive. 

As analytical technique we used capillary electrophoresis coupled with mass 
spectrometry (CE–MS), which combines the advantages inherent to capillary 
electrophoresis as a high performance separation technique and the ability of mass 
spectrometry to identify analytes faithfully. Moreover, capillary electrophoresis is 
highly appropriate for application in the analysis of biological samples because it is 
compatible with aqueous media and is suitable for the separation of highly polar 
compounds, both ionic and ionizable. These requirements match most of the 
metabolites found in biological fluids such as urine. 

For its application to a complex matrix such as urine it was necessary to 
develop extraction/cleaning/preconcentration procedures in order to favour analyte 
detection and preserve the instrumental set–up. Here we studied the application of 
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a widely used technique (solid phase extraction, SPE) and also a more recently 
developed one, based on the use of a restricted access material (RAM) owing to the 
capacity of this type of material to exclude macromolecules thanks to a molecular 
exclusion mechanism. 

A final aim was to check the applicability of the methodologies developed in 
the analysis of urine samples from healthy donors, smokers and non–smokers. This 
part of the study aimed at confirming whether tobacco consumption affects the 
levels of these nucleosides in urine, with respect to the reference levels of healthy 
non–smokers. This could help to determine whether this habit might exert possible 
interference in the use of the compounds studied as markers of severe diseases. 

To conclude, a search for other metabolites possibly associated with tobacco 
consumption is described. To accomplish this, a mass spectrometry detector with 
high accuracy and resolution, such as a Time–of–Flight (TOF) detector, was used 
for the analysis of urine samples from smokers and non–smokers. 
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2.1. DETERMINATION OF NUCLEOSIDES BY CE–ESI–MS IN POSITIVE MODE. 

The work reported here consisted of developing a method based on capillary 
electrophoresis coupled with mass spectrometry for the separation, identification 
and quantification of a set of nucleosides, nucleobases and methylated derivatives in 
urine samples. 

This chapter can be divided into three parts: 

• Study of electrophoretic separation. 
• Determination in urine samples. 
• Development of a procedure for extraction–preconcentration. 

From the results obtained in each of the above the following conclusions can 
be drawn: 

 

 

Study of electrophoretic separation 

Using capillary zone electrophoresis (CZE) we studied the electrophoretic 
behaviour of free and modified nucleosides with different separation media: acid and 
base. 

For this part of the study we used an initial set of 13 analytes, among which 
there were nucleosides such as adenosine, guanosine, inosine and uridine; 
nucleobases such as guanine; methylated derivatives such as 7–methylguanine, 
1–methylguanine, 9–methylguanine, 1–methyladenosine, 7–methylguanosine and 
5–methyluridine, and hydroxylated derivatives such as 8–hydroxy–2’–
deoxyguanosine. 

In acid medium, the analytes susceptible to migrate electrophoretically are: 

Guanine (Gua) 1–methyladenosine (1mA) 

7–methylguanine (7mGua) Cytidine (Cyt) 

1–methylguanine (1mGua) 7–methylguanosine (7mG) 

9–methylguanine (9mGua) Guanosine (G) 

Adenosine (A)  
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Whereas in alkaline medium it is possible to separate the following: 

Guanine (Gua) 7–methylguanosine (7mG) 

7–methylguanine (7mGua) 2’–deoxyguanosine (2dG) 

1–methylguanine (1mGua) Guanosine (G) 

9–methylguanine (9mGua) Inosine (INN) 

Adenosine (A) 5–methyluridine (5mU) 

1–methyladenosine (1mA) 8–hydroxy–2’–deoxyguanosine (8OH2dG) 

Cytidine (Cyt)  

 

 

Later studies focused on developing a method using capillary zone 
electrophoresis in acid medium with the analytes susceptible to migrating under 
these conditions. 

 

Optimization of electrophoretic separation in this acid medium involves the 
following conditions: 

 Electrophoretic separation medium (background electrolyte, BGE): 
100 mM formic acid–ammonium formate, pH 2.5. 

 Voltage applied: 20 kV up to 12 min; 25 kV from 12 to 15 min, and 
30 kV for 15 min and longer. 

 Hydrodynamic injection: 8 sec at 50 mbar. 
 MS detection: 

– Quadrupole analyzer. 
– Electrospray interface (ESI), positive mode; capillary voltage, 

+3500 V; additional liquid flow rate, 0.78 µL min-1; nebulizer gas 
pressure, 10 psi; nebulizer gas flow rate, 6 L min-1 and nebulizer 
gas temperature, 150 ºC. 

– Additional liquid: 1:1 (v/v) UHQ water:isopropanol with 
7.5 mM acetic acid.  
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Determination in urine samples 

Application to urine samples revealed the different concentration levels at 
which the analytes are found naturally. 

In the case of the analytes present at high concentrations, 7mGua, 1mA and 
A, a quantification method based on calibration in synthetic urine was proposed as 
an alternative to the standard additions method since it provided similar results. 
These results were confirmed with LC–MS/MS. 

For the analytes present at medium and low concentrations, Gua, 1mGua, 
9mGua, Cyt, 7mG and G, a preconcentration procedure based on SPE was 
developed. This is described below. 

 

 

Development of a preconcentration procedure 

We describe a procedure for the extraction–preconcentration of the analytes 
studied in urine samples based on the use of SPE with a polymeric sorbent, ENV+, 
which is a hydroxylated copolymer of polystyrene–divinylbenzene. 

A volume of urine of 2.0 mL was used in the proposed procedure. Analyte 
elution was performed with 2.0 mL of 90:10 (v/v) ACN:NH3, which was evaporated 
off and the residue was redissolved in 500 µL of UHQ water with 0.1% (v/v) formic 
acid prior to injection into the CE system. The recoveries obtained for the analytes 
studied ranged between 68% and 100% in urine samples. 

In general, it may be concluded that the methodology developed in this work, 
based on the coupling of capillary zone electrophoresis to mass spectrometry 
(CE–ESI–MS) is rapid and robust, and that it is appropriate for the determination 
of modified nucleosides and nucleobases. 
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Published results:  

• “Capillary electrophoresis–mass spectrometry for direct determination of urinary 
modified nucleosides. Evaluation of synthetic urine as a surrogate matrix for 
quantitative analysis”, J. Chromatogr. B 942–943 (2013) 21–30. 

• “Development of a procedure for the isolation and enrichment of modified 
nucleosides and nucleobases from urine prior to their determination by capillary 
electrophoresis–mass spectrometry”, J. Pharm. Biomed. Anal. 88 (2014) 489– 496. 
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2.2. DETERMINATION OF NUCLEOSIDES BY CE–ESI–MS IN NEGATIVE MODE. 

We next developed a methodology based on CE–MS for the separation of 
modified nucleosides susceptible to migrating electrophoretically as anions in basic 
medium. In this case, later detection by MS was performed by electrospray ionization 
in negative mode, ESI(-). 

In this part of the study we used a set of 5 analytes, among which the following 
were included: the hydroxylated derivatives 8–hydroxyguanosine (8OHG) and 
8–hydroxy–2’–deoxyguanosine (8OH2dG), which are metabolites associated with 
processes of oxidative stress, together with nucleosides such as inosine (INN) and 
other derivatives such as 5–methyluridine (5mU) and 2’–deoxyguanosine (2dG). 

From the results obtained from this second method, the following 
conclusions can be drawn: 

 

 

Study of electrophoretic separation. 

Electrophoretic separation using capillaries with different internal diameters 
–50, 75 and 100 µm– revealed that 50 µm was the most suitable diameter for the 
separation of the analytes studied since it provided the best resolution within a given 
time of analysis. 

Optimization of electrophoretic separation in basic medium and with this 
capillary diameter (50 µm) involved the following conditions: 

 Electrophoretic separation medium (background electrolyte, BGE): 
30 mM ammonium formate–ammonia, pH 11.0. 

 Voltage applied: 30 kV. 
 Hydrodynamic injection: 30 sec at 50 mbar in a 1:10 (v/v) BGE:UHQ 

water injection medium. 
 MS detection: 

– Quadrupole analyzer. 
– Electrospray interface (ESI), negative mode; capillary voltage, 

-3500 V; additional liquid flow rate, 0.78 µL min-1; nebulizer gas 
pressure, 6 psi; nebulizer gas flow, 7 L min-1 and nebulizer gas 
temperature, 350 ºC. 

– Additional liquid: 1:1 (v /v) UHQ water:isopropanol.  
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Determination in urine samples 

Application to urine samples revealed the low concentration levels of the 
analytes studied. The development of a previous sample treatment step was based 
on SPE with polymeric sorbents and on the use of a restricted access material 
(RAM). 

 

 

Solid phase extraction (SPE) as a previous step. 

We report a procedure for the extraction of the analytes studied in urine 
samples that is based on the use of a polymeric sorbent, ENV+, a hydroxylated 
copolymer of polystyrene–divinylbenzene. 

The proposed procedure employed a 5.0 mL volume of urine diluted 1:1 (v/v) 
with UHQ water. Analyte elution was accomplished with 2.0 mL of a 90:10 (v/v) 
MeOH:NH3, which was evaporated off and the residue was redissolved in 1.0 mL 
of 1:10 (v/v) BGE:UHQ water before injection into the CE–ESI–MS system. In 
this case, the injection time was reduced from 30 to 10 sec. 

The optimized conditions in this part of the study were satisfactory for the 
separation and quantification of some of the analytes studied, 8OHG and 8OH2dG, 
although they did not provide acceptable results for all of them. Recoveries ranged 
between 69 and 93%. 

 

 

Use of a restricted access material (RAM) as a previous step 

We describe a procedure for the extraction of the analytes studied in urine 
samples based on the use of a restricted access material (RAM) packed with a 
hydrophilic copolymer containing N–vinylacetamide, with a size of 10mm x 4.0mm. 

In the proposed procedure we used a volume of 500 µL of urine diluted 
1:1 (v/v) in UHQ water. Elution of the analytes retained in the RAM was conducted 
with ACN:UHQ water at a proportion of 70:30 (v/v), with a flow rate of 
0.5 mL min-1 over 4 min. The eluted fraction was evaporated off and the residue was 
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redissolved in 250 µL of 30 mM BGE spiked with the internal standard prior to 
injection into the CE–ESI–MS system. 

 

 

Analysis of nucleosides in urine samples as a function of smoking or 
non–smoking. 

The methodology developed –RAM/CE–ESI(-)MS– was applied to the study 
of the analytes of interest in urine samples from healthy donors who smoked. We 
were interested in determining whether there were any significant differences in the 
concentrations of these analytes in urine samples from smokers as compared with 
samples taken from non–smokers. 

The aim underlying this was to establish a possible relationship between the 
levels of these modified nucleosides and tobacco consumption in healthy individuals. 
Healthy individuals were selected in order to avoid the influence of possible diseases 
on the levels of these metabolites and hence establish the specific effect of the 
smoking habit. 

In 42 urine samples from healthy individuals (21 smokers and 21 
non–smokers, balanced according to age and gender), low concentration levels of 
these compounds were observed in all of them. The results obtained with the use of 
the method developed (RAM/CE–ESI(-)MS) were validated by LC–MS/MS). 

These results showed that there were no significant differences in the 
concentrations of these analytes between samples from smokers and from  
non–smokers. We also failed to detect significant differences in the concentrations 
of the analytes among the smokers as a function of their age and gender. 

At least in light the above studies, there is no experimental evidence to be able 
to conclude that the concentration of the nucleosides studied here in urine (among 
them the 8OH2dG and 8OHG derivatives) is higher in smokers than in 
non–smokers. Accordingly, in healthy individuals tobacco consumption does not 
seem to alter the urinary levels of these compounds. 

Nevertheless, it should not be forgotten that the sampling carried out here 
was only done in healthy individuals (middle–aged and young people), suggesting 
that it would be necessary to conduct further studies, broadening the sample 
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population to older individuals and to individuals already affected by a disease, all of 
them included in the category of smokers and non–smokers. 

 

Finally, it should be stressed that the aim of this study was to demonstrate a 
possible application of the methodology proposed as an analytical tool for use in 
clinical practice, with no intention of further entering this field itself since it is 
evidently beyond our reach as chemists. 

 

Published results: 

• “Determination of hydroxylated nucleosides in human urine by capillary 
electrophoresis with mass spectrometric detection.” Communication presented at 
20th International Symposium on Electro– and Liquid Phase Separation 
Techniques, ITP 2013. Pending publication. 
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2.3. APPLICATION TO THE STUDY OF METABOLITES ASSOCIATED WITH 

TOBACCO CONSUMPTION. 

In the previous section, we reported the development of a method based on 
CE–ESI(-)MS for the detection and quantification of some modified nucleosides of 
interest, among them the hydroxylated derivatives 8OHG and 8OH2dG. 
Application of the proposed method for the analysis of urine samples from smokers 
and non–smokers, all of them healthy, did not reveal significant differences as 
regards the levels of this group of compounds. 

Accordingly, it was decided to broaden the study to other possible modified 
nucleosides that had not been included previously and in general to search for 
metabolites related to tobacco consumption that might show significant differences 
between the two groups of samples. 

A study was conducted to obtain the metabolic fingerprint of the urine 
samples through the use of a Time–of–Flight (TOF) mass analyzer coupled with a 
liquid chromatograph (LC–TOF). In this study, the sample treatment step with the 
RAM described above was maintained, but the parameters affecting 
chromatographic separation in reverse phase mode were optimized. 

The approach of this study is based on the experience acquired by the PhD 
student during her research stay, developed as part of their pre–doctoral training, at 
King’s College London (Department of Pharmaceutical Chemistry). 
[Nanotoxicology. 2015 Feb; 9 (1): 106–115]. 

From the results, the following conclusions can be drawn: 

• From accurate mass analysis the identity of the 5 nucleosides under study in 
the urine samples was confirmed (metabolite target analysis). The lower sensitivity 
of TOF made their quantification almost impossible in most of the samples owing 
to the low concentration at which they are present in urine, both in smokers and in 
non–smokers. 

• The second analysis was an analysis of the metabolic fingerprint whose aim 
was to search for possible significant differences in the metabolic profiles of the 
samples from smokers and non–smokers. From the study of these profiles, it would 
be feasible to identify other possible metabolites associated with tobacco 
consumption responsible for the differences between both sample sets. Models were 
generated with all possible combinations, bearing in mind variables such as gender, 
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age and the condition of being a smoker or not. Only those that compared the 
smokers with the non–smokers were valid, with no differences as regards gender or 
age. 

From the results of this study it may be concluded that there were significant 
differences in the metabolic profiles of smokers and non–smokers. However, none 
of the metabolites responsible for such differences could be attributed a chemical 
structure related to the modified nucleosides according to the search carried out in 
the Human Metabolome Database (HMDB). Neither was it possible to identify them 
on the basis of compounds related to tobacco consumption such as derivatives of 
the nicotine metabolic pathway. 

The results obtained in this section of the work indicated that in healthy 
individuals there is no experimental evidence that tobacco consumption is as 
additional factor in the increase in the levels of modified nucleosides in urine. 

Again, it should be stressed that the sampling was limited, further and more 
specific studies being required to confirm the results. 

 

 

Published results: 

• “A metabolomic approach to the study of modified nucleosides in urine from 
healthy smoker and non–smoker.” (in preparation).
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The work described here consisted of the development of new methodologies 
based on capillary electrophoresis coupled with mass spectrometry (CE–MS) for the 
separation, identification and quantification of a set of nucleosides, nucleobases and 
some of their methylated and hydroxylated derivatives in urine samples. The work 
was completed with a study to search for and identify possible metabolites associated 
with tobacco consumption. 

In the corresponding sections we have described the particular conclusions 
drawn for each step of these studies. Below we note the most relevant general 
conclusions. 

 

 

DETERMINATION BY CE–ESI–MS. 

1. We have established two new analytical methods based on CE coupled with 
MS (CE–MS) for the determination of nucleosides excreted in urine. In both 
methods, capillary zone electrophoresis (CZE) was used, either in acid 
medium, for the separation of compounds susceptible to generating cationic 
species, or in alkaline medium, for the separation of anionic species. 

 

2. Detection via mass spectrometry was carried out with a simple quadrupole 
analyzer with a coaxial electrospray ionization source functioning in positive, 
ESI(+), or negative ESI(-) mode, depending on the possibility of ionization 
of the compounds studied. 

 

 

APPLICATION TO URINE ANALYSIS. 

3. Application to urine samples from healthy individuals revealed the different 
concentration levels at which each analyte was naturally present in the urine 
from the same individual and, furthermore, the great variability with which 
the same compound appeared among individuals. 
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4. For the analytes present at high concentrations a quantification method 
employing calibration in synthetic urine can be proposed as an alternative to 
the standard additions method. The results were confirmed with LC–MS/MS. 

 

5. In the case of analytes present at intermediate or low levels (Gua, 1mGua, 
9mGua, 7mG and G, in acid medium, and the hydroxylated derivatives in 
alkaline medium) we developed sample treatment steps based on SPE with 
polymeric sorbents and on the use of a restricted access material (RAM), 
facilitating the detection of the analytes, and at the same time preserving the 
instrumental set–up. 

 

 

DETERMINATION OF MODIFIED NUCLEOSIDES IN URINE FROM SMOKERS AND 

NON-SMOKERS. 

6. The RAM/CE–ESI(-)MS method developed for the determination of anionic 
species, such as the hydroxylated derivatives 8OHG and 8OH2dG, was 
applied to the study of these compounds in urine samples from healthy 
smoker and non–smoker donors in order to determine whether there were 
any significant differences in the concentrations of these analytes between the 
two groups. 

 

7. The sampling was carried out on 42 urine samples from healthy volunteers, 
21 of them smokers and the rest non–smokers. The groups were balanced as 
regards gender and age. 

 

8. The experimental results, validated by means of LC–MS/MS, indicate that for 
the group of analytes studied there are no significant differences between the 
urine samples from smokers and non–smokers. 
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APPLICATION TO THE STUDY OF METABOLITES ASSOCIATED WITH TOBACCO 

CONSUMPTION. 

9. The samples of urine from smokers and non–smokers were analyzed with a 
Time–of–Flight analyzer coupled with a liquid chromatograph (LC–TOF), 
using a RAM material as the previous clean–up step. 

 

10. The analysis of target metabolites applied to the hydroxylated derivatives 
8OHG and 8OH2dG, together with 5mU, 2dG and INN, allowed the identity 
of the 5 compounds studied to be determined via accurate mass analysis. 
However, the lower sensitivity of TOF hindered their quantification in most 
of the samples owing to the low concentration at which they are naturally 
present in urine, both that of smokers and that of non–smokers. 

 

11. Study of the metabolic fingerprint of these urines samples from smokers and 
non–smokers allow the conclusion that both populations are significantly 
different but not as regards these endogenous compounds. Neither can they 
be discriminated on the basis of compounds derived from the nicotine 
metabolic pathway. 

 

 

 

Overall, it may be concluded that the methodologies developed here, based 
on CE–ESI–MS, are rapid and robust. They are suitable for the determination of the 
modified nucleosides and nucleobases studied in urine samples. 

The experimental results described here for the application of the methods to 
the analysis of urine from smokers and non–smokers do not point to any evidence 
that in healthy individuals tobacco consumption is an additional factor in the increase 
in the levels of these modified nucleosides in urine with respect to the reference 
values in healthy non–smoker individuals. However, it should not be overlooked 
that the sample size was small and the results should therefore be considered 
preliminary. 
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Finally, it is important to note, once again, that the aim of these studies was 
to demonstrate a possible field of application for the proposed methodologies as 
analytical tools, without any intention of becoming involved in clinical diagnosis, 
which is evidently not part of our knowledge and expertise as chemists. 
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