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Abstract

A capillary electrophoresis method with ultraviolet (UV) detection was developed and optimized for the enantiomer separation of norepinephrine
(NE), epinephrine (EP) and isoprenaline (IP) using dual cyclodextrins (CDs) of 2-hydroxy@appl{HP3-CD) and heptakis (2,6-di-o-methyl)-
B-CD (DM-B-CD) as chiral selectors. Optimal separation was obtained using a running buffer of 50 mM phosphate containing 3@raNd HP-
and 5mM DM{-CD at pH 2.90 and a field strength of 20kV in 45 sn75um (40 cm effective length) uncoated capillary. The UV absorbance
detection was set at 205 nm. A 0.1% (w/w) polyethylene glycol or 0.1% (v/v) acetonitrile was used to enhance the detection sensitivity. There wa:
a wide and excellent linear calibration graph for each enantiomer in the rangel0:6 to 1.0x 10-°M and the detection limit (S/N = 3) was
found from 8.5x 1077 to 9.5x 10~" M. The method has been applied for the determination of isoprenaline in isoprenaline hydrochloride aerosol
and to the analysis of serum samples. The recoveries of NE and EP in serum and IP in drug were ranged from 90 to 110%. The relative standa
deviations of all the analyte peaks were less than 2.8% for migration time and less than 4.8% for peak area.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction merp-EP [4]. ThereforeL-forms are usually used in the local
anesthetic or ophthalmic solution. In order to monitor the effect
Isoprenaline is symphatomimetic drugs with potg#  of drugs given, to control the enantiomeric purity of the drugs
adrenoceptor widely used in the treatment of respiratory disadministered and to study the drug pharmacokinetic and phar-
easedl]. It is also used illegally as growth promoters in the macodynamic properties, it is desired and important to develop
liver stock industry[2]. Its residue can be toxic to humans. the analytical method that can effectively separate and determine
Epinephrine (EP) and norepinephrine (NE), component of neuthese enantiomers.
ral transmission media, have important effect on the transmission A number of analytical methods have been reported to deter-
of nerve impulses and exhibit vasoconstriction and blood presmine EP, NE and isoprenaline (IP) enantion{&rsl9]. Among
sure elevation. Many diseases such as Parkinson’s are relatégem, high-performance liquid chromatography (HPLC) and
to the concentration of EP and NE in blood as well as urinecapillary electrophoresis (CE) are the most widely used separa-
Pharmaceutically, they are widely used for treatment of neutraion techniques. For example, the enantiomer separation of both
disorder[3]. These drugs are usually administrated as the raceNP and EP by HPLC was reported after derivatizaf@6] or
mate, which exhibit very different pharmacological effects. Fordirectly separatiotfi7—9]. However, these HPLC methods suf-
example, the activity of-EP is ten times stronger than its iso- fer a few drawbacks, such as by-products derived disturb the
detection of the derivatives in the chromatogram, lack of gen-
eral applicability, high consumption of samples and less robust.
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analysis time, lower operation cost, more robust and wider appliechased from Sigma Aldrich (St. Louis, MO, USA). Isoprenaline
cability. CE with the direct method usirfigcyclodextrin 3-CD)  hydrochloride aerosol was obtained from Penglai Nuokang
or derivatized-CD as chiral selectors was reported to be effectivBharmaceutical Factory (Shandong, ChingjCyclodextrin
for enantiomer separations of NE, EP and IP. Quang and Khale@-CD) was obtained from Fluka (Buchs, Switzerland). Methyl-
[10] reported the use @-CD and tetraalkylammonium for the B-cyclodextrin (Me- B-CD) and dimethylB-cyclodextrin
separation of NE, EP and IP enantiomers. However, only patDM-B-CD) were from Tokyo Kasei Kogyo Co. Ltd. (Tokyo,
tial separation was obtained for NE and EP. Gahm and Stalcupapan). Hydroxypropyg-cyclodextrin  (HPB-CD, >97%)
[11] and Yang et al[12] investigated the enantiomer separa-was purchased from Acros Organics. Polyethylene glycol was
tion of NE, EP and IP using sulphat@dCD as chiral selector. obtained from Shanghai Chemical Reagent Co. (Shanghai,
The resolutions of NE and EP were insufficient and the pealkChina). Tris (hydroxymethyl) aminomethane (Tris), tetram-
of each enantiomer tailed. Male and Ludidg] demonstrated ethylammoniumhydroxide solution (TMAH), phosphoric acid,
DM-B-CD as chiral selector to separate NE, EP and IP, but thacetone £99.5%) and triethanolamine (TEA) were purchased
separation of NE and EP could not be improved. Dong and Sufrom Beijing Chemical Factory (Beijing, China). Acetonitrile
[14] and Liu and Nussbaufi 5], respectively, reported baseline and ethylene glycol were from Tianjing Chemical Factory
separation of IP by using HB-CD, or DM-3-CD, CM-3-CD (Tianjing, China). All other reagents used were of analytical
as chiral selector. Garcia-Ruiz and Mariii®] and Cucinotta grade purity. Water for preparation of sample and buffer
et al. [17] studied the enantiomer separation of NE and EPsolution was deionized by a Milli-Q purification system with a
by using permethylate@-CD or 6-O-succinil3-CD as chiral  0.2qum fiber filter (Barnstead, CA, USA).
selector, however, the tested of NE and EP enantiomers could
not be completely resolved. Recently, Schwarz and Hdu8ér 2.2. Apparatus and analytical procedure
demonstrated a combination of CR4CD and 18-crown-6 as
chiral selector to separate the enantiomers of NE and EP, but the All experiments were performed on a Beckman P/ACE
baseline separation of the two forms of NE was not successfuMDQ capillary electrophoresis system (Beckman, Fullercon,
Therefore, in spite of intensive investigates in the field of enanCA, USA) equipped with a photodiode array detection sys-
tiomer separation of NE, EP and IP, the resolution achieved fotrem. Sample detection was performed at 205 nm. The electro-
NE or EP was insufficient to permit practical use. To the best opherograms were recorded and integrated by an IBM personal
our knowledge, until now no application to biofluids, enantiop-computer with 32-karat software version 4.0 (Beckman). An
urity testing or commercial formulations have been reporteduncoated fused-silica capillary (Yongnian Optic Fiber Factory,
To suit practical use, a further improvement of the resolution idHeibei, China) of 7jum I.D. and 40 cm effective length was
required. used for separation. The capillary temperature was maintained
In this study, we attempted to improve the separation ofat 25°C by the cooling system of the CE instrument. The new
enantiomers of NE and EP by using PC€D or HP-CD  capillary was flushed successively for 30 min with 1 M NaOH,
combination of other selectors. In additional, organic modi-10 min with 1 M HCI, 10 min with water to activate and clean
fier has been tried and found effective in order to increasehe silica wall and then equilibrated with the operating buffer
the method detection sensitivity. The developed assay methddr 10 min. After every running the capillary was preconditioned
was also validated for sensitivity, precision, linearity, recov-with 1 M NaOH for 2 min, water for 2 min, the running buffer
ery, and reproducibility. It has been successfully applied tdor 2 min. At the beginning of each day and whenever the buffer
the analysis pharmaceutical formulation and human serursolution was changed, the capillary was rinsed with 1 M NaOH

samples. for 5 min, water for 2 min, and the running buffer for 2 min. Sam-
ples were injected with pressure at 0.8 psi for 10 s and separated
2. Experimental at 20kV (1 psi=6894.76 Pa). Standard solutions of EP and IP
were prepared by dissolving each of them in water to give a
2.1. Reagents concentration of 108 M and 7x 10~* M, respectively. Finally,

dilutions of this solution in water were made in order to obtain
(&)-NorepinephrineL-bitartrate hydrate (99%) (NE), (R)- the required concentration. The background electrolyte (BGE)
(=)-norepinephrine  hydrochloride bitartrate salt,4){ wasprepared by mixinga50 mM phosphoric acid, 30 mM@4P-
epinephrine hydrochloride (EP) antt)-isoprenaline hydrochl- CD, 5mM DM-3-CD, 0.1% (w/w) polyethylene glycol in water
oride (IP) (structural formulate was shownFRig. 1) were pur-  and pH adjusted to 2.90 with pH meter (IQ Scientific Instru-
ments, Shanghai, China) by adding TEA or TMAH, 0.5M Tris

HO-C H-CH,-R solution.
R: -NH,, norepinephrine (NE)
2.3. Sample preparation
-NHCH3, epinephrine (EP)
OH -NHCH(CHs)z, isoprenaline (IP) The determination of the IP in the isoprenaline hydrochlo-
it ride aerosol required a dilution of the aerosol in a final

volume of 1.0mL with water. Different sample solutions
Fig. 1. Chemical structures of norepinephrine, epinephrine and isoprinaline.were prepared by diluting different amounts of the aerosol
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