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Abstract

A new cyclodextrin-modified micellar electrokinetic chromatography (CD-MEKC) method for the enantiomeric separation of 3,4-
dihydroxyphenylalanine (DOPA), derivatized with naphthalene-2,3-dicarboxaldehyde (NDA) to produce cyanobenzoisoindole (CBI) deriva-
tive, has been developed. The unsubstituted3-, y-cyclodextrins (CDs) and hydroxypropyl-substituied B-, y-CDs, as chiral selector,
were examined for the enantiomeric separation of GBBOPA. In addition to the concentration of chiral selector, some other experimental
factors also have been optimized, such as concentration of borate buffer, content of sodium dodecyl sulphate (SDS), pH of electrolyte and
applied voltage. Optimal separation was obtained at pH 8.0, 100 mM borate solution containing 5 sH@BIBAd 120 mM SDS, as well
as 18 kV applied voltage and 26 capillary temperature. Detection was followed by direct UV absorptiometric measurements at 254 nm.
The developed method was employed for optical purity analysis of levodopa drug and allowed the determination af-DQ&% in
L-3,4-dihydroxyphenylalanine (levodopa) with well peak identification.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction having an increase in the demand for enantiomeric sepa-
ration and the determination of enantiomeric impurity in
L-3,4-DihydroxyphenylalanineL({DOPA) has been con- connection with the synthesis afDOPA and with bio-
sidered to be an inert amino acid that alleviates the symptomslogical, pharmacokinetic and clinical investigations 6f
of Parkinson’s disease by its conversion to dopamine via the DOPA.
enzyme aroma.-amino acid decarboxylase. In contrast to In the past decade, many efforts have been focused on
this generally accepted idea, Yoshimi et[&].proposed that  the separation and the determinationteDOPA by high-
DOPA itself is a neurotransmitter and/or neuromodulator in performance liquid chromatography (HPL[d)-6] and cap-
addition to being a precursor of dopamine at recent. How- illary electrophoresis (CH)'—9] in various biological sam-
ever,pD-DOPA has toxic propertieR], and use of racemic  ples. However, only a few reports are involved in enan-
mixtures containing.-DOPA andp-DOPA may cause se-  tiomeric separation obL-DOPA and the determination of
rious side effects because of the different metabolisms of p-DOPA. Lou et al[10] reported a method for direct enan-
the active and inactive component3]. Therefore, it is tiomeric separation afL-DOPA and their intermediates by
supercritical fluid chromatography. Milada and Maddla]
* Corresponding author. Tel.: +86 773 5849 646; fax: 86 773 5845 973. 'eported the determination of the enantiomeric purity.of
E-mail addresszhaoshulin001@163.com (S. Zhao). 3,4-dihydroxyphenylalanine (levodopa) by HPLC. Although
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DOPA enantiomers have also been successfully separated by-, andvy-) were purchased from Aldrich (Milwaukee, WI,

CE using chiral crown etherfd 2] and charged cyclodex-
trins (CDs) such as sulfobutyl etherCD[13], heptakis (2,3-
diacetyl-6-sulfato)3-CD[14] and sulfated3-CD[15], but as

USA). Sodium dodecyl sulphate (SDS) was purchased from
Shanghai Chemical Reagent (Shanghai, China). Levodopa
drugs were from Hefeng pharmaceutical company (Guangxi,

far as we know, only one CE procedure has been reportedlyChina). All other chemicals and organic solvents used in

used for the determination of enantiomeric purity in pharma-
ceuticalq16].
Guang and Marig17] derivatizedpL-DOPA with Mar-

this work were of analytical grade. Analytes were dissolved
in 0.1 M HCI solutions. Doubly distilled water was used
throughout.

fey’s reagent and separated the derivatized compounds by

means of micellar electrokinetic capillary chromatography
(MEKC). MEKC, which was first proposed by Terabe et al.

[18], is even more promising as it can be used for selective

separation of both neutral and ionic compoufiti®]. This

technique involves the addition of surfactants to the operating

buffer in a higher amount than the critical micelle concentra-

2.2. Capillary electrophoresis

A HPSP capillary electrophoresis system (Hewlett
Packard, Waldbronn, Germany) equipped with a photodi-
ode array detector (190 nm—600 nm) was used in this CE
separation. Uncoated fused-silica capillaries 55cm (effec-

tion. The solute is then partitioned between the micelle and tive length 46 cm) 50um were used for separation. De-

the surrounding aqueous medium. Cyclodextrin-modified
micellar electrokinetic chromatography (CD-MEKC), a vari-
ation of MEKC, is developed by Terabe and co-workers

[20,21] The use of aqueous solutions containing micelles and tory

tection was a fixed wavelength of 254 nm with date pro-
cessed on a HP chemstation. The pH values of running buffer
were measured with a Model pHs-3C pH meter (Leici fac-
Shanghai, China). New uncoated capillaries were con-

CDs as moving phases in CE not only can separatg neutralyitioned by flushing with 1M and 0.1 M NaOH for 30 min
and charged compounds, but also enables the enantiosepargach, followed by 10 min of doubly distilled water before

tion of chiral compounds. This approach has been widely
reported for the enantioseparation of amino acid deriva-
tives [22—25] Derivatization of amino acids is of general

use to enable UV-vis or fluorescence detection and to en-

hance chiral discrimination mechanisi2$]. Naphthalene-

use. Between two consecutive injections, the capillary was
rinsed sequentially doubly distilled water and running buffer
for 3 min each. Samples were injected into capillary by ap-
plying hydrodynamic pressure (50 mbar) for 10s. The run-
ning buffer solution was prepared by dissolving the appro-

2,3-dicarboxaldehyde (NDA) is one of the most widely pjate amounts of HR-CD and SDS in a 100mM borate
used derivatization reagent for amino acids. This reagenty, ier solution (pH 8.0). All solutions were filtered through

reacts rapidly with amino acids in the presence of cyanide
to form cyanobenzoisoindole (CBI) derivatives. The corre-
sponding CBI-derivatives are sufficiently stable for enan-

a 0.45um pore-size membrane filter before use. The sep-
aration voltage used was 18 kV. Capillary temperature was
25°C.

tiomeric separation. And a series of reports on enantiosepa-

ration of CBI derivatives by CD-MEKC have been appeared
[27-30]
Inthis work, NDA was used to derivatize the DOPA, which

enhances greatly the separation efficiency and detection sen-

sitivity of pL-DOPA. And a new CD-MEKC method for the
enantiomeric separation of.-DOPA has been developed.
Several unsubstituted, B-, y-cyclodextrins (CDs) and hy-
droxypropyl substituted-, 8-, y-CDs (HP«-CD, HP{3-CD,
HP-y-CD), as chiral selector, were investigated. The enan-
tiomeric separation of CBbiL-DOPA can be achieved by
using HP+-CD as chiral selector in a running time less than
20 min. Determination of enantiomer impurity of levodopa
drug by using the present method is well shown.

2. Experimental
2.1. Reagents

NDA was purchased from Molecular Probes (Eugene,
OR, USA). bL-DOPA, p-DOPA andL-DOPA were pur-

chased from Fluka (Switzerlandy-, B-, andy-CDs were
purchased from Sigma (St. Louis, MO, USA). HP-CIas, (

2.3. Precolumn derivatization

DOPA standard solution (30L) was transferred to a
0.5mL derivatization vial, and 0.1 M borate buffer solu-
tion (pH 9.0, 15QuL) was added. Derivatizing reagents,
NDA (20mM in methanol, 5¢.L) and KCN (20mM in
water, 5QuL) were added to the vial in sequence, and the
vial was capped. After gentle shaking, the solution was al-
lowed to keep at room temperature for 30 min. The deriva-
tive solution was injected for separation without additional
purification.

2.4. Determination of enantiomer impurity in levodopa
drug

One tablet of levodopa drug (containing 250 mgief
DOPA) was smashed and dissolved in 10 mL of 0.1 M HCI
solution. The solution was centrifuged (2000 rpm) for 10 min,
and the centrifuged solution was diluted to 250 mL with 0.1 M
HCI solution. Ten microliters of the solution was derivatized
as described above. The derivative solution was used for sep-
aration and determination.
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3. Results and discussion
3.1. Choice of chiral selector

Enantioseparation of CBb.-DOPA in CD-MEKC is ob-
tained through formation of an inclusion complex with CD,
and SDS monomers can have their hydrophobic tails co-
included in the CD cavity along with the CBI-DOHA1].
Therefore, the size of the nonpolar cavity of CD is a critical
factor for formation of the inclusion complex. In this study,
CD, B-CD, y-CD, HP-«w-CD, HP{3-CD and HPy-CD were
chosen to determine which CD forms inclusion complex
most effectively with CBI-DOPA and SDS monomers. As
Fig. 1 shows, the migration time of CBI-DOPA was about
13 min in the absence of CD under the experimental condi-
tions Fig. 1a). When 5mM-CD or HP«-CD was added
into running buffer, no change in the migration time was ob-
served, which indicates thatCD and HPe-CD do not inter-
act significantly with CBI-DOPA. When 5 mN3-CD or HP-
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Furthermore, the hydrogen bonding ability of HRED also
plays an important role.

3.2. Effect of pH of running buffer

In CE chiral separation, changes in running buffer pH may
cause changes in the charges of analytes and/or chiral selec-
tors. This will lead to changes chiral separation selectivity.
In this separation system, pH affects directly the ionization
of CBI-DOPA. In weak basic running buffer, CBI-DOPA re-
mains negatively charged, which increasesits interaction time
with HP-y-CD. Therefore, a borate buffer in the pH range of
7.5-9.5 was used to study the effect of pH. As aresult, the res-
olutions were more than 2.0 under all investigated pH values
except for pH 7.5 with a resolution of 1.98, and the resolution
reaches a maximum in the pH range of 7.8-8.2. With increase
of pH value in running buffer below pH 7.8, it was found the
increase of the migration time of CBI-DOPA. This is due
to the CBI-DOPA being ionized (negatively charged) as pH

B-CD was added, the migration time was increased to aboutincreases; negatively charged CBI-DOPA migrates in the op-

22 min, which suggests that CBI-DOPA forms an inclusion
complex with these CDs, however, little chiral separation was
observedFig. 1c). CBI-nL-DOPA was enantioseparated by
using a running buffer containingCD or HP-y-CD, but the
baseline enantioseparation for CBl-DOPA was observed
only by using HPy-CD as chiral selectorHig. 1b). It in-
dicated that the size of the cavity ¢fCD should be more
suitable for CBI-DOPA to form effective inclusion complex
than other kinds of CD in the presence of SDS monomers.

mAU DOPA

.

D-DOPAJ4{L-DOPA

— %A —
o) K= &

DOPA

10 15 20 25 30 min
Fig. 1. Chromatogram of CBibiL-DOPA. Electrolyte composition was
100 mM borate buffer (pH 8.0) containing 120 mM SDS (a); 120 mM SDS
and 5mM HPy-CD (b); 120mM SDS and 5mM-CD (c). Capillary

55 cmx 50pumi.d.; applied voltage 18 kV; capillary temperature’25 UV

detection wavelength 254 nm.

posite direction to the EOF. But, after pH value of running

buffer was higher than 8.2, EOF is maximized and results in
a short migration time of CBI-DOPA, which again cause the
resolution decrease slightl#ig. 2).

3.3. Effect of running buffer concentration

After optimizing the pH of the running buffer, another se-
ries of experiments were performed at the optimal pH of 8.0
with 5 mM HP-<y-CD and 120 mM SDS to determine the op-
timum running buffer concentration. Five borate buffer con-
centrations, namely 30, 50, 80, 100 and 120 mM were chosen
to investigate the effect of running buffer concentration on the
resolution and migration time. As can be seen froable 1
the migration time of CBI-DOPA increases with the running
buffer concentration increasing, and the resolution also in-
creases gradually. But the resolution decreases slightly after

4.09
3.6
3.2+

2.8 4

Rs

2.4+

2.0 1

8.5 9.0 9.5

pH

7.0 7.5 8.0

Fig. 2. Effect of running buffer pH on the resolution of CBI-DOPA. CE
conditions: 100 mM borate buffer (pH 8.0) containing 120mM SDS and
5mM HP+y-CD. Other conditions as iRig. 1
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Table 1 CD concentration from 1 mM to 3 mM, and forms a platform

Dependence of migration time and resolution on borate concentration and 5 g range of 3mM to 5mM where maximum resolution was
li It . . .

applied voltage reached. Further, increasing HPED concentration results

p-Enantiomer migration time (min) Resolution iy 3 decrease of resolution, which is due to the migration
Applied voltage 18 kV, borate concentration (mM) time decreases with increasing HRED concentration from
30 1042 151 5mM to 20 mM. Therefore, we can estimate the optimum HP-
28 ggg ;gg v-CD concentration for enantioseparation of GR-F-DOPA
100 1630 287 to be approximately 5 mM.
120 1887 275
Applied voltage (kV); borate concentration 100 mM 3.5. Effect of SDS concentration
15 2281 280
;g iigg ;g; Owing to the NDA derivatives having strong hydrophobic-
225 1259 212 ity, therefore having SDS present in running buffer, reveals
Other separation conditions: pH 8.0; 5mM HFED; 120 mM SDS; capil- the importance for the enantioseparation of GBHDOPA.
lary temperature 25C. UV detection wavelength 254 nm. On the other hand, SDS monomers can have their hydropho-
bic tails co-included in the CD cavity along with the CBI-
407 DOPA. This could change the nature of CBI-DOPA/CD in-
35 teraction (its binding constant and stereoselective fit) and the
resolution. In the absence of SDS, the resolution of GBl-
3.07 DOPA is very poor Rs=0.55) under the experiment con-
25 ditions. After SDS was added to the running buffer, the
continuous increase of the separation selectivity was ob-
@ 201 served with increasing SDS concentration. However, higher
15 peak dispersion and electric current together with impracti-
cable long analysis time at higher SDS concentrations were
1.0 the reasons why we selected 120 mM SDS as the optimal
5 one.
0.0 ; . . . . 3.6. Effect of applied voltage
0 5 10 15 20 25
Concentration of HP-y-CD (mM) Since higher resolution should be achieved when more

Fig. 3. Effectof HPy-CD concentration on the resolution of CBI-DOPA. time is available for diﬁ}JSion-Coer"ecj interaction between
CE conditions: 100 mM borate buffer (pH 8.0) containing 120 mM SDS and the analyte a,nd the chiral Sel_eCtor’ use of lower voltage vyas
1-20 mM HP-CD. Other conditions as ifiig. expected to improve resolution. Dependence of resolution
on applied voltage is summarized Table 1 Obviously, it
the concentrations were higher than 100 mM. Furthermore, would be ideal to a low applied voltage of 18 kV as a com-
the eluted peak shape of CBI-DOPA became worsened afterpromise to obtain shorter migration time and to reach higher
the concentrations were higher than 120 mM due to produceresolution.
large Joule heating. Thus, 100 mM borate buffer is considered
optimal. 3.7. Determination of enantiomeric impurity in
levodopa drug
3.4. Effect of HPy-CD concentration
In order to examine whether the proposed method could
The effect of HPy-CD concentration on the chiral sepa- be acceptable for the optical purity analysis of levodopa, the
ration of CBIDL-DOPA was investigated over the concentra- method was checked for the repeatability of migration times
tionrange 1-20 mM. Asillustrated Fig. 3, the resolution of and peak areas, linearity, limits of detection, precision and
CBI-pL-DOPA increases dramatically with increasing §P-  accuracy.

Table 2
Repeatability of the migration times and the peak area percentage of racemic dopa

First enantiomer (R.S.D. %1=5) Second enantiomer (R.S.D. %+ 5)
Average migration time (min) 16.30 (2.8) 16.92 1.7)
Average peak area (%) 50.6 (1.2) 49.4 (2.0)

Separation conditions: 100 mM borate (pH 8.0) containing 5 mMyHPD, 120 mM SDS; applied voltage 18 kV; capillary temperaturé@5UV detection
wavelength 254 nm.
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Table 3

Precision and accuracy results of the proposed method

D-DOPA concentration (%) Mean calculated concentration (%) Precision (R.S.D=%), Accuracy (%) (deviation of
means from calibration curve)

0.1 0.096 2.6 95

0.5 0.48 1.0 98t

1.0 1.02 1.6 103

15 1.49 14 9%

2.0 1.98 2.3 92

Separation conditions as Trable 2

The repeatability of migration times and peak areas of thepay
enantiomers of CBbL-DOPA were investigated by injecting
CBI-pL-DOPA solution five times under optimum separation L-DOPA
conditions. The results obtained in the study are summarize @)
in Table 2 As can be seen, a good repeatability on migratior
times and peak areas of CBI-DOPA can be obtained by
this method.

L-DOPA was derivatized and separated alone, and no trac
of p-DOPA was detectable. The racemic DOPA was addet
into the standard.-DOPA in the range of 0.10%-2.0% to L b - sl
investigate the linearity. Linear regression analysis of the re , — T T _
sults yielded the following equatior¥ =0.6601X + 0.0064 13 14 15 16 7 18min
(r=0.9992), whereY is the peak area of CB)-DOPA, X
is the percentage of the enantiomeric impurity, arisithe  mAU
correlation coefficient. -DOPA

The limit of detection (LOD) of the method, correspond- ()
ing to signal-to-noise ratios of 3, was calculated from linear
regression analysis made by plotting the analyte peak heigt
versus the percentage of the enantiomericimpurity. The LOD D-DOPA
the lowest concentration e-DOPA that could be detected, \
was 0.04%, which corresponds to concentration of G6BI- N

D-DOPA

DOPA of 0.15ug/mL (about 8< 10~7 M).
The precision and accuracy of the method were in- e ot Attt gl
vestigated by injecting CBI-DOPA solutions containing , . . : ,
0.10%—2.0%n-DOPA six times; the results were summa- 13 14 15 16 7 18min
rized |nTabIe_3 These Va“datlons_Shqwed that the prc_)pose_d Fig. 4. Chromatogram of commercial sample of levodopa drug: the levodopa
method is suitable for the determination of the enantiomeric (aplets sample (a); the levodopa tablets sample was spiked with 18:5%
impurity in L-DOPA. DOPA (b). CE conditions as iRig. 1b.
A commercial sample of levodopa drug was analyzed for
enantiomeric impurity. Content @#DOPA in levodopawas  reported in Ref[32], which was obtained by an HPLC
calculated with reference to the calibration curve described procedure.
previously. The result obtained by three parallel determina-
tion showed containing 0.14%DOPA in levodopa. A typ-
ical chromatogram obtained from a commercial sample of 4. Conclusion
levodopa drug was shown iRig. 4a. The two peaks cor-
responding ta-DOPA andL-DOPA can well identify. To A new CD-MEKC method for the enantiomeric separa-
verify the peak identification, 0.5%-DOPA was added into  tjon of pL-DOPA has been developed. In this method, NDA
levodopa sample, and then the sample was again derivawas used to derivatize DOPA, which enhances greatly the
tized and separated. As can be seen by compafigg4a separation efficiency and detection sensitivitypofDOPA.
with Fig. 4b, the p-DOPA peak increases in size without Hp.y-CD was selected as the most effective chiral selector,
other major changes in the chromatogram, and according toand a high resolution of CBbL-DOPA enantiomers with
the increased peak area a recovery of 95% was obtainedelectrophoresis time of around 17 min was achieved. The
It is worth noting that theo-DOPA level in levodopa as  method has the advantage of being simple, reproducible and
measured by the present method is similar with the results more sensitive than many reported methods. It is well suited
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for the determination of enantiomer impurity in levodopa [12] R. Kuhn, J. Wagner, Y. Walbroehl, T. Bereuter, Electrophoresis 15
drug. (1994) 828.
[13] M. Dolezalova, S. Fanali, Electrophoresis 21 (2000) 3264.
[14] S. Sarac, B. Chankvetadze, G. Blaschke, J. Chromatogr. A 875
(2000) 379.
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