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1862 SUN AND HARTWICK

oligonucleotide separations. The resolving power and speed of CGE has been

shown to be much better than that of slab gel electrophoresis (4-6) and HPLC (7).

Compared to HPLC separations of charged large biopolymers, efficiencies in CGE

are much higher. Using HPLC in the anion exchange mode for example, the slow

diffusion of such large molecules prevents fast mass transfer between the mobile

and stationary phases. In capillary gel electrophoresis the slow molecular diffusion

of biopolymers is an advantage because the contribution of peak dispersion by axial

diffusion decreases with increasing molecular weight of the oligonucleotides. Fast

mass transfer in the direction perpendicular to that of the mass transport by the

mobile phase as in HPLC is not required. It was presumed that the slow diffusion of

large DNA molecules and the number of charges in such molecules, which increase

proportionally to the number of base units, could be one of the reason for the high

peak capacities which can be achieved with homologous oligonucleotide mixtures.

Recently, Yin et al (8) have reported a method to measure the diffusion coefficients

of oligonucleotides in gel capillaries without application of an electrical field. A

relationship between such diffusion coefficients and molecular size of the

oligonucleotides is achieved. However, the slow diffusion of large oligonucleotides

in capillaries without high voltage cannot alone explain the high separation

efficiencies of CGE. The diffusion coefficients of oligonucleotide molecules and

their intermolecular interaction with the polyacrylamide gel may be altered

considerably by the application of electrical fields. Thus, it was decided to be

important to investigate the dispersive process of oligonucleotide molecules in the

presence of strong (> 100 V fcm) electrical fields.

Recently, Srichaiyo and Hjerten (9) used a simple multi-point detection

method to record the progress of a separation by CZE. In this method a piece of

fused-silica tubing coated with a monolayer of linear polyacrylamide was curved
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where the terms on the right-hand side of the equation represent the variance

(1)

contributions from injection (a2
inj ), detection (a2det)' axial diffusion (a2 0)' Joule

heating (a\L conductivity changes through the solute zone (a2
con) and other

effetcs (a2othe,)' For a carefully designed CGE experiment, the axial diffusion,

injection volume and Joule heating terms are the dominant terms contributing to

the zone broadening at low velocities (14,15). Thus,

(2)

Except for a 2
ini , both the a 2

0 and a\ terms are directly proportional to the analysis

time. Simple diffusion is described using the Einstein equation, as;

C 2
D = 2Dt

The Joule heating (temperature) term can be estimated as (10,16):

( k 2 E 2
0:

6 E 4
y2 ) t

48 D (8 Ab T; ) 2

(3)

(4)

where D is the diffusion coefficient of the solute ion, k is the electrical conductivity

of the buffer, B is the exponential coefficient relating viscosity to temperature, a is

the capillary inner radius, I..b is the thermal conductivity of the buffer, T b is the

temperature at the inner wall of capillary, and v is zone velocity. Combining

equations yields the relationship:

where:

D' = D + k
2

E
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E
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No quantitative data were developed in this experiment

since the purpose was to illustrate the utility of ultrafiltration as a method

of sample preparation for these compounds. UF has been widely used as

a method of sample preparation for other biologically related compounds

(10 -12) in similar systems so there is no reason not to expect success in these

preliminary studies. Additionally, this sample preparation has only been

applied initially to this one matrix but the results are encouraging enough to

report on these preliminary studies.
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TABLE 1

Program for Automated Derivatization Followed by
Separation of the Derivatives.

inlet vial a contents outlet vial contents

11 separation 1 separation
buffer buffer

12-x analyte 3 water
(x+l)-30 empty 4 reagent

microvial 5 ethanol
31 1M sodium 8 empty

hydroxide 10 empty
32 water
33 empty
34 ethanol

a x = 20 for single analysis of nine samples; x
for fivefold analysis of three samples.

Separation buffer = 0.1 M TRIS-borate pH 8.3

14

step process duration inlet outlet control summary

1 set detector LIF: 488:520 nm
Rate: 5 Hz
Zero 2.0 min

2 set temp. Temp. : 25 °C
3 rinse 1.0 min 31 8 Forward: High Pressure
4 rinse 1.0 min 32 8 Forward: High Pressure
5 rinse 1.0 min 33 8 Forward: High Pressure
6 rinse 2.5 min 12 8 Forward: High Pressure
7 wait 0.0 min 32 3
8 rinse 0.1 min 22 5 Reverse
9 rinse 2.0 min 22 4 Reverse
10 rinse 0.1 min 22 5 Reverse
11 rinse 2.0 min 22 10 Reverse
12 wait 5.0 min 34 3
13 rinse 3.0 min 11 8 Forward: High Pressure
14 inject 3.0 sec 22 8 Pressure
15 wait 0.0 min 34 3
16 inject 3.0 sec 32 10 Pressure
17 separate 18.0 min 11 1 Constant Voltage: 30.00kV

Current Limit: 100.0 J.1A
Integrator On

18 wait 0.0 min 34 3
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TABLE 2

Selectivities at Optimum Cyclodextrin Concentrations

amino acid Ill! [I3CD] Ill! [dimethylI3CD]
10-10 m2 /V.s mM 10-10 m2 /V.s mM

alanine 4.2 ~ 14
leucine 5.5 ~ 8 2 ~ 4
valine 3.7 > 14
proline 5.5 ~ 14 3.3 > 8
phenylglycine 3.1 2 7 2
phenylalanine 5.7 2 10 1.5
methionine 3.5 > 14 2 > 8
Phe-amide 3.5 > 14 7 2

the reaction vial. If this is omitted the reagent tends to adhere

to the wall and precipitates during the mixing-step.

To obtain sufficient resolution the temperature during separation

should not exceed 35°C. With our instrument the derivatization is

performed at the same temperature as the separation. Derivatization

with NBD-CL takes a few minutes at 60°C.

Therefore, the reaction was done with NBD-F, which reacts much

faster (10). Unfortunately, the NBD-F solution is not very stable

and has to be prepared daily.

In a more recent version of the CE-instrument the vials of the

autosampler can be heated separately so that the reaction might be

performed with the more stable NBD-Cl at elevated temperature while

separation takes place at lower temperature.
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FIGURE 1. Electropherogram for determination of enantiomeric purity
of D-phenylalanine.
Derivatization and separation program as in table 1. The scale on
the right belongs to the lower tracing, the expanded scale on the
left to the upper trace of the same electropherogram.
The wide band eluting at 8-10' is caused by the reagent.
The run buffer contains 2 mM dimethyl ~CD, the sample 0.5 mg/ml
D-Phe.

Determination of Enantiomeric Purity of Phenylglycine and

Phenylalanine

In chiral analysis the content of one of the enantiomers in

the sample can be used as an internal standard if the LDR of the
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Analysis of a racemic mixture indicates that the intrinsic

fluorescence sensitivities of the cyclodextrin complexes of the

derivatives of D- and L-phenylglycine are different. This

difference is taken into account in table 3.

In table 3A an amount of derivative varying over a factor of four

was introduced into the system. The result indicates that any non-

linearity of the system is limited to less than the three percent

variation coefficient of this table. A calibration curve for L-Phe

in D-Phe was made by standard-addition to determine the detection

limit and the purity of D-phenylalanine (see fig. 1). The D

phenylalanine sample used contained 0.05 % L-phenyl-alanine (fig.

2), which is well above the detection limit calculated from the

calibration curve: 0.014 % L- in D-phenylalanine (95 % confidence

interval) .
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MEKC separation of urinary porphyrins as well as hematoporphyrin derivatives has been reported

previously [4-7]. The porphyrins can be separated by CE using a SDS-CAPS run buffer under

rigorous pH conditions; the SDS acts more to compete with the samples for wall sites than as a means

ofenhancing selectivity ofthe system [4]. The purposes of this study are twofold: (1) to investigate

the feasibility of the combining bile salt with anionic triton (QS) micelles to enhance the selectivity

ofMEKC and improve the solubility of selected porphyrins and (2), to improve the detectability by

using laser-induced fluorescence of their native fluorescence.

Bile salts are biological surfactants possessing substituted steroidal structures which have been

postulated to form rigid helical micellar aggregates with the hydrophobic portions of the monomer

facing the aqueous solution while the hydrophilic portions turn inward [8, 9]. Bile salt micelles have

been successfully applied to the resolution of optical isomers and hydrophobic compounds in HPLC

and MEKC [10, 11]. The mixed bile salt and QS micellar system is necessary to improve the

capability of bile salt micelle for separating negatively charged or highly polar species [12] and

minimizing the phenomena of solute-wall interaction.

Currently, LIF is one of the most sensitive detection methods available for CE and detection

limits under 1000 molecules have been reported [13, 14]. However, relatively few biologically

important molecules fluorescence, and so large research efforts are involved with attaching

fluorescent probes to the analytes of interest [15-17]. In an earlier paper, we reported using the LIF

detection method for capillary electrophoretic separation ofbilirubin species [18], a group of naturally

fluorescent tetrapyrrole molecules with an open-ring porphyrin-like structure. Similarly, porphyrins

also are naturally fluorescent. This offers the potential for a sensitive and selective detection scheme

without the need to modify the analyte. The detection of the native fluorescence of porphyrins has

been demonstrated previously using a Xe arc lamp at the absorption maxima of the porphyrins of395

- 405 nm [4]. The absorption maximum ofthe porphyrins is caused by an intense Soret band around

400 run, however, several smaller absorption bands exist. The second most intense band, the 6 band,























































































































































































QUINOBENOXAZINE ANTINEOPLASTIC DRUG

EXPERIMENTAL

2007

Apparatus

The HPLC system consisted of a Model SP-8800 ternary pump and

Chromjet data handling system (Spectra-Physics, Santa Clara, CA, USA). A

Model 757 variable-wavelength UV detector (ABI Analytical Kratos Division,

Ramsey, NJ, USA) and a Model WISP-710B (Waters Associates, Milford, MA)

autosampler were used. Chromatographic separations described in this method

were made using Alltima CIS columns (5 /-Lm, 100A) measuring 15 cm x 4.6 rom

J.D. (Alltech Associates, Deerfield, IL, USA). The following columns were also

evaluated for their suitability: Nucleosil CIS 4.0 rom x 125 rom, 5 /-Lm, Macherey

Nagel (Bodman Chemicals, Aton PA); CSC-Nucleosil CIS' 4.6 rom x 150 rom,

5 /-Lm (Chromatographic Sciences Company (CSC), Resolution Systems,

Wilmette, IL); Zorbax SB-CIs , 4.6 rom x 250 rom (Mac Mod Analytical, Chadds

Ford, PA), 5 /-Lm; Lichrosorb RP-8, 4.6 rom x 250 rom, 5 /-Lm (Alltech); Inertsil

CIS' 4.6 rom x 250 rom, 5 /-Lm (Metachem Technologies, Redondo Beach, CA).

Prior to use, the components of the eluent were filtered through 0.45 /-Lm nylon

membranes (Alltech).

Reagents

Acetonitrile and methanol were HPLC grade from EM Sciences (Cherry

Hill, NJ, USA). Both sodium citrate dihydrate and citrate acid were reagent

grade and were from Fisher Scientific (Fair Lawn, NJ, USA) and Mallincrodkt

(St. Louis, MO), respectively. Disodium EDTA and dimethylsulfoxide (DMSO)

were reagent grade and were from Aldrich Chemical Co. (Milwaukee, WI, USA).

A citrate buffer solution containing 0.01 M citrate and 0.001 M EDTA was

prepared by dissolving 2.93 g of sodium citrate'2H20, 1.96 g citric acid, and
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a b
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Fig. 7
The microspeciation diagram for 11-AA (a) and lomefloxacin (b)

The quite reversed (i.e. the minimum-curve and the maximum curve

character of the adsorption and the retention curves of 11-AA and lomefloxacin)

reflects the presence of the most polar and the most apolar species at the

isoelectric point respectively (Fig. 6). This finding becomes understandable by

Fig. 7. At the pH of the isoelectric point the 11-AA solution contains exclusively

Zwitterionic species, while a significant amount of the neutral form is present

in lomefloxacin solution. It appears, that in the retention of lomefloxacin the

adsorption of the neutral species plays a dominant role. This assumption seems

to confirm the conclusion was drawn by Takacs-Novak et al. on the pH

dependence of log P among fluoroquinolones (4).
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