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Abstract

Ketosteril is an enteral medicinal product indicated for prevention and therapy in chronic renal insufficiency in connection
with a low protein diet. Tablets of Ketosteril contain five essential amino acids like: Lys, His, Thr, Trp, Tyr and another five
amino acids in the form of their hydroxy and keto analogues as calcium salts, that are:a-ketoleucine,a-ketoisoleucine,
a-ketovaline,a-ketophenylalanine anda-hydroxymethionine. The composition of Ketosteril tablets is routinely tested with
three LC methods. Capillary electrophoretic method seems to be a good alternative for amino acids and their analogues
determination in multicomponent pharmaceuticals because of short analysis time and the possibility to assay all components
during a single run without any pretreatment. Electrophoresis was performed in 50mm I.D. fused-silica capillaries with
65 cm distance to the detector. Capillaries were installed in Waters Quanta 4000 electrophoretic equipment with a positive
power supply and on-line UV detection at 214 nm. Separations were done in a buffer containing 40 mM Tris and 160 mM
boric acid titrated with NaOH to pH 10. The method developed allows the separation of all investigated analytes with an
efficiency of n5230 000 and 20 min analysis time. The method was applied for determination of all components of
Ketosteril in commercial tablets.
   2003 Elsevier Science B.V. All rights reserved.
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1 . Introduction tablets contain five essential amino acids, namely
lysine (Lys), histidine (His), threonine (Thr),

Ketosteril (Fresenius, Germany) is an enteral tryptophan (Trp), tyrosine (Tyr) in the ratio of the
medicinal product indicated for the prevention and potato–egg pattern and another five amino acids in
therapy of chronic renal failure to be used in the form of calcium salts of their hydroxy and keto
connection with a low protein diet [1]. Ketosteril analogues:a-ketoleucine (k-Leu),a-ketoisoleucine

(k-Ile), a-ketovaline (k-Val),a-ketophenylalanine (k-
Phe) anda-hydroxymethionine (OH-Met) (Table 1).

qPresented at the 13th International Symposium on Capillary Ketoanalogues are a source of nitrogen-free car-
Electroseparation Techniques, Helsinki, 1–4 September 2002.
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Table 1
Composition of Ketosteril tablet

Amino acids Keto and hydroxy analogues (calcium salts)

Lysine (acetate) (Lys) 105 mg a-ketoleucine (k-Leu) 101 mg
Histidine (His) 38 mg a-ketoisoleucine (k-Ile) 67 mg
Threonine (Thr) 53 mg a-ketovaline (k-Val) 86 mg
Tryptophan (Trp) 23 mg a-ketophenylalanine (k-Phe) 68 mg
Tyrosine (Tyr) 30 mg a-hydroxymethionine (OH-Met) 55 mg

influence on the progression of uraemic symptoms, tion of chemicals, CE is found to be an alternative of
prevents degradation of the body’s own protein and LC and may be used as a complementary method in
reduces proteinuria [2]. In many cases the adminis- the routine analysis of pharmaceuticals, being espe-
tration of Ketosteril significantly delays the need for cially useful for multicomponent sample analysis
dialysis. Apart from the fact that calcium supple- [12–14]. While CE methods are quite often reported
mentation can improve renal osteodystrophy, it has a for amino acid analysis [15–18], CE applications for
positive clinical effect on renal hyperphosphataemia relevant keto acids have not been found. Moreover,
and secondary hyperthyroidism [3]. in the case of amino acids their determination does

The composition of Ketosteril tablets is routinely not always require derivatisation [18–21].
tested according to the manufacturer’s specification Therefore CE seems to be a good alternative for
(not published) with LC methods as follows: amino acids and their analogues determination in
(i) ion-exchange chromatography in a pH gradient multicomponent pharmaceuticals. The purpose of

elution with postcolumn ninhydrin derivatisation this study was to develop a single-step CE method
using an amino acid analyser for amino acid that can be applied to the quality control of Ketos-
determination excluding tryptophan (120 min teril instead of three LC methods.
run time);

(ii) isocratic RP-HPLC for tryptophan determination
(12 min run time); 2 . Experimental

(iii)anion-exchange chromatography (HPAEC) for
the assay of keto and hydroxy analogues (40 min 2 .1. Chemicals and samples
run time).

Amino acid determination using ion-exchange Amino acids (L-lysine acetate,L-threonine,L-his-
chromatography on an amino acid analyser is a tidine,L-tryptophan, L-tyrosine), a-keto analogues
well-established and commonly employed method (sodium salts) were purchased from Sigma (St.
[4]. Its limitations include the possibility to visualise Louis, MO, USA); tris(hydroxymethyl)-
only the amino acids with a free (not blocked) amino aminomethane (Tris), boric acid,p-aminobenzoic
group, relatively long column conditioning time (up acid (PAB, used as internal standard, I.S.) sodium
to 30 min) and analysis time (up to 2 h). hydroxide (NaOH) and isopropanol (IPA) were

Chromatographic methods for the determination of purchased from Merck (Darmstadt, Germany).a-
amino acids [5–7] and keto analogues [8–11] that Hydroxymethionine calcium salt was obtained from
have been published up to the present, are related to Fresenius (Bad Homburg, Germany). Highly-purified
each group of the analytes separately and they are deionised water was prepared using EASY Pure RF
applied mostly to biological samples. Derivatization deioniser (Barnstead-Thermolyne, Dubuque, IA,
procedures are usually used for improving detec- USA).
tability of analytes. However it can require time The study was conducted on three batches of
consuming steps in sample pretreatment. Ketosteril (Fresenius). Samples were prepared by

The relatively recently developed capillary electro- elution of powdered tablets with water (1 tablet /100
phoresis (CE) offers several advantages over HPLC. ml), a 10-min long sonification in an ultrasound bath
Due to its speed, high efficiency and a low consump- and filtering through a GD/X glass microfiber 0.45
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mm filter (Whatman, Maidstone, UK). Aqueous concentration of the separating buffer are crucial
solutions of standards of amino acids,a-keto and elements to the development of the separation meth-
a-hydroxy analogues were prepared in concentra- od using CE. Due to the acidic properties of keto and
tions analogous to expected in the sample solution. hydroxy analogues a 100-mM borate buffer was

Electrophoretic separations were performed in a selected as the electrolyte. A high concentration of
borate buffer (100 mM boric acid titrated with 4M the separating buffer was chosen to ensure satisfac-
NaOH) and a Tris–borate buffer at various con- tory separation ofa-ketoleucine and a-
centrations and pH values. Tris–borate buffer was ketoisoleucine. This was followed by analysing
prepared as follows: boric acid solution was mixed separation courses at different pH values (8.5–10.3)
with the Tris solution to achieve the final con- (Fig. 1). In subsequent separations, as the separating
centration of each component and then titrated with buffer pH increased, which in turn resulted in
4 M NaOH to reach the desired pH. increasing negative net charge of analytes, an in-

creasingly better separation was observed coupled
2 .2. Instrumentation with a concurrent increase of the analysis time. The

beneficial influence of increasing electrolyte pH was
Capillary electrophoresis was developed using especially noticeable in the case of amino acids,

Quanta 4000 (Waters, Milford, MA, USA). Data which being anions in these conditions, display the
were collected with the integration software largest variations in electrophoretic mobility. The
Chromax 2000 (Pollab, Warsaw, Poland) that pro- best separation of the examined substances was
cessed the normalised peak area to compensate for achieved at pH 10 (Fig. 2). However, due to
minor fluctuations of the migration time. asymmetric and triangle-shaped peaks attempts were

Fused-silica capillaries from Bio-Rad (Hercules, made to modify the buffer composition.
CA, USA), 58 cm (51 cm to detector)375 mm I.D. A 100 mM solution of Tris was used as the
and 72 cm (65 cm to detector)350 mm I.D.) were modifier. Electrophoretic separations of the investi-
used. All the separations connected with the optimi- gated substances were analysed in buffers containing
zation of the method were performed using the 100 mM boric acid and 100 mM Tris in various
58 cm (51 cm to detector)375mm I.D. capillary. For proportions (titrated to pH 10 with NaOH) (Fig. 3).
final separation conditions, method validation and In the separation buffers with a high content of
commercial samples assay, the 72 cm (65 cm to 100 mM Tris (60–90%) analytes displayed a similar,
detector)350 mm I.D. capillary was used. Sepa- very short migration time, the resulting peaks were
rations were performed at 208C with a voltage of strongly tailing, which rendered their identification
415 V/cm (positive polarity). On line UV detection very difficult. Decreasing the content of Tris in the
at 214 nm was performed. separating buffer (from 50 down to 20%) resulted in

The new capillary was treated for 30 min with 1M the elongation of migration times of the investigated
NaOH, 10 min with IPA, and water. Daily con- substances and improved peak symmetry, therefore
ditioning with 0.1 M NaOH was continued for increasing the resolution and efficiency of the sys-
20 min, then 5 min with water and 5 min with a tem. The use of an electrolyte containing 20% of 100
separating buffer. A 2 min purge of background mM Tris solution and 80% of 100 mM boric acid
electrolyte between runs was applied. Analytes were solution proved optimal for the course of the sepa-
introduced into the capillary by 10 s shiphoning ration (Fig. 4).
using 10 cm elevation of the inlet side of capillary. Due to the fact that in these conditions baseline

separation of ketoleucine and ketoisoleucine peaks
was not achieved, the separating buffer concentration

3 . Results and discussion was doubled (200 mM Tris1200 mM boric acid,
20:80, titrated to pH 10 with NaOH). However, due

3 .1. Method development to the high value of the current it was necessary to
employ a capillary with a lower diameter (50mm).

Determining the pH value and the content and In order to improve the resolution the capillary was
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Fig. 1. Effect of pH of buffer on migration of peaks. Conditions: fused-silica capillary 58 cm (51 cm to detector)375 mm I.D., 100 mM
borate buffer, 24 kV, detection at 214 nm. Analytes concentration as in sample solution (see Experimental). 1–Lys; 2–Trp; 3–His; 4–Thr;
5–Tyr; 6–OH-Met; 7–k-Phe; 8–k-Ile; 9–k-Leu; 10–k-Val.

Fig. 2. Resolution ofa-ketoisoleucine (k-Ile) anda-ketoleucine (k-Leu) (left axis) and symmetry factor of k-Val (right axis) as a function of
pH of buffer. Plot shows optimal pH of buffer at 10 where the resolution attained maximum. Peak shape determined by symmetry factor (for
the last migrating peak—k-Val) reaches the highest value at pH 10 indicating the highest efficiency of system. Bars represent efficiency as a
number of theoretical plates (N) calculated for k-Val. Separation conditions as in Fig. 1.
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Fig. 3. Effect of buffer composition on migration of peaks. Conditions: fused-silica capillary 58 cm (51 cm to detector)375 mm I.D., 100
mM boric acid1100 mM Tris (mixtures in various proportions, titrated to pH 10 with NaOH), 24 kV, detection at 214 nm. Analytes
concentration as in sample solution (see Experimental). 1–Lys; 2–Trp; 3–His; 4–Thr; 5–Tyr; 6–OH-Met; 7–k-Phe; 8–k-Ile; 9–k-Leu;
10–k-Val.

elongated to 72 cm, which enabled us to achieve migration time or by spiking with the individual
separation of ketoleucine and ketoisoleucine peaks compounds.
down to the baseline with the resulting resolution
being 1.25. 3 .2. Quantification and assay of commercial

Systematic optimisation of electrophoretic con- tablets
ditions for substances under investigation resulted in
the determination of the separating buffer composi- In order to compensate for injection errors the
tion: a buffer containing 40 mM Tris and 160 mM internal standard method was used to carry out
boric acid titrated with NaOH to pH 10 (Fig. 5). quantifications of compounds under investigation.
Using Tris as a constituent of the separating buffer Signal dependence linearity range relative to the
reduced wall effects that very frequently hinder concentration and the detection limit (LOD) for the
amino acid separation. Selection of buffer composi- individual analytes were determined. Regression
tion also caused the matching buffer ion mobility to analysis of calibration curves showed good linearity
solutes mobility which was important for minimizing in a wide range of concentrations. Results are
peak shape distortions. Due to stacking phenomena, presented in Table 2.
the high electrolyte concentration ensured narrow Validation of method was completed by checking
peaks of analytes and enabled baseline separation of precision and repeatability. Results are listed in
ketoleucine and ketoisoleucine peaks. The efficiency Table 3.
of the system was estimated by counting the average Determination of investigated components in se-
number of theoretical plates, which amounted to lected batches of Ketosteril was performed. The
230 000. content of individual substances was determined for

The method was applied for identification com- each compound by comparing the normalised peak
ponents of Ketosteril by either comparing relative area with the standard curve. Results of CE assays
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Fig. 4. Resolution ofa-ketoisoleucine (k-Ile) anda-ketoleucine (k-Leu) (left axis) and symmetry factor of k-Val (right axis) as a function of
buffer composition. Plot shows optimal buffer content as 20% Tris and 80% boric acid (pH 10) where the resolution attained maximum.
Symmetry factor of k-Val is 1.008 for the same buffer composition. Bars represent efficiency as a number of theoretical plates (N) calculated
for the last migrating peak—k-Val. Separation conditions as in Fig. 3.

Fig. 5. Final separation conditions: fused-silica capillary 72 cm (65 cm to detector)350 mm I.D., buffer: 40 mM Tris and 160 mM boric
acid, titrated to pH 10.0 with NaOH, 30 kV, 95mA, detection at 214 nm. Analytes concentration as in sample solution (see Experimental).
I.S. p-Aminobenzoic acid.
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Table 2 4 . Conclusions
Detection limits and linearity for all components under inves-
tigation

The method described in this study enables a
Component LOD Linearity Correlation N simultaneous analysis of amino acids and their keto

(mg/ml) range coefficient and hydroxy analogues in Ketosteril tablets. Sepa-2(mg/ml) (R )
rations were performed in a buffer containing 40 mM

Lys 50 100–1100 0.9823 5 Tris and 160 mM boric acid titrated with NaOH to
His 15 30–4000 0.9956 9 pH 10. The resolution of the closest peaks,a-
Thr 80 150–5 800 0.9969 7

ketoleucine anda-ketoisoleucine is 1.25. All com-Trp 5 10–3600 0.9978 10
ponents of Ketosteril are well separated with theTyr 2 5–2100 0.9995 10

k-Leu 20 40–3400 0.9995 6 efficiency ofN 5230 000 and 20 min analysis time.
k-Ile 20 40–3300 0.9996 6 Optimised separation conditions were applied for
k-Val 20 40–3800 0.9994 6 identification and also for quantification of all active
k-Phe 15 30–4100 0.9993 7

ingredients. The method can be routinely used forOH-Met 20 40–3600 0.9994 6
quality control of Ketosteril.

N5number of points for calibration curves.

Table 3
R eferencesPrecision and repeatability of the method (n 5 5)

Component Precision, RSD (%) Repeatability, RSD (%)
[1] M. Wasler, Am. J. Clin. Nutr. 49 (1989) 17.

Lys 0.56 2.19 [2] G. Barsotti, A. Guiducci, F. Ciardella, S. Giovannetti,
His 0.48 1.64 Nephron 27 (1981) 113.
Thr 0.71 3.49 [3] F. Ciardella, E. Morelli, F. Niosi, R. Caprioli, R. Baldi, A.
Trp 0.57 1.88 Cupisti, G. Petronio, C. Carbone, G. Barsotti, Nephron 42
Tyr 0.71 1.58 (1986) 196.
k-Leu 0.97 2.50 [4] D.H. Spackman, W.H. Steine, S. Moore, Anal. Chem. 30
k-Ile 0.91 1.84 (1958) 1190.
k-Val 1.16 2.36 [5] I. Fermo, E. De Vecchi, L. Diomede, R. Paroni, J. Chroma-
k-Phe 0.72 1.57 togr. 534 (1990) 23.
OH-Met 0.97 2.48 [6] B. Casetta, D. Tagliacozzi, B. Shushan, G. Federici, Clin.

Chem. Lab. Med. 38 (2000) 391.
[7] Y.V. Tcherkas, L.A. Kartsova, I.N. Krasnova, J. Chromatogr.

A 913 (2001) 303.were compared to ones obtained with routine ana-
[8] Z.J. Wang, K. Zaitsu, Y. Ohkura, J. Chromatogr. 430 (1988)

lytical methods (amino acid analyser, RP-HPLC, 223.
HPAEC) which were found in the manufacturer’s [9] H. Tsuchiya, M. Sato, K. Yamamoto, M. Yamauchi, H. Tani,
batch release certificates. Table 4 shows the results I. Namikawa, N. Takagi, J. Appl. Bacteriol. 69 (1990) 125.

[10] G. Garibotto, P. Ancarani, R. Russo, M.R. Sala, F. Fiorini, E.of CE assays as an average of two independent tests
Paoletti, J. Chromatogr. 572 (1991) 11.for each batch, presented as a percentage of certifi-

[11] K. Pailla, F. Blonde-Cynober, C. Aussel, J.P. De Bandt, L.
cate data. It was found that the results obtained using Cynober, Clin. Chem. 46 (2000) 848.
CE are comparable to ones obtained using LC [12] M.J. Hilhorst, G.W. Somsen, G.J. de Jong, J. Pharm. Biomed.
methods. Anal. 16 (1998) 1251.

Table 4
The results of CE assays as an average of two independent tests for each batch, presented as a percentage of data originated from
manufacturer’s batch release certificate

Batch Lys His Thr Trp Tyr k-Leu k-Ile k-Val k-Phe OH-Met
tested

1 101.4 94.9 96.2 93.6 95.5 107.0 109.0 106.5 89.7 88.7
2 97.2 93.9 98.1 97.9 96.8 103.0 102.6 103.7 98.9 104.4
3 103.6 100.0 106.7 105.8 102.8 100.1 107.9 103.9 105.2 98.4
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(1999) 1063. togr. B 772 (2002) 19.
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¨C.N. Carducci, J. Pharm. Biomed. Anal. 23 (2000) 375. [20] H. Wan, P.E. Andersson, A. Engstrom, L.G. Blomberg, J.

[15] K.C. Chan, G.M. Janini, G.M. Muschik, H.J. Issaq, J. Chromatogr. A 704 (1995) 179.
´Chromatogr. A 653 (1993) 93. [21] M. Jaworska, G. Szulinska, M. Wilk, J. Tautt, J. Chromatogr.

[16] S. Hu, P.C.H. Li, J. Chromatogr. A 876 (2000) 183. A 853 (1999) 479.
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