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Abstract

Nine purine and pyrimidine bases were separated and determined simultaneously using reversed phase (RP) high per-
formance liquid chromatography (HPLC) in some food samples and biological fluids. Chromatographic behavior of
these ionizable compounds highly depends on the interactions with the solvent as confirmed experimentally and by cal-
culation of distribution of this species as a function of pH. Chromatograms show the optimal separation of five purine
(uric acid, hypoxanthine, xanthine, adenine, and guanosine), and four pyrimidine (cytosine, uracil, cytidine and tymine)
bases at pH around four. Accordingly, acetate buffer was selected due to high buffer capacity in this region. By variation
of pH, concentration of buffer and volume ratio between buffer and methanol, we found that a mixture of 50 mM aceta-
te buffer of pH 4.0 = 0.1 with 3% of methanol ensures reproducibility, complete separation in less than 15 minutes and
compatibility with UV and MS detection. Developed screening method was validated and applied for the analysis of

complex clinical and beverage samples.
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1. Introduction

Purine and pyrimidne bases and their nucleotides
are involved in a numerous biochemical processes, and
they play an important role in cell metabolism as mono-
meric precursors of RNA and DNA and as a secondary
messenger.' Their determination is very important in
many areas of research, like clinical analysis,>”’ or food
and beverage analysis. In food analysis some of these
compounds have been related to off—flavors in food, being
a marker for its freshness, on the other hand the end pro-
duct of purine catabolism in the human body is uric acid,
which is known to be a major trigger for gout, a common
disease in developed countries. Because of this, many
analytical methods have been developed for determination
of purine and pyrimidine bases. The most widely used
technique for biological samples is reversed phase (RP) or
RP ion-pairing'® high performance liquid chromatography
(HPLC) because it gives reproducible results, and is sensi-
tive, selective and easily automated.>>>~"1%12"1% Capillary
electrophoresis is also widely used for the separation of

these analytes because of its minimal sample volume,
short analysis time and high separation efficiency.'®'® For
both techniques UV/VIS,>!® electrochemical'® or MS de-
tection is used.'*'*!1%2022 Since nucleobases are elec-
troactive, in some papers voltammetric determination
with static mercury drop electrode, by modified graphi-
te/carbon electrodes,”>>* and on the boron-doped carbon
nanotubes are also reported.”’

In this study HPLC with isocratic elution with UV
and MS detection was employed for the separation and
determination of nine purine and pyrimidine bases. Sin-
ce the majority of previous reports on HPLC separation
of purine and pyrimidine bases were performed with
phosphate buffers>>%*-1215 which according to our ob-
servation do not ensure satisfactory separation and re-
producible retention in acidic region, the main aim of
our research was to find better mobile phase and to opti-
mize the conditions for their complete separation. Deve-
loped screening method was applied for the determina-
tion of free nucleobases in some beverage samples and
biological fluids.
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2. Experimental

2. 1. Materials and Chemicals

Purine (uric acid-UA, hypoxanthine-HY, xanthine-
XA, adenine-AD, guanine-GUA, and guanosine-GU) and
pyrimidine bases (cytosine-CS, uracil-UR, cytidine-CD,
and tymine-TM) were all of 99% purity (except GU 98%)
and purchased from Sigma-Aldrich, Germany. For the
preparation of buffers and mobile phases 99.5-100.5%
KH,PO, (Merck, Germany) and 98% K,HPO, (Kemika,
Croatia), 99% acetic acid and sodium acetate (Sigma-Al-
drich, Germany), HPLC grade methanol (MeOH, J.T. Ba-
ker, Holland), 27% NH, (Sigma-Aldrich, Germany), 99%
NaOH (Merck, Germany), 37% hydrochloric acid and
84% phosphoric acid (Riedel-De Héden, Germany) were
used. Calibration of glass electrode (6.0234.100,
pH 0-14, Metrohm, Switzerland) was performed with
standard aqueous buffer solutions (Kemika, Croatia) and
Milli-Q purified water (resistivity >18 MQcm) was used
for the preparation of working standards and solutions
throughout the work.

2. 2. Apparatus and Chromatographic
Conditions

Liquid chromatographic system consisted of K-501
pump (Knauer, Germany), autosampler with injector
(sample loop 20 uL) (Spark Basic Marathon, Holland),
UV/VIS detector Smart Line UV 2500 (Knauer, Ger-
many) and PC with software Basic Edition V3.05 (Kna-
uer, Germany). An ultrasonicator Sonis 4 (Iskra, Slovenia)
and a pH Meter 781 (Metrohm, Switzerland) were used.

Chromatographic separations were achieved on a RP
column Kinetex™ C18 (150 mm X% 4.6 mm i.d., 2.6 um
particle size, pore size 100 A) purchased by Phenomenex
(Torrance, CA, USA). KrudKatcher ultra HPLC in-line fil-
ter (0.5 um, AFO-8497) (Phenomenex, USA) was used to
protect the analytical column.

The following mobile phases were used: MP1 con-
sisted of 50 mM phosphate buffer prepared by mixing of
48 mM of KH,PO, and 2 mM K,HPO, with methanol
(97:3, v/v). Final pH of buffer was adjusted to pH 4.0-6.5
by dil. H,PO, or NaOH. MP2 contained 50 mM (or 0.10
M and 0.20 M) acetate buffer of pH 4.0 and methanol
(97:3, v/v) if not stated otherwise. MP2 was prepared by
mixing sodium acetate and acetic acid with the same con-
centration that was in final buffer, e.g. for preparation of
50 mM acetate buffer 50 mM sodium acetate and 50 mM
acetic acid was mixed. Since we wanted to prepare acetic
buffer with pH 4.0, we mixed sodium acetate and acetic
acid in a volume ratio of 1.00 to 4.56. pH of prepared buf-
fers was always checked with calibrated pH-meter and
corrected if necessary by adding sodium acetate or acetic
acid. The mobile phase was prepared daily and was filte-
red with 0.45 pm membrane filter (Millipore, Germany)
under vacuum. Flow-rate was 0.5 mL/min and the detec-

tor wavelength was set at 254 nm. All assays were perfor-
med at ambient temperature.

For the confirmation of particular bases and by the
analysis of real samples peak identity was determined by
MDS SCIEX 3200Q LC/MS/MS spectrometer (Applied
Biosystems, USA) with electrospray ionization (ESI) in
multiple reaction monitoring (MRM) mode. The probe
temperature was 250 °C and the capillary voltage was 4.5
kV in both positive and negative mode. Nitrogen gas
(99.999%) was used as desolvation gas, cone gas and also
as collision gas. The curtain and nebulizer gas pressure
were set at 10 and 20 psi, respectively, while the heater
gas pressure was set at 40 psi. Optimal “transition pairs”
(i.e. precursor/product ion) were found for each analyte
and appropriate declustering potential (DP), entrance po-
tential (EP), collision energy (CE) and collision exit po-
tential (CXP) set: CS m/z(+) 112/95 (DP 40 V, EP 10V,
CE 25V, CXP 3V); UR m/z (+) 113/96 (DP 23V, EP 10
V,CE 25V, CXP 3 V); CD m/z (+) 244/112 (DP 10V, EP
5V,CE30V,CXP4V); TM m/z (+) 127/110 (DP 30 V,
EP 5V, CE 20V, CXP 3 V); AD m/z (+) 136/119 (DP 35
V,EP 5V, CE 25V, CXP 3 V); UA m/z (-) 167/124(DP
-30V,EP-5V,CE-24V, CXP -3V); HY m/z (-) 135/93
(DP 40 V, EP -5V, CE -15 V, CXP -3 V); XA m/z (-)
151/108 (DP -30 V, EP -5 V, CE -15 V, CXP -3 V); GU
m/z (-) 282/150 (DP -40 V, EP -5V, CE -20 V, CXP -3
V); GUA m/z (-) 150/133 (DP -25 V,EP -5V, CE -14 V,
CXP -3 V). Quadrupole mass analyzer was coupled to the
chromatographic system and UV-VIS detector was con-
nected between column and MS detector. For LC-MS
analysis 50 mM ammonium acetate buffer was prepared
(MP3) by titration of 50 mM acetic acid with 1 M solution
of NH, to pH 4.0, and mixed with methanol (97:3, v/v).

2. 3. Preparation of Standard Solutions

Stock solutions of purine and pyrimidine bases were
prepared by weighing of the required amount of particular
substance and then dissolved in 1 or 2 ml of 1 M NaOH
and diluted with water to the final concentrations 10.0 or
1.0 mM. Solutions were stored in refrigerator and prepa-
red fresh each month. Working standards were prepared
daily from stock solutions and diluted with mobile phase
solution.

2. 4. Sample Preparation

Three types of samples were used for determination
of purine and pyrimidine bases: saliva, urine and beer.
Since we intended primarily to estimate the concentration
levels of free nucleobases in samples, we did not employ
any rigorous sample pretreatment or acid hydrolysis of
samples as usually applied when total amounts of nucleo-
bases in samples were determined.*”*!2713152022 For the
HPLC analysis beer samples (alcoholic and nonalcoholic
samples of local producers) were degassed to eliminate
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dissolved CO, and diluted with mobile phase MP2 at a ra-
tio 1:20.

Saliva samples taken from healthy male volunteer
(24 years old) according to ethical standards were first
centrifuged for 30 minutes and then the supernatant phase
was filtered through 0.22 pm membrane filters and then
diluted in a ratio 1:5 (v/v) with 50 mM acetate buffer.

Urine samples were also taken from healthy male
volunteer (24 years old) in compliance with ethical stan-
dards, sonificated for 30 minutes and then diluted in a ra-
tio of 1:5 with 50 mM acetate buffer, and uric acid was de-
termined in 100 times diluted samples.

3. Results and Discussion

3. 1. Optimization of Chromatographic
Conditions for Separation of Purine
and Pyrimidine Bases

The choice of an appropriate pH of the mobile phase
for separation of purine and pyrimidine bases on RP co-
lumn is very important because of amphiprotic properties
of these compounds and reactions with the solvent. As
emphasized by Haunschmidt et al.'® electrolyte-solute in-
teractions may significantly affect separation selectivity
by electromigration techniques too, where degree of ioni-
zation of nucleobases is crucial for the separation mecha-
nisms as well as the migration rate. In Table 1 the distribu-
tion of major species for some bases at different pH was
calculated on the basis of data published in literature. 28
As can be seen some of the bases do not change its predo-
minant form markedly in the pH range between 4.0 and
5.5 (e.g. uracil, xanthine and tymine), but most of them
change fraction of its protonated, neutral or deprotonated
form substantially when pH was changed from 4.0 to 5.5
(or more). For example cytosine, cytidine and adenine ex-
ist at pH 4.0 predominantly in their protonated form
(H;A"), and at pH 5.5 their neutral (zwitterionic) species

prevail. Also uric acid (UA) change from its almost com-
pletely protonated form at pH 4.0 to fully deprotonated
form HA™at pH 5.5. Because of protolytic equilibria elec-
trostatic interactions between analytes and solvent may
affect retention of these substances and can influence the
quality of the chromatographic separation.

To confirm this assumption, chromatographic sepa-
ration of nine bases on RP column was performed. Chro-
matogram shown in Figure 1 was performed in a mixture
of 50 mM phosphate buffer of different pH (4.0-5.5) with
3% of methanol (MP1). Due to the low content of metha-
nol in the mobile phase, it was assumed that addition of
MeOH to the buffer does not change pH of the hydroorga-
nic mixture substantially.*' =2 From Figure 1 it can be seen
that retention of uric acid, guanosine and adenine is mar-
kedly affected by pH. At pH 5.5 peaks are quite symmetri-
cal and narrow but the chromatographic resolution (R)
was poor, and at pH 4.0 it improves substantially and all
bases were separated on the base line (R > 3.6). Better se-
paration at lower pH confirms also the number of theoreti-
cal plates N which for CS, UR and UA increased at pH 4.0
for 3000-5000. Note that N were calculated from the
width at half the peak height (W, ;) by following equation:
N =554 (=

Wy,

)?. By repeated measurements in MP1 we
s

have found that the retention times for the bases were not
reproducible enough between measurements and bet-
ween days. Very poor reproducibility of the retention ti-
me we observed by cytosine (CV 3.4%) and especially
by adenine (CV 11%), where peaks are occasionally
splitted thus indicating that two species of the compound
coexist.

The reason for the irreproducibility of retention ti-
mes lies in our opinion mainly in the poor buffer capacity
of phosphate buffer at pH below 6. Because ofdissociation
constants of phosphoric acid (pK,, 2.148, pK, 7.199),
mixtures of H;PO,/H,PO,” and H,PO, /HPO,* have good
buffering properties at pH close to their pK, values, res-
pectively. As can be seen from Figure 2, where buffer ca-

Table 1. Calculated distribution coefficients for nucleobase species at different pH*

pH=4.0 pH =43 pH=5.5

Base/Species HA* H,A HA™ H,AY H,A HA~ H,A* H,A HA~

Cytosine (CS) 0.799 0.201 <0.001 0.666 0.334 <0.001 0.112 0.888 <0.001
Uracil (UR) 1.000 <0.001 1.000 <0.001 1.000 <0.001
Cytidine (CD) 0.557 0.443 <0.001 0.387 0.613 <0.001 0.038 0.962 <0.001
Uric Acid (UA) 0.962 0.038 0.926 0.074 0.443 0.557
Hypoxanthine (HY)  0.006 0.994 <0.001 0.003 0.997 <0.001 <0.001 0.999 0.001

Xanthine (XA) 1.000 <0.001 0.999 0.001 0.990 0.010
Tymine (TM) 1.000 <0.001 1.000 <0.001 1.000 <0.001
Adenine (AD) 0.613 0.387 <0.001 0.443 0.557 <0.001 0.048 0.952 <0.001
Guanosine (GU) 0.008 0.992 <0.001 0.004 0.996 <0.001 <0.001 1.000 <0.001
Guanine (GUA) 0.166 0.834 <0.001 0.091 0.909 <0.001 0.006 0.994 <0.001

*Data on thermodynamic quantities and protonation constants are taken from ref.?-*
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Figure 1. Chromatogram of a mixture of 50 uM bases in 0.05 M phosphate buffer with 3% (v/v) MeOH at pH a) 5.5 and b) 4.0.
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Figure 2. Calculated buffer capacity at different pH for a) 0.10 M acetate and b) 0.05 M phosphate buffer.

pacity of phosphate (curve a) and acetate (curve b) buf-
fer was calculated, H,PO,7HPO,*" buffer has a maxi-
mum capacity at pH 7.20 and cannot keep pH of the mo-
bile phase constant enough at pH below 5.5 where opti-
mal separation was found. To ensure constant pH and
thus the degree of ionization of the nucleobases during

the separation, we applied acetate buffers, which have
maximal buffering strength at pH 4.76 (Figure 2, curve
a) and are able to keep stable pH of the mobile phase bet-
ween 3.7 and 5.7. Acetate buffers are also preferred
when mass spectrometric detection was combined with
the LC separation.?*??
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As can be seen from Figure 3a, with this mobile
phase MP2 a complete separation of all nine bases on the
base line was achieved and the retention times did not
change significantly during the subsequent measurements
or between days. As seen from Figure 3 concentration of
buffer also influence retention of particular substances.
Increased concentration of buffer (ionic strength) decrea-
ses retention of all substances and especially of those ba-
ses with higher retention times. An exception is adenine
(AD), whose retention is not influenced by buffer concen-
tration, but it is highly sensitive to pH of mobile phase. An
increase of pH from 4.0 to 4.3 increases the retention time
of AD for approximately 3 minutes where it is then coelu-
ted with guanosine. At 0.2 M buffer (Fig. 3¢) peaks for CS
and AD became broader and a shoulder on both peaks in-
dicate the presence of two major species. This can be ex-
plained by the change of the activity coefficients and con-
sequent change of the pH at higher ionic strength of the
mobile phase. As evident from Table 1 the concentration
of protonated H;A™ and zwitterionic H,A species of both
CS and AD highly depend on pH in the range between pH
4 and pH 4.3. This is another evidence that the pH of the
mobile phase should be constant during the separation of
ionizable substances as were the investigated nucleobases.
Despite of these observations pH of the mobile phase
should be kept constant at pH 4.0 + 0.1 and the total con-
centration of the buffer should be at least 50 mM and be-
low 0.2 M.

Optimal concentration of MeOH content in the
mobile phase was also searched for. At 10% (v/v) of Me-
OH (50 mM acetate buffer of pH 4.0), retention of all ba-
ses decreased (7, (CS) = 3.8 min, 7, (GU) = 8 min), and se-
paration of bases was not complete. When the fraction of
MeOH was decreased to 2%, the separation of nucleoba-
ses was perfect, but the retention was significantly longer
and the elution of guanosine as the most retained com-
pound, appears no sooner than at 15.5 min. As a compro-
mise between analysis time and resolution, the content of
MeOH should be 3.0 + 0.5% (v/v). It should be noted that
for LC/MS/MS analysis a more volatile ammonium aceta-
te was used instead of sodium acetate for preparation of
the acetate buffer (MP3).

As mentioned in the Experimental section, UV de-
tection at 254 nm was applied for detection and quantifi-
cation of nucleobases. This wavelength is a compromise
while all observed nucleobases dissolved in MP2 of pH
4.0, shows at least two absorption maxima in the range
between 190 and 330 nm, and with the exception of
guanosine, absorbance peaks at longer wavelengths
(250-290 nm) are higher than by the first peaks appearing
at shorter A (210-230 nm). The measurements at 254 nm
were therefore not optimal and can be further optimized
when only particular substance or a group of bases with
similar absorptivity were measured. Also the use of diode
array detector is recommended to optimize sensitivity of
particular bases in the mixture.
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Figure 3. Chromatograms of nine 50 uM nucleobases in acetate buffer of pH 4.0 and 3% MeOH of different total concentrations: a) 0.05 M, b) 0.1

M, and ¢) 0.2 M.
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3. 2. Stability of Studied Nucleobases

For practical work information about the stability of
the working standards prepared in different mobile is nee-
ded. Since nucleobases are prone do decomposition, stabi-
lity of working solutions at 50 uM level and at room tem-
perature (22 + 2 °C) was performed in both phosphate
MP1 and acetate MP2 mobile phases. It was found that in
phosphate buffer of pH 5.5 uric acid, xanthine and hypo-
xanthine decomposes more than 95% in one day, and ot-
her substances (CS, UR, TM, AD, GU) degrade more than
50% in four days. The most stable was cytidine and its
concentration decreases in four days for 5% only. The rea-
son for degradation may lie in the nucleophilic properties
of phosphate, contamination with traces of metallic or
bacterial impurities, photochemical reactions, etc. Surpri-
singly, the stability of working solutions of particular ba-
ses and their mixture in the 0.1 M acetate buffer of pH 4
was significantly better and with the exception of guanosi-
ne, after 50 days concentration of bases decreases less
than 5% at room temperature. Guanosine decomposes
more rapidly and almost linearly with time and on the
chromatograms two new peaks appeared at 6.8 and 7.2
min, and the last one is higher and overlapped with hypo-
xanthine peak. By LC/MS/MS system in MRM mode (ne-
gative ionization) it was found that the peak at 7.2 min be-
longs to guanine produced from guanosine by splitting off
its sugar moiety. It can be concluded that working solu-
tions of nucleobases are stable for at least three weeks at
room temperature when prepared in acetate buffer of pH
4, and when GU is also a target analyte, working solution
of GU or mixture of bases should be prepared fresh daily.

3. 3. Validation of Analytical Method

The linearity, regression and linear ranges of nine
nucleobases were determined using the optimized HPLC
method (MP2). The correlation coefficient (R? > 0.9994)
showed good correlation between concentrations of inve-

stigated compounds and peak areas within the test range
(1-50 uM). The limits of detection (LOD) and quantifica-
tion (LOQ) were lower than 0.5 uM and 1 uM, respecti-
vely (Table 2).

To determine precision of the results obtained by the
method, mixed working standard solutions of nine nucleo-
bases on different level (1, 5, 10 and 50 uM) were analy-
zed in triplicates. As seen (Table 2) the overall performan-
ce of the elaborated procedure was quite good and was
further tested by analysis of some real samples.

3. 4. Determination of Purine and
Pyrimidine Bases in Real Samples

Purine and pyrimidine bases were determined in al-
coholic and nonalcoholic beer samples, saliva and urine
samples of healthy volunteer. Before analysis of the sam-
ples the calibration curves in the range 1-50 uM were pre-
pared for nine nucleobases. Content of bases in each sam-
ple was determined via calibration curve and with a stan-
dard addition method. We should note that this method
was developed primarily as a screening one to obtain in-
formation on the concentration levels of the investigated
analytes and matrix constituents of investigated samples.
In practice this information is important for diagnostic
purposes, e.g. food analysis, clinical investigations etc. As
shown in Figure 4 analyzed beer sample contained beside
of nine identified nucleobases, also numerous other unk-
nown compounds. Only cytidine, xanthine, adenine and
guanosine are well resolved and can be quantified re-
liably. Determination of other assigned nucleobases
should be performed after a proper clean-up pretreatment
of samples and by a multiple standard addition procedure
because of complexity of the matrix (Figure 4). For exam-
ple for determination of cytosine we used pretreatment of
samples on strong anion exchange column for elimination
of interfering matrix compounds in beer samples. It
should be noted that analysis of beer samples are very ti-
me consuming due to a slow elution of other matrix con-

Table 2. Linear regression data (correlation coefficient R?, limit of detection LOD (uM), limit of quantitation LOQ (uM), and coefficient of varia-
tion CV (%)) of nine investigated nucleobases in the range between 1 and 50 uM; sample volume was 20 L.

Analyte JeBression equation R’ LOD (M)  LOQ M) CV(%)1uM  CV (%)10 pM
Cytosine (CS) Y=0.176x + 0.004 1.0000 0.2 0.6 0.6 0.9
Uracil (UR) Y=0.278x-0.072 0.9994 0.2 0.5 1.9 1.0
Cytidine (CD) Y=0.214x - 0.086 0.9994 0.3 0.6 0.7 0.3
Uric Acid (UA) Y=0.121x-0.039 0.9998 0.4 1.0 0.6 2.0
Hypoxanthine (HY) Y=0.293x-0.016 0.9999 0.2 0.5 0.9 0.2
Xanthine (XA) Y =0.238x-0.032 0.9999 0.2 0.6 1.3 0.5
Tymine (TM) Y =0.234x - 0.004 1.0000 0.2 0.6 2.5 0.6
Adenine (AD) Y=0.391x - 0.090 0.9999 0.3 0.6 24 0.2
Guanosine (GU) Y =0.366x - 0.121 0.9999 0.3 0.6 1.1 0.5

Y denote peak area (mAU.min), and x analyte concentration (UM)
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Figure 4. Chromatogram of 1:20 diluted alcoholic beer sample. Mobile phase was 50 mM acetate buffer of pH 4.0 and 3% (v/v) MeOH.

stituents, and 40 min should be required to complete an
isocratic analysis. In both alcoholic and non-alcoholic
beers major constituents were found to be cytidine, xant-
hine, adenine and guanosine. Contents of these com-
pounds in alcoholic beers (two types of lager beer) were
182-231 pM, 79-131 uM, 8,5-34 uM, and 187-288 pM,
respectively, whereas in non-alcoholic beer they were
128-135 uM, 28-31 uM, 179-214 uM, and 203-232 pM,
respectively. Total concentration of all investigated nuc-
leobases found in alcoholic and non-alcoholic beer were
similar, i.e. 533-664 uM and 638-678 uM, respectively.
Similar relative concentration ranges were also found by
Kaneko et al.'?

Saliva has become an important resource for evalua-
ting physiological conditions in humans.*® Since salivary
uric acid correlate with serum uric acid concentration it
became a noninvasive biomarker of metabolic syndro-

me.** In saliva just uric acid was found undoubtedly and
its nice peak appeared at 6.2 min (Figure 5). The concen-
tration of UA in this sample equals 16 pg/mL (94 uM),
and the reproducibility of the measurements was quite
good (CV 1.1%). It was found that the content of UA in
saliva of the same person varied between different days
for about 50%, and to acquire reliable information on its
average concentration, sampling over a longer period
should be performed. Concentrations of other nucleobases
investigated in this work cannot be estimated in saliva and
are below LOD (< 0.1 uM) of this procedure.

From the chromatogram of urine shown in Figure 6,
it can be seen that peaks for cytidine and guanosine are
absent, and that all other bases are identified and can be
quantified. Due to the presence of other unknown matrix
components in the sample peaks for cytosine, uracil,
hypoxanthine and tymine are not completely resolved and

[mAU]
10
UA

Absorbance
w

Time

[min}

Figure 5. Chromatogram of 1:5 diluted saliva sample. Mobile phase 50 mM acetate buffer of pH 4.0 and 3% (v/v) MeOH.
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Figure 6. Chromatogram of 1:5 diluted urine sample. Mobile phase 50 mM acetate buffer of pH 4.0, 3% (v/v) MeOH.

their concentration levels was estimated by standard addi-
tion approach. When these analytes present a target nuc-
leobases only an appropriate clean-up procedure should
be applied prior the HPLC analysis.

Peaks for uric acid, xanthine and adenine are se-
parated and can be reliably determined via calibration cur-
ve or by a standard addition procedure. High unknown
peak coeluted with cytosine at 3.8 min was analyzed with
LC/MS/MS detection in TIC mode and it was found that
two fragments with m/z 144 and 227 (positive polarity)
belong to this compound. The concentrations and the re-
peatability of the results for bases in urine sample are col-
lected in Table 3. Samples were taken and analyzed in a
period of two months and the average concentrations and
reproducibility between run and within three subsequent
measurements of the same sample are given. As mentio-
ned in Experimental, due to high concentration of UA in
urine samples determination of UA was performed in 100
times diluted samples and reproducibility was quite satis-
factory (CV 1%). Uncertainty of the analytical results of
other bases was typically within run between 6 and 16%
(CV). But the variation of concentrations of nucleobases
in urine over a longer period (two months) was found to

Table 3. Results of concentrations of nucleobases in urine samples.

be higher as can be seen from the results in Table 3, whe-
re deviation from the average values was between 30 and
80% (CV). For routine analysis of nucleobases in beer and
urine samples, an appropriate sample clean-up procedure
for elimination of major interfering matrix constituents
should be applied to improve accuracy and reproducibility
of the analytical results.

4. Conclusions

Reversed-phase HPLC screening method with UV
detection at 254 nm was optimized and applied for the se-
paration and determination of nine nucleobases of biolo-
gical importance. Purine and pyrimidine bases are ioni-
zable compounds and concentration of their species high-
ly depends on the pH of the mobile phase. We found that
phosphate buffers frequently used in the literature for the
separation of purine and pyrimidine bases on RP-HPLC
systems, do not ensure repeatable separation and we ap-
plied acetate buffer instead with much better buffering ca-
pacity at desirable pH of 4.0 + 0.1. In the mobile phase
consisting of 50 mM acetate buffer of pH 4.0 and 3% of

Compound Caverage (BM) Cpin (MMD? Cne (BMD? CV%?* CV%"
CS 73 7.6
UR 40 22 59 47 10
UA 3041 1544 5685 76 1,0
HY 67 33 166 66 16
XA 42 30 60 39 6.4
™ 29 22 49 33 12
AD 6 1 11 73 14

# Inter-day variation of the concentration over two months (n = 3), ® Intra-day precision of single analysis in triplicate.
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methanol (v/v), all nine bases were separated on the base
line in less than 15 min. Response of these analytes are li-
near in a wide range of concentrations between the detec-
tion limits (0.5 uM) and up to more than 1 mM levels. The
optimized method was applied for the determination of
purine and pyrimidine bases in some beer, saliva and urine
samples. The variation of nucleobases concentration in
these samples over a longer period was found to be up to
10 times larger than the reproducibility of the results of a
single series. To obtain reliable and accurate results for
the nucleobases by analysis of clinical, food and beverage
samples, more attention should be made to acquire really
representative samples for the analysis.
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Povzetek

Kromatografska loc¢ba purinskih in pirimidinskih nukleobaz je zaradi amfiproti¢nih lastnosti teh spojin mo¢no odvisna
od interakcij s topilom. Izra¢un porazdelitvenih koeficientov nekaterih nukleobaz je pokazal korelacijo med zadrZeval-
nim ¢asom na reverzno-fazni koloni in pH mobilne faze, kar si razlagamo z vplivom elektrostatskih interakcij posamez-
nih baz s stacionarno fazo. Poleg pH mobilne faze je za ponovljivost retencijskih ¢asov pomembna tudi pufrska kapaci-
teta, ki mora biti maksimalna blizu pH Stiri, pri katerem se spojine dobro lo¢ijo. Z optimizacijo HPLC metode smo us-
peli v mobilni fazi, ki je vsebovala 50 mM acetatni pufer s pH 4,0 £+ 0,1 in 3% metanol, v 15 min so¢asno dolo¢iti pet
purinskih (se¢na kislina, ksantin, hipoksantin, adenin, gvanozin) in $tiri pirimidinske baze (citozin, uracil, citidin, ti-
min). Analiza nekaterih bioloskih vzorcev in napitkov je pokazala, da je metoda primerna za hitre presejalne teste in kli-
ni¢no diagnostiko.
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