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Abstract

A rapid, easy and reproducible capillary electrophoresis (CE) method for the simultaneous determination of allantoin, choline and arginine
in Rhizoma Dioscoreae was developed first time. Under the optimum condition, the three analytes could be well separated within 5min in a
70 cm (60 cm effective lengthy 75wm i.d. capillary. The relative standard deviations for both migration time and peak height were less than
3.20%. The linear response range was 5.0-150, 0.9-100 and 1,@g#0Dfor arginine, choline and allantoin, respectively. The detection
limit of three components was 2.0, 0.4 and @g/ml for arginine, choline and allantoin, respectively. Contents of arginine, choline and
allantoin in the crude drug of Rhizoma Dioscoreae could be easily determined by the proposed method with satisfactory results.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction So far, only a few literatures have reported the method
for determining the components of Rhizomas Dioscoreae.
Chinese traditional medicine, Rhizoma Dioscoreae, is the Thin-layer chromatography (TLC) and HPLC have been
root of Dioscorea Opposita Thurjb]. It is useful for treat- used to determine allantoin individuall[$—7]. Up to now,
ing the angiocardiopathy, controlling blood pressure and not many methods have been reported for the simultaneous
improving immunity ability and also can be used as an separation and determination of allantoin, choline and argi-
anti-decrepitude toni¢2—4]. Allantoin, choline and argi-  nine in Rhizoma Dioscoreae. Moreover, the application of
nine (the structures of these three compounds are shownTLC was limited by its complex preparation procedure, long
in Fig. 1) are the main bioactive compounds in Rhizoma determination time and poor resolution, and HPLC need con-
Dioscoreae. Pharmacological test showed that allantoin wassuming relatively large amounts of organic solvent, which
effective on treating cancer and ache. The choline can serveis harmful to the environment.
the regulatory function of peripheral and central nervous Capillary electrophoresis (CE), as an important separa-
system.L-Arginine is useful for improving immunity abil-  tion technique, offers the advantages of excellent separation
ity and treating cancer. The bioactive constituents of Chi- efficiency, high resolution, and rapid analysis. In addition,
nese traditional medicine are affected by many factors suchthe amount of sample, solvent consumption and hazardous
as the growing area, the season of picking and the preparwaste solution produced are minimum for a CE method,
ing method. In order to direct the growing of Rhizoma therefore, CE would offer advantages over the TLC and
Dioscoreae and control its quality, a simple and rapid method HPLC method[8,9]. CE has been reported as a powerful
for monitoring the contents of bioactive constituents of Rhi- tool for the drug analysis such as determination of the main
zoma Dioscoreae is required. component, estimation of the impurities, separation of the
chiral etc.[10-13] and it has been also used for analysis of
some Chinese herbal mediciffel—22]
mspondmg author. Fax:86 591 3713866, A new CE mgthod has be_en devgloped for thg separatipn
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CH; buffer (pH 9.25) and diluted to the desired concentration.
H3C—IJ{I/—CH2—CH3 The stock s_olutions were kept g‘t@_, and diluted by running
buffer solution for further application.
CH; The sodium phosphate buffer solution (PBS) used
choline throughout the experiment was prepared daily. The pH

value of PBS was adjusted with diluted NaOH and/or HCI
solutions. Each new capillary should be washed succes-

H
o N sively with 1 mol/l NaOH for 60 min, deionized water for
> 10 min and 0.1 mol/l NaOH for 30 min before using. Before
H,NOCHN IfII the capillary electrophoresis system was used everyday,

) the capillary should be flushed sequentially with deionized
allantoin water for 5min, 0.1 mol/l NaOH for 10 min, and deionized
water for 5min and finally equibrated with background
electrolyte solution (PBS) for 10 min.
HN CO0
A\ / .
>—NH—CH2—CH2—CH2—C\H 2.3. Sample preparation
HoN NH, ) ) )
Rhizoma Dioscoreae samples were dried atG%or 4 h

in an oven and then gently pulverized. An accurate weight
Fig. 1. The structures of arginine, choline and allantoin. (about 5.0 g) of the sample powder was refluxed with 100 ml

of 70% aqueous ethanol for 24 h. After cooling, the mixture

simple, rapid, reliable and efficient method, which has been Was filtered and the residue was washed twice with 10 ml

successfully used for determination of allantoin, choline /0% @queous ethanol. The washing solutions were mixed
and arginine in some Chinese herbal medicine of Rhizoma&nd concentrated to the final volume of about 80 ml under
Dioscoreae purchased from different area. Therefore, the de-vacuum and then diluted to 250 ml with 30 mmol/l phosphate
veloped method is not only a significant way for monitoring Puffer (pH 9.25). The peak identification was performed by a
the quality of the medicine in the market from different area Standard additions method. Moreover, the sample solutions,
but also an excellent alternative method in quality control Standard solutions and running buffers all should be filtered
for the medicine manufacturers. through an injection cellulose acetate filter (Op28) and

ultrasonically degassed before using.

The sample was introduced by 30 mbar pressure for 10s.

2. Experimental The wavelength for UV detection was 200 nm. All experi-

ments were performed at 26.

arginine

2.1. Apparatus

All separations were carried out using a CAPEL 105 3. Results and discussion
Capillary Electrophoresis System (Lumex, Russia) with a
UV detector. Electrophoresis was performed in a 70cm 3.1. Optimization of separation conditions
(60 cm effective lengthx 75um i.d. bare fused-silica cap-
illary (Yongnian Optical Fiber Factory, Yongnian, Heibei The structure of these three analytes suggested that they
Province, China). A PHS-3c pH meter (Leizi Instrumenta- could be determined as ions, so a capillary zone elec-
tion Factory, Shanghai, China) was used for pH measure-trophoresis was selected as the separation mode. In this

ment of the electrolyte. paper, five kinds of buffer solutions, i.e. citric buffer, boric
acid buffer, phosphate buffer, Tris buffer and acetic acid
2.2. Chemicals and reference compounds buffer were used to examine the effect of buffer solution on

separation efficiency. The experiment showed that the best

Choline was obtained from Sigma. Allantoin and arginine sensitivity and resolution could be achieved when sodium
were obtained from Shanghai Chemical Reagent, China.phosphate was used as the running solution, because under
Other chemicals were of analytical reagent grade. Two kinds this condition the Joule heat was lower and the shape of three
of Rhizoma Dioscoreae were used in this experiment, one peaks were better. Therefore, phosphate buffer was chosen
was obtained from a local Chinese traditional medicine store as the background electrolytes in subsequent experiments.
in Shandong, China, and another one was obtained from a
pharmacy in Fuzhou. All water used was doubly distilled 3.2. Effect of electrolyte pH
water.

All the stock solutions of allantoin, choline and arginine It is considered that the pH of the buffer solution is
(1.0 x 10~3mol/l) were prepared in 30 mmol/l phosphate the most important parameter for improving separation
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efficiency. The dependence of the migration time of these 3
three analytes on pH of phosphate buffer was investigated.

The results demonstrated that the migration time of three

compounds was increased with the pH in the range of

6.0-10.0, and arginine was easily separated from choline 1
and allantoin in this pH range. In the pH range of 6.0-8.0, !
choline and allantoin could not be separated completely,
but when pH was higer than 8.0, choline and allantoin
could be separated completely. Therefore, in the range of
pH 8.0-10.0, these three analysts could be separated com-
pletely, pH 9.25 was selected for subsequent experiments. 1

3.3. Effect of phosphate concentration

Because the concentration of buffer would influence the
viscosity coefficient of the running solution, the diffusion

coefficient of analytes and thepotential of the inner sur- W“—M e
face of capillary tube, so it would further affect the reso- : : : : —
lution and migration time of the analyt¢&3]. The effect ! 1 ¥ 4 5

of phosphate buffer (pH 9.25) concentration on migration Time/min

time and separation efficiency has been ex".’lmmed' The re'Fig. 2. Electropherogram of the standard mixtural solution. Analytical
sults demonstrated that when the concentration of phosphat&onditions: pH 9.25 phosphate (30 mmol/l); applied voltage, 24KV: de-
was in the range of 20—40 mmol/l, the migration time of the tection UV, 200 nm; 30 mbar pressure injection for 10s: (1) arginine; (2)
three analytes was increased with the concentration of phos-choline; (3) allantoin; the concentration of analytes is 5.0.0~* mol/l.
phate. However, when the concentration of phosphate was

less than 25 mmol/l, the peak of allantoin and choline could  To sum up, the optimum conditions for separation and de-
not be separated completely. In order to obtain better resolu-tection of above mentioned compounds could be described
tion and save analytical time, 30 mmol/l phosphate solution as follows: 30 mmol/l phosphate (pH 9.25) as the running

at pH 9.25 was selected as the running buffer solution. buffer solution, 24 kV as separation voltage, 10s as injec-
tion time under pressure injection mode. Under the opti-
3.4. Effect of separation voltage and sampling mum conditions, a typical electropherogram for a standard

mixture solution was shown ifig. 2 The peak of num-

The effect of separation voltage on the migration time ber one, two and three was arginine, choline and allantion,
of the above mentioned analytes has been investigated, andeapectively, and the concentration of analytes were of 5.0
the experiment demonstrated that the migration time was x 10~*mol/l. It was clear that the three compounds could
decreased with the increasing of voltage for all three com- be completely separated within 5min. The results showed
pounds. So, lower voltage would result in longer analysis the method was rapid and effective for separation allantoin,
time and peaks broaden owing to the diffusion of the sample choline and arginine.
in the capillary. When separation voltage was 24 kV, both
higher efficiency and better peak shape could be obtained. 3.6. Reproducibility, linear response range and detection

We also examined the effects of sampling time in the limit
range of 5-20s at 30 mbar pressure to obtain the highest
sensitivity and the best selectivity. The results indicated that A serious of the standard mixture solution of arginine,
peak height would be increased with the sampling time, choline and allantoin were tested to determine the linear-
however, peak broadening appeared obviously for injection ity for the analytes in this method. The linear relationships
time longer than 10s. In this paper, 10 s was selected as thebetween the concentration of the three compounds and the
optimum injection time by considering the peak broadening corresponding peak height were obtained, and the regres-

and the sensitivity. sion equations and correlation coefficients are shown in
Table 1 It can be known fronTable 1that the linear response
3.5. Choice of detection wavelength ranges were 5.0-150, 0.9-100 and 1.0-2§0nl for argi-

nine, choline and allantoin, respectively, and the detection
Wavelength in the range of 190-350 nm has been exam-limits were 2.0, 0.4 and 04og/ml for arginine, choline and
ined for selection of the optimum UV detection wavelength allantoin, respectively. The detection limits are evaluated on
for these three compounds, and the results showed thathe basis of a signal-to-noise ratio of 3.
200 nm was the most suitable wavelength for this method to A standard mixture solution of 5.8 10-*mol/l of argi-
achieve the optimum sensitivity. nine, choline and allantoin were analyzed to determine the
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Table 1

Linear response range of analytes

Analyte Regression equatio@, (ng/ml) Correlation coefficientRe) Linear range jtg/ml) Detection limi® (ug/ml)
Arginine A =0.298LC + 1.1362 0.9996 5.0-150 2.0

Choline A=1.067& + 0.3291 0.9993 0.9-100 0.5

Allantoin A =0.461C — 1.2931 0.9995 1.0-200 0.4

a8 CZE-UV conditions as irFig. 2
P The detection limits are estimated on the basis of a signal-to-noise ratio of 3.

reproducibility of the peak height and migration time under  In order to examine the reliability of the method, the re-
the opitimum conditions. The results showed that the R.S.D. coveries of arginine, choline and allantoin were investigated.
(n = 7) of the migration times were 0.7, 2.60 and 2.30% for The recoveries for the method were determined by addition
arginine, choline and allantoin, respectively, and the R.S.D. of standard solution of allantoin, choline and arginine into
of peak heights for arginine, choline and allantoin were 1.63, the traditional herbal medicine of Rhizoma Dioscoreae sam-

3.18 and 3.12%, respectively. ples under the same conditions stated above. The recoveries
of these three compounds were found to be in the range of
3.7. Applications to Chinese traditional medicine 96.8-104% (se@able 3.

The above results demonstrated that this method is a

The active components of the solutions of the Chinese rapid, sensitive and reproducible method for determina-
traditional medicine Rhizoma Dioscoreae were analyzed ac-tion of arginine, choline and allantoin in real Rhizoma
cording to the procedure described in experimental section. Dioscoreae samples. This method promises to be applicable
When the real samples were analyzed, some coexistent subto quality analysis of arginine, choline and allantoin in Chi-
stances tended to affect on the inner surface of capillary, Nese pharmaceutical preparations of Rhizoma Dioscoreae.
which would decrease the electroosomatic flow (EOF) and
the peak height gradually. In order to improve the repro-
ducibility of this method, when the capillary was used for
analysis of real samples, it should be flushed sequentially
with water for 0.5 min, 0.1 mol/l NaOH for 2 min, and wa-
ter for 1 min and finally equilibrated with background elec-
trolyte solution for 5 min before each injection.

Under the optimum conditions, the Chinese traditional
medicine Rhizoma Dioscoreae was analyzed by capillary 1 i
electrophoresis, and allantoin, choline and arginine were
successfully separated. As showrFig. 3A and B the con- \(\\\\__ r ﬂl, |
tent of Rhizoma Dioscoreae from two different producing
areas is almost the same. Peaks were identified by addition '
of standard substance of allantoin, choline and arginine. The
detection results for the real Rhizoma Dioscoreae samples V) Time/min
are shown inTable 2 Table 2indicated that the contents
of the active components of Rhizoma Dioscoreae which ob-
tained from the two different growing areas were almost the
same, and the result of the determination of allantion is sim-
ilar to that of the previous repof24].

-y

— -

Table 2
Content of analytes in Chinese medicinal preparatioe=(5) 1

—

3
1

Rhizoma Dioscoreae = Component Determined  R.S.D. (%)

sample (mg/g) f\l‘\‘-j_n____ n ’“ Mﬂ-”"\
[}

Shangdong Arginine 0.30 2.6 1 T n
Choline 0.85 1.8 T T T T T
Allantoin 0.91 2.2 1 2 3 4 5
Fuzhou Arginine 0.29 24 ®) Titne/tnin
Choline 0.79 1.9 . . . .
Allatoin 0.92 16 Fig. 3. Typical electropherograms of real samples of Rhizom Dioscoreae

from (A) Shangdong and (B) Fuzhou. (1) Arginine; (2) unknown peak;
CZE-UV conditions as irFig. 2 (3) choline and (4) allantoin. Conditions as fig. 2




L. Zhang et al./J. Chromatogr. A 1043 (2004) 317-321 321

Table 3 References
Determination of recovery for this method & 5)
Compound  Added Found Recovery (%) R.S.D. (%) [1] M.Z. Wang, Y.H. Chen, The Main Traditional Herbal Medicine
amount amount Analysis by HPLC, Science Press, Beijing, 1999, p. 29.
(rg/mg) (rg/mg) [2] H.Y. Zhu, J. Xu, Lishizhen Medicine and Material Medicine Re-
Arginine 10 9.68 96.8 15 search, vol. 10, Science and Technology of Medicine Press, Beijing,
20 19.4 97.0 19 1999, p. 468. ,
[3] X.R. Zhou, J.Y. Cao, Chin. J. Chromatogr. 14 (1996) 129.
Choline 10 9.82 98.2 23 [4] T.H. Tsai, J. Chromatogr. B 747 (2000) 111.
20 19.5 97.5 1.6 [5] S.Y. Sha, L.S. Xu, J.Y. Zen, The Analysis Method of Effective
Allantoin 15 15.6 104 1.9 Component in Chinese Herbal Medicine, People Sanitation Press,
[6] L. Terzuoli, M. Pandolfii, L. Arezzini, M. Pizzichini, E. Marinello,
CZE-UV conditions as irFig. 2 P. Pagani, J. Chromatogr. B 663 (1995) 143.
[7] K.J. Shingfield, N.W. Offer, J. Chromatogr. B 706 (1998) 342.
4. Conclusion [8] Y.C. Lee, C.Y. Huang, K.C. Wen, T.T. Suen, J. Chromatogr. A 692
(1995) 137.

A capillary zone electrophoresis (CZE)-UV detection [1[?)]] fALRL|I-|§j|e|;npsc\‘,/zm(?lree:'nApl-l|_Lljtt‘]Ecl:gétorr:;l:?)?(;sg 92019((220%%%)129057?;.
method has been developed for determination of arginine, [11] x.M. Fang, F.Y. Gong, Y.Z. Fang, Anal. Chem. 70 (1998) 4030.
choline and allantoin and successfully used for analysis of [12] L. Zhang, Q. Hu, G.N. Chen, Y.Z. Fang, Anal. Chim. Acta 424
the real Rhizoma Dioscoreae samples. The results showed  (2000) 257. _
that this method is a rapid, simple and effective technique [*°] Lz'ogrl‘a”z%f“' Chen, Q. Hu, Y.Z. Fang, Anal. Chim. Acta 431
for identification, separated and determination of allantoin, [14] 54 Lin), ZF Reng, L.S. Chia, N.K. Goh, S.N. Tan, J. Chromatogr.
choline and arginine in the Chinese traditional medicine A 909 (2001) 297.

Rhizoma Dioscoreae. In comparison to the chromatographic[15] G..B. Li, H.X. Zhang, Y.Q. Zhang, L. Zhao, Z.D. Hu, Electrophoresis
methods, the proposed method is a good alternative for 22 (2001) 144.

simultaneous analysis of active components in Chinese tra-[16] J-X. Zhang, G.L. Yang, H.Y. Duan, J.T. Li, J. Chromatogr. A 863

. " . . (1999) 105.
ditional medicine. Moreover, the method is also possible 17; 5w, sun, S.S. Lee, L.Y. Chen, C.K. Chen, J. Chromatogr. A 767
to be applicable to the quality control and directing the (1997) 277.
producing of Chinese medicine. [18] J.F. Jen, Y.H. Hsu, M.R. Lee, J. Chromatogr. A 734 (1996) 375.

[19] H.Y. Zhang, Z.D. Hu, G.L. Yang, Z.H. Shi, HW. Sun, Chro-
matographia 49 (1999) 219.
Acknowledgements [20] Y.K. Zhao, Q.E. Cao, H.T. Liu, K.T. Wang, A.X. Yan, Z.D. Hu,
Chromatographia 51 (2000) 483.
The National Nature Sciences Funding of China [21] R. Weinberger, 1.S. Lurie, Anal. Chem. 63 (1991) 823.

20377007), the Science Foundation of PHD of China [22] M. Unger, J. Stockigt, J. Chromatogr. A 791 (1997) 323. .

ENO 20020)31272) and Natural Science Funding of Fujian [23] Y.Z. Deng, J.L. He, High-Performance Capillary Electrophoresis,
" 3 : _ " Academic Press, Beijing, 1995, p. 26.

Province, China (No. F0210004), financially supported this [24] B.H. Zhou, H.X. Liu, S.D. Luo, S. Cai, Chin. J. Chin. Trad. Med.

project. 19 (1994) 358.



	Simultaneous determination of allantoin, choline and l-arginine in Rhizoma Dioscoreae by capillary electrophoresis
	Introduction
	Experimental
	Apparatus
	Chemicals and reference compounds
	Sample preparation

	Results and discussion
	Optimization of separation conditions
	Effect of electrolyte pH
	Effect of phosphate concentration
	Effect of separation voltage and sampling
	Choice of detection wavelength
	Reproducibility, linear response range and detection limit
	Applications to Chinese traditional medicine

	Conclusion
	Acknowledgements
	References


