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SUMMARY 

An isocratic high-performance liquid chromatographic separation of creatine, uric acid and 
creatinine with direct on-column application of the serum sample has been developed. The pre- 
column, used for sample clean-up, is switched out of the eluent flow after a definite time. Simul- 
taneous three-wavelength detection with a diode array detector allows a very precise quantitation 
of the three compounds at the optimum wavelength for each (210,234 and 290 nm) with a coef- 
ficient of variation of less than 2% (creatine 3-5% ). Good linearity and 100% recovery are ob- 
tamed over a wide range of concentration in biological material. No interferences are observed 
caused by medication with lidocaine or dobesilate (Ca), or high bilirubin concentrations. This 
makes the method useful for clinical purposes or even as a reference for other methods. 

INTRODUCTION 

Creatinine and uric acid are important parameters in clinical chemistry, e.g. 
for recognition of renal diseases. In some cases of muscle catabolism, elevated 
serum concentrations of creatine can be observed. Photometric methods such 
as the alkaline picrate reaction according to Jaffe [ 1] (creatinine) or the re- 
duction of phosphotungstate (uric acid), are usually used for determination of 
these compounds, but various endogeneous or exogeneous substances, such as 
bilirubin or drugs, can interfere with the analysis [ 2,3]. Enzymic assays, such 
as the creatinase-p-aminophenazon (PAP ) method for creatinine [ 41, are more 
specific, but still suffer from interference problems with bilirubin [ 31 and med- 
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ication with dobesilate (Ca) , Endogeneous creatine has to be eliminated by 
performing a two-step reaction [5]. However, quantitation of creatine from 
the first step is not very practicable, and its elimination may also sometimes 
result in imprecise values for low creatinine concentrations. 

High-performance liquid chromatography (HPLC ) has the advantage that 
it separates compounds before quantitation. HPLC methods have been de- 
scribed for creatinine [ 6,7], creatinine and neopterine [ 81, uric acid and cre- 
atinine [ 91, creatine and creatinine [lo] and urea, creatinine and uric acid 
[ 111. Sample preparation is done off-line by protein precipitation with acid 
[ 6,10,11] or by using solid-phase extraction [ 8,10]. Direct injection of the serum 
sample, diluted with the mobile phase, using a pre-column, is discussed in refs. 
7 and 9, one of which [ 71 refers to column switching. 

This paper describes a method for the direct injection of the undiluted serum 
sample using an online pre-column and a column-switching technique for si- 
multaneous routine determination of creatine, uric acid and creatinine. With 
a diode array detector each compound is quantitated at its optimum detection 
wavelength, and this results in very good precision and accuracy over a wide 
concentration range. 

EXPERIMENTAL 

Chemicals and solutions 
The following chemicals were used: creatine monohydrate p.a., creatinine 

p.a. and uric acid p.a. (Serva, Heidelberg, F.R.G.); dipotassium hydrogen- 
phosphate trihydrate, lithium carbonate p.a., methanol p.a., phosphoric acid 
85% p.a. and hydrochloric acid 37% p.a. (Merck, Darmstadt, F.R.G.); sodium 
azide (Riedel-de Haen, Seelze, F.R.G.) and Milli-Q-purified water (Millipore, 
Eschborn, F.R.G. ). 

Reagent solutions were prepared as follows: 3 M phosphoric acid by diluting 
20 ml of phosphoric acid (85%) to 100 ml with water; sodium azide solution 
(0.5%, pH 7.0) by dissolving 5 g of sodium azide in 1 1 of water, and then 
adjusting the pH to 7.0 with 3 A4 phosphoric acid; 0.03 M dipotassium hydro- 
genphosphate solution by dissolving 6.85 g of dipotassium hydrogenphosphate 
trihydrate in 11 of water. 

Eluent A, 0.03 M dipotassium hydrogenphosphate-methanol (99.5 : 0.5, 
v/v), pH 7.5, was prepared by diluting 5 ml of methanol and 0.5 ml of 0.5% 
sodium azide solution (pH 7.0) to 11 with 0.03 M dipotassium hydrogenphos- 
phate solution; the solution was degassed, and its pH was adjusted to 7.5 with 
85% phosphoric acid (ca. 0.5 ml). Eluent B was methanol and eluent C was 
0.5% sodium azide solution (pH 7.0). 

Standard solutions were prepared as follows: creatine stock solution by dis- 
solution of 22.4 mg of creatine monohydrate in 20 ml of water; creatinine stock 
solution by dissolution of 50 mg of creatinine in ca. 10 ml of water, to which 
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0.5 ml of hydrochloric acid (37% ) was added and then made up to 50 ml with 
water; uric acid stock solution by dissolution of 50 mg of uric acid and 37.5 mg 
of lithium carbonate (for increased dissolution speed and solution stability) 
in 50 ml of water. 

The standard solution contained 1 ml of creatine stock solution, 3 ml of 
creatinine stock solution and 3 ml of uric acid stock solution, made up to 50 ml 
with water. Concentrations were then: creatine, 150 pmol/l (1.97 mg/dl); 
creatinine, 6.00 mg/dl; uric acid, 6.00 mg/dl. 

Samples 
Serum samples were obtained from healthy volunteers and clinical patients. 

Standard solution as well as serum samples were injected directly into the HPLC 
system without any pretreatment; the injection volume was 5 ~1. 

Columns 
The analytical column was Hyperchrome (250 mm X 4.6 mm I.D., Bischoff, 

Leonberg, F.R.G. ), filled with Partisil ODS 3, 5 pm particle size (Whatman, 
Clifton, NJ, U.S.A. 1; the pre-column was Hyperchrome (40 mm x 4.6 mm I.D., 
Bischoff), filled with Partisil ODS 3, 5 ,um particle size, or with Nucleosil 5 
NH2, 5 ,um particle size (Macherey & Nagel, Dtien, F.R.G. ). 

Apparatus 
The HPLC system was an HP 1090 liquid chromatograph (Hewlett-Pack- 

ard, Waldbronn, F.R.G.) equipped with a DR 5 ternary solvent-delivery sys- 
tem, autosampler and autoinjector, thermostatted column compartment and 
column-switching valve and a diode array detector, Control of the instrument, 
data storage, evaluation, integration and reporting were performed by an HP 
Series 300 computer (Hewlett-Packard, Boeblingen, F.R.G.). 

Separation conditions 
The columns were connected to the column-switching valve (csv) as shown 

in Fig. 1. The basic position was 1, with the pre-column disconnected; 0.01 min 
after the turn of the injection valve that indicates the start of the run, the 
column-switching valve was switched to position 0, allowing the eluent to flow 
through the pre-column for 3 min. The column-switching valve was then 
switched back to position 1 for the rest of the analysis time. 

The mobile phase for separation was eluent A for 8 min, followed by a linear 
gradient to 20% B {methanol} from 8 to 10 min. The post-elution time for 
reconditioning to eluent A was 4 min; this gave a total run time of 14 min. 

After a whole series of serum samples (40-70 samples) the instrument was 
washed with eluent C (0.5% sodium azide solution) for disinfection purposes. 
The pre-column was in contact only with eluent A and was changed after ca. 
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Fig. 1. Flow diagram of the chromatographic system at different positions of the column-switching 
valve (csv), Position 0, pre-column connected to flow; position 1, pre-column disconnected. 
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TABLE I 

DIODE ARRAY DETECTOR SETTINGS 

Substance 
detected 

Creatine 
Creatinme 
Uric acid 

Detection Detection 
wavelength bandwidth 
(nm) (nm) 

210 20 
234 10 
290 10 

Reference 
wavelength 
(rim) 

550 
550 
550 

Reference 
bandwidth 

(nm) 

100 
100 

100 

! 

LC B 234, 10 550,100 

~~~ 1 ~~ 

LC C 230,20 550,100 

50 

40 
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20 

10 

0 
0.0 10.0 

Tlms (min 1 

Fig. 2. Standard chromatogram at 210,234 and 290 nm under the chromatographic conditions 
described in the text. Peaks: 1 = creatine (150 pmol/l or 1.97 mg/dl), 2 =u11c acid (6.00 mg/dl); 
3 =creatinine (6.00 mg/dl); 4=dobesilate (6.00 mg/dl). 

70 samples. The temperature was 22’ C and the eluent flow-rate was 1.0 ml/ 
min. The diode array detector settings were as shown in Table I. 

RESULTS AND DISCUSSION 

Fig. 2 shows a standard chromatogram with dobesilate as an artificially added 
peak, to demonstrate the separation of this drug, which is often found in the 
serum of kidney patients and interferes with the popular PAP creatinine de- 
termination method. The good separation of creatinine and dobesilate allows 
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a very precise quantitation of creatinine even in the presence of high levels of 
dobesilate in serum. The detection wavelengths were chosen according to the 
maxima in the UV spectra of the substances (Fig. 3): creatine at 210 nm, cre- 
atinine at 234 nm and uric acid at 290 nm. Fig. 4A shows a chromatogram of a 
serum sample with the three substances in the normal range; in Fig. 4B crea- 
tine is elevated. Whereas creatinine and uric acid can be integrated and quan- 
tified easily and with high precision at 234 and 290 nm, respectively (Fig. 5), 
it can be seen that many disturbances and peaks occur between 3 and 4 min in 
the chromatogram at 210 nm, where creatine must be detected. This compli- 
cates the quantitation of that compound, which often must be integrated with 
special methods, e.g. as a shoulder or by the tangent skim method. In addition, 
an unknown peak often co-elutes with creatine, making a quantitative deter- 
mination almost impossible. For that reason we tried to improve the resolution 
in this segment of the chromatogram. We succeeded in separating the co-elut- 
ing compound from creatine with a pre-column filled with NH, packing ma- 
terial instead of C,,. 

The working principle of the two different pre-columns is shown in Fig. 6. 
The C,, pre-column shows a good pre-separation of the three compounds, but 
the interfering and the creatine peak are almost coincident. This remains the 
same on the C,, material of the analytical column, resulting in slightly higher 
retention times for uric acid and creatinine; however, separation of the un- 
known peak and creatine is not achieved. With the NH, material no pre-sep- 
aration of the three compounds can be obtained, but the interference is more 
retained than creatine, which can be found in the front part of the large single 
peak eluted from the pre-column under these conditions. Because of the sim- 
ilar elution properties of both substances on C,, material, sufficient resolution 
is maintained on the analytical column, whereas uric acid and creatinine are 
further retained and separated. Without the prior separation on the pre-col- 
umn, the retention times are slightly shorter than with the C,, pre-column. 

Fig. 7 shows the chromatogram of a serum sample: the unknown compound 
is well separated; it can be recognized by a low absorption at 234 nm, which is 
not observed with creatine. 

Concerning the C,, material it can be said that, in general, materials with 
some residual activity of silanol groups are better for this type of separation 
than the end-capped ones. This was expected, because of the high polarity of 
substances and the mobile phase. With a strongly polar eluent as used here, 
the pre-column works as a filter for the serum proteins. Therefore it is impor- 
tant to expose it to the solvent flow for only a short time per run and to change 
it after ca. 70 serum injections, otherwise protein breakthrough will OCCLU. With 

these precautions the analytical column can be used for 300-400 injections. 
The post-separation gradient is used to clean the column of the more lipo- 

philic compounds, e.g. some drugs. Substances well known to interfere with 
the photometric or enzymic methods, such as dobesilate, lidocaine and bi1ir-u 
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Fig 3. UV spectra of creatinine, dobesilate, creatine and uric acid, taken from chromatographic 
standard runs with a diode array detector 
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Fig. 4. Chromatograms of serum samples at 210 nm with a Cl8 pre-column. (A) Peaks: 1= creatine 
(32 flmol/l), Z=uric acid; 3=creatmine. (B) Peaks. l=creatine (187 pmol/l); 2=uric acid; 
3 =creatinine. 
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Fig 5. Three-wavelength quantitatlon of the sample in Fig. 4B. Peaks: 1 =creatine (210 nm, 187 
pmol/l); 2 =uric acid (290 nm, 4.70 mg/dl); 3 =creatinine (234 nm, 1.75 mg/dl). 
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Fig. 6. Influence of different pre-columns on the separation of creatine and the unknown interfer- 
ence. These elution profiles are from the pre-column only: with the NH, pre-column the interfer- 
ing peak (I) is separated from the unresolved creatine, uric acid and creatmine peak; with the Cl8 
material peak I co-elutes with the pre-separated creatme. 
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Fig. 7. Two-wavelength chromatogram of a serum sample containing the interfering substance, 
obtained with the NH, pre-column. Peaks: 1 =creatine (162 pmol/l); 2 =uric acid (5.2 mg/dl); 
I=interference (unknown, small absorption at 234 nm); 3=creatinine (1.55 mg/dl). 

bin, do not interfere with the quantitation of creatinine. A recovery of 100% 
and good linearity were found in biotest human serum by spiking with 0.2-20 
mg/dI creatine (E-1500 pmol/l), 0.2-40 mg/dl creatinine and 0.2-20 mg/dl 
uric acid. The day-to-day precision for creatinine and uric acid had a coeffi- 
cient of variation (C.V.) of 1.5%; for creatine the C.V. was 3-5%, depending 
on interfering impurities. 

The accuracy of the method for creatinine was compared with that of an 
isotope dilution mass spectrometric (MS) method [ 123. The slope of 1.06 of 
the correlation graph indicates a small relative deviation of the two methods 
(Fig. 8). This may be caused by a standard substance that is less than 100% 
pure. In fact, the creatinine standard we used was 97.3%, measured against 
NBS Standard No. 914a. This would result in a slope of 1.03 (HPLC values 
3% too high); however, further experiments have to be performed with a higher 
number of serum samples, to increase the statistical reliability of these results. 
It cannot be determined yet whether there is a systematic deviation between 
the two methods. The stability of creatinine and uric acid in serum at room 
temperature is 20 h minimum and that of creatine is only 6 h. This can be 
improved by use of a cooled autosampler. The standard solution must be freshly 
prepared every day from stock solutions. 
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Fig. 8. Comparison of HPLC and GC-MS methods for creatinine; hnear regression equation: 
HPLC = 1.06 GC-MS -0.09, correlation coefficient = 0.999 

CONCLUSION 

The presented method for the determination and quantitation of creatine, 
uric acid and creatinine is useful for routine analysis. It does not require sample 
pretreatment and avoids therefore analytical errors caused by handling. It can 
be calibrated with a suitable standard, has 100% recovery, a wide range of 
linearity and offers good precision in series and from day to day. No interfer- 
ences by drugs or endogeneous substances have yet been observed. It could 
therefore be a candidate for a reference method for creatinine and uric acid, as 
discussed by Stamm [ 13 1. 
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