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Abstract

An ion-pair reversed-phase high-performance liquid chromatography with gradient elution and UV detection was used to measure adenine
and guanine (G) in lyophilized bacterial pellets from ruminants using allopurinol as internal standard. The separation was performed on a Symm
C18 column and the detection was monitored at 280 nm. Calibration curves were found to be linear in the concentration range from 5 to 50 n
with correlation coefficientsf) > 0.999. Mean recoveries of A and G standards added to bacterial samples were 102.2 and 98.2, respectively. T
method proposed yielded sharp, well-resolved peaks within 25 min and was successfully applied for the determination of A and G in bacte
pellets.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the determination of nucleic acid constituents using C8 or C18
columns[4-8].

Separation and determination of adenine (A) and guanine The nucleotides, nucleosides and bases can be separated by
(G) is an interesting and challenging task, because of theireversed phase, but some of these could not be resolved simulta-
involvement in a variety of biochemical processes. In theneously and required the ion-pairing md8e-10]. The advan-
particular case of the ruminant nutrition field, the quantificationtage of ion-pairing technique is the broad range of parameters,
of microbial protein synthesis and protein degradation in thavhich may be conveniently adjusted to optimize the separation
rumen is critical in all the protein evaluation systems for thesanethod, including the concentration of organic modifier in the
animals. Purine bases play a very important role in the studyobile phase, the type and concentration of buffer in the mobile
of the nutrition of the ruminants, because adenine and guaninghase and the type and concentration of the counter-ion.
were used, among others, like internal microbial markers to Within the last decade, capillary electroseparation methods,
determine microbial protein synthe$ig. in particular capillary zone electrophoresis (CZE), have become

The most widely used technique for the determination ofversatile processes as well as quality control techniques and
purine bases in biological samples is liquid chromatographya viable alternative to commonly employed chromatographic
The ion-exchange chromatography was used initially for themethodq8,11,12]
determination of purine nucleotid¢g] and was also applied UV detection has been usually employed, since it permits the
for the determination of nucleosides and bd8g¢sHowever, its measurement of the majority of nucleotides, nucleosides and
use presents several disadvantages such as large time analysesne bases with good sensitivity in most biological samples.
and elevated temperatures. The reversed phase is at presefwever, both fluorescence and MS detection are increasingly
the most commonly used liquid chromatographic method fopopular[8].

The purpose of this work has been to apply a previous ion-
pair RP-HPLC method13] developed for the creatinine and
mpondin g author. purine dgrivatives which_enablgs the simuIFaneous determin.ation
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to the study of microbial protein synthesis and protein degradamethanol: eluent A (5%) and eluent B (20%). Before use, the

tion in the rumen. mobile phase was always filtered through an HA Quibpore
size filter (Millipore, Bedford, MA, USA) and degassed by ultra-
2. Experimental sonication.
The gradient program was: 0—12 min, 100% A, flow-rate of
2.1. Chemicals 0.5 ml/min; 12—13 min, 0—-100% B, flow-rate of 0.5—-1.5 ml/min;

13-25min, 100% B, flow-rate of 1.5 ml/min. The gradient was

All the chemicals were of analytical grade. Standards ofthen immediately returned to 100% A and the initial conditions
adenine, guanine, allopurinol, decane-, octane- and hexaneswulere restored in 10 min. The purity of every compound was
fonic acid (C10, C8, C6) sodium salts were supplied by Sigmdested by comparison of the peak areas obtained at wavelengths
(Madrid, Spain). Methanol HPLC-grade and the other chemical254 and 280 nm. The injection volume wasi@d0The column
were obtained by Merck (Barcelona, Spain). Buffers were pretemperature was set at 30.
pared using ultrapure water (Milli-RO 15 reagent-grade water
system, Millipore). 3. Results and discussion

2.2. Standard solutions 3.1. Optimization of chromatographic conditions

Stock solutions of standards (1000 mg/l) were prepared by In a previous papefl3], we found the optimum chro-
dissolving adenine and allopurinol (I.S.) in water and guaninematographic conditions for the separation of creatinine and
in 1.2 M perchloric acid. These solutions were stable for at least purine derivatives (PD): allantoin, uric acid, hypoxantine using
week at #C. These stock solutions were diluted with deionizedallopurinol as internal standard. In this analysis, we tested
water to prepare working standard solutions of 25 mg/l for A,different variables to optimize the simultaneous determination
G and allopurinol. A 2@l aliquot of these solutions was used of creatinine and PD: alkyl chain length of the pairing-ion
daily as a control to check all conditions of the HPLC procedureagent (C6, C8, C10), buffer concentration, pH and percentage

Calibration graphs obtained with different concentrationsof methanol of the mobile phase and column temperature.
ranging from 5 to 50 mg/l for A and G were constructed by plot-In this work, we tested these conditions for the simultaneous
ting the peak areas of each compound against concentration. ¢ketermination of adenine and guanine. The retention time of
all samples, the concentration of allopurinol was 25 mg/l. Theboth compounds was not significantly influenced by the pH
calibration curves were linear over the concentration range stuaf the mobile phase over the range 448,15] The influence
ied. The peak area for every point was calculated as an averagé the concentration of methanol on the retention was used
value of three injections, giving a relative standard deviatiorto establish the gradient elution system and the absorbance

smaller than 3%. detector was set at 280 nm. According to these studies, we
decided to adopt the chromatographic conditions specified
2.3. Sample preparation under Sectio, which represented a good compromise between

a good separation and a reasonable analysis time.

Before HPLC analysis, 15 mg of lyophilized bacterial pellet  The chromatograms resulting from the injection of pure stan-
were hydrolized for 1 h at 10GC with 2 ml 2 M-perchloric acid, dards and pellet samples under the chromatographic conditions
adding 2umol of allopurinol and neutralized immediately with finally adopted are presented Kg. 1 The retention times
4 M-KOH according to Maiih-Orue et al[14]. After cooling,  for allopurinol (I1.S.) guanine and adenine were 12.5, 15.1 and
the volume was made up to 10 ml with elution solvent A of the23.9 min, respectively. A high reproducibility in the retention
HPLC system. A portion (2Q1) was injected into the HPLC time was obtained with relative standard deviations (R.S.D.s)
after centrifugation (3008 g) and filtration (45.m). less than 5% in all cases studied.

2.4. Equipment 3.2. Analytical variables

Waters Model (Milford, MA, USA) 600-E instrument Linearity of the standards was checked by measuring various
equipped with a Waters Model 717 plus injector and a 484 U\Vconcentrations in the ranges 5-50 mg/l for both analytes, ade-
detector was used. The detection wavelength was set at 280 nmine and guanine. Linear relationships between the peak areas
The separation was carried out with a Symmetry C18 colummnd the concentrations tested were found. The equations calcu-
(250 mmx 4.6 mm 1.D., 5um) (Waters, Milford, MA, USA). lated werey=(0.173£0.002) + (0.083£0.061); S.D.=0.101
Quantification was based on integration of peak areas using Bofer adenine and y=(0.2924+0.002) + (0.078+ 0.069);

win 1.5 software (JMBS Development). S.D.=0.114 for guanine. In all instances, the correlation
coefficients were greater than 0.999. The standard addi-
2.5. Chromatographic conditions tion method (standard plus hydrolized bacterial pellet

samples) was used in determining chemical interferences
The mobile phase composition was phosphate buffer 10 mMf different analytes. The equations calculated were:
with 3mM 1-octanesulfonic acid, sodium salt, pH 4, mixed with y = (0.180+ 0.003) + (5.413+ 0.133); S.D. =0.227 for adenine
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Fig. 1. Chromatograms of () standards and (l) bacterial pellet sample. Conditions: column: Symmetry C18 (23Démm I.D., 5um); mobile phase: phosphate
buffer 10 mM with 3 mM 1-octanesulfonic acid, sodium salt, pH 4, mixed with methanol: eluent A (5%) and eluent B (20%); detec®@nm. Peaks: A, adenine;
G, guanine and |.S., allopurinol.

Table 1
Inter-day precision and accuracy
Compound Concentration added (mg/l) Concentration found (mg/l) ta&ab. (1 =5) R.S.D. (%) Relative error (%)
Adenine 5 5.24+ 0.11 2.10 4.2

15 15.64+ 0.32 2.04 4.3

25 26.62+ 0.24 0.90 6.5
Guanine 5 476+ 0.21 4.40 4.8

15 14.844 0.32 2.16 0.3

25 24.54+ 0.24 0.98 1.8
Table2 _ o _ allopurinol as internal standard in ruminant bacterial pellets, in
Determination of adenine and guanine in bacterial pellets which a simple mobile phase is used and a good reproducibility is
Compound n Concentration range (mg/l) MeanS.D. achieved. The final chromatographic conditions adopted were a
Adoning >7 9.7929.74 cepals COmMpromise beMeen analysis time, peak shap_es and _symmetry
Guanine 27 11.50-50.81 18.689.64 and the resolution of these compounds from interfering sub-

stances. This method should be applicable to studies designed
to reveal a better understanding of the quantification of microbial

and y=(0.313+0.005) + (7.666+0.211); S.D.=0.358 for protein synthesis and protein degradation in the rumen.
guanine. The slopes for the calibration and standard addition

graphs were similar for both compounds. The detection limitsy cknowledgements
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