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Simultaneous Liquid Chromatographic Determination of
Creatinine and Pseudouridine in Bovine Urine and the Effect of
Sample pH on the Analysis

AMITHA K. HEWAVITHARANA* AND HEATHER L. BRUCE

Cooperative Research Centre for Cattle and Beef Quality, CSIRO Food Science Australia,
Cannon Hill, Queensland 4170, Australia

A rapid, reliable method for the simultaneous determination of creatinine and pseudouridine is
described. Both analytes were detected at an optimum wavelength of detection (262 nm), considering
the relative levels present in bovine urine. Cimetidine was used as the internal standard and detected
at its maximum wavelength of absorption (220 nm) on a separate channel. All three compounds
were eluted within 15 min, using a 10 mmol/L phosphate buffer (pH 6.8)-methanol gradient on a C18
column. Creatinine data were found to be significantly dependent upon the pH of the sample.
Recoveries of both analytes were above 96%. Lowest detectable levels of creatinine and pseudouridine
were 0.28 nmol and 9.0 pmol, respectively. The use of internal standard resulted in a method with
high precision (standard deviation of 1.42 mmol/L and 0.027 mmol/L for creatinine and pseudouridine),
yet one that was simple and rapid.
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INTRODUCTION of creatinine in human serum and urird, for the measurement
Creatinine and pseudouridine are catabolites indicative of ©f Pseudouridine in human urin®,(10), and for the measure-

muscle massl() and protein synthesi®), respectively. Crea- ment of both creatinine and psel_,ldouridine in bovine u_r]rie).(
tinine is a byproduct of the creatine kinase reaction that However, these methods consisted of lengthy run times and

dephosphorylates creatine phosphate as a mechanism of Shor&zmplicated HPL(|: procet:jures, no inﬁarnal stam:]ard,. ar:dfmobili
term energy repletion. It is formed from the spontaneous phases at pH |\(/1a ues where rr|10re than onﬁ z emlc.? blorml 0
cyclization of creatine after the dephosphorylation reaction and creatinine would exist in samples. The methods available also

is produced in a constant ratio to muscle masRseudouridine lacked sensitivity for pseudouridine relative to creatinine in
(5-ribosyluracil) is a byproduct of the degradation of transfer SamPples, because the detection wavelength was not optimized

and ribosomal ribonucleic acids and is also not salvaged by thel0 achieve comparable sensitivities fpr both analyteg. Further-
body once released from the tissues in rumina§jtsAs a result, more, most methods were only applied to human urine rather

it is used as an indicator of RNA turnover and hence protein t1an bovine urine. Recently, we developed a method to simul-
synthesis (5). taneously determine creatinine and pseudouridine in bovine

Because creatinine and pseudouridine are established metaslasma_ (1221’ and in kt)h'ls, papetr) we modified ;[]hat method tod
bolic indicators, they are used in ruminant metabolism studies etermine these catabolites in bovine urine. The accuracy an

to indicate muscle mass and protein synthesis, respectively, inP'€ciSion of measuring these catabolites in urine has been
vivo. Urinary catabolites such as pseudouridine are often mcreasgd through the use .Of optlmumlwavelengths for analytes
expressed in a ratio to creatinine because creatinine excretionang tge |n;ernz:(1jl_standard V‘?th a phlotodlode array (IT_DA)Gdetector
is indicative of renal filtration rate, which decreases during and by the a J?Stmem 0 _samp; letO_ neutra_lty _( .5I_7)ld
dietary protein restriction as the ruminant seeks to conserveHO_‘Never’ sample preparation and analysis remain simple an
nitrogen (6). The ratio of pseudouridine to creatinine in 24 h reliable. Further confidence in the method was demonstrated
urine collections has been shown to reflect changes in proteinPY confirming the identity and the purity of analyte peaks with
synthesis status of ruminants during growth, pregnancy, or the UV spectra acquired for each peak by the PDA detector.
lactation (4,7).
In recent years, the method of choice for the measurementMATERIALS AND METHODS

of creatinine and pseudouridine has been reversed-phase high- 1 |nstrumentation. Chromatography was performed using Waters
performance liquid chromatography (RP-HPLC). Recently Associates chromatographic equipment (Milford, MA), consisting of
developed HPLC methods were available for the measurementtwo 501 pumps, a model 717 plus auto sampler, a model 996 photodiode
array detector, a pump control module, a SAT/IN module, and the

* To whom correcpondence should be addressed. Fie1 7 3214 2070.  Software program Milleniurit (version 3.05.01). A Waters Spherisorb
Fax: +61 7 3214 2062. E-mail: Amitha.Hewavitharana@csiro.au. ODS2 reversed-phase columng@, 4.6 x 250 mm) was used for all
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Table 1. Gradient Table Used for Elution of Creatinine, Pseudouridine,
and Cimetidine and Re-Equilibration of Column with Initial
Chromatographic Conditions?

time %A %B curve
0 100 0
2 100 0 11
5 0 100 6
10 100 0 11
20 100 0 11
aSolvent A = 10 mM phosphate buffer at pH 6.8, solvent B = methanol,

curve 6 = linear variation, curve 11 = step variation, flow rate = 1 mL/min,
lag time = 6 min.

separations. A model KS723 ISFET pH meter (Shindengen Electric
MFG. Co., Ltd, Tokyo, Japan) was used for small volume sample pH
adjustments.

2. ReagentsCreatinine, pseudouridine, allantoin, sodium salt of uric

Hewavitharana and Bruce

The HPLC system used in this study had a lag time (the time taken
for the solvents to travel from the solvent mixer/gradient maker to the
column) of 6 min at a flow rate of 1 mL/min. Thus, in the
chromatograms, the change in composition from 100% eluent A to
100% eluent B is evident at about 8 min, even though the gradient
table change occurs at 2 min. Depending on the lag time of each
chromatographic system, therefore, the gradient showiaible 1
should be altered to obtain a similar performance.

The chromatographic data were collected using the PDA detector
at wavelengths between 210 and 350 nm, inclusive.

7. Qualitative and Quantitative Analysis.Qualitative analysis was
performed by spiking the sample with appropriate standard to observe
the growth of the peak and by comparing the UV spectra of sample
peaks with those of standard peaks. Peak purity was evaluated to ensure
that each analyte peak was free from coeluting impurities.

Quantitative analysis was performed by injecting a range of volumes
of the combination standard (to cover the expected concentrations of
analytes in the extracts), with each batch of samples analyzed on the
HPLC. A 5-level calibration curve was constructed from the standard

acid, and cimetidine were obtained from Sigma Chemicals Co. (St. data, and samples were quantitated using this curve. Quantitation was
Louis, MO), while sodium dihydrogen orthophospate and di-sodium performed using an internal standard, cimetidine, to compensate for
hydrogen orthophosphate were both analytical reagents from AJAX the sample losses during extraction and analysis. Quantitation of
chemicals (Sydney, Australia). Double deionized water was obtained creatinine and pseudouridine was performed at 262 nm, and that of

from an IBC water purification system (Mansfield, QLD, Australia),
and HPLC grade methanol was obtained from Mallinckrodt (Paris, KY).

3. Mobile Phase.Eluent A was prepared by dissolving 0.78 g of
sodium dihydrogen orthophosphate and 0.71 g of di-sodium hydrogen
orthophosphateni 1 L of water (10 mmol/L), followed by filtering
through a PTFE 0.45-um filter (Millipore Corporation, Bedford, MA).
The pH of eluent A was 6.8& 0.1. Eluent B was 100% methanol.

4. Standard Solutions.Stock standard solutions of creatinine (10
mmol/L) and pseudouridine (10 mmol/L) were prepared in 0.1 M HCI.
Stock internal standard solution (5 mmol/L cimetidine) was prepared
by first dissolving the crystals in 10 mL of 0.1 M HCI followed by
dilution up to 100 mL with water. A combination standard containing
creatinine (0.7 mmol/L), pseudouridine (0.03 mmol/L), and cimetidine
(0.5 mmol/L) was prepared by diluting appropriate volumes of stock
solutions with the mobile phase and used for the quantitation of urine

cimetidine at 220 nm on duplicates of each sample.

RESULTS AND DISCUSSION

Creatinine, pseudouridine, allantoin, and uric acid standards
were used to develop initial HPLC parameters for the method
at a detection wavelength of 254 nm. Both allantoin and uric
acid completed elution before creatinine and pseudouridine, so
no interference was expected in the sample chromatograms.
These preliminary separations of randomly selected samples also
showed that the creatinine peak was much larger than the
pseudouridine peak at the commonly used detection wavelengths
of 254 and 220 nm. Because the sensitivity of pseudouridine at
these wavelengths was poor, detection at these wavelengths was

samples. The internal standard solution added to each urine sampleaypected to produce poor precision in the pseudouridine data.

was prepared by diluting cimetidine stock solution to 1.4 mmol/L with
mobile phase. All of the above solutions were frozen-20 °C as
small aliquots and thawed daily as required.

5. Sample Preparation.Urine was collected from 11 Belmont-Red

x Brahman crossbred steers (approximately 1 year old, mean weight

Analysis of initial urine samples showed that their creatinine
concentrations were approximately 25 times greater than their
concentrations of pseudouridine, a factor similar to that observed
in plasma 12). Therefore, the same optimum wavelength (262

340+ 13 kg standard deviation (SD)) housed in metabolic crates. Urine M) Was used as in our previous studg), at which the molar

was collected into 20 L capacity plastic reservoirs of known weight,
and 75 mL of 50% sulfuric acid was added into each reservoir prior to

absorptivity of pseudouridine is approximately 25 times greater
than that of creatinine. At the detection wavelength of 262 nm,

collection as a preservative. After 24 h of collection, reservoirs for comparable peak sizes and precisions were obtained for both
each steer were weighed and their contents well mixed before taking creatinine and pseudouridine; hence, meaningful values for the
a 100-mL sample for each animal. The pH of the sample was estimatedratio of pseudouridine to creatinine were obtained. Cimetidine
using litmus paper (Whatman), and the sample was frozer28t°C was used as the internal standard, as it has been used by others

until further analyses. The remainder of the urine was then discarded,
and the reservoirs were washed and air-dried for reuse the following
day. Urine was collected for a total of 6 days to obtain a representative
sampling of catabolite excretion in each animal.

Immediately prior to catabolite analysis, urine samples were thawed
and agitated, and 10QL was transferred, using a pipet, into an
Eppendorf tube. Then, 100L of 1.4 mmol/L cimetidine (internal
standard) was added and the sample diluted to 1 mL with:@00f

(8) as an internal standard for creatinine at a detection
wavelength of 200 nm. Its absorbance at our optimum wave-
length of 262 nm was extremely low, however, but the use of
a PDA detector enabled the cimetidine to be detected as the
internal standard at iténax (220 nm), while the analytes were
chromatographed at another wavelength (262 nm). Employing
the 1max @s the detection wavelength for the internal standard

mobile phase. Each sample was then vortex mixed and filtered throughreduced errors inherent in using alternative detection wave-

a 13-mm, 0.45:m, Polypure filter (Alltech Associates, Deerfield, IL),
and the last 25@L of filtrate was collected for HPLC analysis. The
pH of the filtrate was checked and adjusted to be within pH-G.5
found beyond this range. An injection volume of 80 was used for
guantitation of creatinine and pseudouridine.

6. Chromatographic Conditions. Chromatography was performed
at ambient temperature using a flow rate of 1 mL/min. The column
was equilibrated for 10 min with eluent A prior to injection of each
sample or standard. Following injection of each sample/standard,
analytes were separated using the gradient shovirabie 1.

lengths located on a sloping region of the absorbance spectrum
for cimetidine and enabled us to maximize precision for the
analyte data (12).

Review of the literature showed that the pH of HPLC analysis
(samples and the mobile phase) for creatinine has been pH 3
(8, 11), 4 @3), or 4.9 (14). The pk values reported for
creatinine are 3.5516) and 4.8 (16), and the pivalue reported
is 9.2 (16). Therefore, the changes in chemical equilibria of
creatinine with pH can be depicted as follows:
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Figure 1. Effect of pH on the chromatograms of a standard solution of Tene ()

Figure 2. Effect of pH on the chromatograms of a typical urine sample.
All chromatographic conditions including mobile phase pH are as described
in the materials and methods section. C = Creatinine, P = pseudouridine.

creatinine and pseudouridine at concentrations similar to those in the
combination standard. All chromatographic conditions including mobile
phase pH are as described in the materials and methods section. C =

Creatinine, P = pseudouridine. HCI or NaOH and chromatographing with our normal mobile

ot o " " phase of pH 7Figure 1 shows the effect observed with the

CHgNZO™ = C,HgN;O™ + H standard, andrigure 2 shows that with the sample. The early
within the pH range 2.8—6.8 (assuming pk= 4.8) peaks at pH 0 standard are unknown, and we suspect them to

be impurities in HCI. As the volume of injection is between 15

C4H8N3O+‘——»C4H7N3O+ Ht uL and 50uL, and the retention volume is over 5 mL, the

within the pH range 7.2—11.2 (pk= 9.2) sample is diluted with a relatively large volume of the mobile
phase (of pH 7), and so the doubly charged creatinine is

Considering the pH of analysis used in earlier work shown converted to the singly charged form during the passage through
above (8,11, 13, 14) and the differences in reporte4, up the column. However, as sample pH value decreases, the fraction
to 50% of creatinine in the sample would have been doubly of doubly charged creatinine increases and so will the time
charged and the rest singly charged. As the mobile phase pH isrequired for this conversion to be completed. Therefore, when
also low (3-4.9), there is no chance of the doubly charged form the sample pH is low, creatinine will exist in two forms that
being converted to the singly charged form during the passagecoelute, resulting in a broad peak. As the pH of the sample
through the column. As only one peak is used for quantitation, approaches 7, where there is only one form of creatinine (singly
the error associated with creatinine data would have beencharged form), the peak becomes narrower. Similar trends are
significantly increased unless the two forms coeluted and have observed in both the standard and sample chromatograms. The
had the same molar absorptivity at the wavelength of detection. effect of pH appears to be more prominent in the sample than

The HPLC analyses (including samples, standards, and thein the standard, and this may be due to additional buffering
mobile phase) in our method were performed within the pH capacity of the samples making the conversion to one form more
range of 6.5-7, a range in which creatinine elutes as a single difficult than in the standard. We observed that the sample pH
chemical form (singly charged) and is therefore detected as aneeds to be at least about 3 for it to be able to convert all
single, narrow peak. As thekp: and pk;; of pseudouridine are  creatinine to a single form with the mobile phase of pH 7.
9 and greater than 13L6), respectively, pseudouridine also This experiment clearly demonstrates the importance of pH
elutes as a single chemical form within the pH range-6.5 on the analysis. Even when a mobile phase of pH 7 is used, a

To substantiate the effect of pH on the quantitation of significant error can be made to creatinine data if the sample
creatinine, we adjusted the pH of the standard solution and thatpH is not above 6.5 because there are two forms of creatinine
of a typical sample to 0, 1, and 7 by adding small amounts of under one peak in an unknown ratio. When the mobile phase
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Figure 3. Chromatograms of a typical urine sample. Chromatogram
processed at the 262 nm channel was used for quantitation of creatinine
and pseudouridine, and that at the 220 nm channel was used for
quantitation of the internal standard, cimetidine. C = Creatinine, P =
pseudouridine, Is = Internal Standard.

pH is also low, as is the case with many studigsld, 13, 14),
the error will be increased unless two forms of creatinine are
individually quantitated and added together in moles. No further

Hewavitharana and Bruce

of this nature is beyond the scope of an application paper such
as this. However, the effect is clearly demonstrated in a
qualitative manner so that the researchers are warned of the
possible error unless the pH of samples, standards, and the
mobile phase are adjusted to be within pH -6/ prior to
chromatographic analysis.

With the method presented in this paper, excellent selectivity
and sensitivity were achieved for creatinine, pseudouridine, and
cimetidine as illustrated in a chromatogram of a typical urine
sample shown irFigure 3. Peaks were identified by spiking
the urine with the standard for each analyte, and peak identities
were confirmed by comparison with standard spedtigu(re
4). Spectral analysis of peaks confirmed that the creatinine and
pseudouridine peaks were free from coeluting substances. RP-
HPLC separation of a typical urine sample without the internal
standard revealed that there were no interfering substances that
could coelute with cimetidine, and this was confirmed by
performing random purity checks of the cimetidine peak among
samples analyzed to ensure the accuracy of the method.

Because cimetidine is more strongly retained than the two
analytes, a gradient elution scheme was required for the elution
of all three compounds from the column. Without cimetidine,
the run time could have been as short as 8 min, and an isocratic
elution method (100% phosphate buffer) would have been
sufficient to elute the two analytes of interest.

Calibration was linear up to 140 nmols for creatinine and 6
nmols for pseudouridineY(= 1.54¢X + 6.466, R = 0.999
for creatinine andY= 5.736X —2.29¢, RZ = 0.999 for
pseudouridine). Accuracy of the method was estimated by
adding two levels of standard creatinine and pseudouridine to
a sample and determining the amounts of standard recovered,
and the results are shown drable 2. Detection limits were
estimated at a signal-to-noise ratio of 3:1, which corresponds
to 0.28 nmols for creatinine and 9 pmols for pseudouridine.
Typical mean £ SD) creatinine and pseudouridine values

studies were performed on the effect of pH, as a thorough studyobtained were 11.841.42) mmol/L and 0.2444 0.027) mmol/
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Figure 4. Comparison of the UV spectra of creatinine (left) and pseudouridine (right) standards, with corresponding peaks identified in a typical urine
sample. Three spectra shown in each case are in the following order: spectrum of the identified peak, spectrum of the standard compound, and

difference spectrum between the identified peak and the standard compound.
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Table 2. Recovery of Samples Added to Diluted Urine Samples (2) Sander, G.; Hiilsemann, J.; Topp, H.; Heller-Schéch, G. Protein
and RNA turnover in preterm infants and adults: a comparison
compound addition («mol)? 9%mean recovery” (+SD) based on urinary excretion of 3-methylhistidine and of modified
creatinine 0 one-way RNA catabolitesAnn. Nutr. Metab1986, 30, 137—
35 96 (+2.2) 142.
70 96 (+1.2) (3) Narayanan, S.; Appleton, H. D. Creatinine: a revi€lin. Chem.
pseudouridine 0 1980,26, 1119—-1126.
15 99 (+0.53) (4) Puchala, R.; Shelford, J. A.; Barej, W.; Kulasek, G. W.; Pior,
30 99 (x0.42) H.; von Keyserlingk, M.; Maroni, N. Urinary excretion of
pseudouridine and purine metabolites in ruminadtsAnim.
aEach level of addition was replicated five times (n = 5).  Calculated as Physiol. An. N.1992,69, 186—193.
%Recovery = 100 ((amount observed — original amount)/amount added). (5) Weissman, S.; Eisen, A. Z.; Lewis, M.; Karon, M.; Clark, P.

Pseudouridine metabolism. Ill. Studies with isotopically labeled
pseudouridineJ. Lab. Clin. Med.1962,60, 40-47.
(6) Valtonen, M. H.; Uusi-Rauva, U.; Eriksson, L. The effect of

L, respectively, for 61 samples from 11 animals. The values
were consistent with the ranges reported in the literature

(11,17). . rotein deprivation on the validity of creatinine and urea in
In recent ye§r§, HPLC has been t.he method ‘?f cho_lce for the gvaluationpc))f renal function. An ex);/)erimental study in the goat.
assay of creatinine and pseudouridine, as colorimetric methods Scand. J. Clin. Lab. Inyes1.982,42, 507—512.
such as the Jaffé method are prone to interferences from other (7) Shingfield, K. J.; Offer, N. W. Evaluation of the spot urine
substances in the matrix3X. However, as stated in the sampling technique to assess urinary pseudouridine excretion in
Introduction, most of the HPLC methods available to date were lactating dairy cowsAgr. Food Sci. Finland 998,7, 345—356.
applications to human uring8{10), in which the ranges of (8) Marsilio, R.; Dall’Amico, R.; Giordano, G.; Murer, L.; Montini,
concentrations found differs from those in bovine urine. In G.; Ros, M.; Bacelle, L.; Plebani, M.; Dussini, N.; Zacchello,
comparing our method with the only method available for bovine G. Rapid determination of creatinine in serum and urine by ion-
urine (11), the limits of detection (LOD) were larger for pair high-performance liquid chromatograplfiyt. J. Clin. Lab.
creatinine (0.28 nmol in present study vs 0.06 nmol in ref 11) Res.1999,29, 103—109.

but comparable for pseudouridine (9 pmol vs 8 pmol). However, ~ (9) Zambonin, C. G.; Aresta, A.; Palmisano, F.; Specchia, G.; Liso,
it should be noted that the LOD values in ref 11 were given in V. Liquid chromatographic determination of urinary 5-methyl-

. P 2'-deoxycytidine and pseudouridine as potential biological mark-
umol/L; therefore, we assumed a volume of injection of.20 . ! -
(volume of injection used for samples) to convert the LOD value ers for leukaemia). Pharm. Biomed1999,21, 10451051,

| and | f | . | (10) Xu, G.; Di Stefano, C.; Liebich, H. M.; Zhang, Y.; Lu, P.
to nmol and pmol. We prefer to express LOD values in mols Reversed-Phase high-performance liquid chromatographic in-

rather than as concentrations, because extremely low LOD vestigation of urinary normal and modified nucleosides of cancer
(concentration) values can be obtained by injecting large patients.J. Chromatogr. B1999,732, 307—313.

volumes. The large LOD for creatinine in our work reflects the  (11) Shingfield, K. J.; Offer, N. W. Simultaneous determination of
relatively low sensitivity of creatinine signal at the wavelength purine metabolites, creatinine, and pseudouridine in ruminant
of detection, which is well away from théax of creatinine. urine by reversed-phase high-performance liquid chromatogra-
As stated earlier, it was important to achieve comparable phy. J. Chromatogr. B1999,723, 81-94.

precision values for both analytes in this application. Wavelength (12) Hewavitharana, A. K.; Bruce, H. L. Simultaneous determination
of detection (262 nm) is selected considering relative concentra- of creatinine and pseudouridine concentrations in bovine plasma
tions of analytes in the samples so that both analytes give signals by reversed-phase liquid chromatography with photodiode array

detection.J. Chromatogr. B2003,784, 275—281.

(13) Resines, J. A.; Arin, M. J.; Diez, M. T. Determination of
creatinine and purine derivatives in ruminants’ urine by reversed-
phase high-performance liquid chromatographyChromatogr.

of similar sizes.
The selectivity of the method is superior to that of ref 11, as
both analytes are well separated despite the reduced run times.

This is particularly evident from the differences in precision B 1992 607 199—202

for pseudouridine (0.027 in present study vs 0.215 mmol/L in 14y johns, B. A.: Broten, T.; Stranieri, M. T.; Holahan, M. A.; Cook,
ref 11). The partial overlap of the pseudouridine peak with an J. J. Simple high-performance liquid chromatographic method
unknown peak of similar size in ref 11 must have contributed to analyze serum creatinine has several advantages over the Jaffe
to the ambiguity in peak area, resulting in increased concentra- picric acid reaction as demonstrated with a cimetidine dose
tion variability, as reflected by the increased precision value. response in rhesus monkeysChromatogr. B001, 759, 343-
Precision for creatinine data was comparable in both studies 348.

(1.42in present study vs 1.83 in ref 11). Run time for the elution (15) Budavari, S., O'Neil, M. J., Smith, A., Heckelman, P. E.,
of two analytes of interest in our method is considerably shorter Kinneary, J. F., Eds. The Merck Index, Merck & Co.: New

(8 vs 40 min), and the chromatography is simpler (with no ion- Jersey, 1996.

(16) Dawson, R. M. C.; Elliott, D. C.; Elliott, W. H.; Jones, K. M.
Data for Biochemical Researcioxford Science Publications:
New York, 1986.

(17) De Groot, Th.; Aafjes, J. H. On the constancy of creatinine
excretion in the urine of the dairy cowBrit. Vet. J.1960,116,

pair reagents) than the previous methdd)( The most important

original feature in our method, however, is the enhanced
accuracy and reliability of data achieved by using the appropriate
pH for the analysis, by using an internal standard, and by peak

purity checks using spectral data. 409—418.
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