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S imultaneous determination of creatinine and pseudouridine
concentrations in bovine plasma by reversed-phase liquid

chromatography with photodiode array detection

*A.K. Hewavitharana , H.L. Bruce
Cooperative Research Centre for Cattle and Beef Quality, CSIRO, Food Science Australia, Cannon Hill, Queensland 4170, Australia

Received 23 July 2002; received in revised form 7 October 2002; accepted 8 October 2002

Abstract

A simple, rapid method for the simultaneous determination of creatinine and pseudouridine in bovine plasma is described.
Plasma was de-proteinised, concentrated, and chromatographed for 15 min on a C column. Analytes were detected at an18

optimum wavelength (262 nm) and the internal standard (cimetidine) was detected at 220 nm. The pH of analysis was
between 6.5 and 7 where both analytes exist in single chemical forms giving maximum accuracy. Recoveries of both
analytes were above 96%. Lowest detectable amounts of creatinine and pseudouridine were 0.28 nmol and 9.0 pmol, and the
typical levels detected (6SD) were 60 (62.8) and 2.3 (60.10)mmol /L, respectively.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction creatine phosphate. Pseudouridine is released during
the degradation of transfer and ribosomal ribonucleic

Creatinine and pseudouridine are used as metabol- acids and is not salvaged by the body once released
ic indicators of skeletal muscle mass [1] and protein from the tissues in ruminants [3]. Consequently, it
synthesis [2], respectively. Creatinine is used as an has been used as an indicator of protein synthesis,
indicator of skeletal muscle mass because it is a assuming that increased protein synthesis requires
by-product of the creatine kinase reaction, 98% of increased RNA synthesis and degradation [2].
which occurs in skeletal muscle during short-term The concentration of pseudouridine in urine in-
energy repletion. Creatinine forms spontaneously creases with body weight; therefore, it is expressed
from the cyclization of creatine that is produced from in ratio with creatinine in order to correct for tissue
this reaction following the dephosphorylation of mass. This ratio has been shown to reflect changes in

the protein accretion status of ruminants during
growth, pregnancy or lactation [4,5]. Assessment of*Corresponding author. Fax:161-7-3214-2062.
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housed for many days in metabolic crates that restrict 717 plus auto sampler, a Model 996 PDA detector, a
their movement and compromise the comfort of the pump control module, a SAT/ IN module, and the

32experimental animals. Simultaneous measurement of program Millenium (version 3.05.01). An Alltech
these metabolites in a blood sample, however, would Ultrasphere C column (5mm, 4.63250 mm), fitted18

be valuable because obtaining a blood sample from a with a Waters guard column housing containing a
ruminant animal is often less stressful than housing Novapak C Guard Pak insert was used for all18

in a metabolic crate. separations. A 0.5mm high-pressure column pre-
Review of the recent literature revealed that the filter [Alltech Associates (Aust.), Baulkham Hills,

method of choice for the measurement of creatinine NSW, Australia] was used between the injector and
has been RPLC. Recent developments of methodolo- the guard column. A Brinkmann SC/48R sample
gy were available for the measurement of creatinine concentrator was used for drying deproteinised plas-
in human serum and urine [6], for the measurement ma extracts under nitrogen. A Model KS723 ISFET
of pseudouridine in human urine [7,8], for the pH meter (Shindengen Electric MFG, Tokyo, Japan)
measurement of both creatinine and pseudouridine in was used for small volume sample pH adjustments.
bovine urine [9], and for the measurement of pseudo-
uridine in human serum [10]. These methods ex- 2 .2. Reagents
hibited either lengthy run times and complicated
HPLC procedures, absence of internal standard in Creatinine, pseudouridine and cimetidine were all
quantitation, analysis at a pH where more than one from Sigma (St. Louis, MO, USA). Sodium
chemical form of creatinine exist in samples, or lack dihydrogen orthophosphate and di-sodium hydrogen
of sensitivity for pseudouridine relative to creatinine orthophosphate were both analytical reagents from
in samples. Only a few methods were found that AJAX chemicals (Sydney, NSW, Australia). Double
reported the determination of pseudouridine in deionized water was obtained from an IBC water
human serum, and no methods were found that purification system (Mansfield, QLD, Australia).
determined creatinine and pseudouridine simultan- HPLC-grade methanol was from Mallinckrodt (Paris,
eously in bovine plasma. Even a recently reported KY, USA).
method of measuring pseudouridine in human serum
[10] involved a lengthy and complicated extraction 2 .3. Mobile phase
procedure, and it has not been validated for bovine
serum. Eluent A was prepared by dissolving 0.78 g

We present here a simultaneous method of de- sodium dihydrogen orthophosphate and 0.71 g di-
termination for creatinine and pseudouridine that is sodium hydrogen orthophosphate in 1 L of water (10
simple yet robust. Accuracy and precision are en- mM phosphate buffer), followed by filtering through
hanced with this method through the use of optimum a PTFE 0.45mm filter (Millipore). The pH of eluent
wavelengths for each analyte and the internal stan- A was 6.860.1. Eluent B was methanol.
dard with a photodiode array (PDA) detector. The
identity and purity of analyte peaks were confirmed 2 .4. Standard solutions
using the ultraviolet (UV) spectra acquired for each
peak by the PDA detector. Stock standard solutions of creatinine (10 mmol /

L) and pseudouridine (10 mmol /L) were prepared in
0.1 M HCl. Stock internal standard solution (5

2 . Experimental mmol /L cimetidine) was prepared by firstly dissolv-
ing the crystals in 10 mL of 0.1M HCl followed by

2 .1. Instrumentation dilution up to 100 mL with water. A combination
standard containing creatinine (0.35 mmol /L), pseu-

Chromatography was performed using Waters douridine (0.015 mmol /L) and cimetidine (0.25
Associates chromatographic equipment (Milford, mmol /L) was prepared by serially diluting appro-
MA, USA) consisting of two 501 pumps, a Model priate volumes of stock solutions with the mobile
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phase, and used for the quantitation of plasma 2 .6. Chromatographic conditions
samples. The internal standard solution added to
each plasma sample was prepared by diluting Chromatography was performed at ambient tem-
cimetidine stock solution with mobile phase down to perature. Flow-rate used was 1 mL/min. The column
0.25 mmol /L. All of the above solutions were frozen was equilibrated for 10 min with eluent A prior to
at 220 8C in small aliquots, and thawed daily as injection of each sample or standard. Both linear
required. (curve 6) and step (curve 11) gradients were used in

the gradient protocol:

2 .5. Sample preparation
Time % A % B curve

Blood samples were collected from 11 Belmont 0 100 0 *
Red steers catheterised through the jugular vein. 2 100 0 11
During blood collection, each catheter was flushed 12 0 100 6
with 5 mL of heparinized saline (5 IU/mL 0.9% 15 100 0 11
saline) using a polypropylene 10 mL syringe
(Terumo Medical, Elkton, MD, USA). Five mL of

The HPLC system used in this study had a lagblood were drawn through the catheter using the
time (the time taken for the solvents to travel fromsame syringe and then both blood and syringe were
the solvent mixer /gradient maker to the column) of 6discarded. Then 8 mL of blood were drawn using a
min with a flow-rate of 1 mL/min. Thus, in theclean polypropylene syringe and the blood expelled
chromatogram, the change in composition fromslowly into an evacuated, heparinized test tube
100% eluent A to 100% eluent B is evident at about(Vacutainer, Beckman Scientific, Franklin Lakes, NJ,
8 min even though in the gradient table the changeUSA), where the blood was mixed gently and the
occurs at 2 min. Depending upon the lag time oftube placed on ice until centrifugation. Plasma was
each chromatographic system, then, the gradientseparated from the blood by refrigerated centrifuga-
shown here should be altered to obtain a similartion (4 8C, 1200 g, Beckman J-6M, Gladesville,
performance. The PDA detector was used to collectNSW, Australia) for 25 min. Plasma was then drawn
chromatographic data from 210 to 350 nm.from the samples using Pasteur pipettes and placed

into 5 mL polypropylene sample vials and frozen at
220 8C. 2 .7. Qualitative and quantitative analysis

Plasma samples were thawed and 600mL pipetted
into a 10 mL polypropylene centrifuge tube. A 100 Qualitative analysis was performed by spiking
mL aliquot of 0.25 mmol /L cimetidine (internal samples with the appropriate standard to observe the
standard) and 2 mL of acetone were added to the growth of the peak, and by comparing the ultraviolet
centrifuge tube as well, the contents vortex mixed (UV) spectra of sample peaks with those of standard
and allowed to stand at room temperature for 15 min peaks. Peak purity calculations were used to ensure
before centrifugation at 5000g for 15 min. The that the analyte peak was free from co-eluting
supernatant was decanted to a glass vial, and solvent impurities with different spectral properties.
evaporated under nitrogen at 358C. The residue was Quantitative analysis was performed by injecting a
reconstituted with 240mL mobile phase and its pH range of volumes (to cover the expected concen-
adjusted, with a small volume of HCl, to be between trations of analytes in the extracts) of the combina-
6.5 and 7. The reconstitute was then transferred to an tion standard with each batch of samples chromato-
Eppendorf tube and frozen at220 8C until HPLC graphed. A five-level linear calibration curve was
analysis. The extracts were thawed when required, constructed from the standard data and samples were
centrifuged at 5000g for 5 min, and 50mL of the quantitated using this calibration curve. Quantitation
supernatant were used for quantitation. Samples were was performed by the internal standard method to
prepared in duplicate. compensate for the sample losses during extraction
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and analysis. Quantitation of creatinine and pseudo- detection wavelengths of 254 and 220 nm; thus the
uridine were carried out at 262 nm, and that of sensitivity of pseudouridine was poor and would
cimetidine at 220 nm. Samples were prepared in produce poor precision in the pseudouridine data.
duplicate in order to obtain true duplicate values for Because it was estimated from a few randomly
the concentrations of the analytes in them. chosen samples that the creatinine concentration in

the plasma samples was approximately 25 times
greater than that of pseudouridine, it was desirable to

3 . Results and discussion employ a detection wavelength at which the molar
absorptivity of pseudouridine was approximately 25

Samples were de-proteinised using a ratio of times greater than that of creatinine. Under this
sample volume to acetone that precipitated.99% of constraint, it was found from the PDA spectra of
protein from plasma [11]. Although this was a both analytes that the optimum detection wavelength
simple extraction method, the drying time was was 262 nm.
lengthy (about 3 h) due to a large fraction of water Cimetidine has been used as the internal standard
that evaporated after the acetone. Forty-eight extracts for determination of creatinine only, and detected in
were dried at a time in this study, so the lengthy a previous study [6] at 200 nm. However, its
drying time was not a handicap considering that the absorbance at our optimum wavelength of 262 nm
analyst’s time was not required for these 3 h and per was extremely low. The capability of the PDA
sample time was still very low compared to existing detector enabled the chromatograms for cimetidine
methods of extraction. In hindsight, however, the (internal standard) to be obtained at itsl (220max

time to evaporate the de-proteinising agent could nm) while analytes of interest chromatographed on
have been reduced by replacing acetone with ace- another wavelength (262 nm). Employing thel asmax

tonitrile because it is equally effective in deproteini- the detection wavelength for the internal standard
sation [11] and, unlike acetone, acetonitrile forms an reduced errors inherent in using alternative detection
azeotrope with water and thus facilitates more rapid wavelengths located on a sloping region of the
evaporation of water. absorbance spectrum for cimetidine. This enabled us

The extracts used for HPLC separations contained to maximise precision for the analyte data.
some particulate matter but the amount of this Excellent selectivities and sensitivities were
contaminant was minimised by careful pipetting of achieved for creatinine, pseudouridine and
the extract. The extracts were not filtered as the cimetidine as shown for a typical plasma sample in
volume was low and we wanted to keep the method Fig. 1. Peaks were identified by spiking the plasma
simple. The pre-column filter and the guard column extract with the standard for each analyte, and
effectively protected the column, as evidenced by confirmed by comparison with standard spectra as
acceptable column performance after over 600 analy- shown in Fig. 2. Comparison of the spectrum at the
ses, and they were replaced when the HPLC system peak apex to the spectra of the rest of the peak
pressure increased significantly (by about 100 p.s.i.). confirmed that the creatinine and pseudouridine
In the present study, this occurred after analysing peaks were free from co-eluting substances. Chro-
about 70 extracts. matograms of a typical plasma sample without the

To further protect the column and pumps, the internal standard revealed that there were no possible
system was flushed with water for about 2 h and with interferents that could co-elute with cimetidine.
methanol for 1 h after each batch of about 20 Moreover, random purity checks of the cimetidine
extracts and five standards. These precautions pre- peak were performed to ensure the accuracy of the
vented pump problems and yielded consistent re- method. Since cimetidine is very strongly retained
tention times for the large number of plasma samples compared to the two analytes, a gradient elution
analysed in this study. scheme was required for the elution of all three

Preliminary separations of random samples compounds from the column. Without cimetidine, the
showed that the creatinine peak was much larger run time could have been as short as 8 min, and an
than the pseudouridine peak at the commonly used isocratic elution method (100% phosphate buffer)
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Table 1
Recovery of standards added to plasma samples

a bCompound Addition Mean recovery
(nmol) (%) (6SD)

Creatinine 0
66.4 98.0 (63.79)

133 96.6 (61.65)

Pseudouridine 0
2.90 96.3 (64.97)
5.80 101 (61.26)

a Each level of addition was replicated five times (n55).
b Calculated as % recovery5100[(amount observed2original

amount) /amount added)].

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. Results are shown in Table 1. Although
the precision of the method for both analytes is poor
at lower concentrations, on average the recovery was
over 96%. Detection limits were estimated at a
signal-to-noise ratio of 3:1, which corresponds to
0.28 nmol for creatinine and 9.0 pmol for pseudo-
uridine. They are comparable to the detection limitsFig. 1. Chromatograms of a typical plasma sample. The chro-
obtained by other researchers for these two analytesmatogram processed at the 262 nm channel was used for quantita-

tion of creatinine and pseudouridine, and that at the 220 nm [9]. Mean (6SD) creatinine and pseudouridine val-
channel for quantitation of the internal standard, cimetidine. ues obtained were 59.5 (62.79) and 2.28 (60.103)

mmol /L, respectively, for 248 samples from 11
would have been sufficient to elute the two analytes animals. The values are consistent with the ranges
of interest. reported in the literature [16,17], but with enhanced

The common pH of HPLC analysis (samples, precision. Creatinine values were significantly lower
´standards and the mobile phase) for creatinine has compared with Jaffe method, which is also the trend

been pH 3 [6,9], pH 4 [12] or pH 4.9 [13]. observed when an electrophoretic method was com-
´Considering that the pKa of creatinine is 3.55 [14] pared with Jaffe method [18].1

or 4.8 [15], a considerable amount of creatinine (as
high as 50%) would have been undetected in these
studies. As the pKa of creatinine is 9.2 [15], our 4 . Conclusion2

HPLC analyses (including samples, standards and
the mobile phase) were performed within a pH range An accurate, robust, rapid and precise method was
of 6.5 to 7, within which creatinine elutes as a single developed for the simultaneous determination of
chemical form and is, therefore, detected as a single, creatinine and pseudouridine in bovine plasma using
narrow peak. As the pKa and pKa of pseudo- cimetidine as an internal standard. Chromatographic1 2

uridine are 9 and.13 [15], pseudouridine also conditions were developed so that comparable sen-
elutes as a single chemical form within pH 6.5 to 7. sitivities and precisions were obtained for both

Calibration was linear up to 3.5mmol for analytes of interest despite the large differences in
creatinine and 0.15mmol for pseudouridine (Y 5 their concentrations in plasma. The importance of the

4 3 21.37e X 2 3.22e , R 5 0.999 for creatinine andY 5 pH of samples and mobile phase for both the
5 3 24.75e X 2 2.95e , R 5 0.999 for pseudouridine). accuracy and quantitation of these metabolites is
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Fig. 2. Comparison of the UV spectra of creatinine (left) and pseudouridine (right) standards with corresponding peaks identified in a typical
plasma sample. The three spectra shown in each case are in the order: spectrum of the identified peak, spectrum of the standard compound,
difference spectrum between the identified peak and the standard compound.

emphasized, and recommendations are presented. Commonwealth Scientific and Industrial Research
This method will assist researchers interested in Organisation (CSIRO).
obtaining accurate values for pseudouridine and
creatinine in bovine plasma as it is not affected by

´chromogenic interference as occurs with the Jaffe
R eferences

reaction [19].

[1] H. Borsook, J.W. Dubnoff, J. Biol. Chem. 168 (1947) 493.
¨ ¨[2] G. Sander, J. Hulsemann, H. Topp, G. Heller-Schoch, G.

A cknowledgements ¨Schoch, Ann. Nutr. Metab. 30 (1986) 137.
[3] S. Weissman, A.Z. Eisen, M. Lewis, M. Karon, P. Clark, J.

Lab. Clin. Med. 60 (1962) 40.The assistance of Mr. Alan Day and Mr. Bill van
´[4] R. Puchala, J.A. Shelford, W. Barej, G.W. Kulasek, H. Pior,den Heuvel during collection of blood samples is

M. von Keyserlingk, N. Makoni, J. Anim. Physiol. An. N. 69
gratefully acknowledged. This research was made (1993) 186.
possible by funding from the Cooperative Research [5] K.J. Shingfield, N.W. Offer, Agric. Food Sci. Finland 7
Centre (CRC) for Cattle and Beef Quality and the (1998) 345.



A.K. Hewavitharana, H.L. Bruce / J. Chromatogr. B 784 (2003) 275–281 281

[6] R. Marsilio, R. Dall’Amico, G. Giordano, L. Murer, G. [14] S. Budavari, M.J. O’Neil, A. Smith, P.E. Heckelman, J.F.
Montini, M. Ros, L. Bacelle, M. Plebani, N. Dussini, G. Kinneary (Eds.), The Merck Index, Merck, Whitehouse
Zacchello, Int. J. Clin. Lab. Res. 29 (1999) 103. Station, NJ, 1996.

[7] C.G. Zambonin, A. Aresta, F. Palmisano, G. Specchia, V. [15] R.M.C. Dawson, D.C. Elliott, W.H. Elliott, K.M. Jones, Data
Liso, J. Pharm. Biomed. 21 (1999) 1045. for Biochemical Research, Oxford Science, New York, 1986.

[8] G. Xu, C. Di Stefano, H.M. Liebich, Y. Zhang, P. Lu, J. [16] R. Rosskopp, H. Rainer, D. Giesecke, Arch. Anim. Nutr. 41
Chromatogr. B 732 (1999) 307. (1991) 4.

[9] K.J. Shingfield, N.W. Offer, J. Chromatogr. B 723 (1999) 81. [17] J.C. Byatt, P.J. Eppard, J.J. Veenhuizen, R.H. Sorbet, F.C.
[10] G. Xu, H. Enderle, H. Liebich, P. Lu, Chromatographia 52 Buonomo, D.F. Curran, R.J. Collier, J. Endocrinol. 132

(2000) 152. (1992) 185.
[11] J. Blanchard, J. Chromatogr. 226 (1981) 455. [18] D.A. Walsh, E. Dempsey, Anal. Chim. Acta 459 (2002) 187.
[12] J.A. Resines, M.J. Arin, M.T. Diez, J. Chromatogr. B 607 [19] S. Narayanan, H.D. Appleton, Clin. Chem. 26 (1980) 1119.

(1992) 199.
[13] B.A. Johns, T. Broten, M.T. Stranieri, M.A. Holahan, J.J.

Cook, J. Chromatogr. B 759 (2001) 343.


	Simultaneous determination of creatinine and pseudouridine concentrations in bovine plasma b
	Introduction
	Experimental
	Instrumentation
	Reagents
	Mobile phase
	Standard solutions
	Sample preparation
	Chromatographic conditions
	Qualitative and quantitative analysis

	Results and discussion
	Conclusion
	Acknowledgements
	References


