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Short communication

Improved HPLC method for the simultaneous determination of allantoin,
uric acid and creatinine in cattle urine
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Abstract

An HPLC procedure developed for the rapid and simultaneous determination of purine derivatives (PD) in ruminants’ urine was investigated,
since the adoption of a single method for the simultaneous detection of PD and creatinine was not carried out due to elution of polar co-extractives
and also due to overlapping of the peaks of allantoin and creatinine. The experimental conditions chosen in the present study avoid the presence of
chemically competitive compounds and afford a good separation of the peaks of allantoin and creatinine. The recoveries of the standard compounds
added to urine samples were 94–104%. This method can be proposed as a possible reference method for the estimation of allantoin, uric acid and
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. Introduction

The purine derivatives (PD) in the urine of ruminants have
een validated as an index of microbial protein production[1,2].
D concentration in urine can be estimated by using both the col-
rimetric and HPLC methods[3]. Colorimetric methods need

ower technology requirements, but when compared to HPLC
echniques[4,5] these methods are less sensitive to small varia-
ions in PD concentrations and are vulnerable to matrix effects
6]. However, there exist a good correlation between the col-
rimetric and HPLC methods. The simultaneous determination
f PD (allantoin, uric acid, xanthine and hypoxanthine) and
reatinine using HPLC is difficult due to elution of polar co-
xtractives resulting in the overlapping of peaks[6]. Moreover,

t is very difficult to separate the peaks of allantoin and creatinine
n biological fluids due to similarity in chemical structure and
his has led to the development of ion pair RP-HPLC methods
7,8]. However, analysis time is greater in these methods[7,8].

simple and rapid method for the simultaneous determination
f PD and creatinine in ruminants’ urine has also been devel-
ped previously[9]. The difficulties mentioned above, limits the

use of this method for the quantification of PD and creatin
Since, salvageable PD (xanthine and hypoxanthine) are b
the detectable levels in cattle urine[1], the present communic
tion put on record on the various changes made in this me
which makes it useful for the simultaneous estimation of a
toin, uric acid and creatinine in cattle urine.

2. Experimental

The mixed standards and urine samples were analyzed
by the earlier method[9] and by the improved method. Modi
cations made are discussed below.

2.1. Instrumentation

A model 10 A high-performance liquid chromatograph (S
madzu, Kyoto, Japan) equipped with a UV spectrophotom
detector set at 220 nm was used.

2.2. Reagents
∗ Corresponding author. Tel.: +91 941 2149585; fax: +91 581 2303284.
E-mail address: george.sherin@rediffmail.com (S.K. George).

Allantoin and xanthine was purchased from Sigma (Stein-
heim, Germany). Uric acid was obtained from Lancaster
(Morecambe, England), creatinine was purchased from Merck
(Mumbai, India) and hypoxanthine was obtained from Fluka
570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2005.10.051
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(Steinheim, Germany). Xanthine and hypoxanthine were used
in the preliminary study in which urine samples were analyzed
following the earlier method[9]. Other chemicals used in the
experiment were HPLC grade water (Qualigens, Mumbai) and
potassium dihydrogen phosphate (HiMedia, Mumbai).

2.3. Standard solution

The stock standard solutions (1 mg/mL) of allantoin and cre-
atinine were freshly prepared in water. Uric acid standard was
also dissolved in water (1 mg/mL) by adding 0.01N sodium
hydroxide solution (5 mL/100 mL stock standard solution) to
make the pH 7. Immediately after the uric acid standard was
completely dissolved, its pH was adjusted to three using 0.01N
sulphuric acid. A series of mixed working standards were pre-
pared just before injection, by adjusting the pH to neutral with
0.01N sodium hydroxide and 0.01N sulphuric acid, and trip-
licate injections of 20�L for each concentration were made.
Calibration graphs were prepared over the concentration range
of 50–400�g/mL for allantoin, 25–200�g/mL for creatinine
and 5–35�g/mL for uric acid.

2.4. Preparation of urine samples

Urine was collected from crossbred bulls in metabolic cages
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(pH 4.7). The flow rate was 1 mL/min and the absorbance detec-
tor was set at 220 nm.

2.6. Quantification of purine derivatives in urine sample

Compound peaks were identified by the retention times and
quantified by comparison of the peak areas of the samples with
those of authentic standards on a 20�L injection.

3. Results and discussion

The chromatogram of the mixed standards and urine sample
obtained by following the experimental conditions suggested
by the earlier method (Table 1) [9] is shown inFigs. 1 and 2,
respectively. This method[9] was unable to give separate peaks
for allantoin and creatinine.

Earlier method[9] suggests the use of water for dissolving
the standards. When stock standard solutions (1 mg/mL) were
prepared, the standards of allantoin and creatinine dissolved
completely in water while uric acid standard dissolved only by
adding 0.01N sodium hydroxide solution (5 mL/100 mL stock
standard solution). Immediately after the standards were com-
pletely dissolved, the pH of the standard solutions was brought
to three using 0.01N sulphuric acid to prevent the degradation
of PD at higher pH. Just before injection, the pH of the mixed
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F 1 mL/min
W 220 nm
S Allantoin and creatinine in water, uric acid in alkalinized water
F 0.22�m (Millipore)
p 7
p 7
nto plastic containers having 500 mL of 10% sulphuric a
to maintain pH < 3). Twenty milliliters aliquots were preser
ending analysis at−20◦C. Just before analysis, the urine sa
les were centrifuged and filtered through a Millipore fi
0.22�m pore size) and was diluted ten fold with water a
djusting the pH to 7 using 0.01N sodium hydroxide and 0.
ulphuric acid.

.5. Chromatographic conditions

The quantitative HPLC separations were performed at a
erature of 25◦C (controlled by an oven) on a Phenomenex
Model Luna 5� C 18 (2); Spincotech, Madras) reversed-ph
olumn (250× 4.60 mm I.D., 5�m particle size). The mobi
hase was 10 mM potassium dihydrogen phosphate so

able 1
summary of the characteristics of the earlier method and the improved

articulars Characteristics

Earlier method[9]

onditions Isocratic
olumn C18 reversed-phase (Novap

(300 mm× 3.9 mm I.D., 4�m)

obile phase 10 mM potassium phosphat
Buffer (pH 4.0)

low rate 0.5 mL/min
avelength 218 nm
tandards dissolved in Water
ilter used for urine 0.45�m (Millipore)
H of standard mixture –
H of diluted urine sample –
-

n

ig. 1. Chromatogram of standard mixture analyzed following the e
ethod[9]. The peaks and their retention times are: (1) allantoin at 4.4

2) creatinine at 5.0 min, (3) uric acid at 10.2 min, (4) hypoxanthine at 13.
nd (5) xanthine at 16.5 min.

od

Improved method

Isocratic
C18 reversed-phase (Phenomenex)

(250 mm× 4.60 mm I.D., 5�m)

10 mM potassium dihydrogen phosphate
Solution (pH 4.7)
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Fig. 2. Chromatogram of purine derivatives and creatinine in urine sample ana-
lyzed following the earlier method[9]. The peaks and their retention times are:
(1) allantoin at 4.4 min, (2) creatinine at 5.0 min and (3) uric acid at 10.2 min.

standards and urine samples were brought to neutral because a
pH of 7 provided a good separation of the peaks of allantoin
and creatinine in urine samples and altered the retention time of
the interfering compounds. The study revealed that, the reten-
tion time of creatinine is pH dependent and it increased with
the increase in the pH of the standard/sample solution. How-
ever, the retention time of allantoin is pH independent and thus,
a clear separation of the peaks of allantoin and creatinine can
be obtained by increasing the pH of the standard mixture/urine
sample to neutral (Figs. 3 and 4). Influence of pH of the stan-
dard mixture/urine sample on the retention time of analytes in a
20�L injection is summarized inTable 2.

Earlier methods have diluted urine samples with water[9–11]
or a weak buffer[4,8] taking no account of variations in urine
pH. Variations in urine pH can alter the retention time of ana-
lytes in RP-HPLC analytical systems[12]. Moreover, it has been
reported that urine with acidic pH can dissolve only about 1/10th
as much total uric acid as that with pH 7[13]. Urine samples
are usually preserved at acidic pH for PD estimation in order
to prevent the degradation of PD at alkaline conditions. There-
fore, mere dilution of urine samples will not bring a pH of 7 and
the existing methods may underestimate the uric acid content in
urine. To prevent this, it is suggested to bring the pH of diluted
urine to 7 just before injection.

F oved
m in, (2
c

Fig. 4. The chromatogram of allantoin, uric acid and creatinine in urine sample
analyzed following the improved method. The peaks and their retention times
are: (1) allantoin at 3.3 min, (2) creatinine at 4.2 min and (3) uric acid at 10.2 min.

A linear relationship between the peak area and the
concentration of standards in water was obtained and the
equations calculated werey = 0.0185x − 0.0199 for allantoin,
y = 0.084x + 0.0103 for creatinine andy = 0.0885x + 0.0369 for
uric acid (y is the peak area× 10−6; x is the concentration).
The standard addition method (standard plus urine) was used
in determining chemical interferences of the analytes. The
equations calculated were:y = 0.0184x − 0.022 for allantoin;
y = 0.083x + 0.1069 for creatinine; andy = 0.0912x + 0.0939 for
uric acid. The slopes for the calibration graphs for standards in
water and in urine are statistically similar (t-Student test) for each
of the three compounds. The accuracy of this improved method
was assessed by examining the recovery of known quantities of
allantoin, creatinine and uric acid added to urine samples. The
recovery was determined by triplicate analysis of urine sam-
ples spiked with standards at concentration ranging from 2 to
150�g/mL for allantoin; 0.5 to 40�g/mL for creatinine and 0.2
to 15�g/mL for uric acid. It can be seen that standards added to
urine were recovered satisfactorily (94–104%) (Table 3). Mean
recoveries of standards added to urine are consistent with the
previously reported values[7–9]. The day-to-day precision of
the method was obtained by triplicate analysis of seven aliquots

Table 2
Influence of pH of the standard mixture/urine sample on the retention time (RT)
of analytesa

p

id

1
ig. 3. Chromatogram of standard mixture analyzed following the impr
ethod. The peaks and their retention times are: (1) allantoin at 3.3 m

reatinine at 4.2 min and (3) uric acid at 10.2 min.

)

H RT in standard solution RT in urine sample

Allantoin Creatinine Uric acid Allantoin Creatinine Uric ac

3 3.3 3.5 10.1 3.3 3.5 10.1
4 3.3 3.8 10.1 3.3 3.8 10.1
5 3.3 4.0 10.1 3.3 4.0 10.1
6 3.3 4.1 10.2 3.3 4.1 10.2
7 3.3 4.2 10.2 3.3 4.2 10.2
8 3.3 4.2 10.2 3.3 4.2 10.2
9 3.3 4.2 10.3 3.3 4.2 10.3
0 3.3 4.2 10.3 3.3 4.2 10.4

a Retention time in minutes.
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Table 3
Summarized results of recoveries (R, %) of standards added to cattle urine at
different concentrations (C, �g/ml)a

Allantoin Creatinine Uric acid

C 2 0.5 0.2
R 99.00± 0.65 100.00± 3.16 98.75± 3.75
C 5 1 1
R 97.80± 3.58 99.00± 4.45 98.25± 0.25
C 10 2 3
R 97.80± 3.02 100.50± 4.97 100.75± 0.50
C 20 5 5
R 99.51± 3.13 99.65± 1.44 104.25± 5.18
C 60 10 8
R 99.43± 0.72 94.00± 3.31 97.09± 0.90
C 100 20 10
R 98.90± 0.29 98.84± 1.07 99.75± 0.17
C 150 40 15
R 100.05± 0.74 99.00± 0.34 98.55± 1.59
R (Pooled data) 98.93± 0.74 98.7± 0.97 99.63± 0.94

a Compound recoveries (mean± S.E.) determined from standard additions to
21 diluted urine samples.

Table 4
Precision of the method obtained in within-day (n = 10) and day-to-day (n = 7)
measurements

Compound Coefficient of variation (%)

Within-day Day-to-day

Allantoin 3.36 3.73
Creatinine 3.48 4.02
Uric acid 6.17 6.25

of urine samples with various concentrations of standards on
consecutive days. Within assay coefficients of variations were
calculated by repeatedly processing (n = 10) aliquots of spiked
urine samples. The precision of the method obtained in within-
day (n = 10) and day-to-day (n = 7) measurements is summarized
in Table 4. The detection limits determined at a signal-to-noise
ratio of 3 were 0.94�g/mL for allantoin, 0.13�g/mL for crea-
tinine and 0.11�g/mL for uric acid.

4. Conclusion

The improved HPLC method is effective in the simultane-
ous determination of allantoin, creatinine and uric acid in cattle
urine, allowing a good separation between the peaks of allan-
toin and creatinine. The result obtained suggests that this method
could be used suitably for simultaneous determination of purine
derivatives and creatinine in cattle urine.
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