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Abstract

A micellar electrokinetic chromatography (MEKC) method was developed for the determination of nateglinide in animal plasma by
on-line sweeping technique, in which plasma samples were simply deproteinized with acetonitrile, and analyzed with 16 mmBily NaH
+ 6 mmol/L N&B4O; + 60 mmol/L sodium dodecyl sulfate (SDS) (pH 7.14) as the running buffer, a fused-silica capillary as the separation
tube, 21 kV as the running voltage and UV detection at 214 nm. Under these conditions, more than 100-fold enrichment of nateglinide was
obtained with the good linear relation in the range of nateglinide plasma concentration 0.2—Rsgl. 998). The method could be applied
successfully to determine trace drugs in clinical analysis.
© 2004 Published by Elsevier B.V.
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1. Introduction not matter whether the sample matrix has a higher, similar, or
lower conductivity compared to the background solution. In
Micellar electrokinetic chromatography (MEKC), one of  theory, it provides for almost unlimited detection sensitivity
the most widely used CE modes, provides the possibility for analytes that have high affinities toward the pseudosta-
of separating neutral as well as charged compounds in onetjonary phase. 5000-fold improvements have been reported
single run. But just like other modes of CE, MEKC is ham- [11,12] which is greater than any other reported technique.
pered by the low concentration sensitivity associated with  About 20-30 years ago, the determination of plasma lev-
the limited optical path-length for on-capillary photomet- e|s was performed by a microbiological methd®], how-
ric detection and the minute volume of sample solution that ever, this method was time-consuming and was affected by
can be injected. So it is difficult to run trace analysis. In or- the presence of other antibiotics. Later, high-performance
der to improve the concentration detection limits of MEKC, liquid chromatographic technology was the main method for
many methods such as off-line sample concentration (€.9.determining drugs concentration in blood, which improved

solid-phase extraction and liquid-liquid extracti¢h], in- some of the problems such as the time needed, the accu-
creasing the path-length for photometric dete¢®4], us-  racy and the sensitivity of the detecti¢h4—18] Because

ing high sensitivity detectd5,6] and on-line concentration  piofluid samples contain large amounts of proteins, it can
[7-10] have been used. generate interfering peaks and lead to disadvantageous ma-

On-line sweeping is one of the on-line sample concen- trix effects. So the sample preparing process of these meth-
tration technique which is defined as a phenomenon whereods was considered very complicating and time-consuming.
the analyze are picked up and concentrated by the pseuif the sample preparing process is not suitable, HPLC often
dostationary phase that enters the sample zone containingssociated with peak tailing, low efficiency and the station-
no pseudostationary phase in MEKC. It occurs when the ary phase can be fouled by irreversible sorption of matrix
sample matrix is void of a charged carrier phase and it doesconstituents. Compared with HPLC, CE is a promising tech-

nigue for clinical analysis because of its excellent separation
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2.2. Reagents and solutions

H #
Hy ﬁ N Nateglinide was provided by Jiheng Pharmaceutical
C)_«;_... C—NM —OH Group, Hebei Province, China. Sodium dodecyl sulfate
h <:>— (SDS) was purchased from Beijing Zhongxi Chemical Fac-
S o tory, China. HPLC grade acetonitrile was obtained from
Fig. 1. Chemical structure of nateglinide. Merck (Germany). Phosphate and borate were purchased

. o from Tianjin Chemical Reagent Factory (analytical grade;
is exchanged by rinsing procedures after each run. HOW-japiin - China). The other chemical reagents are all of

ever, MEKC methods often exhibit detection limits that are 5,5 tical grade. The concentration of nateglinide stock so-

at least one order of magnitude poorer than those of corre-| o was 1.0 g/L. All buffers and solutions were prepared
sponding HPLC methods. with double deionized water (Milli-Q, Millipore).
Nateglinide [N(trans-4-isopropylcyclohexylcarbonyb}- All of the backgrounds (BGS) were prepared by mixing

phenylalanine] is a novel oral mealtime quco;e regulator, ik solutions of 200 mM SDS, 200 mM sodium phosphate,
and was approved for the treatment of type Il diabetes mel- 159 mp sodium borate with double deionized water and

litus [24,25] recently (the chemical structure of nateglinide e req through 0.4%m filters (Ruili Separation Instrument
was shown inFig. 1). Nateglinide can increase the in- Factory, Shanghai, China) prior to use.

sulin release from pancreati:cells through inhibition of
potassium-ATP channel26] after oral administration. It 53 procedures
can be rapidly absorbed and peak plasma concentrations

are reached after 0.5-1.q2i7]. The elimination of the sub- Freshly installed capillaries were rinsed with 0.1 mol/L
stance is also fast, with a half-life of approximately 1.4h. ¢,4i,m hydroxide for 30min, followed by methanol
Ono et al.[28] described the estimation of nateglinide and (10 min), double-distilled water (10 min) and running buffer

its main metabolites with column switching HPLC after (15 min) in order to ensure repeatability, the capillary was
solid-phase sample preparation. The method employed &, rged hetween consecutive analysis with 0.1 mol/L sodium
sp_eC|aI columr_1 that was not _commerma_lly available and re- hydroxide (5min), double deionized water (3min) and
quired expensive column swﬁchmg_ equipment. Bauer et al. BGS (3min). These steps were necessary to remove plasma
[29] developed a HPLC method with UV detection for the - qntants from the capillary and to recondition the capillary

analysis of nateglinide in human plasma with relatively ¢ face The run buffer was renewed every morning and
short sample preparing time and analyzing time, but the evening.

problems for HPLC methods can also not be avoided.
In this work, a MEKC method for determination of trace 5 4 Analysis of samples
nateglinide in rabbit plasma samples was established by

on-line sweeping concentration technique. By usingasimple  tha standard solutions were prepared as following: the

sample preparation method, the separation time was shortiy solution of nateglinide were diluted with the drug-free

ened and the detector responsive signal could be improved,agma and then were centrifuged at 3600 rpm for 3 min.
significantly. The proposed method could be applied suc- 1o upper layer serum was mixed with a same volume of

cessfully to determine trace drugs in clinical analysis. acetonitrile. Vortex was mixed for 1 min and centrifuged at
10,000 rpm for 3 min, and then supernatants were used for

2. Experimental analysis.
The blood samples were prepared by drawing blood from
2.1. Apparatus the edge of rabbits’ ears before and after injecting nateglin-

ide. The blood was centrifuged at 3600 rpm for 3 min. Then

The experiment was performed on a Waters Quanta 4000Ethe upper layer serum was mixed with a same volume of
capillary electrophoresis system (Milford, MA, USA) with acetonitrile. Vortex was mixed for 1 min and centrifuged at
a built-in 0-30 kV high voltage power supply, a fixed wave- 10,000 rpm for 3 min, and then supernatants were used for
length UV absorbance detector near the cathode end and analysis.
forced-air cooling system. Uncoated fused-silica capillary
(75pm i.d. total length is 60 cm and the effective length is
52 cm) was purchased from Yongnian Optical Fiber Factory, 3. Results and discussion
Hebei Province, China. The UV detection wavelength was
set at 214 nm. The temperature remained constant@25 3.1. Effects of buffer solution
Samples were introduced to the capillary by using gravity in-
jection and the injection height was 12 cm. Data processing In our experiment, the effects of acetate, tris, phosphate
was carried out with a CKChrom chromatography data sys- and borate as the running buffer were investigated. The
tem. The sensitivity of the detector was set at 0.005 AUFS. results showed that the height of nateglinide peak and
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3.3. Effect of the injection time
18000 - —
16000 4 / \'\ In the experiment, when the buffer solution (60 mmol/
E i LSDS + 16 mmol/L NakhPO; + 6 mmol/L NaB4O7, pH
2 140007 4 3 7.14) and the other conditions were maintained unchanged,
2 120004 the effect of different injection times on the enrichment
= of peaks was investigated in the range from 1 to 300s. It
10000 * \ was shown that the height of nateglinide peak increased
with the increase of injection time. When the injection time
8000 4 5 6 7 8 9 10 11 was 300s, about 260-fold concentration of the height of
pH nateglinide peak could be obtained. However, separation

S  back 4 buft \ution bH on th o fold of the sample peaks with other impurit.ie.s d_ecregsed and

it ect of background bufier solution pH on the concentration fold. -y g5 mnje peak cluttered when the injection time was

xperimental conditions: applied voltage 21kV, 60 cméirs; effective L .

length 52 cm; UV detection wavelength 214 nm. too long. When the injection time was 120s, more than
100-fold concentration of the nateglinide could be obtained
and separated completely with interference peaks. So we

resolution of nateglinide with interferences were better chose 120s as the injection time.

with the mixture of borate and phosphate as the running

buffer. When the concentration of SDS (40 mmol/L) and 3.4. Effect of applied voltage

the total concentrations of borate and phosphate were kept

unchanged, different buffer pH values ranging from 4.0 to  As demonstrated by many other authors, the applied volt-

10.50 were also tested. The results were showRidgn 2 age is also an important factor affecting EOF as well as

FromFig. 2|t Cou|d be seen that When the pH Value Changed Separation effiCiency and resolution in CE analySiS. In our

from 4.0 to 7.14, the height of the nateglinide peak became experiment, different voltages from 10 to 23kV had been

higher and the resolution became better. One reason may2Pplied to find an optimum value. It was observed in the

be that the change of running buffer pH influenced the experiment that the height of peaks and the resolution in-

interaction of nateglinide molecule to its surrounding and creased with the increase in voltage and reached a maxi-

it affected the UV sensitivity of nateglinide. On the other Mum value at about 21kV. After that, with the increase of

part, with the increase of buffer pH, the theoretical plate the Volta.ge, the resolution decreased. So 21 kV was used in

number of the peak increased, which made the width of the following experiments.

nateglinide peak become narrower and height of nateglinide )

peak higher. When the pH value was above 7.14, the height3->: Sample preparation

of the nateglinide peak began to decrease, the current was The biological samples contain protein and other in-

high and mor le heat was pr . It was not fa- N .
too high and more Joule heat was produced. It was not fa terference substances, which interfere in the process of

vorable to separation and determination. So we chose 7.14 . ; . .
. ) separation and detection. In this work, different sample pre-
as the optimum pH value of the buffer solution.

treatment, including protein precipitation with trichloroactic
) acid, tungstenic acid, methanol and acetonitrile were inves-
3.2. Effect of SDS concentration tigated, respectively. The results showed that the deposition
S efficiency of protein with trichloroactic acid, tungstenic
When the injection time was kept as 200s and the other 5¢iq and methanol was low. The electropherogram was in
experiment conditions were the same as above, the concenpell-mell and the peak of nateglinide was not easy to spot
trations of SDS were investigated with the range from 10 10 59 quantitatively analyzed. All these make against the de-
100 mmol/L. The experiment showed that nateglinide and tection of trace drugs in blood. However, it was found that
other interferences could not be separated by ordinary CZEe deposition efficiency of protein with acetonitrile was
mode. The reason may be that these compounds have simigagisfactory. After the sample was treated by acetonitrile,

lar velocity. When 20 mmol/L SDS was added as the micel- the matrix peaks nearly disappeared; the peak of sample
lar phase in the buffer solution, the separation of nateglinide

and other interferences was improved. From the experiment,Table 1
it was seen that the effect of enrichment increased with the Recovery and relative standard deviation

increase of SDS concentration. But when SDS concentra- content Added Found Recover %R.S.D
tion was above 60 mmol/L, the current was too high to run (mg/L) (mglL) (mglL) (%) (n=3)
the separations and much Joule heat was produced, which og 0.70 1.72 90.0 3.72
resulted in bubbles (the bubbles were observed by spikes1.07 1.05 2.04 92.4 2.89
in the electropherogram) in the buffer and also an unstablei-;(l) (1)-38 2-32 gi-i i-gg
baseline. The optimum SDS concentration for this system is 123 150 papas 960 Lol

thus, about 60 mmol/L.
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was symmetric and there were no other interferences. Sostandards were pretreateSlection 2.4 and then, measured

acetonitrile was chosen in this work. by MEKC. The concentration with which signal-to-noise
ratio was detected as 3:1 was determined to be the mini-
3.6. The linearity and detection limit mum limit of detection. The test data showed that the good

linear relation was obtained in the range of 0.2—7 mdaL (

Plasma standards of 0.2, 0.5, 1.0, 2.0, 5.0 and 7.0mg/L= 0.998). The linear regression equation was- 131.42
were prepared by diluting the standard nateglinide solu- + 6927.3&. (In the equationY was the height of nateglin-
tions of various concentrations with blank plasma. These ide peak (mV) andX was the concentration of the

0.016 0.016
0.012 0.012
Y 0.008 0.008 Y
|° o
I 0.004 0.004 :
S
S
0.000 0.000
-0.004 -0.004
-0.008 -0.008
0 5 10
(A) min
1
0.016 0.016
0.012 0.012
Y 0.008 0.008 Y
:) o
| 0.004 0.004 :
s s
0.000 0.000
-0.004 -0.004
-0.008 -0.008
0 5 10
(B) min
0.016 . 0.016
0.012 0.012
0.008 0.008
\% Y
[e] o
| 0.004 0.004 |
I I
S 0.000 0.000 s
-0.004 -0.004
-0.008 -0.008
0 5 10
(C) min

Fig. 3. Electropherogram of nateglinide in plasma: (A) blank plasma sample; (B) quality control standard (0.5mg/L); (C) plasma sample 4.0h post
administration of 5 mg nateglinide (peak 1, nateglinide). Experimental conditions: buffer solution (16 mmoBP®ai 6 mmol/L NaB4O7 + 60 mmol/L
SDS, pH 7.14); applied voltage 21 kV, 60 cmjIf; effective length 52 cm; UV detection wavelength 214 nm.
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Table 2 54
Intra- and inter-assay accuracy and precision results for nateglinide
Nominal Observed Accuracy Precision (%R.S.D) .
concentration concentration (%DEV) (n=7) 4T
ng/mL, ng/mL -
(ng/mL) (ng/mL) Inter-assay  Intra-asay -

(o))

3

0.45 0.43 4.44 5.87 8.06 £
1.10 1.07 2.73 291 4.73 o "
1.85 1.72 7.03 4.62 7.56 8 )

= 1=

@

g
nateglinide (mg/L).) The minimum limit of detection was 3 1
0.05mg/L. .\

| .-
.\
. L]
3.7. Recovery of the nateglinide ———
0 100 200 300 400 500 600

Recoveries were determined by the standard addition Ymin

method. The plasmas that contained nateglinide were di-Fig. 4. Plasma concentration-time curve of nateglinide. Experimental
vided into ten units, five of which were analyzed directly conditions: buffer solution (16 mmol/L Nat*Qy + 6 mmol/L N&B4O7
according to the procedure as detailedSiection 2.4 The + 60mmol/L SDS, pH 7.14); applied voltage 21kV, 60 cmjif8; effec-
others were added into some nateglinide standards exactlyVe '8"9th 52cm; UV detection wavelength 214 nm.

and analyzed at the same conditions. All samples were
processed and analyzed by MEKC as described above.

Recovery was calculated by comparing the corrected peak . . N
y y parnng P biotransformation resulting in hydroxylated and carboxy-

areas of the samples with the corrected peak areas of thq ted derivatives. Certain metabolit ) b il 0
control samples, providing the 100% values. The results ated derivatives. terta etabolites are subsequently co

i iTable 1 J_ugated with glucuronic acid or hepatic cytochrome P450
were listed inTable isoenzymes such as CYP2C9 and CYP32d].

concentrations were reached after 40-50 min, with a half-life
of approximately 85 min. Nateglinide undergoes extensive

3.8. Intra- and inter-assay accuracy and precision

The intra- and inter-asay accuracy and precision of the 4. Conclusions

assay were determined by assaying the samples (0.45, 1.10
1.85ng/mL) in seven replicates in three different days. The
results of the quality control samples at three different con-
centrations of nateglinide were givenTable 2 The data in
Table 2showed that the intra- and inter-asay precision val-
ues (%R.S.D) at the various concentrations for nateglinide
were <8.06%. The accuracy (percentage deviation, %DEV)
for all three concentrations deviated ky’.03% from the
corresponding nominal concentration.

' In this work, a method of determination trace nateglin-
ide in plasma was established by the micellar electrokinetic
chromatography on-line sweeping technique. The results ob-
tained above showed that on-line sweeping technique was
a good sample concentration approach. It's a fast, effective,
and easy way to concentrate neutral and anionic substances
inside the capillary. The detector responsive signal can be
improved significantly. On-line sweeping method makes it
better for capillary electrophoresis to analysis trace compo-

3.9. Application to biological les nents such as trace drugs in blood, urine, etc.
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