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SUMMARY 

A fast and senskve methad for the sepakion of .&am and - 
scribed.. For +e preiiminsy purificition of se&m 

unmry crehnine is .de- 
and urine, a cationexchmge coh.mn 

is wed to removr% prot&, anions std xxeu&d compom.~cTs prior f~ isolation of cre&nine 
by high-performance liquid chmm&ography: A n+eksed-phase syst+zn with 0.01 i?f sn- 
monium ~afzetate solution 8s the mobile phase can separate ere&nine In -7.5 HI& at a fiow- 
rate of 1 d/min. The pari& of the separated creatinine is proved by deriv&i&& using 
trifZ~.~oroacetic anhydride, followed by gzq chro~tagraphy aad mss spectrometrg_ 

Although this method of pxxrifi&Goon was designed for bxcorparationintqa definitive 
&y,.$hk e&e ad speed of emdysk~ m&es it -J attractive for routine &niwI use_ 
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derivative for gas chromatography and mass spectrometry, Tris(trimethyl- 

silyl)c.reatinine has been prepared [13] by treating creatinine with N-methyl- 
N-trimethylsilyltrifluoroacetamide and -cbromatographed on a 3% OV-I col- 
umn. This derivative, however, was found to be extremely sensitive to mois- 
ture and was unsuitable for accurate isotope-dilution work as its mass spectrum 
had too’many interfering peaks due to the many naturally occurring isotopes 
of silicon. A new derivative was therefore required. 

In this paper we describe the separation of creatinine from biological fl~ds 
by high-performance liquid chromatography (HPLC) and +he synthesis of 
0-trifluoroacetylcreatinine. The EfpLC ~s@par&ion is fast, reliable .and requires 
minimal work-up: It can also be applied to the routine analysis of serum and 
urinary creatinine. The volatile derivative, which has not previously been de- 
scribed, is much more stable than the trimethylsilyl derivative and its mass 
spectrum displays -no interfering peaks since naturally occurring fluorine has 
only one isotopic form. 

EXPERIMEWTAJA 

Materials and reagenfs 
Unless otherwise stated, all reagents were An&R grade (BDH, Poole, Great 

Britain). 
Ion-exchange procedure. Cation-exchange resin AG 5OW-Xl2 (H’), 200-400 

mesh (Bio-Rad Labs, Richmond, Calif., U.S.A.). 
Adsorption buffer: this buffer (pH 3.0) contained citric acid (40 mmoles/l) 

and disodium hydrogen orthophosphate (20 mmoles/l). 
Elution reagents: sodium acetate, 0.1 and 0.5 mole/l; ammonium acetate, 

0.1 and 0.5 mole/l. 
Sodium hydroxide solution: 2.5 moles/l. 
Lotiry protein estimations. Alkaline tartrate reagent: this was prepared by 

dissolving sodium carbonate (20 g) and sodium or potassium tartrate (0.5 g) 
in 11 of sodium hydroxide solution (0.1 mole/l). 

Copper sulphate solution: 4 mmoles/l. 
Working alkaline copper reagent: this was prepared freshly each day by 

mixing alkaline tartrate reagent (45 ml) with copper sulphate solution (5.0 mI). 
Folin-Ciocalteu reagent: Folin and Ciocalteu’s phenol reagent (BDH) was 

diluted 4-fold with distilled water. 
* Standard protein solution: bovine serum albumin 100, 200, 300,400, and 
500 mg/I in distiIled water. 

Control serum. Wellcomtrol 3 (Wellcome Reagents, Becker&am, Great 
Britain) stated to contain 0.71 mmole creatinine per litre was used as control 
serum. 

Creatinine detenninatioti by the Ja#e reaction. Sodiuq hydroxide: 0.5 
and 1.5 moles/l. 

S&urated picric acid: about 14 g/l. 
Standard creatinine solutions: 0.443, 0.885, 1.33 and 1.77 mmoles/l in 

distilledwater. 
.Instruments. The following instruments were used: a Pye-Unicam SP 1800 

ultraviolet -visible specnophotometer, a Perkin-Elmer Model 577 grating 
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m&red spectrophotometer, a. Fye-Unlearn Series .I06 gai chromatograph 
fitted w&h -a &me ionization detector (FID); a. Varian MAT&?31 high-resolu- 
tion mass. spectrometer -and a -Waters Assoc. Mode! AX - GPC 204 liquid 
chromatograph comprising of a M6000A solvent delivery system a U6K uni- 
versal injector and a Model 440 absorbance detector fixed at 254 nm. 

Isolatin of creatinine from serum and urine by cation-exchange chroma- 
tomwhy 

Polypropylene pipette tipes (Qxford Macro-set, Boehringer London, Lewes, 
Great Britain) were plugged with non-absorbant cotton wool and used as semi- 
micro chromatography. cohunns. Aliquots of the resin (100 mg) were sus- 
pended in portions (2.5 ml) of sodium hydroxide solution, transferred to 
the columns, and allowed to drsin briefly. Each column was then washed 
with water (2.0 ml), followed by adsorption buffer (4.0 ml). 

The sample (0.5 ml) of serum or of urine (ailuted 50 fold with water), 
standard creatinine solution, or water as a reagent and a column blank, was 
mixed with adsorption buffer (5.0 ml) &d 5.0 ml of each diluted sample 
allowed to drain &rough a prepared cohunn. Following a wash with distilled 
water (4.0 ml), the adsorbed creatiniue was eluted with the appropriate elut- 
iug reageut (3;O ml). 

Measurement of protein concentration in eluafes 
To monitor the eluti~n of protein from the ion-exchange cohkns, a con- 

trol serum was processed according to the above procedure, Fractions (0.5 
ml) were collected during the water wash and sodium acetate (0.5 mole/l) 
elution steps, and analysed as follows. Portions (0.3 ml) of each fraction or 
of standard protein solutions and of distilled water (to serve as blank) were 
added to working alkaline copper reagent (2.0 ml), mixed, and kept at room 
temperature for 5 min. FolkCiocakeu reagent (0.2 ml) was then added and 
the reaction mixtures were kept for a further 30 min at room temperature 
for colour development. The absorbances of the test aud standard solutions 
were measured against the blank at 720 nm. 

E&ion of creatinine from the cationexchange column 
To monitor the eiution of creakinine from the columns, an aqueous cre- 

atinine solution (0.885 mole/l), a control serum (Wellcontrol 3) and distilled 
water (as a reagent and column blank) were each taken through the cation- 
exchange procedure de,ebed above. During the elution of creatinine with 
sodium acetate solution .(0.5 mole/l), fractions (0.5 ml) were collected and 
analysed .using the Jaffe. reagents as follows; Portions (0.2 ml) were added 
to sodium hydroxide solution (1.0 ml); pick acid solution (0.2 ml) was 
then added, and the reaction mixtures incubated at room temperature for 
30 min. The absorbances of the test solutions were measured at 490 nm against 
the column blank. 

The. elution of creatinine with ammonium acetate solutions ranging in 
concentration from 0.1 to 0.5 mole/l was also investigated. The Jaffe reac- 
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tion could not be used in this instance- because of interference from-ammo- 
nium ions; consequently cix&inine was monitored in portions. (0.5 ml) of 
the ammonium acetate ehmtes (diluted to 3.0 ml with water) by direct mea- 
surement of absorbance -at 235 nm (the absorption maximum -of- creatinine 
at pH 7.0) against an appropriate blank. 

Recouery experiments 
‘I%e recov& of creatinine which had been added to a control serum, a 

pooled patients’ serum-ultrafiltered serum, or urine (diluted 50 fold) was 
determined by diluting portions of each of these specimens (a) with an equal 
volume of a standard solution of creatinine (0.885 mmole/l) and (b) with an 
equal volume of water. Cm&nine was then isolated from the samples by the 
ion-exchange procedure, and measured by the Jaffe reaction which was carried 
out as follows. A portion of each eluate (1.0 ml) was added to sodium hydro- 
xide solution (1.5 moles/l, 1.0 ml) followed by picric acid solution (0.5 ml), 
the procedure was calibrated by treated creatinine standards similarly, with 
absorbance measurements made at 490 nm against a blank as before. The 
recoveries were estimated from the results so obtained. 

High-performance liquid chromatogmphy .: 
The separation was carried out on a reversed-phase column (30 cm X 4 mm 

I.D.) consisting of a monomolecular layer of octadecyltrichlorosilane chem- 
ically bonded to 10 pm silica (PBondapak C&s, Waters Assoc., Milford, Mass., 
U.S.A.). Ammonium acetate solution (0.01 mol/l) was used as the mobile 
phase and elution was at 1 ml/m& witi a pressure drop of 1000 p_s.i_ 

For the isolation of serum and urinary creatinine, the specimens were 
pre-purified by the ion-exchange procedure described above. The eluate (3 ml) 
was then evaporated to dryness with a rotary evaporator. The residue was 
redissolved in 100 ~1 of ammonium acetate solution (0.01 mole/l) and 50 ~1 
of the solution were injected into the chromatograph. 

The peak corresponding to creatinine was collected and the solvent evap- 
orated off as before. 

Preparation and gas chromatogmphy of O-tiifluoroacety&zatinine 
The creatinine obtained by HPLC was treated with 100 ~1 of trifluoroacetic 

anhydride (TFAA) and heated for 5 min at 60”. After cooling, 2 ~1 of the 
clear solution were injected into the gas chromatograph. The column used 
(3.25 X : 2.5 mm I.D.) was packed with 3% OV-210 on Chromosorb W, SO- 
190 mesh. The injector and oven temperatures were set at 200° and 130”; 
respectively. 

This compound could be isolated as an oil by heating creatinine with TFAA 
and subsequent removal of excess TFAA and the trifluoroacetic acid formed 
with a rotary evaporator. . 

_ 

Preparation of creatinine trifluoroacetate. 
Creatinine (1 mg) was dissolved in trifluoroacetic acid (2 ml), and. &ethyl 

ether (5. ml) was added slowly ‘with stirring until no more crystals were formed. 
. 
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The c~‘&fds were filtered, wash& with diethyl ether and recrysM from 
choloroform-methanol (nip. 155-156”): 

-_ 
Infmred specmop$- . . 

The .sp&trmn of O-trifluoroacetykreatinine -was recorded as a thin film, 
and those of creatinine and creatinine trinuoroacetak as Nujol mulls. Po- 

_+wn bromide prisms were used &rou@~out. -. 

Mass specfrometry~ 
-The mass spectrum of O-trifluoroacety~~~ylcreatinine was measured by in- 

jecthg a sample in trifluoroacetic anhydride on to a gas chrom2tographic 
cohunn (3.25 X. 2.5 E.D.) packed with Chromosorb W, 80-100 mesh coated 
with 3% OTT-210 coupled to the mass spectrometer. The source temperakure 
was200”. 

R.ESUL&_ AND DISCUSSION 

Xsol~ti~n Of creatinine by ion-exchange chromatography 
When serum samples were applied to the cation-exchange columns in the 

manner described, only 0.1% of the protein present in the sample adsorbed 
to the column. Furthermore, as indicated by the elution profiles in Fig. 1, 
90% .of this adsorbed protein was ehited in the water wash. Consequently the 
final eIUate, containing &he desorbed creatinine, contained only 0.01% of the 
protein originally applied to the column. 

As. shown in Fig. 2, creatinine which had been adsorbed to the column. 
from serum or aqueous solutions of creatinine was eluted (99 t 1%) with 

L 
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Fig.1. EIution of protein from cationexchange column. -, protein in sodium acetate 
ehate; - - - -, protein elution dtqing w_&er. wash. _ 

Fig.2.. Eh~on of creatiniqe from c&ion-eXchange~ column. -, con&d serum; - - - -, cre- 
atinines+dard, ._ 



2.5 -mI of sodium acetate sol$ion (0.1 .mol/l)..Similar results were obtained 
when ammo&m acetate (0.1 mol/l) wasused ss the eluent. 

Recoveries of creatinine which had been added ko a control serum, a pooled 
patients’ serum, ultrafiltered serum and urine (diluted 50 -fold) when-isolated 
by the ~cationexchsnge procedure and. assayed .by the Jaffe reaction, were 
found to be 99,98,100 and 99%,respectively. 

-These results indicate that the isolation procedure was quantititie. It 
was considered that no significant advantage would be gamed by includiug 
an ultrafiltration step 1141 prior to the ion-exchange procedure since -the 
small amount of protein remaining in the final eluate did not interfere with 
the subsequent HPLC isolation. 

Ammonium acetate or sodium acetate eluents were selected for this study 
since it was considered that the strongly alkaline nature of the eluting buffers 
used by previous workers ]7,8] could conceivably hydrolyse creatinine to 
creatine. Ammonium acetate is favoured as the eluent in the primary isola- 
tion procedure as this solvent proved to he satisfactory for. further purifica- 
tion of the isolated creatinine by HPLC. 

High-performance liquid chknatogmphy 
A mimbei of solvent systems were tested before 0.0; M ammoniim~ acetate 

solution was finally selected as the one most suitable for the separation of 
cm&nine from biological fluids. For example, reversed-phase chromatography 
on a MBondapak C18 column with 0.005 M formic acid-methanol (25:l; v/v) 
and ion-pair’ chromatography with 10%. methanol in PI&-B? (containing 
1-heptariesulphonic acid buffered at pH 3.5, Waters Assoc.) both gave excel- 
lent separation of synthetic creatimne standard. Unfortunately these systems 
proved to be unsuitable for the analysis of serum creatinine due to interfering 
substances from serum. .-Reversed-phase chromatography with ammonium 
acetate solution as the mobile phase effectively resolved creatinine fkom the 
interfering substances present in serum and in urine which had been observed 
with the other solvent systems. The concentration of the ammonium acetate 
solution seemed *to have little influence on the retention of creatinine; thus 
0.05 and 0.01 M solution gave vhtually the same retention times, i.e. 7.5 min. 
It is clearly advantageous if the retention time does not vary much with slight 
changes in solvent concentration, since highly reproducible results can then 
be expected. This was shown by the. analysis of over 50 serum specimens for 
creatinine without any alteration of retention time. Figs. 3 and 4 show typicel 
separations of serum and urinary creatinine, respectively; it is apparent from 
the chromatograms that urine samples generally contained fewer interfering 
compounds. 

The sensitivity of the UV detector allowed easJT detection of 10 ng of cre 
atinine at 0.005 a.u.f.s.- without baseline d&t. It was therefore possible to 
detect the creatinine present in 100 ~1 samples of normal serum. 

Preparation and characterization of O-trifluometylcreatinine 
Since creatinine can exist in the en01 form (Fig. 5), acylation of the mol- 

ecule k possible. The- required derivative was simply prepared by reacting 
creatinine with hot TFAA. The product, O-trifhroroaceIyicreatinine,- .was 
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creatinine 9 

creatinine - 

3b is 2b 15 10 i b 15 
I 

16 5 0 
minutes minutes 

Pig.3. EIPLC separation of serum aeatkiue. 

Fiq.4. HPLC separation of luinixy aeatinine. 

Fig.5 0-Trifluoroacylation of creatinine. 

characterized by infrared (IR) spectroscopy and gas chromatography-mass 
spectrometry with the following results: in tie IX spectta, the carbonyl ab- 
sorption of creatinine at 1670 cm-’ was shifted to higher frequency at 1775 
cm-’ indicating 0-acylation (Fig. 6); gas chromatography on 3% OV-210 
gave a single peak which, when monitored wih the mass spectrometer, gave a 
molecuku ion at MT = 209 confirming &rifluoroacylation. Peaks at m/e. = 
140 (W - CFB) and m/e - 112 (W - COCF, ) were also consistent with 
trifh2oroacylation (Fig, 7). As expected &om the occurrence ,of fluorine in 
only one isotopic form, it was .&isfacto~ to find that the mass -spectxum 
contained no -peaks whidr might cause difficulties in isotope dilution work 
using CzsNS ] creatinine. 

Further trif[uoroacylation of the derivative was not observed. This is to be 
expected since after 04rifluoroacylation, hydrogen. bonding of a fluorine 
atom of the seqoqdary: -amine group of the molecule is possible (Fig. 8) and 
this effectively pretenti.further substitution. _+atinine isola$d from serum 
and urine samples by HZ%6 gave the same derivative when treated with TFAA, 
so confirming the identity and homogeneity of the isolated compound. 

O-TrifIuoroacetylcre&nine was found to be stable if kept &ee +rn mois- 
ture, and wss much more easily handled then tris@hnethylsilyl)creatinine. In 
a.5 P re&ence of rngw, as in ‘Wet” fxganic solvents, ecA+Erless n&ed!les _ 
l;lbwQi’ cwsm oi.6 solutions of O4rif!uoro8c&ylcre&.nin& In the IR 
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spectrum of the crystalline product (Fig. 6), the carbonyl absorption of cre- 
atinine was shifted to 1716 cm-’ ; another carbony peak at 1775 CIII-~ could 
be assigned to Muoroacetic acid, since a broad hydroxyl absqption in the 
3000 cm-’ region was typical of an acid. The structure of this product was 
therefore considered to be that of creatinine trifluoroacetate. ‘Fhis was con 
firmed. by its conversion black to 0-trifluoroaeeQ&xeatinine by heating with 
TFAA and by the preparation of an identical substzuxe on reacting pure 
creatinine with trifhroroacetic acid. 

CONCLUSIONS 

The objectives of this work were to develop an efficient method for the 
separation .and purification of creatinine fram biological fluids and a prac- 
ticab~e means of derivatizing creatinine so that it could be characterized by 
gas chromatography~ass spectrometry. Both of these objectives have been 
realized, so wlat a definitive method of assay of creatinine in biological fluids 
is now feasible. 

Successive cation-change chromatography and reversed-phase HPLC 
with UV detection offers a rapid (30 mm) &an-up pro&dure suitable for 
both serum and urine. The sensitivity (detection limit 5 ng) is such that a 
IOO-~1 sample of normal serum, can be processed satisfactory. O+ifluoro- 
acetylcreatinine is readily prepared and eas2y characterized by gas chroma- 
tography--mass spectrometry. 

The speed and simplicity of the purification procedure suggest that by the 
addition of internal standard to the original specimen it would be possible 
to develop a reference method of assay of creatinine. 

ACKNOWLEDGEBSENTS 

We are grateful to Mr. M.J. Madigan for performing the mass spectrometry 
and to Dr. A.M. Lawson for helpful discussions. 

REFERENCES 

M. J&f&, Hopp&eyIer’s 2. Physiol. Chem., 10 (1886) 391. 
J.GJX Cook, Ann. Clin. Biochem., 12 (1975) 219. 
E.McEvoy-Bowe,Anai. Biochem., 16(1966)153. 
W.&Adams, F_W_DawisandLE_Hawen,ArzaLBiochem..34(1962)854. 
L_ Sac?ilek,ClkChim.Acta,l2(1965)436. 
R.A.RockerbieandK.L.Ramussen,CLin.Chim.Acta,15(1967)475. 
A_C.Teger-Niin, sCand.J; CXi.n.Lab.ktvest_, 13(1961)326. 
R.J. Mitcheli. Clin. C&em., 19 (1973) 408. 
krternationalFederationofClinicalChemistryCommitteeonStandards,EgpertP~el 
on Nomenclature and Principles of Quality Control in CLEnid chemistry, Ch. c=him. 
&ta., 73(1975)F25. 

10 J9.Calf,G.N.Bo~e~Jr.andD.S.Young,Clin. Chem., 19(1973)1208. 
11 J.F. Pickup,Ann.Clin.Eiochem.,13(1976)306. 
12 A.A~A.kmailand'.F.A.Dakin, J.Cb.romatogr., 110(1975)182. 
13 A.M.Lawson.Ann.CBn.Bioehem., 12(1975)51. 
14 S.R.J~~on,Z.KLin.Chem.RLin.Biochem., 12(1974)569. 


