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Abstract

Determination of purine metabolites, pseudouridine and creatinine in both bovine and ovine urine using high-performance
liquid chromatography (HPLC) is described. Following dilution and filtration, urine samples were analysed directly.
Separation and quantification was achieved using a Spherisorb ODS Il C,; column (250X4.6 mm 1.D.) under isocratic
conditions. The mobile phase contained 7.5 mM ammonium dihydrogen phosphate, 10 mM sodium 1-heptane sulphonic acid
and 1.0 mM triethylamine at pH 3.0. Chromatography was achieved at a flow-rate of 1.0 ml/min and monitoring column
effluent at 218 nm. Total analysis time was 60 min. Recovery of all compound standards added to urine was above 96%. In
all cases, close spectral matches of compound standards and corresponding identified peaks in ovine and bovine urine were
obtained. Lowest detectable concentrations of allantoin, uric acid, xanthine, hypoxanthine, creatinine and pseudouridine were
11, 1.0, 1.0, 1.0, 3.0 and 0.4 umol/l, respectively. Advantages of simultaneous determination of purine metabolites,
creatinine and pseudouridine in ruminant urine collected from both sheep and cattle exist over current methods. O 1999
Elsevier Science BV. All rights reserved.
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1. Introduction

Microbial protein synthesised in the rumen contri-
butes a significant proportion (between 0.42 and
0.93) of the total protein flux entering the small
intestine in ruminants [1]. Quantification of micro-
bial protein supply is fundamental to all ruminant
protein evaluation systems, such as that adopted in
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the UK [2]. Protein evaluation systems are used to
predict protein requirements to assist formulation of
ruminant diets. Since information of microbia pro-
tein supply is centra to accurate protein feeding,
particularly in the dairy cow, prediction errors inher-
ent in evaluation systems can lead to inefficient
utilisation of dietary protein. Most estimates of
microbial protein supply have been made using
either internal e.g. (2,6-diaminopimelic acid, ribonu-
cleic acid (RNA) or externa (e.g. *°N, **S) microbial
markers. Use of such an approach is unsatisfactory
due to the requirement for surgically modified ani-
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mals while associated high costs are prohibitive to
large-scale investigations.

Nucleic acid bases, nucleosides and nucleotides
present in duodenal digesta are degraded during
passage through the intestinal mucosa and generaly
absorbed as nucleosides [3,4]. Once absorbed, purine
bases enter either cellular salvage or catabolic path-
ways. Purine catabolism proceeds via inosine and
consists of a series of reactions leading to the
formation of hypoxanthine, xanthine, uric acid and
alantoin, al of which are excreted in the urine.

A number of studies [5-8], have demonstrated
that measurements of urinary excretion of allantoin,
hypoxanthine, uric acid and xanthine, collectively
termed purine metabolites, could potentially be used
as the basis of a non-invasive index of microbial
protein supply in sheep and dairy cows. However,
not all purine metabolites excreted in ruminant urine
originate from metabolism of absorbed purines.
During tissue nucleic acid turnover, a proportion of
purine bases are not salvaged and re-utilised, but
enter catabolic pathways, constituting an endogenous
loss. Daily endogenous losses of purine metabolites
are thought to account for between 136 and 217
[9,10] and 400 and 570 [8,10] wmol/W°"® in ovine
and bovine ruminant species, respectively.

Pseudouridine, is one of the most important modi-
fied pyrimidine derivative components of transfer
and ribosomal RNA [11]. Pseudouridine liberated
during tissue RNA is not salvaged, but obligately
excreted in the urine [12]. Assuming that RNA
turnover and protein synthesis are directly related
[13], urinary pseudouridine excretion could poten-
tialy be used as an indicator of ruminant nitrogen
status [14].

Accurate assessment of urinary purine metabolite
[15] or pseudouridine [16] excretion in dairy cows
reguires a total urine collection. In situations where
this is not possible it has been suggested that use of
creatinine as an internal marker of urinary output in
sheep [17] and dairy cows [18] could allow collec-
tion of spot urine samples as a reliable aternative to
total collection.

Allantoin, quantitatively the most important purine
metabolite has traditionally been determined using a
colorimetric analysis based on the Rimini-Schryver
reaction [19], but is subject to criticism due to a lack
of specificity [19].

Uric acid, xanthine and hypoxanthine are often
quantified colorimetrically or as alantoin following
enzymatic conversion [20,21]. Both approaches are
problematic due to interference by compounds con-
tained in biological fluids, while enzymatic conver-
sion to alantoin is often incomplete [21].

Creatinine is routinely determined using the Jaffé
alkaline picrate procedure [22]. In addition to being
time consuming, this method has been reported to
lead to overestimates due to interference by endogen-
ous and exogenous pseudo-creatinine chromogens
[23].

In recent years, a number of methods based on
high-performance liquid chromatography (HPLC)
have been reported for the quantification of
creatinine [24,25], alantoin [25—32], purine metabo-
lites [27,32] and pseudouridine [33,34] in biological
fluids, but none allow simultaneous measurements.
Furthermore, isocratic [25] or gradient [32] reversed-
phase HPL C methods used to quantify purine metab-
olites have been developed using ovine urine while
their application for the analysis of bovine urine has
not been documented. Since the distribution of
nitrogenous constituents [35] and the relative pro-
portions of individual purine metabolites [10] are
markedly different between ruminant species, a
method sufficiently robust to allow analysis of both
ruminant urinary sources would be advantageous. In
order to conduct non-invasive studies of ruminant
nitrogen metabolism there is often a requirement to
quantify urinary concentrations of purine metabo-
lites, pseudouridine and creatinine. This paper de-
scribes a smple and precise isocratic method based
on a readily available C,, stationary phase allowing
simultaneous quantitative determination of purine
metabolites, creatinine and pseudouridine in bovine
and ovine urine.

2. Experimental
2.1. Instrumentation

Anaysis was performed using a Hewlett-Packard
1090 liquid chromatography system equipped with
diode-array ultraviolet (UV) detector, autosampler
and heated column compartment (Hewlett-Packard,
Wilmington, DE, USA). Separation was achieved
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using a5 pm Spherisorb ODS Il C,, reversed-phase
column (250X4.6 mm 1.D.; Waters, Milford, MA,
USA) without the use of a precolumn. Column
regeneration was performed by washing with the
following solutions in sequence: distilled, deionised
water, 50% (v/v) agueous acetonitrile, acetonitrile,
50% (v/v) aqueous acetonitrile, distilled, deionised
water.

2.2. Reagents

Allantoin, pseudouridine, sodium salts of uric acid
and xanthine, hypoxanthine, (Sigma, St. Louis, MO,
USA), creatinine (Merck, Darmstadt, Germany) were
all assayed at 98% purity or above and used without
further purification. Triethylamine, sodium 1-heptane
sulphonic acid (Sigma) and ammonium dihydrogen
phosphate (Tamro, Vantaa, Finland) were all HPLC
grade. Distilled, deionized water was obtained from a
Milli Q plus purification system (Millipore, Bedford,
MA, USA).

2.3. Mobile phase preparation

Mobile phase was prepared by dissolving 2.02 g
sodium 1-heptane sulphonic acid and 0.86 g am-
monium dihydrogen phosphate in 1 | double deion-
ised water. Following the addition of 0.14 ml of
triethylamine, pH was adjusted to 3.0 with 10%
(v/v) hydrochloric acid. Prior to elution through the
column, the mobile phase was filtered through a
polysulfane 0.45 um filter (Millipore) and further
degassed under a vigorous stream of helium for 10
min. The flow of helium was reduced to a steady
stream during analysis.

2.3. Urine diluent

Urine diluent was prepared using the same pro-
cedure as described for the mobile phase, with the
exception that triethylamine was omitted. Before
filtration, urine diluent was further acidified to pH
2.1 with 4 ml/l of 10% (v/v) hydrochloric acid.

2.5, Sample preparation

Urine samples were centrifuged for 5 min at 2000
g (Eppendorf, Hamburg, Germany), diluted (1/50)

with urine sample diluent and vortex mixed (Prolab,
Espoo, Finland) for 20 s. A 2 ml aiquot of this
mixture was passed through a 13 mm disposable
syringe filter containing a 0.45 pm polysulfane
membrane (Whatman International, Maidstone, Eng-
land) and analysed directly. Urine samples were
stable for seven days at 4°C, while storage at —20°C
maintained sample integrity for several months.

2.6. Sandard solutions, calibration and
quantification

The stock standard solution was prepared by
dissolving pure standardsin 2 | of urine diluent. This
resulted in alantoin and creatinine concentrations of
300 pmol/l, uric acid, xanthine and hypoxanthine
concentrations of 100 wmol/l and a pseudouridine
concentration of 25 pmol/l. Following filtration
through a polysulfane 0.45 pm filter, the stock
standard solution was stored at 4°C for one month.
Additional working standards were prepared daily by
diluting the stock standard 1/2 and 1/4 with urine
diluent. Daily calibration was performed following
duplicate injections of stock and working standard
solutions. Calibration curves used for cdibration
were prepared over concentration ranges of 75-300
pmol /I, for allantoin and creatinine, 25—-100 pmol /|
for uric acid, hypoxanthine and xanthine, and 6.25—
25 pmol /| for pseudouridine. Compound quantifica-
tion was achieved by regression analysis of com-
pound peak area against concentration.

2.7. Chromatographic conditions

Chromatography was achieved under isocratic
conditions at a flow-rate of 1.0 ml/min. Separation
was achieved at 20°C, with a total run time of 60
min. Eluted mobile phase was monitored at 218 nm.
Sample injection volume was 20 pl.

Compound peaks were identified by their retention
times and co-elution with authentic standards. Peak
purity was assessed by comparison of compound UV
spectra (range 190 to 600 nm, at 4 nm intervals) in
standards with urine samples. Column dead time was
assessed by eluting methanol through the column and
determining elution time of acetonitrile, based on the
assumption that it was not retained on the column.
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3. Results and discussion
3.1. Chromatographic separation

Achieving satisfactory separation of alantoin is
the major analytical problem in HPLC based meth-
ods, due to the presence of a number of compounds
in urine with similar polarity and UV absorption
[27,32]. During the initial stages of method devel op-
ment, chromatography using a mobile phase con-
taining 5 mM phosphate buffer at pH 3.2 [28] was
assessed. In order to improve chromatography, both
sodium 1-heptane sulphonic acid (ion-pairing re-
agent) [31] and triethylamine [36] were included.
The effects of mobile phase pH (3.00 and 3.20),
ammonium phosphate, (5, 7.5 and 15 mM), tri-
ethylamine (30, 20, 10, 5 and 1 mM), and sodium
1-heptane sulphonic acid (10, 5 and 1 mM) con-
centrations were evaluated. Incorporation of sodium
1-heptane sulphonic acid improved the separation of
alantoin and uric acid a finding consistent with
earlier observations [31]. Inclusion of triethylamine
improved all compound peak shapes and decreased
the retention time of creatinine. Creatinine is a weak
base and is therefore capable of binding to free or
non-hydrogen bonded silanol groups present on the
surface of the stationary phase which are highly
acidic in nature. Since triethylamine is known to
preferentially occupy silanol groups [36], decreases
in creatinine retention time can be attributed to a
reduction of creatinine—silanol group interactions.

Retention of allantoin was independent of changes
in mobile phase composition which is consistent with
other methods [25,32]. In arecent evaluation of three
C, Stationary phases to separate allantoin, uric acid
and parabanic acid, compound retention times were
found to be column dependent [29]. Assessment of
the relative concentration of free residua silanol
groups by methyl red binding indicated that station-
ary phases which resulted in superior alantoin
separation correspondingly bound more dye. Since
mobile phase composition has little influence, varia-
tions in alantoin retention times appear to be due to
characteristics of different stationary phases, indicat-
ing that column selection is critical in achieving an
acceptable separation of allantoin. Recently it has
been established that increases in the retention time
and improvements in the separation of allantoin can

be achieved by using a HPLC method based on an
amino stationary phase eluted with an agqueous
acetonitrile mobile phase [30]. Unfortunately this
methodology does not provide a satisfactory sepa-
ration of other purine metabolites, pseudouridine or
creatinine (Shingfield, unpublished data). With the
exception of alantoin, C,; materials remain the
stationary phase of choice for the determination of
purine metabolites, pseudouridine and creatinine in
ruminant urine.

Separation of al compounds was best achieved
using a mobile phase containing 7.5 mM ammonium
dihydrogen phosphate, 10 mM sodium 1-heptane
sulphonic acid and 1.0 mM triethylamine at pH 3.0.
Chromatograms of the calibration standard and di-
luted urine samples collected from sheep and dairy
cattle are shown in Fig. 1. Mean (+=S.D.) retention
times for alantoin, pseudouridine, uric acid, xan-
thine, hypoxanthine and creatinine were 2.8 (+0.1),
45 (+0.1), 7.9 (=0.1), 9.7 (£0.1), 12.1 (+0.2) and
37.6 (*=2.6), respectively based on 50 calibration
standard injections. Loss of resolution capacity indi-
cated by peak tailing was most evident for the latest
eluting analyte creatinine. The column maintained its
resolution capacity for between 150 and 200 in-
jections, and was subsequently regenerated. Chroma-
tography was maintained following three successive
column regenerations, representing a column lifetime
equivalent to 800 injections. Despite sourcing
stationary phases from the same manufacturer, varia-
tions in compound retention times were found to be
column dependent. Coefficients of variation in com-
pound retention times due to column were 3.4, 4.9,
4.2, 4.7, 2.4 and 6.9% for alantoin, pseudouridine,
uric acid, xanthine, hypoxanthine and creatinine,
respectively.

Capacity factors were calculated based on 50
calibration standard injections according to [36],
based on the assumption that acetonitrile was not
retained on the column (Table 1). Within-day and
between-day variations in compound retention time
assessed by analysing bovine and ovine urine sam-
ples four times daily over three consecutive days
were less than 4% (data not presented). Dolan and
Snyder [36] quote pH changes of =0.01 can on
average result in a *=1% change in compound
retention times in reversed-phase based HPLC ana-
Iytical systems. Since urine concentrations vary



85

K.J. Shingfield, NW. Offer / J. Chromatogr. B 723 (1999) 81—-94

=4
m £
r3
-3
e
e ANINILY3NO - 229'9E
P
ININILYIYD - L2826 .“\\/li
8
Lo
8
Lo
8
FR
INIHLNYXOdAH .&&.ﬁﬂ
) Lo
INIHLNYX - 908'6 — re
IOV 1N - 16 L —=
QIOV 14N - 8208~ |
INIQNOAN3Sd - SLv'Y aNIQNOAN3Sd - Sevy
NIOLNV1IV - Sp8'T NIOLNVTIY - W8T u]
© J J
T T T T T T T T T T T T T T T
28 & 8 & g8 & 8 & ° g 2 g 8 8 8 °

Wu 812 ® 8ouBqosqy

Wwu 812 ® 99ueqlosqy

Fig. 1. (8 Chromatogram of calibration standard. (b) Chromatogram of bovine urine sample. (c) Chromatogram of ovine urine sample.
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Fig. 1. (continued)

markedly, it is essential that the pH of a diluted urine
sample is not dissimilar to that of the mobile phase.
Consistent compound retention times determined in
both sources of ruminant urine suggest that in the
current method, the pH of diluted samples ap-
proaches that of the mobile phase. Other methods
have simply diluted urine samples with water

Table 1

Compound capacity factors

Compound Capacity factor®
(mean+S.D’)

Allantoin 0.3 (=0.01)

Pseudouridine 1.0 (=0.02)

Uric acid 2.7 (=0.05)

Xanthine 3.5 (%=0.03)

Hypoxanthine 45 (+0.10)

Creatinine 16.3 (+1.17)

“Determined from 50 calibration standard injections.

® Capacity factor (k') calculated as: k' =(t, —t,) /t, [36] where:
k' is the compound capacity factor; t, is the column dead time
(min); t, is the compound retention time (min).

“Determined as 2.18 min, assuming that acetonitrile is not
retained on the column.

[25,27,28] or aweak buffer [32] taking no account of
variations in urine buffering capacity. Consistent
compound retention times can be considered highly
desirable, since acceptable separation, for alantoin in
particular, is often difficult to achieve.

3.2, Accuracy of the method

Peak identification was performed by the addition
of authentic standards to ovine and bovine urine
samples. Calibration curves were prepared to evalu-
ate the relationships between peak area and com-
pound concentrations. Curves were constructed by
performing quadruplicate injections at five standard
additions for each compound. Construction of each
curve was based on the criteria that peak area
responses were assessed over a range of compound
concentrations typical of those present in diluted
samples of ruminant urine. The standard addition
method was also applied to diluted ovine and bovine
urine samples. Peak area responses to each com-
pound addition were highly linear with regression
coefficients above 0.98 over the range of concen-
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trations tested, i.e,, 10-300 wmol/l (injected con-
centrations 10, 50, 100, 200 and 300 pwmol/l) for
alantoin and creatinine and 20-100 umol/l (in-
jected concentrations 20, 40, 60, 80 and 100 wmol/I)
for hypoxanthine, pseudouridine, uric acid and xan-
thine. Regression equations of peak area (y) against
compound concentration (x, wmol/l) obtained by
calibration standard addition were y=1.01x+0.55 for
dlantoin, y=3.14x—2.15 for creatinine, y=2.25x—
3.07 for hypoxanthine, y=5.51x—2.75 for pseudo-
uridine, y=3.95x+0.14 for uric acid and y=3.01x+
19.3 for xanthine. Corresponding peak area re-
sponses derived by standard addition to ovine urine
were y=1.04x+68.1, y=3.13x+346, y=2.17x+
359, y=545x+222, y=4.01x+326 and y=
3.04x+19.4, respectively. Peak area responses de-
rived by standard addition to bovine urine were
y=1.07x+755 for dlantoin, y=3.02x+1052 for
creatinine, y=>5.55x+140 for pseudouridine and y=

3.88x+216 for uric acid.

Compound recoveries were calculated by com-
parison of peak area responses (regression gradient)
determined for the calibration standard with those
derived for diluted urine samples. Recoveries of
alantoin, creatinine, hypoxanthine, pseudouridine,
uric acid and xanthine added to ovine urine were
102.4, 99.7, 96.7, 98.9, 101.4 and 100.1%, respec-
tively. Compound recoveries added to bovine urine
were 105.2, 96.1, 100.7 and 98.1% for alantoin,
creatinine, pseudouridine and uric acid, respectively.

Accuracy of the method was further assessed by
determining the recovery of known quantities of
alantoin, pseudouridine, uric acid, xanthine, hypo-
xanthine and creatinine added to ten diluted urine
samples collected from sheep (Table 2) and ten
diluted urine samples collected from dairy cows
(Table 3). Mean recoveries determined over a wide
range of compound concentrations were in excess of

Table 2
Recovery of compounds added to diluted samples of ovine uring®
Compound Addition Mean (n=10) measured Recovery of compound
(pmol/1) concentration (wmol/I) added (%) ¥°
Allantoin 0 106.6
40 148.0 1015 (*£3.3)
120 230.0 102.1 (*+2.6)
180 292.3 102.7 (£1.2)
Creatinine 0 79.9
40 121.7 100.7 (=2.2)
120 203.4 101.8 (=2.1)
180 264.3 102.4 (+0.8)
Hypoxanthine 0 8.8
20 284 97.7 (=3.4)
60 68.6 98.5 (+3.6)
90 98.6 98.9 (+2.8)
Pseudouridine 0 59
20 26.4 102.8 (+3.9)
60 67.3 102.3 (+3.1)
20 98.3 1029 (*=1.9)
Uric acid 0 18.2
20 38.6 101.0 (=2.5)
60 79.0 101.5 (=1.7)
90 109.7 101.9 (*=1.4)
Xanthine 0 12
20 21.2 99.7 (=1.7)
60 61.2 99.7 (+2.5)
90 91.2 99.9 (+2.0)

#Compound recoveries (mean+S.D.) determined from standard additions to ten diluted samples.
®¥: Recovery calculated as recovery (%)=[{(C,—C,)*x100}/A], where: C, and C, are determined compound concentrations before and

after compound addition, and A is the quantity of compound added.
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Recovery of compounds added to diluted samples of bovine urine®

Compound Addition Mean (n=10) measured Recovery of compound
(wmol /1) concentration (wmol/I) added (%) P°
Allantoin 0 222.1
40 263.0 100.8 (+5.4)
120 342.9 100.7 (£3.1)
180 402.8 100.2 (+3.4)
Creatinine 0 72.1
40 112.8 100.8 (£5.8)
120 188.1 97.6 (£2.7)
180 246.8 97.9 (£2.9)
Pseudouridine 0 4.9
20 26.0 102.7 (+3.6)
60 66.2 102.2 (£2.6)
90 96.4 1016 (£1.7)
Uric acid 0 36.8
20 55.4 97.4 (£3.1)
60 93.9 96.9 (£3.0)
90 122.9 96.4 (£2.6)

@ Compound recoveries (mean+S.D.) determined from standard additions to ten diluted samples.
® Recovery calculated as recovery (%)=[{(C,—C,)x100}/A], where: C, and C, are determined compound concentrations before and after

compound addition, and A is the quantity of compound added.

96%, and were consistent with values obtained by
regression. Mean compound recoveries determined
using the current method, are in good agreement
with previously published methods. For example,
mean recoveries of alantoin added to diluted ovine
urine (102.1%) are consistent with previously re-
ported values of 97.9% [25], 98% [28] and 96.7%
[32].

Use of alopurinol as an internal standard [32] was
evaluated despite no extraction procedure being used
during sample preparation. Despite obtaining highly
linear peak area responses using the standard addi-
tion method (data not presented), co-elution of
alopurinol urine (retention time 13.6+0.05 min)
precluded its use as an interna standard (refer to Fig.
2). Inability to use an internal standard was not
considered a major disadvantage since recoveries of
al identified compounds approached 100%. Detec-
tion limits were determined at a signal-to-noise ratio
of 3:1 which corresponded to allantoin, uric acid,
xanthine, hypoxanthine, creatinine and pseudouridine
concentrations of 1.1, 1.0, 1.0, 1.0, 3.0 and 0.4
pmol /1, respectively.

3.3. Method specificity

Peak purity was assessed to check for chemical
interference. UV spectra of compound standards
were compared to UV spectra of corresponding
identified peaks in ovine (Fig. 3) and bovine urine.
Spectral comparisons for xanthine and hypoxanthine
were unable to be performed in bovine urine, since
urinary concentrations approached method detection
limits. In al cases, close spectra matches were
obtained, and all identified peaks were assumed to be
pure and devoid of chemica interference from
unidentified compounds.

Quantification of nucleic acid components
(nucleotides, nucleosides and purine bases) based on
HPLC techniques, typically monitor column effluent
at 254 nm [28,32,34]. Balcells et al [32], determined
purine metabolites based on UV detection at 205 nm,
since maximum UV absorbance of purine compounds
is within the range of 206-210 nm. Monitoring
column effluent a 205 nm would however com-
promise specific and sensitive measurements of
creatinine (refer to Fig. 3). Accurate and precise
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Fig. 2. Co-elution of alopurinol with unidentified peaks in
ruminant urine.

quantification of creatinine in biological fluids has
however been achieved using HPLC methods and
UV detection at 215 [24] or 218 nm [25,27].
Creatinine is often used as an internal marker of
urinary output [37,38], quantification of which is
essential when attempting to estimate ruminant pro-
tein supply derived from rumen microbes by the

collection of spot urine samples. In accordance with
existing methods used to quantify urinary alantoin
[25,28,30] and purine metabolite [27] concentrations,
detection at 218 nm was adopted. Monitoring col-
umn effluent at this wavelength does however,
compromise the specificity and sensitivity of uric
acid, xanthine and hypoxanthine measurements (refer
to Fig. 3). Compromised method specificity and
sensitivity was considered acceptable and valid,
since allantoin is quantitatively the most important
purine metabolite excreted in ruminant urine [7—
10,14,15,17,18,39]. Furthermore, capacity factors of
uric acid, xanthine and hypoxanthine (Table 1) were
within the range (1-10) considered to be idea [36],
and recoveries determined by standard addition to
urine samples approached 100% (Tables 2 and 3).

Typical alantoin, pseudouridine, uric acid, xan-
thine, hypoxanthine and creatinine concentrations
determined in samples obtained by total collection
from dairy cows (n=261) and sheep (n=24) are
presented in Table 4. Allantoin accounted for pro-
portionately 0.86 (+0.01; n=261) and 0.60 (+0.05;
n=24) of total urinary purine metabolite concen-
trations in bovine and ovine samples obtained by
total collection, respectively. Purine metabolite pro-
portions obtained in samples collected from dairy
cows are highly consistent with values reported for
cattle (0.85 [8], 0.82 [10] and 0.88 [18]) based on
aternative analytica methods. Values obtained for
sheep were within the range of between 0.49 and
0.82 reported in the literature [7,9,10,14]. Variation in
the proportion of purine metabolites excreted in urine
as allantoin in ovine species tend to be much larger
than that in cattle due to a dependence on the amount
of purine bases absorbed from the small intestine [7].
Xanthine and hypoxanthine were present in only
trace amounts in bovine urine, afinding in agreement
with other studies reporting negligible concentrations
[5,10,13,30].

Method specificity was also assessed by com-
parison of urinary alantoin, uric acid, hypoxanthine,
xanthine, pseudouridine and creatinine excretion
quantified using the current method with measure-
ments reported in the literature. Measurements of
urinary creatinine excretion quantified in ovine and
bovine species were highly consistent with published
values, determined using either colorimetric or
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Allantoin, (b) pseudouridine, (c) uric acid, (d) xanthine, (€) hypoxanthine, (f) creatinine.

HPLC based techniques (Table 5). Urinary outputs
of purine metabolites and pseudouridine were in
general agreement with the range of values reported
in the literature (Table 5). Direct comparisons of
urinary purine metabolite excretion are less con-
sistent due to variations in the quantity of microbial
protein entering the small intestine, purine content of

rumen microbes, dietary purines that escape rumen
degradation and endogenous purine metabolite excre-
tion [15]. Direct comparisons of urinary pseudo-
uridine output may also be confounded by between-
experiment variations, since pseudouridine excretion
is dependent on animal factors, being proportionately
much higher during periods of protein accretion
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Fig. 3. (continued)

predominant in growing, pregnant or lactating ani-
mals [14,16].

Simultaneous determination of purine metabalites,
pseudouridine and creatinine is particularly advan-
tageous in ruminant nutritional studies in which a
total urine collection is not possible. In such situa-
tions, use of creatinine as an internal marker of
urinary output [32,33] has been suggested to allow

the prediction of urinary excretion of purine metabo-
lites and pseudouridine in sheep and cattle based on
measurements of spot urine samples [12,13]. Analy-
sis of spot urine samples collected from lactating
dairy cows using the current method has demon-
strated that expressing purine metabolite [15] and
pseudouridine [16] concentrations as molar ratios to
creatinine, reduces variations between-sampling in-
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tervals and between-animals compared to measure-
ments of absolute urinary concentration.

4, Conclusion

A robust and precise method has been developed
for the simultaneous determination of purine metabo-
lites, pseudouridine and creatinine in ruminant urine.
Chromatographic conditions adopted were a com-
promise between the sensitivity and specificity of

creatinine, uric acid, hypoxanthine and xanthine
measurements, analysis time and resolution of purine
metabolite, creatinine and pseudouridine peaks from
interfering compounds. Compromises between spe-
cificity and sensitivity of the measurements of each
analyte were considered acceptable since urinary
excretion of creatinine, pseudouridine and purine
metabolites in ovine and bovine species quantified
using the current method were consistent with values
reported in the literature based on aternative tech-
nigques. In conclusion, application of this method has
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Table 4
Typicad (mean+S.D.) purine metabolite, pseudouridine and
creatinine concentrations in ruminant urine

Compound Concentration (pmol /1)
Bovine® Ovine”

Allantoin 12831 (+5546) 1736 (+564)
Crestinine 5690 (=1834) 3178 (=1347)
Hypoxanthine ND° 541 (=194)
Pseudouridine 460 (*+215) 185 (+78)
Uric acid 1894 (£1085) 593 (£299)
Xanthine ND° 33 (+15)

“Determined in 261 samples obtained by total urine collection
from lactating British Holstein/Friesian dairy cows (n=36).

® Determined in 24 samples obtained by total urine collection
from Finnish Landrace sheep (n=4) fed at maintenance (35 g dry
matter per kg W°™).

“ND: Not detected.

the potential to facilitate development and im-
plementation of less invasive studies of ruminant
nitrogen metabolism.
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