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A Study on Peak Compression Effect in Ion-Exchange Capillary
Electrochromatography with Relaxation Theory

ZHANG Weibing' > JEN Jen-Fon’ ZHANG Yukui'
1. National Chromatographic R. & A. Center Dalian Institute of Chemical Physics The Chinese
Academy of Sciences Dalian 116023 China 2. Department of Chemistry
National Chung-Hsing University Taichung 402 China

Abstract Due to the electric characteristics of the solute transport in capillary electrochroma-
tography CEC  some special phenomena might occur. An example is the peak compression
effect in ion-exchange capillary electrochromatography which cannot be explained with com-
mon chromatography theory. According to the basic model of relaxation theory it is consid-
ered that there are® co-” and’ counter-” solute flows in mobile phase and in stationary phase
the expressions of the first moment and the second center moment of profile and column effi-
ciency are derived by the method of Laplace transform. The relations of electrophoresis veloci-
ty electroosmosis velocity and electric dispersion velocity are also investigated with these ex-
pressions. The results show that this new model offers a better explanation for peak compres-
sion effect on the migration behaviour of charged solute in CEC. The retention time will be
shorter by peak compression effect which is similar to a solvent gradients process. The peak
compression effect is not steady and doesn’ t appear until the conditions are fitted in some
special situation.
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Correlation Between Octanol-Air Partition Coefficients and
Retention Parameters of Polychlorinated Biphenyls on
Gas Chromatographic Columns

ZHANG Qing ZHAO Hongxia CHEN Jiping LIANG Xinmiao
Dalian Institute of Chemical Physics The Chinese Academy of Sciences Dalian 116023 China

Abstract Octanol-air partition coefficient K, is a key descriptor for describing the partitio-
ning of organic pollutants especially persistent organic pollutants POPs  between air and en-
vironmental organic phases. Thus it is necessary to determine or predict the K , values of these
compounds. A novel method was introduced to describe the quantitive relationship between the
octanol-air partition coefficients and gas chromatographic GC retention parameters A B val-
ues of polychlorinated diphenyls PCBs which are typical persistent organic pollutants. By
the correlation analysis between GC retention parameters A B values of PCBs on DB-1 DB-5
and DB-1701 columns and their octanol-air partition coefficients a good linear relationship
was found. The stepwise multiple linear regression was used to derive binary equations with the
correlation coefficients greater than 0.99 and the standard deviations are less than 0. 11. In ad-
dition based on the 153 experimental A B values and 56 predicted A B values the K , values
of the remaining 190 PCBs were predicted.

Key words gas chromatographic retention parameters octanol-air partition coefficients

K, polychlorinated biphenyls
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Quantitative Relationship Between Molecular Structure of
Polychlorinated Biphenyls PCBs and Enthalpy
Change AH Entropy Change AS’
in Chromatographic Process

ZHANG Qing' DAI Chaozheng’
1. Dalian Institute of Chemical Physics The Chinese Academy of Sciences Dalian 116023 China
2. Chengdu Institute of Organic Chemistry The Chinese Academy of Sciences Chengdu 610041 China

Abstract The relationship between the rule of chromatographic retention value and molecular
structure is an important part in the research of chromatographic thermodynamics. The topolo-
gical index structural parameter J, and the topological index adjoining parameter L, are put for-
ward. Parameter J, describes the correlation of quantity and position of chlorine atoms in poly-
chlorinated biphenyl PCB molecules. Parameter L, describes the ortho-position correlation of
chlorine atoms in PCB molecules. The relational expression between the PCB molecular struc-
tures and their enthalpy change AH  entropy change AS’ in chromatographic process was
discovered. The values of enthalpy change and entropy change for about 140 kinds of polychlo-
rinated biphenyls in chromatographic process on three stationary phases DB-1 DB-5 and DB-
1701 were determined. In comparison with AH and AS’ of the experimental data those calcu-
lated from the relational expression had the average relative deviations for AH and AS’ are
0.56% —-0.97% and 0.55% — 1. 06% respectively.

Key words chromatographic thermodynamics chromatographic theory molecular topology
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Table 1 The values of parameters in Equation 12 and Equation 13 for PCBs on stationary phases
DB-1 DB-5 and DB-1701 and average relative deviations of AH AS’ of 140 PCBs ARD
Parameters DB-1 DB-5 DB-1701
eq. 12 eq. AH AS’ AH AS' AH AS'
a a’ -43112 -52.73 -49116 -64.02 -49115 -62.59
b b’ -2538 -3.27 -3587 -5.35 -3718 -5.36
¢ ¢’ 44.0 0.056 72.5 0.107 95.5 0.134
d d’ -724 0.942 2748 8.24 2286 6.97
e e’ -509 -0.132 -574 -0.161 -840 -0.433
ARD/% 0.56 0.55 0.63 0.68 0.97 1.06
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2 DB-1 PCBs AH AS’
Table 2 Comparison of the experimental and calculated AH AS’ of PCBs on stationary phase DB-1
AH/ J/mol AS'/ J/ mol- K
PCB substitution Jg Ly
experimental  calculated deviation/% experimental  calculated deviation/%
2 1 0 -46380 -46331 -0.11 -55.12 -55.00 -0.22
4 2 0 -48410 -49036 1.29 -57.04 -57.72 1.18
23 3 1 -51614 -52094 0.93 -60.28 -60.54 0.43
2 3 3 0 -51537 -51584 0.09 -60.54 -60.41 -0.22
25 3 0 -50941 -51584 1.26 -59.83 -60.41 0.97
235 5 1 —-55842 -56830 1.77 -65.26 -65.72 0.70
2 44 5 0 -56291 -56321 0.05 -65.34 -65.59 0.38
344'5 8 2 -63761 - 63666 -0.15 -73.20 -72.94 -0.36
2233 4466 12 4 -71527 -71778 0.35 -80.87 -81.23 0.44
2233445566 16 8 -79296 - 79428 0.17 -87.98 -88.11 0.15
3 DB-5 PCBs AH AS’
Table 3 Comparison of the experimental and calculated AH AS’ of PCBs on stationary phase DB-5
AH/ J/mol AS'/ J/ mol- K
PCB substitution Jg Ly
experimental  calculated deviation/% experimental  calculated deviation/%
2 1 0 -49663 -49881 0.44 -60.52 -61.02 0.83
4 2 0 -51491 -52112 1.21 -61.99 -62.63 1.03
23 3 1 - 54736 -55037 0.55 -65.21 -64.99 -0.34
2 3 3 0 —54433 - 54463 0.06 -65.01 -64 83 -0.28
25 3 0 -53937 - 54463 0.98 -64.59 -64.83 0.37
235 5 1 -58656 -59666 1.72 -69.55 -69.81 0.37
2 4 4 5 0 -59229 -59092 -0.23 -69.77 -69.65 -0.17
344'5 8 2 - 66547 - 66547 0 -76.89 -76.96 0.09
22334466 12 4 -74157 -74497 0.46 -84.38 -84.86 0.57
2233445566 16 8 -81109 -81552 0.55 -89.70 -90.48 0.87
ogy
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Applications and Progresses of Expert System on Chromatography

XU Guowang LU Xin KONG Hongwei SHI Xianzhe ZHAO Xinjie TIAN Jing LU Guo
National Chromatographic R. & A. Center Dalian Institute of Chemical Physics
The Chinese Academy of Sciences Dalian 116023 China

Abstract The expert system on chromatography has achieved great advancement in the past
two decades and is playing a more and more important role in solving analytical problems of
complex samples. Research results of expert system on chromatography in authors’ group are
reviewed with 64 references. A brief introduction of the expert system on chromatography is
presented. Applications of the expert system on chromatography are summarized in the fields of
petrochemical online analysis environmental air sample analysis tumor diagnosis and tradi-
tional Chinese medicine analysis. The review followed the scientific foot steps in the authors’

group starting from the development of the expert system on gas chromatography to the se-
lection of multi-column systems in online industrial gas chromatographs in petrochemical
plants and to the employment of the new techniques in gas chromatography liquid chromatog-
raphy and capillary electrophoresis to solve the practical analytical problems in the nation’s sci-
entific and economic development.

Key words gas chromatography expert system on chromatography petrochemical analysis
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Laboratory on a Microfluidic Chip

LIN Bingcheng QIN Jianhua
Dalian Institute of Chemical Physics The Chinese Academy of Sciences Dalian 116023 China

Abstract The recent achievements of microfluidic chip and its applications based on the
works mainly carried out in the authors’ lab are reviewed. The chip fabrication capabilities
have been extended into design and fabricate chips with higher degree of complexity in different
materials such as quartz glass polymethyl methacrylate PMMA  and polydimethyl siloxane

PDMS . A set of methods for surface modification of micro-channels on such materials have
been developed which results in better reproducibility and higher efficiency in protein and pep-
tide analysis. The use of novel materials for chip fabrication is also under investigation. A se-
ries of microfluidic workstations with integrated chip manipulation as well as laser induced fluo-
rescence LIF ultraviolet UV  electrochemical and chemiluminescence detection modules
have been developed to attain the abilities of complex microfluidic control and data acquisition
schemes. A single cell/single molecule imagining system was built up for dynamic analysis of
molecular or cellular events too. Based on the work mentioned above different functional u-
nits such as membrane monolithic isotachophoresis ITP etc were set up and integrated.
Glycoform separation of turkey ovalbumin in a lectin monolithic column and an electrophoresis
channel was performed on an integrated microchip. And a novel technique has been developed
that allows for the coupling of ITP and non-gel sieving electrophoresis for protein analysis in a
single microchip and resulting in ~ 50 fold increase of the sensitivity in comparison with the use
of gel electrophoresis only. A single molecule detection SMD based technique was developed
for simultaneously measuring both bulk flow and near-wall flow velocity in the microchannels.
And more recently an SMD based technology was developed for observing molecular interac-
tions at single molecule level. An ultra-rapid microchip electrophoresis method was established
for simultaneous determination intracellular reactive oxygen species ROS and reduced gluta-
thione GSH related to apoptosis and oxidative stress. In an effort to develop a novel mi-
crofluidic based drug screening platform systematic studies on the interaction between granu-
locyte colony-stimulating factor G-CSF and sulfated oligosaccharides were carried out at both
molecular and cellular levels. Doxorubicin induced apoptosis of human hepatocellular carcino-
ma HepG, was studied using the integrated microfluidic device with concentration generator.

In the application phase severe acute respiratory syndrome SARS diagnosis based on reverse
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transcription-polymerase chain reaction RT-PCR  and microfluidic chip electrophoresis

MCE with 18 cases methylation analysis of the P16 gene in 159 samples of patients and ref-
erences for cancer diagnosis and polymorphism analysis of angiotenigen gene in 226 patients
and references with essential hypertension are described. Forty-three up to date references are

cited.

Key words lab-on-a-chip systems biology integrated functionalities clinical diagnosis drug

screening
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Advances in Packing Capillary Electrochromatographic Columns

YOU Huiyan' > PING Guichen’ ZHANG Lihua’ ZHANG Weibing" ZHANG Yukui’
1. Environmental and Chemical Engineering Department Dalian University Dalian 116622 China
2. National Chromatographic R. & A. Center Dalian Institute of Chemical Physics
The Chinese Academy of Sciences Dalian 116023 China

Abstract The columns in capillary electrochromatography can be classified into three classes
open tubular packed and monolithic columns. The monolithic columns can be divided into
three categories organic polymer-based monolithic columns made from the polymerization of
acrylamide styrene acrylate or methacrylate monomers silica-based monolithic columns gen-
erally prepared by using sol-gel technology and packed particulate-based monolithic columns.
Monolithic columns are receiving quite remarkable attention and developing rapidly with a focus
on monolithic stationary phases prepared from synthetic polymers. The preparation methods for
various types of capillary electrochromatographic columns and their advantages and disadvanta-
ges are reviewed according to 100 research articles. In particular recent advances in the prepa-
ration methods of monolithic columns and their applications are discussed in details.

Key words capillary electrochromatography column preparation technology advances
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Screening of Antineoplastic Components in Radix et Rhizoma
Rhei Using Chromatographic Fingerprints

KONG Liang' BAO Yongming® YU Zhiyuan' LI Wei' CHEN Xueguo'

HU Lianghai' ZOU Hanfa'
1. Dalian Institute of Chemical Physics The Chinese Academy of Sciences Dalian 116023 China 2. School of

Environmental and Biological Science and Technology Dalian University of Technology Dalian 116024 China

Abstract A new strategy for screening of antineoplastic components in the traditional Chinese
medicine of Radix et Rhizoma Rhei has been developed using chromatographic fingerprints be-
fore and after metabolism by high performance liquid chromatography-mass spectrometry. The
metabolizing method was established based on the in vitro metabolism by Sprague-Dawley
SD rat liver homogenate. By means of the metabolism methods in vitro the antineoplastic
activity of the extracts metabolites and components of Radix et Rhizoma Rhei were deter-
mined by microculture tetrazolium MTT assays in vitro. It was observed that the inhibition
rate of the crude extract for HeLa cell was increased from 26. 7% to 36.2% after 60 min of me-
tabolism. The changes of activities resulted from the changes of components’ structures and
the bioactive components were discovered simultaneously in view of metabolism by inhibiting
rate assay for the components in Radix et Rhizoma Rhet. It is concluded that the antineoplastic
activity of the crude extract from Radix et Rhizoma Rhei was increased after in vitro metabo-
lism because the antineoplastic activity of aloe-emodin the metabolite of chrysophanol is

higher than its parent compounds.
Key words high performance liquid chromatography-mass spectrometry Radix et Rrhizoma
Rhet chromatographic fingerprints metabolism 4n wvitro traditional Chinese

medicine SD rat liver homogenate

Radix et Rhizoma Rhei guticum Maxim. FEx Balf. Rheum
39 2 ! officinale Baill
2~5
Rheum palmatum L. Rheum tan- ¥
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Tel 0411 84379610 E-mail zouhfa@ mail. dlptt. In. cn.
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Fig.1 Chromatographic fingerprints for the crude extract of Radix et Rhizoma Rhei before a and after b metabolism
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Table 1 Comparision of peak areas in fingerprinting chromatograms for the crude extract of
Radix et Rhizoma Rhei before and after metabolism
Peak No. . Peak areas Normalized peak areas . .
in Fig. 1 f/min before metabolism after metabolism before metabolism after metabolism Variance
1 7.853 78462 95062 0.005110 0.007878 0.529432
2 8.570 335543 363799 0.021853 0.030150 0.368661
3 10.502 48333 40641 0.003148 0.003368 0.061459
4 11.393 44577 0 0.002903 0 1
5 11.578 89301 120364 0.005816 0.009975 0.701465
6 12.237 107728 78720 0.007016 0.006524 0.077558
7 13.138 34596 6479 0.002253 0.000537 0.763591
8 14.393 6341 2770 0.000413 0.00023 1
9 14.752 50519 42495 0.003290 0.003522 0.061856
10 15.224 65139 0 0.004242 0 1
11 15.458 34153 69110 0.002224 0.005727 1.554434
12 15.985 32661 12642 0.002127 0.001048 0.511383
13 17.883 192508 152715 0.012537 0.012656 0.001418
14 18.379 115556 93791 0.007526 0.007773 0.024593
15 19.414 53550 25732 0.003487 0.002133 0.393408
16 21.45 1843342 1440352 0.120050 0.119369 0.013618
17 22.508 29430 12741 0.001917 0.001056 0.453493
18 22.789 74834 58057 0.004874 0.004811 0.020649
19 23.453 7140492 6027980 0.465032 0.499568 0.065679
20 25.451 0 14560 0 0.001207
21 27.714 3171 687 0. 000207 0.000057 0.726509
22 28.407 885 1955 0.000058 0.000162
23 29.932 31016 21021 0.002020 0.001742 0. 144441
24 30.574 1750 1968 0.000114 0.000163 0.419612
25 31.970 1007 0 0. 000066 0 1
26 33.067 3529 0 0.000230 0 1
27 33.783 3389175 2231312 0.220723 0. 184920 0.168908
28 38.224 1767 3440 0.000115 0.000285 1.457562
29 38.797 5242 2080 0.000341 0.000172 0.499102
30 39.339 2310 0 0.000150 0 1
31 42.085 2325 0 0.000151 0 1
32 44.243 1276070 955701 0.083105 0.079204 0.044357
33 45.932 1895 0 0.000123 0 1
34 47.269 0 1585 0 0.000131
35 49.835 250756 188633 0.016331 0.015633 0.050382
36 50.528 6885 0 0.000448 0.007878 1
| Variance = | A? - A? |/A?. A? and A? are normalized peak areas of peak i before and after metabolism respectively.
2.2
SD 16 19 27 32 35
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Fig.6 Plots of peak areas of chrysophanol a and its
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Fig.7 Inhibition rate of the crude extract to HeLa cell
vs metabolizing time under continuous incubation
of rat liver homogenate = =6
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Table 2 Inhibition rate of anthraquinones in

Radix et Rhizoma Rhei to HeLa cell n =6 %
Compound Inhibiting rate RSD
Aloe-emodin 15.6 3.49
Rhein 46.2 5.53
Emodin 12.0 11.38
Chrysophanol 6.5 11.28
Physcion 18.1 6.74

SD
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Separation and Identification of Isoflavonoids in Pueraria lobata
Extracts and Its Preparations by Reversed-Phase Capillary
Liquid Chromatography Coupled with Electrospray Ionization
Quadrupole Time of Flight Mass Spectrometry

TIAN Hongzhe WANG Hua GUAN Yafeng
Dalian Institute of Chemical Physics The Chinese Academy of Sciences Dalian 116023 China

Abstract Isoflavonoids in Pueraria lobata extract and its preparations were separated and
identified by reversed-phase capillary liquid chromatography RP-CapLC coupled with photo-
diode array PDA detector and negative electrospray ionization quadrupole time of flight Q-
TOF mass spectrometry. The separation was performed on a 150 mm x0.32 mm i.d. 5 pm
C,; capillary column using mobile phase of 0. 1% aqueous trifluoroacetic acid solution and ace-
tonitrile containing 0. 1% trifluoroacetic acid under gradient elution. The product ion spectra of
the deprotonated ions allowed for the identification of puerarin daidzin and daidzein in the
sample. Puerarin was found to be the most abundant component in the extract about 13%
mass fraction and its preparations 19.28 —24.34 mg per tablet . The structures of trace a-
mount of unknown isoflavonoids were deduced based on the spectra of known compounds.
They were proposed to be 3'-methoxypuerarin and 3’-methoxydaidzin.
Key words reversed-phase capillary liquid chromatography liquid chromatography-electros-
pray ionization mass spectrometry isoflavonoids of pueraria lobata puerarin

traditional Chinese medicine

Pueraria lobata willd. Ohwi

Leguminosae puerarin daidzin
: daidzein
10% ~ 14% °7
23
2005-05-08

Tel 0411 84379590 E-mail kfguan@ mail. dlptt. In. cn.
20227501
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Fig.1 HPLC chromatogram of Pueraria lobata extract
4C Column ODS C;; 150 mm x0.32 mm i d. 5 pm . Mo-
1.3 bile phase A acetonitrile containing 0. 1% v/v trifluoroace-
1.3.1 tic acid B 0.1% v/v aqueous trifluoroacetic acid solution
te gradient 0 -30 min 5% A—40% A. Flow rate 8.0 pL/min.
C]8 150 mm x 0. 32 mm Detection wavelength 248 nm. Injection volume 320 nL.

i.d. 5 pm Micro-Tech Scientific Inc A

Peaks 1. puerarin 2. daidzin 3. daidzein.
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For experimental conditions and peak identifications see nL.
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Abstract A method was established for the simultaneous quantification of nine components of
five different structural types in Qingkailing injection. High performance liquid chromatography
coupled with a photo diode array detector and an evaporative light scattering detector HPLC-
DAD-ELSD was employed in the determination. Four monitoring wavelengths of 240 254 280
and 330 nm were set to determine nucleosides uridine and adenosine iridoid glucoside ge-
niposide flavone glycoside baicalin and organic acids chlorogenic acid and caffeic acid
respectively and a combined evaporative light scattering detector was used to detect three ster-
oid compounds cholic acid ursodesoxycholic acid and hyodeoxycholic acid . The proposed
method permitted the simultaneous separation and determination of five groups of compounds
in Qingkailing injection and acceptable validation results of the precision repeatability stabili-
ty and accuracy tests were achieved. The method was applied to the analysis of 19 Qingkailing
injection samples from three different plants and the results indicated that the method could be
used as a convenient and reliable method in the multi-component determination and quality
control of traditional Chinese medicines.

Key words high performance liquid chromatography photo diode array detector evaporative

light scattering detector active constituents Qingkailing injection
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Table 1 Regression data and LOD for the compounds determined
No. Compound Detection wavelength/nm Regression equation * »? Linear range/ mg/L LOD/ ng/L
1 uridine 254 A =1820.9C +3.1551 0.9991 0.5-70 10
2 adenosine 254 A =324.41C +1.0543 0.9989 0.4 -80 10
3 chlorogenic acid 330 A =518.2C-0.1317 0.9992 0.2 -60 5
4  caffeic acid 330 A =1566.6C +0.2331 1.0000 0.1-40 5
5  geniposide 240 A =389.64C +7.215 0.9985 0.1-40 10
6  Dbaicalin 280 A =522.11C-95.003 0.9976 0.2 -1000 10
7 ursodesoxycholic acid - log A =0.96411og C +6. 8665 0.9991 0.5 -150 40
8 cholic acid - log A =0.8648log C +5.7615 0.9980 1.0 -2000 50
9  hyodeoxycholic acid - log A =0.89871log C +5.7701 0.9944 1.0 -2000 50
% A the peak area C the concentration of the compound mg/L.
2.3 20 mL
6 2 1~9 0.1 0.5
RSD 0.2 0.1 1.0 20.0 1.0 20.0 20.0 mg
5 100 mL 5
RSD 2
0248 1224h 24 h
RSD
2
Table 2 Validation results of the proposed method %
No Compound RSDs Accuracy n =5
precision n =6 repeatability n =5 stability n =6 recovery = SD RSD
1 uridine 1.76 0.34 3.51 96.41 £3.63 3.77
2 adenosine 4.48 1.15 3.01 98.02 +3.83 3.91
3 chlorogenic acid 3.75 2.64 1.97 101.37 +4.70 4.64
4 caffeic acid 1.40 2.42 3.33 98.54 +4.48 4.55
5 geniposide 3.69 4.39 1.87 100.18 £2.70 2.70
6 baicalin 2.16 2.98 1.43 100.58 +4.88 4.85
7 ursodesoxycholic acid 3.24 3.03 2.79 98.81 £3.10 3.14
8 cholic acid 3.35 4.68 3.48 99.78 £2.66 2.67
9 hyodeoxycholic acid 4.92 2.05 2.55 98.81 £3.79 3.84
2.4 9
3 19 RSD
3 3 4
90%
RSD
A 9 RSD
3 3 8
RSD RSD 20% 95%
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A RSD 20% C
RSD 17%
B C RSD RSD 3
B

3
Table 3 Quantitative analysis results of various Qingkailing injections

Sample Uridine/ Adenosine/ Chlorogenic Caffeic acid/ Geniposide/ Baicalin/ Ursodesoxycholic Cholic acid/ Hyodeoxycholic

Plant
ne ne acid /g g wg mg acid/pg mg acid/mg
A 1 2.24 9.33 2.20 0.317 152 2.98 25.8 2.1 2.64
2 1.67 4.20 1.56 0.421 145 3.02 26.5 2.5 2.6
3 1.45 4.25 1.09 0.221 137 1.53 27.0 2.38 2.5
4 0.898 3.47 0.993 0.116 141 1.47 28.1 2.27 2.62
5 6.23 27.4 3.11 1.56 37.5 3.16 16.8 1.26 2.96
6 7.70 36.9 4.58 2.49 51.0 3.09 16. 1 1.2 3.22
7 6.14 20.0 0.95 0.37 45.0 3.05 14.0 1.22 3.2
8 4.99 16.7 2.97 1.78 47.2 3.14 14.3 1.23 3.15
9 5.76 24.8 4.58 2.41 71.3 3.14 16.2 1.34 3.14
10 5.62 18.1 1.08 0.33 45.4 3.18 16.6 1.37 3.12
RSD/%  57.30 68. 19 62.10 95.11 56.77  24.34 29.15 32.58 9.96
B 11 3.77 13.1 3.15 6.97 72.4 3.6 13.9 2.36 2.36
12 4.85 28.6 2.92 8.24 83.3 3.85 15.5 1.97 2.59
13 4.58 31.0 2.80 8.73 80. 1 3.72 12.8 2.13 2.26
14 3.72 25.6 2.73 8.81 70.1 3.75 14.0 2.18 2.28
15 7.99 42.4 1.60 6.25 71.1 3.92 14.4 1.89 2.41
RSD/%  35.18 37.46 22.84 14.58 7.85 3.27 6.89 8.75 5.55
C 16 9.82 69.1 5.93 3.78 94.1 4.61 22.8 1.89 2.31
17 13 56.1 7.63 3.84 92.5 4.99 22.5 1.88 2.32
18 15 45.2 7.33 4.98 87.5 4.71 20.1 1.96 2.22
19 13.3 58.3 7.22 4.82 93.1 4.39 20. 1 1.91 2.1
RSD/% 16.91 17.14 10.70 14.54 3.20 5.32 6.91 1.86 4.56
Chemical Industry Press
3 2000. 52 260
HPLC-DAD-ELSD 6 Xu Yan Cheng Wei Xu Yanhua Cao Jin Luo Guoan. Chi-
nese Traditional Patent Medicine
5 9 2003 25 2 106
7 Cao Jin Xu Yan Zhang Yongzhi Wang Yiming Luo
Guoan. Chinese Journal of Analytical Chemistry
2004 32
469
8 Chang Zengrong Zhang Xiaogian. Chinese Pharmaceutical
1 Jin Yulong Zhao Zhixin. Acta Chinese Medicine and Phar- Journal ' 200338 155
macology ) 1995 10 4 54 9 Ye Lei Cao Jin Xu Yan Wang Yiming Luo Guoan. Chi-
2 Zheng Huzhan Dong Zehong She Jing. Modern Study and nese Traditional Patent Medicine
Application of Traditional Chinese Medicine. Vol 4. Beijing . 2004 26 9 750
Xue Yuan Press . 10 Cao Jin Xu Yan Wang Yiming Luo Guoan. Chinese Tra-
4 1998. 3 166 ditional Patent Medicine
3 Xiao Shanshan Jin Yu Sun Yuqing. Journal of Shenyang 2003 25 9 705
Pharmaceutical University ) L. .
11 Cao Jin Xu Yan Wang Yiming Luo Guoan. Chinese Jour-
2003 20 6 455
4 Ge Bing Lu Xiangyang Yi Ke Tian Yun. Chinese Wild nal of Pharmaceutical Analysis
Plant Resources 2004 24 8
2004 23 5 13 12 Xu Yan Cao Jin Wang Yiming Luo Guoan. Acta Pharm
5 Pharmacopoeia Commission of People’s Republic of China. Sinica

Pharmacopoeia of People’s Republic of China. Beijing 2003 38 543
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Analysis of Recombinant Erythropoietin and Its Tryptic Digest
by Capillary Electrophoresis and Capillary Electrophoresis-
Electrospray Ionization-Mass Spectrometry Using
Capillary Coated with 6 6-Ionene

YU Bing CONG Hailin LIU Huwei LI Yuanzong LIU Feng
The Key Lab of Bioorganic Chemistry and Molecular Engineering of Ministry of Education
College of Chemistry and Molecular Engineering Peking University Beijing 100871 China

Abstract The microheterogeneity of recombinant human erythropoietin rhEPO was ana-
lyzed by capillary electrophoresis CE using a capillary coated with 6 6-ionene. The applica-
bility of a volatile electrolyte for fast analysis of tryptic fragments of rthEPO with online CE-elec-
trospray ionization-mass spectrometry ESI-MS was investigated resulting in a reproducible
separation of eleven rhEPO tryptic fragments within 22 min under the following conditions run-
ning buffer 300 mmol/L acetic acid-ammonium acetate HAc-NH, Ac pH 4.80 separation
voltage - 15 kV and capillary temperature 25 C. The proposed method is rapid and effective
and can be used for the structural analysis of related proteins.
Key words capillary electrophoresis capillary electrophoresis coupled with electrospray ioni-
zation-mass spectrometry 6 6-ionene coating recombinant human erythropoie-

tin tryptic digest microheterogeneity tryptic mapping
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Fig.3 Total ion current electropherogram top and UV electropherogram bottom of rhEPO tryptic digests
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1 CE-ESI-MS rhEPO
Table 1 CE-ESI-MS analysis of the rhEPO tryptic digests
Peptide No. Molecular Observed m/z Peak No.
in Fig. 2 Sequence mass M M-H - M_2H *- in Fig. 3
T1 APPR 439.5 438.2 h
T2 LICDSRLYTGEACR 1615.8 806. 8 cd
T3 VLER 515.6 514.2 d
T4 YLLEAK 735.9 734.7 c
TS5 EAENITTGCAEHCSLNENITVPDTK -
T6 VNFYAWK 927.1 -
T7 R 174.2 -
T8 MEVGQQAVEVWQGLALLSEAVLR 2525.3 -
T9 GQALLVNSSQPWEPLQLHVDK -
T10 AVSGLR 601.7 600. 6 f
TI11 SLTTLLR 802.5 801.4 e
T12 ALGAQK 586.3 585.2 f
T13 EAISPPDAASAAPLR
NeuAc: Hex: HexNAc 2121 1059.5 b
NeuAc ,- Hex- HexNAc 2412 1205. 1 a
T14 TITADTFR 923.0 922.1 460.5 c
T15 K 146.2 -
T16 LFR 434.5 433.2 g
T17 YSNFLR 898.0 897.0 e
T18 GK 203.2 -
T19 LK 259.3 -
T20 TGDR 447.4 -
— uncharacterized. T5 T9 and T13 are glycopeptides.
9 Rush R S Derby P L Smith DM Merry C Rogers G Ro-
3 hde M F Katta V. Anal Chem 1995 67 8 1442
10 YuB CongHL LiuHW LiYZ LiuF. TrAC 2005 24
6 6-ionene 4 350
CE 15 min rhEPO 11 Watson E Yao F. Anal Biochem 1993 210 2 389
rhEPO 12 European Directorate for the Quality of Medicines
EDQM . European Pharmacopoeia. 4th ed. Strasbourg
7 EDQM of the Council of Europe 2002. 1123 1316
13 Boss HJ Watson D B Rush R S. Electrophoresis 1998
CE-ESL-MS 22 min rthEPO 20 1915 205
14 Tran AD Park SG Lisi PJ Huynh O T Ryall R R Lane
11 P A. J Chromatogr A 1991 542 2 459
15 Choi D Kim M Park J. J Chromatogr B 1996 687 1
189
16 Zheng X L. Cao W X. European Polymer Journal 2001 37
CE-ESI-MS 12259
17 Rambaum A Noguchi H. Macromolecules 1972 5 261
18 Wiktorowicz J E Colburn J C. Electrophoresis 1990 11
9 769
I Kranz S. Blood 1991 77 419 19 Cordova E GaoJ M Whitesides G M. Anal Chem 1997
2 Crommelin D J A Sindelar R D. Pharmaceutical Biotechnol- 69 7 1370
ogy an Introduction for Pharmacists and Pharmaceutical 20 Tran A Barker H Levi V Kunitani M. Anal Chem 1998
Scientists. Amsterdam Harwood Academic Publishers 70 18 3809
1997. 25 21  Sanz-Nebot V. Benavente F Vallverdu A Guzman N A
3 Markham A Bryson H M. Drugs 1995 49 2 232 Barbosa J. Anal Chem 2003 75 19 5220
4 Fisher J W. Exp Biol Med 2003 228 1 1 22 Cifuentes A Moreno-Arribas M V de Frutos M Diez-Masa
5 Rivier L Saugy M. J Toxicol-Toxin Rev 1999 18 2 145 J C. J Chromatogr A 1999 830 2 453
6 Parisotto R Wu M T Ashenden M J Emslie K R Gore C 23 Zhou Guohua Luo Guoan Zhou Yong Zhou Keyu Song
J Howe C Kazlauskas R Sharpe K Trout G J Xie M H Qinxin. Chinese Journal of Analyical Chemistry
Hahn A G. Haematologica 2001 86 2 128 1998 26
7 Lasne F de Ceaurriz J. Nature 2000 405 6787 635 3 249
8 Higuchi M Oh-eda M Kuboniwa H Tomonoh K Shimona- 24 Zhou G H Lou G A Zhou Y Zhou K'Y Zhang X D
ka' Y Ochi N. J Biol Chem 1992 267 11 7703 Huang L Q. Electrophoresis 1998 19 13 2348
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Determination of Polybrominated Diphenyl Ethers in Sewage
Sludge by High Resolution Gas Chromatography Coupled
with High Resolution Mass Spectrometry

WANG Yawei ZHANG Qinghua LIU Hanxia JIANG Guibin

State Key Laboratory of Environmental Chemistry and Ecotoxicology Research Center for

Eco-Environmental Sciences The Chinese Academy of Sciences Beijing 100085 China

Abstract Polybrominated diphenyl ethers PBDEs are a group of brominated flame retard-
ants which are manufactured in large quantities and widely used in a variety of consumer
goods. Recently they spread ubiquitously as environmental contaminants. In order to investi-
gate the pollution level of PBDEs in different environmental samples a method has been estab-
lished by using high resolution gas chromatography coupled with high resolution mass spec-
trometry HRGC-HRMS . The method was used to analyze biosamples obtained from the inter-
national inter-calibration. The results were satisfactory by analyzing z-score figures. Then
PBDE contents in three samples of sewage sludge were investigated by the method after Soxhlet
extraction and multi-layer silica gel chromatographic separation. The number of PBDEs deter-
mined was 19. From the results we can see that the contamination level of PBDEs in the sam-
ple from Beijing was higher than those from two other areas. The method was validated and
applied for the analysis of environmental samples.

Key words high resolution gas chromatography-high resolution mass spectrometry polybrom-

inated diphenyl ethers sewage sludge
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13
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150% 1 3 Herring meat 77.0 39.6 87.2
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Determination of Amygdalin in Hawthorn by High
Performance Liquid Chromatography

LU Weifeng DING Mingyu

Key Laboratory of Bioorganic Phosphorus Chemistry & Chemical Biology of Ministry of Education
Department of Chemistry Tsinghua University Beijing 100084 China

Abstract A suitable method for extraction of amygdalin from hawthorn has been established.
At first the lipophilic components were removed with petroleum ether by ultrasonic extraction.
The amygdalin was then extracted by methanol in a Soxhlet’ s apparatus. For quantitation a
high performance liquid chromatographic method was developed by using a reversed-phase C
column mobile phase of methanol-water 15:85 v/v and a detection wavelengh of 215 nm.
It can be concluded that the content of amygdalin is higher in the seeds than that in the haw-
thorn powder without the seeds and the yield of amygdalin is higher in the hawthorn pieces than
that in the hawthorn powder.

Key words high performance liquid chromatography Soxhlet extraction ultrasonic extrac-

tion amygdalin hawthorn
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1
Fig.1 Chemical structure of amygdalin
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Fig.2 Chromatograms of methanol extract
1.1 of hawthorn powders
HP 1100 Column C;; 250 mm x 4.6 mm i.d. 5 pm . Mobile
phase methanol-water 15:85 v/v . Flow rate 0.8 mL/min.
DAD HP UV detection 215 nm.
Agilent C Amy amygdalin.
18
250 mm x 4.6 mm i.d 5 pm c mg/L
0
15% 0.8 1 ~20 mg/L
mL/min 215 nm 30 C
20 pL 0.45 pm S/N 3
0.2 mg/L
1.2
510 15 mg/L
5
RSD
0.71% 0.49% 0.88%
1.3
5 7%
0246 8h
7% 20%
0
24% 0.40%
24%
5 1g 10 mL s
15 min 100 mL 0.1000 mg
70 C 5h
100 mL | |
2 103. 4% RSD 1.05%
2.1 HPLC !
Table 1 Recovery of amygdalin
Cl* No. Added/mg Found/mg Recovery/%
15:85 1 0. 1000 0.1029 102.9
o) 2 0. 1000 0.1041 104. 1
3 0. 1000 0.1042 104.2
215 nm 4 0. 1000 0.1011 101.1
215 nm 5 0. 1000 0.1045 104.5
2.2

A=1.2391C +1.7729 »* =0.998 6 A
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Table 2 The content of amygdalin in hawthorn powder
samples with different ratios of seeds and pieces
Hawthorn sample Content/ mg/g
Powder only 0.17
Powder containing 7% seeds 1.03
Powder containing 20% seeds 1.32
Powder containing 24% pieces 0.70
Hawthorn fruit pieces 0.83
70 C
3
3 23456
7h 15
“
min 5h
3 > h HPLC C, 15%
0.20
3
g
§
i ‘ .
1 Isozaki T Matano Y Yamamoto K Kosaka N Tani T. J
Chromatogr A 2001 923 249
2 Mu Jing. Information of Chinese Medicine
Extraction time / h 2002 19 3 19
3 3 Wasserkrug K Rassi Z E. J Liq Chromatogr Relat Technol
Fig.3 Effect of extraction time on 1997 20 3 335
extraction amount of amygdalin 4  Cairns T Froberg JE Gonzales S Langham W S Stamp J
J Howie J K Sawyer D T. Anal Chem 1978 50 317
2.3 Lim C K. Trends Anal Chem 1988 7 340
2 Svedstrom U Vuorela H Kostiainen R Huovinen K Laak-
so I Hiltunen R. J Chromatogr A 2002 968 53
7 Chang Q ZhuM ZuoZ Chow M How K K. J Chromatogr
B 2001 760 227
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10 of Zhangjiakou Medical College
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Traditional Medical Formulae
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Preparation and Evaluation of Organic-Inorganic Hybrid Silica-
Based Monolithic Columns for Capillary Electrochromatography

YAN Lijuan' > ZHANG Qinghe'® LI Tong'® ZHANG Weibing’
FENG Yuqi’ ZHANG Lihua’ ZHANG Yukui’
1. Dalian Elite Analytical Instruments Co. Ltd. Dalian 116011 China 2. College of Chemistry and Molecular
Sciences Wuhan University Wuhan 430072 China 3. National Chromatographic R. & A. Center
Dalian Institute of Chemical Physics The Chinese Academy of Sciences Dalian 116023 China

Abstract A new type of organic-inorganic hybrid porous silica-based monolithic columns was
developed for reversed-phase capillary electrochromatography RP-CEC . The monolithic col-
umns were prepared from in situ co-condensation of tetraethoxysilane TEOS and phenyltrie-
thoxysilane PTES precursors via a two-step catalytic sol-gel procedure in the capillary to cre-
ate phenyl groups distributed throughout the silica matrix for chromatographic interaction. The
functionalized monolithic stationary phase was created without additional surface derivatiza-
tion. The reaction conditions for the preparation of the monolithic columns were optimized.
The structure and pore size distribution of the monolithic columns were characterized by scan-
ning electron microscopy and mercury porosimetry respectively. The effect of water concen-
tration on the column structure was studied and the influence of the ratio of two precursors on
the pore size distribution was also investigated. The retention behavior of polycyclic aromatic
hydrocarbons on the monolithic column is discussed. Seven phenols were also separated with
an average efficiency over 100 000 plates/m.

Key words monolithic columns capillary electrochromatography sol-gel organic-inorganic

hybrid materials
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210 JEOL
e Pore Sizer 9310 Microme-
ritics
TEOS
Acros
Tris
- PAHs
SG
CLEAR
0.01 ~0.05 g/L
pH
15 min
1.2
1.2.1
0.2 mol/L 1.0 mol/L
- - 30 min 160 C
1.2.2
200 L 10 wL 0.5 mol/L
TEOS
. PTES 3 min 60 C 4 h
15 mg
40 C
- 12 h
3- 60 C 48 h
1 3
1
14 Table 1 Compositions of original sol solutions

for preparation of monolithic columns

Column V TEOS /uL V PTES /pL V H,0 /pL

A 90 70 20
- - B 90 70 30
C 92 68 20
0 TEOS tetraethoxysilane PTES phenyltriethoxysilane.
p
1.3
5 mm
PTES
10 100 mm
x2.0 mm i d.
1
1.1
Beckman P/ACE System 5010 1.4
Beckman 75 pm A
iLd x375 pm o. d P200 27 cm 20 cm
I 3kV 3s 20 C

JSM-6360LV 214 nm
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16 Hz pH
5 mmol/L Tris-HCI 3
H
2 p
2.1
pH
2.2
- 2.2.1
PTES 1

20 uL 30 pL TEOS PTES
- 90/70 1

1 A a B b
Fig.1 Scanning electron microscope images of the cross-sectional view of monolithic columns A a and B b
Preparation conditions 20 pL and 30 pL of water in original sol solutions for columns A and B respectively and the volume ratio
of 90: 70 of TEOS and PTES in original sol solutions for both columns A and B.

2.2.2
2 _ 1.0
A V TEOS /V PTES =90/70 S o] = o
5 um 2.91 em®/g P
C V TEOS /V PTES =92/68 f
0.8 pm 2.20 cm’/g &
TEOS PTES §
2.3
2.3.1 Pore diameter / ym
3 2
4 KV 27 KV Fig.2 Incremental pore size distribution profile

measured by mercury porosimetry
Column A V TEOS /V PTES =90/70 Column C

75 pm V TEOS /V PTES =92/68.
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Fig.3 Effect of applied voltage on linear velocity of lg k=a+ bCB 1

electroosmotic flow through the monolithic column
Mobile phase 5 mmol/L Tris-HCI buffer pH 8.2 contai- b
ning 70% acetonitrile.
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Fig.4 Electrochromatograms of PAHs on column A
Experimental conditions mobile phase 5 mmol/L Tris-HC1 pH 8.2 containing various proportions of acetonitrile a. 80%
b.70% ¢.60% d.50% . Applied voltage 13 kV.
1. naphthalene 2. acenaphthene 3. fluorene 4. anthracene 5. pyrene 6. triphenylene.

2 Ab
Q3
b s 4
Ab
]
2.3.3
1.1 - .
[ y
1.0 & L ! A 7
50 60 70 80
0
2 (ACN) / % 50% 7
5 PAHs a 6
Fig.5 Effect of acetonitrile content in mobile phase 100 000 /m 7
on separation factor o of PAHs 0. 82%
Suffixes of « 1 2 6 are the peak No. in Fig. 4.

1.45%
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Table 2 Linear relationships between acetonitrile content C; % v/v in mobile phase and retention factor k for PAHs
Peak No. in Fig.4 Compound Igk=a+bCy r Ab
1 naphthalene Ig k =1.84459 -2.88297Cy 0.9995 —0.35483
2 acenaphthene 1g k£ =2.20958 -3.23780Cy 0.9991 0. 14696
3 fluorene 1g k=2.13611 -3.09084C} 0.9990 -0.25715
4 anthracene 1g k =2.36649 —3.34799C} 0.9988 -0.03241
5 pyrene Ig k£ =2.49663 -3.38040Cy 0.9985 ~0.24939
6 triphenylene 1g £ =2.73702 -3.62979Cy -0.9982

2
3
4
t/min 5
6 A
Fig.6 Electrochromatogram of phenols on column A 6
Experimental conditions mobile phase 5 mmol/L Tris-
HCl pH 8.2 containing 50% ACN applied voltage 10 kV.
Solutes 1. hydroquinone 2. phenol 3. m-nitrophenol 4. 8
p-chlorophenol 5.2 3-dimethylphenol 6.2 4-dichlorophenol
7. o-nitrophenol. 9
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3 11
12
13
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Synthesis Characterization and Evaluation of Octadecyl
Ester-Bonded Monolithic Column

WANG Lijuan' YANG Gengliang' > LI Xu' LI Xiaoyu' YIN Junfa’
LI Zhiwei' > GAO Wenhui® YANG Jing' CHEN Yi’

1. College of Pharmacy Hebei University Baoding 071002 China 2. Molecular Science Center Institute of
Chemistry The Chinese Academy of Sciences Beijing 100087 China 3. College of Biological Science
and Engineering Hebei University of Science and Technology Shijiazhuang 050018
China 4. China Institute of Atomic Energy Beijing 102413 China

Abstract An ester-bonded monolithic silica column for reversed-phase high performance liquid
chromatography was synthesized by reacting stearic acid with y-glycidoxypropyltrimethoxysi-
lane and coupling the intermediate product onto monolithic silica column. Characterization of
the prepared column was carried out with Fourier transformation infrared spectrometry and ele-
mental analysis. The chromatographic properties of the packing were evaluated by using ben-
zene biphenyl and anthracene as samples and methanol-water as binary mobile phase. The
column back-pressure and separation effect were also evaluated for fast separation. The results
show that the stationary phase has satisfactory chromatographic properties and resists hydroly-
sis between pH =2 -8 and it can be used for the fast-separation of solutes efficiently.

Key words silane coupling agent octadecyl ester-bonded monolithic silica column reversed-

phase liquid chromatography
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Fig.2 IR spectra of octadecyl ester-bonded silica a

and silica after acid treatment b
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Table 1 Effect of the composition of mobile phases
on retention times of solutes min
V MeOH :V H,O0
Solute
75:25 60:40 55:45 50:50 45:55
Benzene 0.810 0.911 0.920 1.018 1.063
Biphenyl 0.969 1.593 1.695 2.803 3.627
Anthracene 1.183 2.573 3.401 5.817 8.294
Mobile phase methanol-water flow rate 1.0 mL/min
detection wavelength 254 nm temperature 25 C.
1
3
2
1
3
e v | Lo | P BT L
0 1 3 4 5
t/min
3

Fig.3 Chromatogram of test solutes

Conditions mobile phase 60% CH;OH aqueous solution

flow rate 1.0 mL/min detection wavelength 254 nm

perature 25 C.

1. benzene 2.biphenyl 3. anthracene.

tem-

1
2
2500 - 60: 40
pH
1 000 pH2 5 8
- 60: 40
2.3
5 pm 50 mm x4.6 mm i. d.
4

200

F/(mL/min)

4 1 2
Ap F
Fig.4 Column back pressure A p vs flow rate F of
mobile phase on a monolithic silica column 1
and a microparticulate column 2

Other conditions as in Fig. 3.

2.4

1 mL/min
3 mL/min 3
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Fig.5 Chromatograms of test solutes on monolithic
silica column at different flow rates
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Antibodies as Tailor-Made Chiral Selectors an Interdisciplinary
Approach to Enantiomer Separation and Detection

HOFSTETTER Heike HOFSTETTER Oliver
Department of Chemistry and Biochemistry Northern Illinois University DeKalb Illinois 60115 USA

Abstract It has long been known that the configurational isomers of biologically active compounds e.g. nu-
trients pesticides and drugs may exhibit different activities in a chiral environment such as the human body.
Although the majority of drugs presently in development are chiral analytical and preparative methods for the
quantitative determination and purification of stereoisomers still lag behind. One reason is that commonly used
chiral selectors for the direct resolution of enantiomers are not tailor-made for a specific analyte. The identifica-
tion of suitable selectors for a particular pair of enantiomers still requires considerable experimentation and is
generally demanding with regard to material time and labor. The rational design of chiral host molecules
therefore represents a challenge in facilitating enantiomer analysis. In this article we describe how a combina-
tion of techniques ranging from organic synthesis to molecular biology yields antibodies of predetermined speci-
ficity and stereoselectivity that can be used as tailor-made chiral selectors for the chromatographic separation of
enantiomers and their sensitive detection in immunosensors.
immunosensor stereoselective antibodies

Article IC 1000-8713 2005 05-0508-12

Key words chiral separation chromatography

CLC number 0658 Document code A

Approximately two-thirds of all drugs pres-
ently in development and more than half of the
500 top-selling pharmaceuticals are chiral '*
i. e. they are optically active and can exist in
nonsuperimposable stereoisomeric forms. Due to
their distinct three-dimensional structure howev-
er such configurational isomers may differ in
their interaction with e. g. receptors enzymes
and transport proteins and have different phar-
macodynamic and pharmacokinetic properties.
Thus one stereoisomer of a drug may exhibit a
desired activity while another may cause severe
pharmacologic and toxicologic side effects or act
as an antagonist ° . Increasing understanding of
the stereoselectivity of drug actions has caused
such as the US Food and
FDA

lines for the development of stereoisomeric drugs

regulatory agencies
Drug Administration to establish guide-
and to demand that manufacturers specify their
stereochemical purity *° . Especially the analysis
of enantiomers though may represent a chal-
lenging task as these mirror image isomers share
Although a

number of techniques have successfully been used

most of their physical properties.

to determine the enantiomeric composition of
chiral compounds °*®  direct separation and a-

nalysis utilizing chiral stationary phases CSPs
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in high performance liquid chromatography

HPLC represents the most popular approach.
CSPs are produced by immobilizing a so-called
chiral selector onto a chromatographic support
thus creating a solid phase that discriminates be-
tween the two mirror image forms of the analyte.
Commonly used chiral selectors include oligo- and
polysaccharides macrocyclic antibiotics synthet-
alka-

ligand exchange selectors

ic polymers m-donor/s-acceptor systems

loids crown ethers
and various proteins ° . Despite their success
however these selectors are generally not tailor-
made for a specific separation problem which
can make the identification of a suitable CSP a
. While

the availability of ever-growing databases in com-

time-consuming trial-and-error exercise '’

bination with novel screening techniques promises
to facilitate the search for an appropriate selec-

tOI‘ 10 -12

the utilization of rationally designed
host molecules of predetermined specificity repre-
sents an intriguing alternative strategy for enanti-
omer analysis.

We have recently demonstrated that suitably
raised antibodies can be used as tailor-made
chiral selectors for enantiomer separation in
HPLC " " and for the ultra-sensitive detection of

15 16

enantiomeric impurities in immunoassays and
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. In this article we give an account
of the interdisciplinary approach we are taking in
our research to fully exploit the enormous poten-
tial of this class of proteins and to establish them
as a new class of chiral host molecules for routine
enantiomer analysis in chromatography and relat-

ed techniques.

1 Antibody production Nature's com-
binatorial synthesis of specific host
molecules

Over the past few years research at the in-
terface of Chemistry and Biology has experienced
a remarkable increase in popularity which has
led to the proclamation and recognition of* new”
areas such as Chemical Biology and Bionanotech-
nology. The application of antibodies as chiral se-
lectors provides a good example of how multidis-
ciplinary research can combine seemingly diverse
fields like synthetic Organic Chemistry Immunol-
ogy Cell- and Molecular Biology and Analytical
Chemistry. Chemists however who want to
make use of the astounding characteristics of anti-
bodies in their research need to have at least a
basic understanding of the physicochemical prop-
erties of these biological macromolecules and how
they can be raised. This section is intended to
briefly introduce the reader to the most important
immunological aspects of antibody production.
For additional information cited references and
more specialized immunological literature should
be consulted.

Antibodies are glycosylated proteins glyco-
proteins which are produced by the immune
system of vertebrates in response to invading
pathogenic microorganisms and“ non-self” bio-
In the first

phase of an immune response membrane-bound

logical material called antigens *' .

antibodies on the cell-surface of B-lymphocytes
IgM  bind to the
antigen this binding triggers proliferation of these

so-called immunoglobulins M

cells and their differentiation into plasma cells * .
These secrete soluble antibodies which have the
same overall specificity as the membrane-bound
IgM and can bind to the invader thus marking it
for destruction by other components of the im-
mune system such as phagocytes and the comple-
ment system. The most abundant soluble antibod-
ies in blood are immunoglobulins of the IgG class

which are composed of four polypeptide chains
namely two identical heavy chains and two identi-
cal light chains. IgGs have a molecular weight of
approximately 150 000 and possess two binding
sites at their amino-termini. According to the
clonal selection theory only those B-cells whose
membrane-bound IgM interact with the antigen
or a portion thereof differentiate into plasma
cells other B-cells which carry antibodies with
different binding properties are not stimulated
and therefore do not produce soluble antibody

Fig. 1
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Fig.1 Clonal selection theory

Specific binding of antigen red circles to membrane-

bound antibodies on the surface of a B-cell B2 triggers its
proliferation and differentiation to daughter cells that secrete
soluble antibodies.

Since there are millions of different B-cells
each carrying only one type of antibody with a
distinct specificity the immune system can be
seen as a natural library from which only appro-
priate binders/host-molecules are selected and
amplified. The vast number of antibodies that can
be produced by the immune system is the result
of somatic recombination of a limited number of
gene loci and the random combination of heavy
and light chains * . In addition antibody diversi-
ty is further increased by the introduction of so-
matic mutations into the antibody-encoding genes
during affinity maturation which leads to a fine-
tuning of the antibody’s specificity and an in-
crease in its affinity towards the antigen. As is the
case for other types of protein-ligand interactions
such as enzyme-substrate receptor-hormone or
lectin-sugar systems the binding forces between
an antibody and an antigen are of purely non-co-
valent nature and involve electrostatic interac-
tions electron acceptor-electron donor forces

hydrogen bonds and non-polar interactions
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Lifshitz-van der Waals forces ** . Formation of
attractive interactions is generally facilitated by a
the

and a corre-

certain shape complementarity between

antibody’s binding site paratope
sponding target region on the antigen epitope .

As early as in 1917 Karl Landsteiner and col-
leagues impressively demonstrated that highly
specific antibodies can readily be raised in ani-
mals against virtually any molecule including
low-molecular weight compounds * . Landsteiner
also demonstrated that such antibodies may be
stereoselective and distinguish between the enan-

tiomers of chiral molecules ** .

Surprisingly
since then the stereoselectivity of antibodies has
largely been ignored by chemists and has only
rarely been used for the separation and detection
of chiral compounds notably in radioimmunoas-
says for the determination of drugs and drug me-
tabolites * .

1.1

by classical immunological techniques

Production of stereoselective antibodies

The general principles for the production of
antibodies against small molecules haptens have
not significantly changed since they were first de-
scribed almost a century ago. Since compounds
with a molecular weight under 5 000 generally do
not elicit an immune response it is necessary to
couple them to carriers that are recognized by the
immune system as being non-self. Most widely
used for this purpose are proteins such as keyhole
limpet hemocyanin KLH  bovine serum albumin
BSA

riety of established coupling reactions can be uti-
28 29

thyroglobulin and ovalbumin. A wide va-

lized to synthesize hapten-carrier conjugates
depending on the presence of suitable functional
groups on the hapten a procedure is preferred
that maximizes presentation of the target structure
on the surface of the conjugate. In the production
of stereoselective antibodies care should be taken
that the coupling reaction does not involve the ste-
reogenic center and that ideally the conjugation
is carried out via a group that is located on the op-
posite side of the hapten. If this is not possible
with the original hapten the synthesis of appropri-
ate analogs should be considered. The careful de-
sign and synthesis of suitable immunogens is prob-
ably the most important step in the production of
antibodies of high specificity and stereoselectivity.
However following these general rules and stand-

ard immunization protocols »* it is possible to ob-

tain antibodies Wwhose stereoselectivity is unri-
valled. For example we raised stereoselective an-
ti-amino acid antibodies that enable the detection
of trace amounts of enantiomeric impurities in
of

The antibodies were produced by

samples having an enantiomer excess
99.998% " .
linking the protein carrier KLH to an enantiomeri-

ee

cally pure amino acid hapten distal to the o-amino
acid function the carboxylate/primary amino/hy-
so as to expose this functional
Thus

p-amino-D- or -L-phenylalanine was coupled to the

drogen triad
grouping for maximal antibody binding *' .

protein via the p-amino group by diazotization
and the resulting conjugates p-azo-D-phenylala-
nine-KLH and p-azo-L-phenylalanine-KLH respec-
tively were separately used to immunize rabbits.
Diazotization was especially suited for our pur-
pose since it allowed the synthesis of protein-con-
jugates exposing the hapten’ s stereogenic center
without protection or deprotection of its functional
groups. Conjugates of the pure enantiomers of p-
aminophenylalanine and BSA also prepared by di-
azotization were used as solid phase coatings in
an enzyme-linked immunosorbent
ELISA *

found that both types of antibody only bind to the

assay

to follow the immune response. It was

correct” BSA-conjugates that is the anti-D-ami-
no acid antibody only binds to the BSA-conjugated
the
antibody only binds to the conjugated L-enanti-

D-enantiomer while anti-L-amino  acid
omer. No significant binding to the opposite enan-
tiomer was observed Fig.2 .

The specificity and relative affinity of the an-
tibodies for the enantiomers of free that is un-
derivatized amino acids was determined in com-
petitive ELISAs. So far stereoselective binding of
the anti-amino acid antibodies to more than 30 «a-
amino acids has been demonstrated. The affinities
are highest for structures that resemble the hap-
bear aromatic side chains however a-

ten i e.

mino acids with different side chains including
aliphatic charged and non-charged residues are
also stereoselectively recognized by the respective
antibodies. Thus the antibodies can be consid-
ered to be* class-specific” .

The class-specificity of the anti-amino acid
antibodies was recently further investigated by

testing their ability to bind to structurally related



HOFSTETTER Heike et al Antibodies as Tailor-Made Chiral Selectors an
5 Interdisciplinary Approach to Enantiomer Separation and Detection - 511-

Absorbance

| | |
107 106 1075 10
Dilution anti D-AA

1.5
I b 2
1.0
8 L
5
£
s L
=2 O'Sf
L 1 .
0.0 . o o —o— 1
L L L L L L L L L L L L L
106 1073 10

Dilution anti L-AA

Fig.2 Stereoselectivity of a anti-D- and b anti-L-amino acid antibodies as determined by non-competitive ELISA

Serial dilutions of antibody-containing rabbit serum were added to the BSA-conjugates of p-amino-D-phenylalanine 1

no-L-phenylalanine 2

and p-ami-

immobilized onto a microtiter plate. Bound antibody was detected using a secondary peroxidase-labeled goat

anti-rabbit antibody and the substrate o-phenylenediamine. Absorbance was measured at 490 nm values obtained on non-derivatized

BSA were subtracted.

compounds and by comparing them to antibodies
that have been raised against such molecules. For
that purpose we produced stereoselective anti-
bodies to «-hydroxy acids in which a hydroxyl
group is substituted for the amino group of a-ami-
no acids ¥ . Both antibodies recognizing either D-
hydroxy acids or L-hydroxy acids were produced
using p-azo-D- and -L-phenyllactic acid-KLH con-
A direct

comparison of the anti-amino acid antibodies and

jugates respectively as immunogens.
anti-hydroxy acid antibodies revealed that both
types of antibodies are not only highly stereose-
lective but in addition show perfect class-spe-
cificity for the group of compounds they were
raised against. Thus anti-hydroxy acid antibodies
only bind to the corresponding” correct” enanti-
omer of o-hydroxy acids but not to the opposite
enantiomer of this class of compounds or to either
enantiomer of o-amino acids. An analogous com-
bination of stereoselectivity and class-specificity
was also observed with the anti-amino acid anti-
bodies. While the enormous degree of stereose-
lectivity displayed by these antibodies clearly ex-
ceeds what is generally observed with other chiral
selectors also their class-specificity is by no
means ordinary. It should be noted that many bio-
logical macromolecules have been found to be
surprisingly indiscriminative with regard to their
interaction with amino- or hydroxyl groups * . In
addition most other selectors used for enanti-
omer analysis of amino acids can also be applied
to hydroxy acids.

The serum of immunized animals contains a

heterogeneous population of antibodies that may

differ with regard to specificity and affinity. Since
they are produced by different plasma cells they
are referred to as polyclonal antibodies. In order
to obtain antibodies with homogenous binding
properties monoclonal antibodies can be pro-
duced ** ¥ .

mice or rats and the fusion of antibody-producing

This involves the immunization of
lymphocytes with myeloma cells. The resulting
hybridoma cells combine the properties of anti-
body production and immortality and can readily
be cultivated. Individual clones producing an anti-
body with desired characteristics can be identified
utilizing a suitable screening procedure be isola-
ted and expanded. Although
variety of techniques can be applied in the screen-

in principle a wide
ing process it is important to choose a method
that can be used to conveniently test a large num-
ber of samples for distinct binding properties. In
the production of monoclonal anti-amino acid an-
tibodies ** and anti-hydroxy acid antibodies *

for example a high degree of stereoselectivity of
hybridoma-secreted immunoglobulins was ensured
by screening the culture supernatants in ELISA on
three different coatings namely the BSA-conju-
gates of both the D- and L-enantiomers of the hap-
tens and underivatized BSA. Several clones pro-
ducing stereoselective antibodies against the cor-
responding amino or hydroxy acid enantiomers
were successfully subcloned and expanded. In
general the produced monoclonal antibodies did
not deviate significantly from the respective poly-
clonal antibodies with regard to affinity and stere-
oselectivity as determined by ELISA. Moreover

the monoclonal antibodies were also class-specific
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and can therefore be used as chiral selectors for
enantiomer discrimination of a large variety of an-
alytes.

A major advantage of the hybridoma technol-
ogy is that once monoclonal antibody-secreting
cells have been established virtually unlimited a-
mounts of a particular antibody can be produced.
Small to medium quantities can be obtained from
ascites fluid in mice ¥ or by cultivating hybrido-

mas in small bioreactors * *

. Production of large
quantities of antibodies for a variety of* achiral”
applications in industrial-size fermenters is alread-
y common practice and could easily be adopted
for antibody-based chiral selectors.
1.2 Biotechnological production of stereose-
lective antibodies

The last two decades have seen a remarkable
tech-

. The application of such molecular bi-

development in
40 41

antibody engineering
niques
ological methods for the production of stereose-
lective antibodies is particularly attractive since
they offer the possibility for facilitated large-scale
production in e. g. Dbacterial cell cultures and
the manipulation of binding characteristics. In ad-
dition biotechnology promises to significantly re-
duce or even bypass the use of animals. While in
principle the whole repertoire of recombinant an-
tibody technology can be applied to the design
and construction of stereoselective antibodies we
will focus here on just two strategies one that u-
tilizes the genetic information of a particular mon-
oclonal antibody and another that enables the
production of stereoselective antibodies from a
complex library.

If monoclonal antibody-producing hybrido-
their mRNA can be isolated

and used to amplify the genetic information that

mas are available

encodes the heavy and light chain variable V

regions of an antibody’s binding site. After com-
bination with a so-called “ linker” these se-
quences are cloned into a plasmid for transfection
into suitable prokaryotic or eukaryotic host cells.
The host’ s protein synthesis machinery is then
exploited to produce a monovalent antibody frag-
ment whose heavy and light chain are covalently
linked and which therefore is called a single-
chain variable fragment scFv . Following this
approach we have recently used the genetic in-

formation of an anti-amino acid antibody to pro-

duce a scFv that retains the stereoselectivity of
the original antibody and preferentially binds to L-
amino acids ¥ . The scFv can now be produced
in E. coli and be harvested from culture medium.
Thus in theory there is no upper limit to the a-
mounts of antibody that can be obtained this way.
Once a reliable expression system has been estab-
lished the antibody can be manipulated using ge-
netic engineering techniques to e. g. vary its af-
finity towards a specific target molecule increase
its stability or to completely alter its specificity.
The potential value of genetic engineering tech-
niques for the rational manipulation of the binding
properties of stereoselective antibodies was re-
cently demonstrated by Nevanen et al. who used
site-directed mutagenesis to lower the affinity of
enantioselective antibody-fragments for their tar-
gets ¥ .

An additional

antibody-fragments is their reduced size compared

potential advantage of
to a whole antibody. With a molecular weight of

approximately 30 000 scFvs for example are
about five times smaller than IgGs. Consequently
a higher density of binding sites can be realized
for example wupon immobilization of scFvs on a
surface this should be especially beneficial in ap-
plications such as chromatography that call for
high binding capacities.

While the biotechnological production of anti-
body fragments from monoclonals still requires

immunization of animals
44 45

another technique
phage display provides the potential to by-
pass immunization and to produce complex anti-
body libraries from which antibodies with de-
sired binding properties can be isolated within a
relatively short time. This is achieved by fusing
the antibody V regions to the amino-terminus of
the coat protein pIIl of filamentous bacteriopha-
ges. Upon infection of bacteria the fusion prod-
uct is incorporated into the phage coat and the
antibody is presented on the phage surface. The
genetic material however which also contains
the sequence of the fusion protein resides within
the mature phage particle. In order to produce a
complex library of antibody-presenting phages

the genetic information of all antibody heavy and
light chains of a donor for example a mouse is
randomly combined to scFv sequences and cloned

into plasmids. Such a library which can com-
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prise billions of different antibodies can then be
screened for phages having desired specificities
using immobilized antigens in an appropriate af-
finity technique such as ELISA. Those phages dis-
playing antibody directed against the chosen anti-
gen will be bound on the antigen-coated surface
while non-binding phages can be removed in a
washing step. The bound phages can then be elu-
ted from the surface by washing with a solvent
that disrupts the antibody-antigen interaction and
be used to re-infect bacteria.

Cultivation of the bacteria yields the desired
antibody in large amounts. While in principle
antibodies to any chosen antigen are accessible
from universal antigen-unbiased libraries that
have been produced from non-immunized individ-
uals it is more common to use the genetic mate-
rial of immunized donors. Using the latter ap-
proach we demonstrated in a proof-of-concept
experiment that stereoselective scFv can be ob-
tained from an antibody-presenting phage display
library. Phages displaying antibody directed a-
gainst L-amino acids were isolated in a plastic
vessel coated with p-azo-L-phenylalanine-BSA and
used to re-infect E. coli. Soluble antibody was
purified from the bacterial cell culture and tested
for stereoselectivity in an ELISA. The expressed
protein exhibited stereoselective binding to L-ami-
no acids but did not interact with the D-enanti-

42
omer .

2 Applications of stereoselective anti-
bodies in analytical techniques

To be attractive for widespread use in enanti-
omer separation and detection a potential chiral
selector should possess a number of desired quali-
ties. In addition to showing a high degree of ste-
reoselectivity it should be reasonably stable be
obtainable in large quantities at low cost and be
widely applicable not only with regard to the pos-
sible number of target analytes but also to the
type of methodologies this selector could be com-
bined with. Considering this it may not immedi-
ately be obvious why antibodies should be suit-
able for routine enantiomer analysis in e. g. an
industrial environment. The reason for that is that
all proteins supposedly share the following inher-
ent disadvantages first of all proteins such as
enzymes receptors and antibodies typically bind

only to their natural ligands or structurally related
compounds this greatly limits the potential num-
ber of binding partners and from an analytical
chemist’ s point of view the number of analytes.
Proteins are also prone to denaturation and micro-
bial degradation which can reduce their half-lives
significantly. It is furthermore widely assumed
that since proteins have to be isolated from bio-
logical sources and are not accessible by chemical
synthesis they are difficult to obtain expensive

and available only in small quantities.

As described above antibodies can be raised
against virtually any molecule of interest even
classes of compounds and can be obtained rather
inexpensively in almost unlimited quantities by e.
g. Dbiotechnological production. The following ex-
amples from our research are intended to demon-
strate that antibodies are furthermore surprisingly
stable and can be conveniently used in an enor-
mous variety of analytical techniques for enanti-
omer separation and detection ranging from liquid
chromatography to high-throughput sensors.

2.1 Chiral immunoaffinity chromatography

Solid phase-immobilized antibodies have suc-
cessfully been used for the chromatographic puri-
fication of high- and low-molecular weight anti-
gens for almost four decades. The technique is
known as immunoaffinity chromatography *
and is based on the principle that from a crude
mixture only a suitable binding partner will be re-
tained on a column from which it can be eluted
in pure form Fig.3

While the binding step is carried out in a
buffer that favors the association of antibody and
antigen elution usually requires harsh conditions
which may involve a drastic change in pH or the
addition of organic solvents or chaotropic salts.
The elution step usually causes protein denatur-
ation which significantly shortens column life-
time. Although such a classical approach has oc-
casionally been used for antibody-based separa-

#-3" Yimited column reus-

tion of stereoisomers
ability generally restricts it to special applications
and makes it impractical for routine enantiomer
separation.

In order to be able to compete with other
commonly used CSPs a chromatographic system
should permit thousands of separations under ex-

perimental conditions that pose no inconvenience
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Washing Elufion

Signal

Fig.3 General principle of immunoaffinity
chromatography
From a mixture of compounds represented by circular
sickle-shaped and triangular symbols that are applied to a
column containing solid-phase immobilized antibody Y-shaped
symbols  only appropriate binding partners will be retained in
the binding step which is performed in a neutral buffer. After
washing the column with the same or another buffer that is fa-
vorable for the interaction between antibody and analyte a sol-
vent is applied that disrupts this interaction. Eluted material
can be detected by e.g. measuring UV-absorbance or anoth-

er physical property.

to the scientist. We have recently demonstrated
that antibody-based CSPs can meet these require-
ments if they are operated under mild isocratic
conditions that do not compromise the protein’s

3

structural integrity ' Monoclonal antibodies di-

rected against either D- or L-amino acids were im-

o7 36 13 14
mobilized on agarose

synthetic polymers
or silica ¥ and used for enantiomer separation in
analytical size microbore and capillary col-
umns. Recently we also used anti-hydroxy acid
antibodies for enantiomer separation in micro-

bore columns * . Using a synthetic high flow-

2% which al-

through support material POROS
lows the use of flow rates up to 30 mL/min it
was found that enantiomer separation is purely
based on specific stereoselective interaction of
the immobilized antibody with the analyte having
the* correct” configuration while the opposite
enantiomer is not retained and elutes with the

"% This is in contrast to most oth-

void volume
er CSPs

phases where typically considerable retention of

including other protein chiral stationary
the first-eluting enantiomer caused by non-spe-
cific or non-stereoselective interactions is ob-
served. We found that the high flow-through ma-
terial is particularly valuable for separation of ana-

lytes that show a relatively high affinity towards

the immobilized antibody. In such cases rapid
elution of the retained enantiomer can still be
achieved under mild isocratic buffer conditions by
simply increasing the flow rate. Fig.4 for exam-
ple shows the separation of the enantiomers of
phenylalanine at room temperature in less than
two minutes using an analytical size stainless steel
the CSP had been

produced by derivatizing POROS with a mono-

column 2.3 mm x 200 mm

clonal anti-D-amino acid antibody. By applying a
relatively high flow rate of 6 mL/min the whole
chromatographic process can be carried out in
PBS at a neutral pH
of 7. 4. For comparison the application of a flow

phosphate buffered saline

rate of 1 mL/min which is common for typical
HPLC applications would result in an extremely
broadened second peak making UV-detection of
the retained enantiomer virtually impossible.

0.0 0.5 1.0 1.5 2.0 2.5 3.0

#/min

Fig.4 Enantiomer separation of D L-phenylalanine
non-racemic mixture on a POROS-immobilized
monoclonal anti-D-amino acid antibody at 6 mL/min
using phosphate buffered saline as sole mobile phase

The first peak corresponds to the L-enantiomer the sec-
ond to the D-enantiomer. Elution was monitored utilizing UV-
absorbance at 240 nm. Separation was obtained at room tem-
perature.

Interestingly plots of the retention factor k
as a function of the flow rate showed that for the
immunoaffinity-based enantiomer separations in-
vestigated k is not independent of the flow rate
as would be expected according to chromato-
graphic theory for isocratic separations.

The decrease in k with increasing flow rates
appears to be more prominent for analytes that
have a relatively higher affinity towards the immo-
bilized antibody than for those that are more
weakly bound. This disparity may be explained
with differences in the dissociation rate con-
stants. It can be assumed that the association rate
constants of such antibody-hapten interactions are
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similarly high whereas the affinity of the interac-
tion is primarily determined by the dissociation
rate constant. Thus a more strongly bound ana-
lyte dissociates slower from the CSP which re-
sults in an overall higher affinity towards the im-
mobilized antibody. As a consequence the local
concentration ratio of free versus bound analyte
decreases at high flow rates due to dilution
effects thus reducing the amount of dissociating
analyte that is rebound. If both the association
and dissociation kinetics are fast enough as is
the case for more weakly bound analytes such a
dilution effect will not be discernible. However

if the dissociation step is slow and the flow rate
high enough such an effect would result in a rel-
atively lower retention at higher flow rates which
would manifest itself in a decrease in k. The k,
values for the first eluting enantiomer on the oth-
er hand were close to zero and independent of
the flow rate which indicates that no noticeable
specific or non-specific interactions between the
CSP and this enantiomer occur this in turn im-
plies that the retention of the second eluting enan-
tiomer is solely based on specific interactions with
the CSP.

As with other protein CSPs % optimization
of chiral separations can also be achieved by
varying other chromatographic parameters such as
temperature ionic strength or pH of the mobile
phase Fig.5

The susceptibility of the antibody-antigen in-
teraction towards changes in the environment

here the mobile phase provides a convenient

{/min

Fig.5 Influence of the temperature on the enantiomer
separation of D L-phenylalanine non-racemic
mixture on a POROS-immobilized monoclonal

anti-D-amino acid antibody
The first peak corresponds to the L-enantiomer the sec-
ond to the D-enantiomer. Separations were performed at 2
mL/min in PBS.

tool to e.g. increase the separation factor « of
a particular separation or to reduce separation
time. Since we routinely operate our antibody
columns under mild buffer conditions such as
PBS that do not cause protein denaturation they
are very stable and so far have been reused for
thousands of separations over a period of more
than four years. This is even more remarkable as
the chromatographic system is routinely operated
at room temperature and columns are stored un-
der an azide-containing buffer at 4 C only if not
used for extended periods of time. Thus the an-
tibody phases combine the advantages of tailor-
made chiral selectors with the convenience of oth-
er commonly used CSPs. An advantage of chiral
immunoaffinity chromatography however is that
the stereoselectivity as well as separation condi-
tions are predictable antibodies will preferential-
ly bind to the enantiomer they were raised
against and binding will occur under physiologi-
cal buffer conditions.

The predictability of antibody-based CSPs is
exemplified in Fig. 6 which shows the inversion
in elution order of the enantiomer separation of
phosphotyrosine on two antibody columns with
opposing stereoselectivity.

This example proves that the observed sepa-
rations are undoubtedly the result of highly specif-
ic interactions between the antibodies’ binding
sites and their corresponding binding partners.
The belief that protein-based chiral separations
are based on a protein’ s“ inherent chirality”

since they are made from chiral building blocks

£/min £/min

Fig.6 Inversion of the elution order of the enantiomer
separation of D L-phosphotyrosine non-racemic
mixtures on a an anti-D-amino acid antibody

column at 4 mL/min and b an anti-L-amino

acid antibody column at 1 mL/min
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namely L-amino acids however is unsub-
stantial. It can be assumed that at least in most
cases a particular three-dimensional arrangement
of amino acid residues in a protein’ s binding site
is responsible for chiral discrimination.

Although the POROS material offers a high
degree of experimental flexibility it has a lower
capacity than for example silica. This may limit
its utility for the separation of analytes that have a
relatively low affinity towards the immobilized an-
tibodies. In the case of anti-amino acid antibody
CSPs for example we were not able to use PO-
ROS as support for the separation of aliphatic a-
mino acids. However such amino acids can be
separated on phases that have been prepared by
immobilizing stereoselective antibodies onto sili-
ca which has a much higher capacity * .

We are currently investigating antibodies in a
variety of different experimental setups and condi-
tions to make full use of their extraordinary stere-
oselectivity. The development of miniaturized sys-
tems for example is especially attractive since
they require only small amounts of analyte and
chiral selector. Microbore and capillary systems
can furthermore be interfaced with mass spec-
trometry MS instruments for the sensitive de-
tection of analytes that e.g. lack a chromo-
phore. Since many buffers that are favorable for
the antibody-antigen interaction such as phos-
phate buffers are incompatible with MS detec-
tion the identification of a suitable mobile phase
can be a challenging task. However we found
that our antibody-CSPs are stable in a low-ionic
strength ammonium bicarbonate buffer which al-
lows interfacing of miniaturized columns with an
MS detector and separation of a number of amino
acid enantiomers ¥ . There appears to be no limit
to the use of stereoselective antibodies for enanti-
omer separation as long as the operating condi-
tions do not cause protein denaturation.

2.2 Chiral immunosensors

As discussed above in immunoaffinity chro-
matography the specific interaction between an
analyte and an antibody results in a certain degree
of retention with the extent of retention reflec-
ting the strength of interaction between the bind-
ing partners. If this method is to be used for ana-
the anti-

lytical purposes e. g. quantification

body-antigen bond has to be disrupted in order to

elute the analyte and determine its concentration
and amount respectively with the help of a suit-
able detection system. Thus analyte binding and
detection usually are consecutive events. Howev-
er a number of detection systems allow direct

that is
or other receptor-ligand interactions. The combi-

real-time monitoring of antibody-antigen

nation of antibodies with such® transducers” re-
which
may be employed for the qualitative or quantita-

sults in the creation of immunosensors

tive detection of target molecules.

We have used a number of different physical
transduction systems to design chiral immunosen-
sors that allow enantiomer analysis in an automa-
The first

was based on surface plasmon res-

ted or even high-throughput format.
such sensor "
onance SPR an optical phenomenon that al-
lows detection of mass-changes on the surface of
a gold-coated prism 7 . We utilized a commer-
cially available instrument BIAcore to design an
SPR-based chiral immunosensor that enabled
quantification of amino acid enantiomers up to an
ee 0f 99. 9%. Enantiomeric impurities contained in
non-racemic samples were detected by their abili-
ty to inhibit binding of stereoselective antibody to
a hapten-analogue immobilized on the sensor sur-
face Fig.7 .

Despite the fact that the BIAcore instrument is
amenable to automation it does not allow simulta-
neous analysis of multiple samples. However we
have recently used other transduction elements
that enable sensitive detection of enantiomeric im-
purities in a high-throughput format — a particular-
ly challenging aim in enantiomer analysis.

Stereoselective anti-D- or anti-L-amino acid
antibodies were covalently immobilized on the gold
surface of nanostructured silicon microcantilevers
to use analyte-induced nanomechanical surface
stress for label-free detection * . When such sur-
faces were subjected to samples containing an ap-
propriate binding partner i.e. corresponding a-
mino acid enantiomers the antibody-analyte inter-
action caused nanoscale bending of the microcanti-
levers which could be detected with the help of a
laser and a position-sensitive detector Fig.8 .

The temporary response of cantilever bending
upon injection of analyte was found to be linearly
proportional to the analyte concentration which

allowed quantitative determination of enantiomer-
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Fig.7 Chiral immunosensor based on SPR as transduction element

a. Schematic depiction of the sensor setup. The sensor chip comprises a dextran-modified gold film brown layer

on top of a glass

prism grey box . A biotin-derivative of p-amino-D-phenylalanine was immobilized via its interaction with streptavidin covalently linked to

the dextran spiral .

Anti-D-amino acid antibody was pre-incubated with varying concentrations of free D-amino acids in solution. b. Anti-

body binding to free amino acids results in a concentration-dependent decrease of the SPR response as exemplified here in the overlay

plots for D-phenylalanine in concentrations of 0. 02 — 100 pmol/L. The maximum signal intensities can be converted to % inhibition values.

c. A semi-logarithmic plot of % inhibition versus the logarithm of the inhibitor concentration gives a sigmoidal inhibition curve.

250

200 £

150

100

Injection

50 F

Deflection / nm

£/min

Fig.8 Chiral immunosensor based on nanomechanical
surface stress
Amino acid enantiomers were injected over the surface of
microcantilevers derivatized with anti-L-amino acid antibody.
Stereoselective interaction with analytes having the“ correct”
caused nanoscale ben-
ding of the cantilever. The kinetics of the deflection could be

configuration here L-Trp and L-Phe

used for quantification not shown .

ic purities up to 99.8% ee. Although high-
throughput analysis was not demonstrated simul-
taneous analysis of multiple samples should be
readily achievable by coupling cantilever arrays to
flow-injection systems.

High-throughput analysis of enantiomers was

recently demonstrated by combining stereoselec-
tive anti-amino acid antibodies with magnetic re-
MRS " . MRS are dextran-
superparamagnetic iron nanoparticles

laxation switches
coated
whose aggregation alters the T2 relaxation time of
adjacent water protons. Such particles can con-
veniently be derivatized with a ligand or receptor
using standard immobilization strategies. Addition
of a bi- or multivalent binding partner to MRS in-
duces self-assembly of the particles which can
be monitored with a nuclear magnetic-resonance

NMR

ger

instrument or magnetic resonance ima-
In order to employ MRS for antibody-
based enantiomer analysis a hapten-analogue
was covalently linked to the dextran-surface of
the particles. Since IgG possess two identical
binding sites addition of antibodies recognizing
the immobilized ligand induced aggregation of the
particles. The presence of free amino acid ana-
lytes having the correct configuration however
resulted in dispersion of the clusters which could
be followed as an increase in the T2 relaxation

time Fig.9
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Fig.9 Schematic representation of a chiral MRS immunosensor

In the presence of stereoselective antibody dextran-coated nanoparticles grey spheres that were derivatized with a hapten-ana-

logue aggregate to form clusters. Addition of the correct enantiomer in the presence of the opposite enantiomer causes dispersion of the

clusters which can be followed by magnetic resonance.

Both the extent and rate of the measured sig-
nal were dependent on the concentration of the
target enantiomer which allowed sensitive ana-
lyte quantification. Since the presence of the op-
posite enantiomer did not cause a significant
change in the signal trace amounts of amino acid
enantiomers contained in non-racemic mixtures
could be determined up to an ee of 99. 998%. Mo-
reover the ability to measure thousands of sam-
ples simultaneously in a magnetic resonance ima-
ger within as little as two minutes can be consid-
ered a significant achievement in the field of en-
antiomer analysis.

3 Conclusions

Although stereoselective antibodies were first
described almost eighty years ago their use as
chiral selectors is still in its infancy. Recent work
in this area however has clearly demonstrated
that these biological macromolecules offer an
enormous degree of flexibility with regard to their
production manipulation and application in ana-
lytical techniques. It is up to us scientists to recog-
nize this potential and to exploit it to address pres-
ent or future separation or detection problems.

While antibodies possess a number of proper-
ties that should make them attractive for wide-
spread use three particular qualities and their
combination appear to distinguish them most ev-
idently from other commonly used chiral selec-
tors. The ability to raise antibodies against virtu-

ally any target molecule using either classical im-

munological or molecular biological techniques
has the potential to considerably ease the future
search for suitable separation systems for chiral
compounds. The unsurpassed stereoselectivity of
antibodies enables the detection of enantiomeric
impurities at levels not achievable with any other

selectors. Stereoselective antibodies further-

more can be utilized in an amazing variety of

techniques ranging from immunoassays to sensors
and chromatography and their combination with
methods that have been established for" achiral”

applications should be straightforward.
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Determination of Osteopontin at Trace Levels by Non-Gel
Sieving Capillary Electrophoresis

ZHAO Jingshan WEN Jinkun HAN Mei
Key Laboratory for Medical Biotechnology of Hebei Province Institute of Basic Medicine Science

Hebei Medical University Shijiazhuang 050017 China

Abstract A method of non-gel sieving capillary electrophoresis NGSCE was established to
determine osteopontin at trace levels. The capillary used was uncoated fused silica with a size
of 57 cm x75 um i. d. and an effective length of 50 cm. The electrode buffer was a 150 mmol/L
boric acid-borate buffer containing 30 g/L polyethylene glycol 20000 pH 10.0 . Other condi-
tions were as follows separation voltage 23 kV detection wavelength 214 nm pressure of in-
jecting sample 3.4 kPa 0.5 psi x5 s and column temperature 25 C. The NGSCE method had
excellent linearity with correlation coefficient of 0.996 and reproducibility with the relative
standard deviation of migration time of osteopontin less than 5% . The recovery was 95% and
better the sensitivity was 0. 079 g/L. Osteopontin secreted by vascular smooth muscle cells
was determined by the NGSCE method at different times after serum withdrawal and the re-
sults were in agreement with those of Western blot method. The results indicate that NGSCE is
a simple and rapid method of determining osteopontin at trace levels. This method only needs a
micro-amount of sample and is easily automated.

Key words capillary electrophoresis polyethylene glycol 20000 non-gel sieving osteopontin

vascular smooth muscle cell

non-gel sieving

capillary electrophoresis NGSCE
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osteopontin OPN
vascular smooth
muscle cell VSMC

1
1.1
P/ACE™ MDQ
MDQ BECKMAN
Na,HPO, NaH,PO, HCl
NaOH
Tris Sigma
PEG20000 OPN 2.5 g/L
OPN
1.2
57 cm 50
cm 75 pm
pH 10.0 150 mmol/L
30 g/L PEG20000 214 nm
23 kV 3.4 kPa 0.5 psi x5
S 25 C 137 kPa 20
psi 0.1 mol/L HCI 5 min
2 min 0. 1 mol/L NaOH 5 min
2 min 5 min 30
min 0.1 mol/L NaOH
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1.3
1.25 g/L OPN 15 5
-20 C 3d
3 2 OPN
1.4
2.5 g/L OPN
1.25 0.625 0.313 0.157 0.079 g/L
NGSCE OPN
1.5
1.25 g/L OPN 6 20
wL 3 2L 4L
2.5 g/L OPN
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0.25 pm

1.7 Western blot OPN

VSMC 8 nL
- SDS-
PAGE
polyvinilidene difuoride PVDF 5%
OPN 1:8 8
1: 1000 1 000
4- -1- /H,0,
1.8
P/ACE™ MDQ
MDQ
Western blot SPSS
10.0
2
2.1 NGSCE
50 mmol/L 50 mmol/L 50
mmol/L Na,HPO, 50 mmol/L NaH,PO,
OPN
150 mmol/L NaOH pH
PEG20000
PEG20000 20 g/L
OPN 30 g/L
PEG20000
PEG20000
PEG20000 30 g/L
6
OPN
30 g/L PEG20000
pH
7 pH 7.0 8.0 9.0
10.0 150 mmol/L 30 g/L
PEG20000 pH
7.0 8.0
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OPN pH 10.0
pH
pH 10.0
pH 10.0 150 mmol/L

30 g/L PEG20000
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18 20 23 25 27 kV OPN VSMC OPN
OPN
25 kV OPN
23 kV 1
23 kV Table 1 Reproducibility of OPN
Migration time/ RSDs/%
pH 10.0 150 mmol/L Batch  oonont : : S—
min n =10 intra-group intra-batch inter-batch
30 g/L PEG20000 7.87 £0.176 2.22
OPN 1 7.91 £0.102 1.29 2.21
7.92 £0.235 2.97
. 7.90 £0.129 1.63
3.4 kPa 0.5 psi s
2 7.83 £0.133 1.71 2.02 2.16
OPN 10 s 8.04 +0. 129 1.6l
5s 7.85+0.150 1.91
3.4 kPa 0.5 psi x5 s 3 7.90 £0. 161 2.04 2.30
7.92 £0.235 2.97
2 n=3
Table 2 Recovery of OPN 7 =3
Expected Observed
Added/ X i Recovery/
concentration/ concentration/
neg %
g/L g/L
pH 5 1.364 1.314 96.31
“1.2” 10 1.458 1.379 94.58
1
2
OPN OPN 3 24 h
4 OPN
5 OPN 2
24 h OPN
OPN
72 h 3
NGSCE VSMC
L L | L L | L L | L L | L | L |
0 2 4 6 8 10 12
fy/min NGSCE
1 OPN
Fig.1 Capillary electropherogram of OPN
Conditions uncoated fused silica capillary 65 cm x75 pm NGSCE OPN
i d. voltage 23 kV temperature 25 C pressure injection Western blot
3.4 kPa 0.5psi x5s run buffer 150 mmol/L boric acid-bo-
rate buffer pH 10.0 with 30 g/L PEG20000 detection wave- 25
length 214 nm. :
20
2.2 = r 7
5]
“ o1.3" 1% 1.4” § 1.5 -
w L
OPN x  0.079 ~2.5 g/L £ 10l
s [
Yy Yy = ~ :
0.5 -
390192 +1193.8 0. 996 [
0.079 g¢/L “ 1.5" 2 0.0 € : - ‘
0 12 24 48 72
Time / h
2 OPN
2.3 Fig.2 Relative contents of OPN from capillary electro-

pherograms at different times after serum withdrawal
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Fig.3 Capillary electropherogram of VSMC culture
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Fig.4 OPN peak identification in electropherograms
by standard analysis
a. the culture medium sample at 24 h after serum with-
drawal b. purified OPN.
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Fig.5 OPN peak identification in capillary electro-
pherograms by standard-addition analysis
a. the culture medium sample at 24 h after serum with-
drawal b. the culture medium sample at 24 h after serum with-
drawal spiked with OPN standard.
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Determination of Bioactive Components in Semencustae by
Capillary Electrophoresis with Electrochemical Detection

FU Liang CHU Qingcui GUAN Yueqing YE Jiannong
Department of Chemistry FEast China Normal University Shanghai 200062 China

Abstract A method of high performance capillary electrophoresis with electrochemical detec-
tion CE-ECD has been developed for the determination of five bioactive components in
Semencustae namely rutin hyperoside kaempferol p-coumaric acid and quercetin. The
effects of several factors such as the acidity and concentration of the running buffer the sepa-
ration voltage the applied potential and the injection time on CE-ECD were investigated.
Under the optimized conditions these five components can be separated in a 50. 0 mmol/L
borax running buffer pH 9.0 within 19 minutes. A 300 um diameter carbon disk electrode
was used as the working electrode positioned carefully opposite to the outlet of the capillary in
a wall-jet configuration at potential of +950 mV wvs. saturated calomel electrode as reference
electrode SCE . Good linear relationships were established between the peak current and
concentration of analytes over two orders of magnitude. The detection limits S/N =3 were
1.93x107° 3.55x107* 3.65x107° 1.73 x10° and 1.46 x 10 * g/L for rutin hyperoside

kaempferol p-coumaric acid and quercetin respectively. The method has been successfully
applied to the determination of these analytes in Semencustae samples after a relatively simple
extraction procedure and the assay results were satisfactory.

Key words capillary electrophoresis electrochemical detection rutin hyperoside kaempfer-

ol p-coumaric acid quercetin Semencustae traditional Chinese medicine

Semencustae

Cuscuta chinensis Lam.
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Fig.1 The molecular structures of five components
a. hyperoside R = galactoside quercetin R =H rutin
R =rutinoside  b. kaempferol c.p-coumaric acid.
1 5
2
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- CE-ECD s
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BAS LC-4C g
EB100 ElS
Model 14901 T
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25 um 360 pm ot . . . w w
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Fig.2 Hydrodynamic voltammogram HDV
6 7 of five analytes
¢ Working conditions fused-silica capillary 25 pmi. d. x75
300 o cm  working electrode 300 pm diameter carbon disk elec-
trode running buffer 50.0 mmol/L borate buffer pH 9.0
. separation voltage 16 kV injection 16 kV x8 s analyte con-
5 min

centration 1.0 x10~? g/L each.

Analytes 1. rutin 2. hyperoside 3. kaempferol 4. p-cou-

maric acid 5. quercetin.
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Fig.3 The effects of the pH value a and concentration b of the running buffer on the migration time of the analytes

Working electrode potential +950 mV ws. SCE . Analytes and other working conditions are the same as in Fig. 2.

12 ~20 kV MU\[U\\}\\

18 20 22 8 10 12 14 16 18 20 22

{/min {/min

2.1.3

18 kV

16 kV

4 a b
16 kV Fig.4 Electropherograms of standard mixture solution
2.0 x10 “ g/L of each analyte a and sample
2~10s solution of Semencustae b
Working electrode potential +950 mV wvs. SCE . Ana-

lytes and other working conditions are the same as in Fig. 2.

16 kV 6s 2.2
2.2.1

19 min

4-a 2.0 x107% g/L
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RSD 1.7% 91% ~ 105%
3.6% 1.6% 1.0% RSD 96.9% 0.9% 93.5%
2.7% 0.69% 105% 5.70% 91% 0.73%
2.2.2 92% 2.86%

1 5 n=3
5.0 x10 -4 0.2 g/L Table 1 The assay results of a Semencustae sample n =3
Component Content/ ng/g RSD/%
Rutin 422.0 1.1
S/N =3 Hyperoside 1486.0 0.8
Kaempferol 601.9 7.0
5 %10 -4 0.1 g/L p-Coumaric acid 297.8 0.9
' Quercetin 205.1 3.5
2.5 x Working electrode potential +950 mV ws. SCE . Other
107 ~0.1 g/L working conditions are the same as in Fig. 2.
510" ~5 %1077 g/L 5
y B}
nA « g/L 5
y=1.56 x10"x - 5
0.0003 r=0.9999 y:2.7lx102x+
0.0159 r=0.9998 y =2.17 x 10°x -
0.1212 r=0.9998 y=2.81 x10°x + I Guo Hongzhu Li Jiashi. Journal of Chinese Medicinal Mate-
0.1165 7 =0.9999 ¥ =2.56 x 10°x - rials : 1996 19 4 205

0.1238 r=0.9999

g/L 3.55x10 % g/L
10’ g/L 1.73 x10°°
1.46 x10 * g/L

2.3

_s 2 Jin Xiao Li Jiashi Yan Wenmei. China Journal of Chinese
1.93 %10 Materia Medica
3.65 x 1992 17 5 292
g /1L 3 Zhu Lihua Jiang Guogiang Yang Shuixin. Journal of Zhe-
jiang College of TCM
2001 25 4 65
4 Liu Jifeng Yang Xiurong Wang Erkang. Chinese Journal of
5 Analytical Chemistry
2002 30 6 748
5 ChuQC QuWQ PengYY Cao QH YeJN. Chroma-
tographia 2003 58 1/2 67
1 6 YeJN Baldwin R P. Anal Chem 1993 65 23 3525
Ye J N Baldwin R P. Anal Chem 1994 66 17 2669
Fang XM YeJN Fang YZ. Anal Chim Acta 1996 329 1-
2 49

4-b
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c, H,0  0.03 mol/L pH 7.8 - 80: 20
230 nm 20 ~1 000 pg/L
12 pg/L 97.11 £2.45 % ~
104.34 £2.17 % RSD =<2.52% RSD<5.21%
0658 A 1000-8713 2005 05-0528-03

Determination of Isosorbide-5-Nitrate in Human Plasma by
Reversed-Phase High Performance Liquid Chromatography

HE Lin YU Jiying WU Zhengzhong SUN Shiming
Laboratory of Clinical Pharmacology Sichuan Provincial People’s Hospital Chengdu 610072 China

Abstract The method was established to determine the level of isosorbide-5-nitrate in human
plasma by reversed-phase high performance liquid chromatography RP-HPLC . The sample
preparation was carried by alkalizing the plasma sample followed by extraction with dichlo-
romethane. The HPLC analysis was performed under the conditions as follows a mixture of an
80:20

v/v as mobile phase paracetamol as the internal standard and the detection at 230 nm. The

aqueous buffer pH adjusted to 7.8 by 0. 03 mol/L ammonia water and acetonitrile

linear range was 20 — 1 000 ng/L using the ratio of peak areas the detection limit was 12 wg/L
104.34 2. 17 %
and inter-day RSDs were less than 5.21%.

the average recovery was 97.11 £2.45 % -
RSDs were less than 2.52%

reversed-phase high performance liquid chromatography

the intra-day relative standard
deviations

Key words isosorbide-5-nitrate

plasma
h - : 1.2
HPLC * H,0 0.03 mol/L pH
7.8 - 80:20 1.0 mL/min
230 nm
1 1.3
10. 01 mg
1.1 10 mL 1001 mg/L
Waters 2690 996
Millennium H-1
80-2 10. 04 mg
Diamonsil C 250 mm 10 mL 1 004 mg/L
x4. 6 mmid 5 pm Cp DIKMA 0.1 mL 10
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Tel 028 87393316 E-mail helinn@ tom. com.
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mL 10. 04 mg/L
1.4
0.5 mL 50 pL 5.3 9. 0 min
100 pL 3 mL 2 2.2
min 4 000 r/min 5 min 6
50 C 200 pL
4 000 r/min 2 min 0.5 mL 20 40
50 pL HPLC 100 200 400 1000 pwg/L “ 50 pL”
“ 147
R
2
C pg/L
2.1 R =-0.0022
1 +0.0030C r=0.9999
20 ~ 1000 pg/L
R
1 S/N =3 12
wng/L 20 ng/L
AU AU AU AU
X i c - d
L 0.006 + 0.008 8
0.010 [ [
[ 0.006
0.004 [
- 0.004 [
0.005 L
0.002 [
0.002 § 1
L L 2
0.000 0.000 0.000 ‘ , ,
4 6 8 10
£/min £/min £/min £/min
1 a b c d
Fig.1 Chromatograms of blank plasma a internal standard and isosorbide-5-nitrate b blank plasma
spiked internal standard and isosorbide-5-nitrate ¢ and a plasma sample d
1. paracetamol internal standard 2. isosorbide-5-nitrate.
2.3
0.5 mL 3 20 100 500 ng 200 L
40 50 pL
200 1000 pg/L 3 A, 3 0.5 mL
20 100 500 ng
RSD 3d
RSD 1
A, A/A, 2
1 RSD »n =3
Table 1 Results of recovery intra-day 2 n=3
and inter-day RSDs 7 =3 Table 2 The results of extracting recovery tests n =3
1 -
Added/ Found + SD/ Recovery Intra-day Inter-day Added/ L EXU?CUOD Average
0,
ng/L wg/L +SD/%  RSD/%  RSD/% ng 4, 4, rate” /%  rate/%
40 41.73£0.87  104.34%2.17  2.08 4.64 20 733 607 82.8
200 196.56 +0.95 98.29£0.48  0.49 1.18 100 4832 3556 73.6 82.2
1000 971.14 £24.46 97.11 £2.45 2.52 5.21 500 17139 15451 90.2

2.4

1 A, peak area of isosorbide-5-nitrate control A, peak area

spiked the control in blank plasma.
2 Extraction rate = A,/A; x100% .
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60 mg

C/{(mg/L)

00 L v v e e
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2 60 mg

Fig.2 C-t curves of isosorbide-5-nitrate after
single oral administration of preparations
containing 60 mg isosorbide-5-nitrate
1. control preparation 2. isosorbide-5-nitrate compound

preparation.
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1. 266071 2. 100084
3. 300072 4. 300457
4 H 1
XDB-C, 1% 1%
15 min 55:45 100: 0 0.8 mL/min 280 nm 4
0.011 ~0.027 pg 96% ~ 108% 4
-H -1
0658 A 1000-8713 2005 05-0531-03

Determination of Lactone Components in Chuanxiong by
Reversed-Phase High Performance Liquid Chromatography

CAO Jianmin' * WANG Zonghua' DING Mingyu’* YANG Xuedong'‘ KOU Huaijiang®
1. College of Chemical Engineering Qingdao University Qingdao 266071 China
2. Department of Chemistry Tsinghua Universily Beijing 100084 China
3. College of Pharmaceuticals & Biotechnology Tianjin University Tianjin 300072 China
4. Nanotechnology Industrialization Base of China Tianjin 300457 China

Abstract A reversed-phase high performance liquid chromatographic method was developed
for the simultaneous determination of four main lactone components including senkyunolide-H
senkyunolide-I sedanenolide and Z-ligustilide in Chuanxiong a Chinese herbal medicine. The
samples were pretreated using ultrasonic extraction and 80% ethanol was used as extractant in
the experiment. The chromatographic analysis was carried out using an XDB-C, column and the
mobile phase consisted of methanol-1% volume fraction acetic acid water 55:45—100:0
v/v in 15 min . The flow rate was 0. 8 mL/min. A diode array detector was used to detect the
compositions and 280 nm was chosen as the detection wavelength. The whole process could be
performed within 15 min. The operating curves were found to be linear over the ranges of 0. 4 —
2.2mg/L r=0.9992 0.4-2.2mg/L r=0.9979 2.6-7.8mg/L r=0.9992 and4.8 -
14.3 mg/L r=0.9998 and the detection limits S/N =3 were 0.024 0.027 0.018 and
0.011 g for senkyunolide-H senkyunolide-I sedanenolide and Z-ligustilide respectively. The
recoveries of the four lactone components were found in the range of 96% - 108% . The rapid
and accurate method has been successfully applied to the simultaneous determination of the
four lactone components in Chuanxiong.

Key words reversed-phase high performance liquid chromatography senkyunolide-H sen-

kyunolide-I sedanenolide Z-ligustilide Chuanxiong Chinese herbal medicine

Ligustic-

um chuanxiong Hort

S}
l
w

2004-09-16

Tel 010 62797087 E-mail dingmy@ chem. tsinghua. edu. cn.
No. H037330010120 .
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-H -1
4 80% 4
-H -1 80%
2.2
4
4
1
4
1.1 -H -1
HP1100
DAD Agilent 8453 - 4
45% 1%
-H -I 6 min
-H
98. 1% -1 93.8% 97. 0%
86. 8% 6
-H
-I
1 g/L “ .27
4 10 min
1
Millipore 25
18.2 MQ- cm 3 mg/L r !
1.2 2 o
Eclipse XDB-C, 150 mm x 4.6 mm < 150
id. 5 pum -1% § ok 4
15 min  55:45 z 5 2 3
100: 0 0. 8 mL/min 280 nm ‘J
30 C 10 wL O
3 4 5 6 7 8 9 10
1.3 Retention time / min
1
5g 50 mL 80% Fig.1 Chromatogram of four lactone standards
05nh 40 mL 80% 1. senkyunolide-H 2. senkyunolide-I 3. sedanenolide
4. Z-ligustilide.
0.5h
100 mL 0.45 pm Agilent 8453 - 190 ~
2 400 nm
4 280 nm
2.1 280 nm
2.3
-H -1
“ 1.2 10
wL
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1 4 S/N =3
Table 1 Regression equations linear ranges correlation coefficients and
detection limits S/N =3 of the four lactone standards

Component Regression equation' r Linear range/ mg/L Detection limit/pg
Senkyunolide-H Y =57.878X -1.509 0.9992 0.4-2.2 2.4 x10 72
Senkyunolide-I Y=6.782X +0.771 0.9979 0.4-2.2 2.7 x10 72
Sedanenolide Y =12.619X -0.468 0.9992 2.6-7.8 1.8 x10 2
Z-Ligustilide Y =21.8799X +1.997 0.9998 4.8-14.3 1.1x10°?

1 Y peak area X mass concentration of lactone standard mg/L.

2.4 RSD 2 2
“1.27 RSD 0.85% ~3.5% 4
6
2 4
Table 2 Precision of the HPLC method for the four lactones
Peak areas RSD/
Component
1 2 3 4 5 6 %
Senkyunolide-H 73.7 73.0 74.9 73.8 74.2 74.0 0.85
Senkyunolide-I 12.5 11.9 12.7 12.7 12.8 12.9 2.9
Sedanenolide 17.5 18.0 19.0 18.9 19.1 18.5 3.5
Z-Ligustilide 29.2 30.5 30.6 29.9 30.3 30.8 1.9
3 “1.3” “ 1.3 4
3 3 5
3 4 n=3 5 n=3
Table 3 Repeatability of the four lactones n =3 Table 5 Contents of the four lactone components
Component 1 2 3 RSD/% in Chuanxiong samples n =3 mg/g
Senkyunolide-H 0.901 0.884 0.914 1.67 Component Sample A Sample B Sample C Sample D
Senkyunolide-I 1.060 1.032 1.087 2.59 Senkyunolide-H 0.901 1.304 0.795 0.556
Sedanenolide 5.529 5.412 5.233 2.77 Senkyunolide-I 1.060 2.083 1.185 0.714
Z-Ligustilide 5.557 5.335 5.470 2.05 Sedanenolide 5.529 5.270 2.570 5.767
Z-Ligustilide 5.557 7.486 4.105 8.427
3 Sample A Chuanxiong slices sample B Chuanxiong from
4 “1.3” Sichuan Guanxian samples C D Chuanxiong from Sichuan
4 Dujiangyan in 1999 2004 respectively.
4 4 3
Table 4 Recoveries of the four lactones
4
Back- Average
Added/ Found/ Recovery/
Component  ground/ recovery/
mg mg %
mg %
Senkyunolide-H 0.454  0.201 0.631 88. 060 96.05
0.450 0.302 0.738 95.364
0.452  0.402 0.873 104.726
Senk lide-I 0.519 0.244 0.781 107.377 108. 68 New Medical College of Jiangsu. Great Dictionary of Chi-
enkyunotice- ’ : ’ : ’ nese Medicine. 2nd ed. Shanghai Shanghai Scientific &
0.519 0.367 0.911 106.812 Technical Publishers ) ) 2
0.519  0.489 1.066 111.861 1988. 220
Sedanenolide 2,736 0.550 3.331 108.182 104. 55 2 Choi HS Kim M S L Sawamura M. Flavour and Fragrance
2.714  0.825 3.550 101.333 Journal 2002 117 149
’ : ’ T 3 Chen Peisheng Cheng Xueren Liu Fajin Wu Huiqin. Jour-
2.725 1.100 3.981  114.182 nal of Instrumental Analysis
Z-Ligustilide 2.801 0.490 3.340 110.000  108.12 . 2001 20 4 50
2.779 0.735 3.510 99456 4 Shi Lifu Deng Yanzhao Wu Bosheng. Chinese Journal of
5 790 0.979 3.915 114.913 Pharmaceutical Analysis
. . i — 1995 15 3 26
2 5 Li Zhangwan Zhang Qiang. Chinese Journal of Pharmaceu-
.3 tical Analysis . 1993 13
3187

6 Li H-X Ding M-Y Yu J-Y. J Chromatogr Sci 2002 40
1999 2004 3 156
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1. 410083 2. 410078
/ - /
RP-HPLC/LC-ESI-MS/NMR 70%
RP-HPLC
- 8:1
5. 142 min

LC-ESI-MS 'H-NMR "“C-NMR

0658 A 1000-8713 2005 05-0534-04

Isolation Purification and Identification of Geniposidic
Acid in Fucommia ulmoides Oliv. by Silica Column
Chromatography Reversed-Phase High Performance

Liquid Chromatography Liquid Chromatography-
Electrospray Ionization Mass Spectrometry and
Nuclear Magnetic Resonance

CAO Hui' CHEN Xiaoqing' XIAO Jianbo' TANG Zhaoqi'’ OUYANG Dongsheng’
1. Department of Chemistry and Chemical Engineering Central South University Changsha 410083 China
2. Institute of Clinical Pharmacology Central South University Changsha 410078 China

Abstract The methods using silica column chromatography reversed-phase high performance
liquid chromatography liquid chromatography-electrospray ionization mass spectrometry and
nuclear magnetic resonance RP-HPLC/LC-ESI-MS/NMR for the isolation purification and
identification of geniposidic acid GPA in Fucommia ulmoides Oliv. were established. The
crude extract of E. ulmoides was obtained after E. ulmoides was extracted with 70% ethanol
and the extract was concentrated under reduced pressures. The obtained crude extract dis-
solved in methanol was injected to a silica gel column and eluted with chloroform-methanol.
The eluted fractions were analyzed by RP-HPLC. The eluant from chloroform-methanol 8:1
v/v was indicated to be a single component by HPLC with a retention time of 5. 142 min. The
HPLC analysis of the mixture of this fraction with a GPA standard resulted in a single peak. The
ultraviolet and infrared spectra of the eluted solution were essentially the same to those of
GPA. On the other hand LC-ESI-MS 'H- and " C-NMR experiments also indicated that the
fraction was identical to GPA.
Key words column chromatography reversed-phase high performance liquid chromatography
liquid chromatography-electrospray ionization mass spectrometry nuclear magnet-
ic resonance geniposidic acid FEucommia ulmoides Oliv. traditional Chinese

medicine

2004-08-30

E-mail newfourtharmy@ 163. com.

No. 90209047 No. JZY3029 .



5 y / . 535.
h
20 mL 20 mL 3
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23 mL 200 mL 40 g
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1
Fig.1 Structure of geniposidic acid 1.4
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/ - /
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10 g
100 mL 70% 50 C 2

LC-ESI-MS 'H-NMR
“C-NMR UV IR

1.5
1.5.1 HPLC
C 150 mm x 4.6 mm i.d. 5
pm - -
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nm 25 C 10.0 pL
190 ~ 600 nm
1.5.2 UV
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23
Iy 5. 142 min
2
HPLC lp 5. 108 min
2.1 HPLC
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2 2-b HPLC
0.25 6
L 1
a b
0.20 + I
4 L
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Fig.2 Chromatograms of a crude extract a and the fraction eluted with chloroform-methanol 8:1 v/v b
1. GPA.
2.2
LC-ESI-MS 3
190 ~ 400 nm 200 nm/min 3-a ESI-MS
0 ~3.000 m/z 375.3 397.2 413.3
237 nm M +Na ~
2.3 +K *
KBr 16 16
3388 cm ! 2925
cm ™ C—H 3-a
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Fig.3 LC-ESI-MS spectra of the eluted solution

a. positive ionization mode b. negative ionization mode.
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CB, B, B,
12 3 4 5 2
1. 710069 2. 716000
3. 712000 4. 710068
5. 710065
4 CB, B, B,
Inertsil ODS-3 25 cmx4. 6 mmid 5.0 pm 0.05 mol/L KH,PO, pH6.0 - 70:30
265 nm C B, B, B,
4 5.0 ~50 mg/L r=0.9990 ~0.999 7
5.0 ~20.0 mg/kg 91.77% ~99. 30% n=3 0.31% ~1.98%
B, 4.27 ~4.53 mg/ke B, 0.799 ~0. 838 mg/ke C
Bﬁ
0658 A 1000-8713 2005 05-0538-04

Simultaneous Determination of Water-Soluble Vitamins C B,
B, and B, in Almonds by High Performance
Liquid Chromatography

SHEN Yehua'> ZHANG Ping’ KONG Xianghong' GUO Chunhui’ WANG Jiwu’
1. Department of Chemistry Northwest University Xi' an 710069 China 2. Chemical Reaction Engineering
Provincial Key Laboratory Department of Chemistry Yian' an University Yian' an 716000 China
3. Department of Chemistry Xianyang Teachers College Xianyang 712000 China 4. Shaanxi Entry-
Exit Inspection and Quarantine Bureau Xi' an 710068 China 5. College of Horticulture

Northwest Science and Technology University of Agriculture and Forestry Xi' an 710065 China

Abstract A method has been developed for the simultaneous determination of four water-solu-
ble vitamins C B, B, and B, in almond by high performance liquid chromatography. The con-
tents of vitamins C B, B, and B in almonds in Pucheng County Shaanxi Province were deter-
mined under optimized conditions as follows. In the first step the sample was prepared by acid
hydrolysis. In the second step the separation was performed on an Inertsil ODS-3 column 25
5.0 pm with a mobile phase of 0. 05 mol/L KH,PO, pH 6.0 -methanol

70:30 v/v and a detection wavelength at 265 nm. The linear ranges of four vitamins were
within 5.0 -50.0 mg/L 7 =0.9990 -0.999 7

mg/kg the average recoveries of the four vitamins in the Pucheng almond ranged from 91. 77%

cm x4.6 mm i. d.

. At the spike level ranged between 5.0 —20.0

to 99.30% with relative standard deviations between 0.31% and 1.98%. For vitamins B, and
B, the contents were found to be 4.27 -4.53 mg/kg and 0. 799 - 0. 838 mg/kg respectively

while vitamins C and B, were not discovered in Pucheng almonds. The method is simple

rapid reproducible and accurate.

Key words high performance liquid chromatography water-soluble vitamin almond
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Prunes Amygdales Stokes 100 mL 40 mL 0. 1 mol/L
100 kPa 30 min 120
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’ ° 30 mL 8%
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SUPELCO Fisher 265 nm 265
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1.3 Fig.1 Effect of wavelength on simultaneous detection
of four water-soluble vitamins
Inertsil ODS-3 25 cm x 4.6 mm 1.V 100 mg/L  2.Vy 100 mg/L  3.Vy 200 mg/L
id 50 pm 0.05 mol/L KH,PO, pH 4.Vy, 100 mg/L .
6.0 - 70: 30 1.0 mL/min
30 C 265 nm 20 pL 2.2.2
1.4 8 0.1 mol/L NH,Ac-
50¢ HAc 0. 05 mol/L KH,PO,-H,PO,
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Fig.2 Effect of the pH of the buffer in the mobile phase
on separation of the four water-soluble vitamins
Mobile phase 0.05 mol/L KH,PO,-methanol 70 : 30

v/v. pHs a.6.0 b.55 c. 4.5 d. 3.5 e.25. Detection

wavelength 265 nm.

Peaks 1.V 2.Vy 3.Vy 4.Vg.

2

2.3
2.3.1
2.0 ~50 mg/L 4
“1.3”
A C mg/L
1 S/N 3
1
5.0 ~50 mg/L

Table 1 Regression equations correlation coefficients linear ranges and

detection limits of the four water-soluble vitamins

Analyte Linear range/ mg/L Regression equation' r Detection limit? / mg/L
Ve 2.0-50 A =25200C +410. 44 0.9991 0.65
Vg, 5.0-50 A =15581C +74.739 0.9994 0.51
Vi 5.0 -50 A =14289C +97. 865 0.9997 0.42
Vg, 2.0 -50 A =14821C +205.25 0.9990 0.34

1 A peak area C mass concentration mg/L. 2

calculated as S/N =3.

2.3.2 Vo, Vy, Vi 3
Ve 2
2 4 n=3
Table 2 Recovery and precision of the four water-soluble vitamins n =3
Added/ Found/ Recovery/ RSD/ Added/ Found/ Recovery/ RSD/
Analyte Analyte

mg/kg mg/kg % % mg/kg mg/kg % %
Ve 5.0 4.5 89.2 1.98 Vs 5.0 4.9 97.4 0.36
10.0 9.3 92.6 2.68 10.0 9.6 95.5 0.383
20.0 18.7 93.5 2.21 20.0 18.8 94.0 1.21
Vs, 5.0 4.4 87.6 1.82 Vs, 5.0 4.9 98.2 0.31
10.0 9.1 91.2 0.76 10.0 10.3 103.2 0.54
20.0 18.4 92.0 1.02 20.0 19.3 96.5 0.89




5 C B, B, B, . 541-
2.4
3 3 13* 3
3
Table 3 Comparisons of water-soluble vitamins between in almonds and some kernels mg/kg
Analvt Almonds Shaanxi Almonds Pine nuts " Apricot nuts ' Peanuts '
nalyte
v 8# 1* 13* Xinjiang Beijing Hebei Shaanxi
Ve ND ND ND - - - -
Vs, 0.812 0.838 0.799 3.50 1.9 0.5 5.4
Vg ND ND ND - - - -
Vs, 4.27 4.53 4.41 3.21 2.5 6.9 2.6
— not determined ND not detected.
100
[ 1 b
sof L
L 3 1 Micklander E Brimer B Engelsen S B. Appl Spec 2002
o 60 - 56 9 1139
g [ 2 Guo Chunhui Mei Lixin Zhang Tan Li Xin. Horticultures
= 40 [ 2 4 Technology of Almond. Beijing Standards Press of China
20 -
r 4 2001. 1
it }\ 3 Sang S M Kikuzaki H Lapsley K Rosen R T Nakatani N
s Lot b b b b b L e b b Do L a b laa
0 2 4 6 8 101214 0 2 4 6 8 10 12 14 16 Ho C-T. J Agric Food Chem 2002 50 16 4709
. . 4 Frison-Norrie S Sporns P. J Agric Food Chem 2002 50
£/min #/min
10 2782
3 a 13" b ) . oo
5 Pinelo M Rubilar M Sineiro J Nunez M J. Food Chem
2004 85 2 267
Fig.3 HPLC chromatograms of the mixture of 4 vitamin . .
6 Sang SH Cheng X F Fu H-Y Shieh D-E Bai N S Lapsley
standards a and an almond sample b
K Stark RE Rosen RT Ho C-T. Tetrahedron Lett 2002
Peaks 1.V, 2.Vy 3.Vp 4.V, .
! © 2 43 14 2547
7 Maria Cortes S-M Montana C-H Carmen D-M Maria Espe-
3 VBz ranza T-I. Eur Food Res Technol 2000 210 220
4.27 ~4.53 mg/kg 8 Cheng Zhigiang Sun Chengjun Li Yuangian. Chinese Jour-
nal of Analytical Chemistry
1.71 ~1. 81 1.64 ~1.74
2001 29 9 1068
VB 0.799 ~0. 838 mg/kg 9 Li Ke Wang Huajuan Pan Chaohui Yan Xiaoxing Xia
1
Peiyuan. Chinese Journal of Chromatography
2003 21 1 66
Vc VB
o 10 Moreno P Salvado V. J Chromatogr A 2000 870 1 +2
Ve 6.5 mg/kg 07
mg/kg 11 Zhang Shuping Zhou Dongxiang Yan Bofen Xia Zebing
Zhu Xinwu. Science and Technology of Food Industry
3
2000 21 1 36
12 Research Institute of Nutrient and Food Sanitation Chi-
nese Academy of Prevention Medical Sciences. Table o
4 C B Acad f P i Medical Sci Table of
1
B B Food Components. Beijing People’ s Medical Publishing
2 6

House
1992. 36
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Bio-Beads SX3 200 mm x 10 mm i. d. - 1:1 Symmetry
Shield RP18 250 mm x4.6 mm i.d. 5 pm 100% 1.5 mL/min
478 nm 4 0.1 ~10.0 mg/L r>
0.999 7 ~14 ng/kg 80.7% ~96.3% 0.25 2.5 mg/kg

2.4% ~5.9%
0658 A 1000-8713 2005 05-0542-03

Simultaneous Determination of Sudan Red Dyes in Foods
by High Performance Liquid Chromatography with
a Clean-Up Procedure by Gel Column

XIE Weiping HUANG Yingyu FU Huirong HU Guilian
Quanzhou Sanitary and Anti-Epidemic Station Quanzhou 362000 China

Abstract A method was developed for the simultaneous determination of Sudan Red [ I
Il and IV in foods by high performance liquid chromatography HPLC with a clean-up proce-
dure by gel column. Sample was extracted from foods with ethanol. The extract was cleaned
up with a Bio-Beads SX3 gel column 200 mm x 10 mm i. d. and eluted with cyclohexane-ethyl
acetate 1:1 v/v . The analysis was performed on a Symmetry Shield RP18 column 250 mm
x4. 6 mmid 5 pm with 100% methanol as the mobile phase at a flow rate of 1. 5 mL/min
detection at 478 nm and confirmation by diode-array spectra. All of the four compounds demon-
strated good linear relationship 7 >0.999 in the range of 0.1 — 10. 0 mg/L. The limits of de-
tection LOD were from 7 to 14 png/kg. The average recoveries for all four dyes spiked at the
levels of 0. 25 and 2. 5 mg/kg in chili sauce and sausage ranged from 80. 7% to 96.3% and the
relative standard deviations were from 2. 4% to 5.9%. The method is sensitive reliable and can
be applied for the analysis of four Sudan Red dyes in foods.

Key words gel column high performance liquid chromatography Sudan Red dyes food

HPLC
2005 2
500
1
I 1.1
Beckman 125
1-3 - 2 HPLC-DAD Beckman
TEDIA
I 97.52% I 90.0% I
2005-03-28

E-mail xweiping2000@ 163. com.
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97. 0% IV 91.0% Dr. Eh- v 100%
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I T I N 150 .
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5
3 1 mL b
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0 2 4 6 8 10
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10 g Bio-Beads SX3 Fig.1 Chromatogram of the standard solution of
50 mL B 1:1 Sudan Red I 1 I and IV 5.0 mg/L
1 3.impurity 2. Sudan Red I 4. Sudan Red Il 5. Sudan
10 h Red Il 6. Sudan Red V.
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- 0.8 210 ~ 600 nm
mL/min I T I v
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1.3
4g 8 g 2.2
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70 C 10 min
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50 mL 30 mL mg/kg
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1 mL - 85%
2.3
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- 15 mL
15 ~21 mL !
70 C 1 mL 4 -
0.45 pm 1:1 I I
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Waters Symmetry Shield RP18 - 10 mL
250 mm x4.6 mm i.d. 5 pm 11 mL 1 mL
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Fig.2 Chromatograms of extract from blank sample of chili sauce a extract from chili sauce spiked at 0. 25 mg/kg
with gel column clean-up b and extract from chili sauce spiked at 0. 25 mg/kg without any clean-up c¢
1.Sudan Red I 2.Sudan Red II 3.Sudan Red Il 4. Sudan Red IV.

2.5
HPLC-DAD

3
0.25 mg/kg I
0.25 mg/kg
0.9630

250 300 350 400 450 500 550 600

A/ nm

3 I a
b
Fig.3 Spectra of Sudan Red I standard a and
chili sauce spiked at 0.25 mg/kg b

0.25 mg/kg

2.6
0.1 ~10.0 mg/L I T m N

X mg/L
[ Y=268728X +2614 I Y=
192 254 X - 223 M Y=338161X - 16570
V Y =243 493X — 12543
0.999 3 ~0.999 9 S/N 3 4
LOD 0. 007
0.012 0.009 0.014 mg/kg S/N 10
LOQ 0.02 0.04 0.03 0.05 mg/kg
2.7

0.25 2.5 mg/kg
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~96. 3% RSD  2.4% ~5.9%
2.8

I~V

1 Yu Linghan Mou Dehai Li Guangxian Yan Shiping. Chi-

nese Journal of Spectroscopy Laboratory
. 2004 21 6 1131

2 Veretout O Demesse L Szymanski L. Analysis and Dosage
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Determination of Phenylarsenic Compounds in Environmental
Samples by High Performance Liquid Chromatography

LI Shanmao LI Wei YUE Lijun ZUO Boli
Analytical Center Institute of Chemical Defence Beijing 102205 China

Abstract A reversed-phase high performance liquid chromatographic method was developed
for simultaneous determination of phenylarsonic acid PAA  phenylarsine oxide PAO di-
phenylarsinic acid DPAA  bis diphenylarsine oxide BDPAO and triphenylarsine TPA in
soil samples. The extraction solvent for soil samples was acetonitrile and ultrasound was used
in the extraction. Good separation was achieved by using an Inertsil CN-3 column 250 mm X
4.6 mmid 5 pm with the following conditions gradient program of mobile phase a 10
min linear gradient from 100% A a mixture of acetonitrile-2. 5 g/L KH,PO, pH 2.0 buffer
5:95 v/v to 100% B a mixture of acetonitrile-2. 5 g/L KH,PO, pH 2.0 buffer 50:50
v/v and isocratic at 100% B from 10. 01 min to 28 min flow rate of 1.0 mL/min time-pro-
grammed UV detection at 210 nm 0 -10.5 min 20 -28 min and 268 nm 10.5 -20 min .
The linear range of PAA PAO DPAA BDPAO and TPA were 8 -30 5 -40 20-4000 120 -
8000 and 1 - 60 mg/L respectively. The detection limits at a signal-to-noise ratio of 3 were
0.1 0.1 0.2 10 and 0.1 mg/L for PAA PAO DPAA BDPAO and TPA respectively.
Key words high performance liquid chromatography phenylarsonic acid phenylarsine oxide

diphenylarsinic acid bis diphenylarsine oxide triphenylarsine phenylarsenic

compounds
DA DC PAO
DA - As-Cl1 DC - As-
CN
BD- DPAA '’
N O O LD Oy
s —_—2 As
5 +H20 N
(ARG ANES 2 O
X=CI (DA) RN A BDPAO DPAA
X=CN (DC)
2004-09-21

Tel 010 66756373.
Tel 010 66756373 Fax 010 69764139 E-mail weiilee@ eyou. com.
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DA DC 1.2
HP1050
PAO PAA Inertsil CN-3 250
mm x4.6 mmid 5 pm A 2.5
OH
@ S o e | g/L KH, PO, 85% H,PO, pH 2.0
As — As=0—>» As=0
Ny 2 L 5:95 B 2.5 g/L KH, PO,
S PAO PAA 85% H, PO, pH 2.0 50: 50
10 min 100% A
TPA DA DC 100% B 18 min 1.0
TPA . .
mL/min 0~10.5 min 210 nm 10.5 ~20
TPAO min 268 nm 20 min 210 nm 10 pL
Gil, R e 1.3
L] i - 2l & I .
—_— fpeee SESL)
[ ﬂ TR {x 8 ~30 mg/L 20 ~4 000 mg/L
et o 5 ~40 mg/L 120 ~ 8 000
mg/L 1 ~60 mg/L
TPAO
1.3.2
TPAO
50 mL 0.45 pm
0.45 pm
DA DC
5 2
2.1
PAA PAO DPAA BDPAO TPA
3-~5
Haas “ 1.2" 1
PAO PAA TPA 5
DPAA  BDPAO 100%
67 DC
PAA PAO
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1 PAA PAO DPAA BDPAO TPA
1.1 Fig.1 Chromatogram of the standard mixture of
PAA PAO DPAA BDPAO TPA PAA PAO DPAA BDPAO and TPA
Peaks 1.PAA 2.PAO 3.DPAA 4.BDPAO 5.TPA.
98% HPLC
Fisher 85% 2.2
KH, PO, 2 1
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2500 b :
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»»»»»»»» 3
2000 By 4
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>
1500
P 95% ~98%
1000 2.4
500 3
0 —— ‘ 1 3
200 350 400
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Table 3 Results of some representative samples” %
2
Fig.2 UV spectra of different standards Sample PAA PAO DPAA BDPAO TPA
1.PAA 2.PAO 3.DPAA 4.BDPAO 5.TPA. : 0.00 N 0. 14 24.74 0.05
2 0.00 - 0.14 25.84 0.04
210 3 0.09 - 12.13 7.44 0.00
nm
4 0.10 - 12.87 6.41 0.00
5 0.04 - 0.72 34.66 0.09
210 nm 6 0.02 - 0.46 40. 89 0.11
% Calculated by peak areas.
mAU
268 nm 4
2.3 i
1 L
2.3.1 000
3 1 500 |
1 I
Table 1 Linear equations and detection limits 0 r 3 5
of compounds S S SRS RFUEPU I RS ST N N RN SR R
0 5 10 15 20 25 30 35
Linear . Detection
Linear o t/min
Compound range/ tion * r limit/
mg/L equation mg/L 3 1
PAA 8 _30 A =33.738C 0.999 0.1 Fig.3 Representative chromatogram of sample 1
PAO 5-40 A=24.215C  0.999 0.1 For peaks see Fig. 1.
DPAA 20 - 4000 A =87.479C 0.999 0.2
BDPAO 120 - 8000 A=8.715C 0.999 10
TPA 1- A=176.614 . .1
60 76.614C  0.999 0 1 Jackson K E. Chem Rev 1935 17 2 251
* A peakarea €' mass concenration mg/L. 2 Haas R. Umweltmed Forsch Prax 1996 1 4 183
2.3.2 3 Haas R Schmidt T C Steinbach K von Loew E. Frese-
“« 1.7 3 nirs’ J Anal Chem 1998 361 3 313
5 > 4 Haas R. Determination of Chemical Warfare Agents in Soil
and Materials. http //r-haas. de/f8. html 2003-05
2 n=5 5 Haas R Krippendorf A Schmidt T C Steinbach K von
Table 2 Repeatability of quantitative analysis n =5 Loew E. Umweltwiss Schadst Forsch 1998 10 5 289
Compound Average/ mg/L SD/ mg/L RSD/% 6 Thurow K Koch A Stoll N Haney C A. In McGuire R R
PAA 12.79 0.49 3.86 Compton J C eds. Environmental Aspects of Converting
PAO 9.11 0.31 3.37 CW Facilities to Peaceful Purposes. Dordrecht Kluwer
DPAA 115.91 1.97 1.70 2002
BDPAO 1100. 50 14.07 1.28 7 Smedts B R Baeyens W De Bisschop H C. Analytica Chim-
TPA 5.65 0.02 0.34 ica Acta 2003 495 239
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Analysis of Volatile Oil of Garlic by
Gas Chromatography-Mass Spectrometry

GUO Xiaofei DU Ailing GUAN Congsheng PAN Guangmin DU Aigin WANG Weigiang
School of Chemistry and Chemical Engineering Shandong University Jinan 250061 China

Abstract The volatile oil of garlic was extracted by hydrodistillation method and gas chroma-
tography-mass spectrometry was applied to analyse the compounds in the oil. The best extrac-
tion conditions for high-content effective components were obtained through optimization. The
capillary column was an HP-5MS column 25 mm x0.25 mm i.d. x0.25 pm  oven tempera-
ture increased with a rate of 5 C/min from 80 to 300 C and then maintained for 20 min sam-
ple size of 1 pL split ratio of 100:1 carrier gas of helium 1 mL/min . Mass spectra were ob-
tained at 70 eV. The temperatures of injector base ionization source were maintained at 270
C 230 T respectively. Under these conditions twenty compounds in the volatile oil of garlic
were isolated and identified and the content of each was determined. Sulfur-containing com-
pounds were found to be the principal components of which the major compound was diallyl
trisulfide with the content of more than 30% which is higher than the others in the literature.
The experimental results also indicated that hydrodistillation method is an effective method for
officinal component extraction. In addition it was also demonstrated that the garlic volatile oil
was stable when stored at 0 C for 6 months.

Key words gas chromatography-mass spectrometry hydrodistillation garlic volatile oil dial-

Iyl trisulfide

Allium Sativum L.

2004-10-08
E-mail guoxiaofei@ mail. sdu. edu. cn.

Tel 0531 8395100 E-mail duailing@ sdu. edu. c¢n.
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- min
GC-MS
1 89
1.1
Agilent HP6890N-5972NMSD -
2
1.2 - 2.1 GC-MS
HP-5 25 m x 0.25 GC-MS 1
mm i.d. x0.25 pm 80 C 20 GC-
5 C/min 300 C 20 min MS NIST
270 C 300 C 1
L 100: 1 1 mL/min 19
El
70 eV 230 C 280 C 2.2
m/z 29 ~500
NIST98 1
1.3
150 g 32.207%
7
300 mL
120 26.414% 13.305% 5.781%
1
Table 1 Analysis results of chemical components in volatile oil of garlic from Jinxiang by GC-MS
Peak No. i . .
in Fig. | tgy /min  tg,/min Name of component Formula M, Content 1> /% Content 2/%
in Fig.
1 1.194 1.194 propene C,Hy 42 2.725 2.819
2 1.335 1.279 methyl-thiirane C;HgS 74 0.508 0.466
3 1.508 1.508 methyl allyl sulfide C,HgS 88 0.232 1.787
4 1.659 1.659 dimethyl disulfide C,H¢S, 94 0.256 0.312
5 2.103 2.091 1 2-dithiacyclopentane C,H,S, 106 0.933 0.797
6 2.173 2.177 diallyl sulfide C¢H,,S 114 0.863 2.733
7 2.638 2.639 methyl allyl disulfide C,HS, 120 4.333 3.632
8 2.773 2.781 methyl allyl disulfide C,HgS, 120 0.233 0.451
9 2.849 2.850 methyl allyl disulfide C,H,S, 120 0.444 0.835
10 3.081 3.081 1 2-disulfide-3-cyclopentane C;H,S, 104 5.417 3.173
11 3.222 3.221 dimethyl trisulfide C,H,S, 126 1.363 1.181
12 4.746 4.748 diallyl disulfide CqH,,S, 146 17.368 13.391
13 4.979 4.985 diallyl disulfide C¢H,,S, 146 3.017 3.961
14 5.087 5.108 diallyl disulfide CqH,,S, 146 6.029 5.807
15 5.844 5.866 methyl allyl trisulfide C,H, S, 152 13.305 9.779
16 6.822 6.826 3-vinyl-1 2-dithiocyclohex-4-ene CeHgS, 144 1.468 0.732
17 7.341 7.342 3-vinyl-1 2-dithiocyclohex-5-ene CoH, S, 144 2.634 1.341
18 9.385 9.405 diallyl trisulfide Ce¢H,, S, 178 32.207 23.174
19 11.174 11.176 5-allyl-1 2 3 4-tetrasulfide cycloheptane C¢H,, S, 210 0. 883 1.244
20 14.915 14.958 diallyl tetrasulfide CeH,S, 210 5.781 7.185

1

t, retention time

ty, for the fresh volatile oil and ¢, for the volatile oil saved for 6 months at 0 C. 2

content obtained by

peak area normalization method content 1 for the fresh volatile oil and content 2 for the volatile oil stored for 6 months at 0 C.
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Fig.1 Total ion current chromatogram of volatile oil of garlic by GC-MS
For peak identifications see Table 1.
89 .
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89
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Fig.2 Total ion current chromatogram of volatile oil of garlic saved for 6 months at 0 °C

For peak identifications see Table 1.
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Determination of the Dissociation Constants of Basic
Compounds by Reversed-Phase High Performance
Liquid Chromatography on C,,-Zirconia

ZHANG Qinghe ZHANG Weibing LI Tong ZHANG Yukui
National Chromatographic R. & A. Center Dalian Institute of Chemical Physics
The Chinese Academy of Sciences Dalian 116023 China

Abstract The high performance liquid chromatographic HPLC behavior of aromatic amines
and pyridine derivatives was studied on a new reversed-phase stationary phase C,,-alkyl-modi-
fied zirconia. The effects of mobile phase variables such as methanol content and pH were
investigated. The results showed that the stationary phase was stable in the mobile phase with
a pH range of 2 - 12. It was found that on the new stationary phase the bases demonstrated the
“ traditional” behavior of retention due to their hydrophobicity. The retention factors of these
basic compounds on the stationary phase increased rapidly with pH from pH 2 -7 and then in-
creased slowly until reaching a constant value. The dissociation constants pK, of 13 basic
compounds were determined based on the relationship between their retention factors and the
pH of mobile phase. Compared with references the errors of the pK, values obtained by this
HPLC method were within 0. 35 pH units.

Key words high performance liquid chromatography dissociation constant basic com-

pounds C,,-alkyl modified zirconia stationary phase

HPLC Cibacron Blue F3GA ZrO,
3 pH 13
' 1990 12 10.5
C,,-Zr0,
Unger ° C, Sio,
ZrO, ’
C,,-Zr0O,
pH 12 Yu EiRassi’”’ pH
ZrO,
pH
Wirth ~ °°* HPLC
2004-10-09

Tel 0411 83641666-204 E-mail ginghe_zhang@ elitehple. com.
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1.1 6L

Shimadzu 10-AD
Shimadzu SPD-10AV UV-VIS
W EC2000

Rheodyne 7125

Tris
C,,-Zr0, 9
100 mm x4. 6 mm i. d.
1.2
5 mmol/L
pH 2.00 ~6.74
pH8.00 9.95
Tris HClI NaOH pH 11. 00
12. 00 NaOH
50 mmol/L NaCl
1.0 mL/min 254 nm
25 C
2
2.1
1.0 mL/min 30:70
pH 2.00 2.74 4.74 5.74 6.74 8.00
9.95 11.00 12. 00
20 h / 30:70
N N'-
k
pH
k 1 1
C,,-Zr0O, pH 2~12
236
pH 12
2.2 C,,-Zr0,
1 7
4 Ig k

20% ~80%

Ig k

pH
1 C,,-Zr0,
Fig.1 Stability of the C,,-zirconia stationary phase
Experimental conditions column C,,-ZrO, 100 mm x 4.6
mm i. d. mobile phase methanol-water 30:70 v/v  flow

rate 1.0 mL/min detection wavelength UV 254 nm.
Samples 1. toluene 2. N N’-dimethylaniline.

r -0.9837 -0.9986

C,,-Zr0O,

1 k
Table 1 Relationship between retention factor k
and the methanol content in mobile phase

Solute Regression equation * r
Aniline 1g £ =0.8212 -0.0347C -0.9968
1-Amino-naphthylene 1g k=1.7686 - 0.0366C -0.9884

3 4-Dimethylaniline
N N'-Dimethylaniline

Ig k=2.2096 -0.0371C -0.9845
Ig k=1.8675-0.0368C -0.9978
Ig k =1.6050 -0.0355C -0.9981
Ig k=2.9604 -0.0513C -0.9934
Ig k=2.1746 -0.0478C -0.9837
Ig £ =0.6360 -0.0334C -0.9981
1g k£ =1.0900 -0.0330C -0.9939
Ig k=1.3240 -0.0322C -0.9986
Ig k=1.6360 -0.1082C -0.9857

N-Ethyl-p-methylaniline
N N'-Diethylaniline
Diphenylamine

Pyridine
4-Methyl-pyridine

3 5-Dimethyl-pyridine

2 4 6-Trimethyl-pyridine

% C volume fraction of methanol %.

2.3
C,,-Zr0, pH 2-~12
pH
pH
Ka
30% 13
pH
2
pH
3 2
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Fig.2 Relationship between the retention factors of basic compounds versus pH value of mobile phase

Experimental conditions column C,;,-ZrO, 100 mm x 4.6 mm i.d. mobile phase methanol-buffer 30:70 v/v  buffer pH
2.00 2.74 4.74 5.74 6.74 8.00 9.95 flow rate 1.0 mL/min detection wavelength UV 254 nm.

Samples 1. pyridine 2. aniline 3. 4-methylpyridine 4.3 4-dimethylaniline 5.3 5-dimethylpyridine 6.4 4’-methylenedianiline
7.1-amino-naphthalene 8. N N’-dimethylaniline 9.3 3’'-methoxy-p-diamino-diphenyl 10. N-ethyl-p-methylaniline 11.4 4'-ethylenedi-
aniline 12.4-amino-diphenyl 13. N N'-diethylaniline.

11

pH?2 Lewis Schoenmakers
pH pH
pH pK, = pH
B
BH* pH
pH pK, 1.5 pH
pH pH
pH HPLC
pH S
pH
B H BH"® HPLC
bk, " pH
3 pH BH' B +H" 1
B +S ——SB 2
I S B
3t K

T
[ RN
—
\S}

&

X

NN
=

pH

k=———"7
K, + H

2 2 13 ~21

Fig.3 Relationship between the retention factors of
nitroanilines versus pH value of mobile phase
Experimental conditions are the same as in Fig. 2. pK
Samples 1.2 4-dinitrotoluene 2. p-nitroaniline 3. m-ni-
troaniline 4. o-nitroaniline 5.2 6-dinitroaniline 6.3 5-dini- 30%
troaniline 7.2 4-dinitroaniline. p K
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~0.27 0.35 pH
30%

2 PK
13-21

a

Table 2 Comparison of pK, values of basic compounds

obtained by this method and references >~
Solute No. ' PK, 1o PK, qete PK, e —PK, 1o

1 5.17 5.14 -0.03
2 4.58 4.31 -0.27
3 6.02 5.75 -0.27
4 4.617 4.82 0.22
5 6.14 5.97 -0.17
6 - 4.91 -

7 3.92 3.61 -0.31
8 5.06 5.41 0.35
9 - 4.56 -
10 4.92° 5.21 0.29
11 - 4.14 -
12 3.81 3.94 0.13
13 6.56 6.30 -0.26

1 1. pyridine 2. aniline 3.4-methyl-pyridine 4.3 4-
dimethylaniline 5.3 5-dimethylpyridine 6.4 4'-methylene-
dianiline 7. 1-amino-naphthalene 8. N N’-dimethylaniline
9.3 3’-methoxy-p-amino-diphenyl 10. N-ethyl-p-methylani-
line 11. 4 4’'-ethylenedianiline 12. 4-amino-diphenyl 13.
N N'-diethylaniline. 2 The pK, value is for 2 4-dimethylan-
iline. 3 The pK, value is for N-ethyl-2-methylaniline.

pH 2-~12

pH
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Abstract Thin layer chromatography in combination with spectrophotometry and titrimetry has been used to
evaluate chromatographic characteristics of bauxite constituents. The retention behaviors of four major constit-
uents AI'* Fe’* Ti'* Si'" in bauxite mineral have been examined on plain and modified layers of silica gel
G silica gel H and cellulose with mobile phases containing aqueous sodium chloride formic acid and hydro-
chloric acid. Ternary separation of Al-Fe-Ti was achieved on chromatographic plates made of silica gel H. The
pH effect and presence of impurity elements in samples nature of stationary phases on the ternary separation
and detection limits of bauxite constituents were studied. Silicon in bauxite was detected on cellulose plates.
Quantitative determinations of AI’* Fe’* and Ti'" on silica gel H impregnated with sodium formate layers were
achieved by titrimetry and spectrophotometry.
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Chromatography is one of the modern analyt- effective and rapid

is ideal for routine analysis of

ical techniques used for achieving important sepa-
rations of cationic and anionic species in a wide
variety of natural and synthetic samples '’

Availability of wide range of modified layers of
stationary phases with various mobile phase com-
binations and advances in modern instrumentation
TLC

simplified and versatile analytical technique for

made thin layer chromatography more

exploring better separations of inorganic ions
present in a variety of natural and synthetic sam-
ples °7 .

The complexity in the chemical composition
of bauxite is a major factor for deciding the effi-
ciency and economic viability of alumina produc-
tion by Bayer process. Though binary separation
of AI’*
is reported *"

Fe’" and Ti'" in various samples by TLC
it has been least utilized for
studying chromatographic characteristics of baux-
ites of different geological origins. Mohammad
and Hena "' recently reported the ternary separa-
tion of Al-Fe-Ti in water samples and bauxite ores
on silica gel G layers by micellar mobile phases.
However this report has not highlighted the chro-
matographic behavior of all major constituents of

bauxite including silica. TLC being highly cost

Received date 2005-01-17
Corresponding author MOHAMED NAJAR P A Tel
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bulk samples at mining sites where the composi-
tion of some typical constituents like Al,O, and
SiO, has to be recognized in-situ for continuous
mining operations. Also from the literature sur-
vey it has been realized that the chromatographic
detection of silicon is difficult and no report is

available on this context.
1 Experimental

1.1 Materials
1.1.1
Systronics pH meter Model 335 was used for

Instrumentations

all pH measurements and photometric measure-
ments were carried out by Shimadzu Model 1601
UV-Visible Spectrophotometer.
1.1.2 Test solutions

Standard aqueous solutions 1%  for refer-
ence were prepared in double distilled water from
ammonium ferrous sulphate potassium titanium
Standard

silicon solution 1 mg/mL was used as received.

oxalate and aluminium sulphate salts.

One percent bauxite samples Indian origin were
12 13

prepared by standard methods Precipitated
silica in the solution was separated by filtration

through Whatman No. 40 ashless filter paper and

+91-7104-220942 E-mail najarp@ hotmail. com.

Foundation item the project of* Development of rapid analytical procedures for bauxite and semi-quantitative analysis of scrap
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subjected for alkali fusion. Fused silica was redis-
solved in double distilled water containing dilute
HCI 1:1
ethylene flask. The approximate chemical compo-

v/v and made up to the mark in poly-

sitions of some representative bauxite samples

used for this study are shown in Table 1.

Table 1 Approximate chemical compositions of

some representative bauxite samples %

Sample Al,O; Fe,O0, SiO, TiO, CaO LoI
Gujarat 57.17 2.80 2.99 2.48 2.03 32.24
Central India 57.08 5.04 1.11 4.98 Nil® 31.09
West Coast 57.03 5.56 1.80 5.12 Nil® 29.12
East Coast 44.30 26.70 1.90 2.70 Nil® 23.70

1 Loss on ignition 2 not present.
1.1.3 Detection reagents

Al'* was detected by spraying TLC plates
with 0. 05% tri-ammonium
aurin tri-carboxilate C,,H,,N,0, Fe’’ by 0. 1%
K,Fe CN and

Yoes

aqueous aluminon

potassium ferrocyanide
Ti*" by 0.50%
C,H,Na,0,S, respectively. Si'* was detected by
spraying 1% ammonium
NH, Mo,0,, - 4H,O
Na,MoO,- 2H,0 followed by mild exposure to

tiron reagent
molybdate

or sodium molybdate

ammonia vapor.
1.1.4 Stationary phase

The stationary phases used for this study
were microcrystalline cellulose S, silica gel G

S, silica gel G impregnated with 1% sodium

formate S, silica gel H S, and silica gel H
impregnated with 1% sodium formate S;
1.1.5 Mobile phase

The solvent systems in Table 2 were found
capable of resolving bauxite constituents.
1.2 Chromatography
1.2.1 Sample purification

One percent test solution of bauxite contai-
ning Al Fe and Ti prepared by the standard meth-
od was evaporated on a hot plate. The dried sam-
ple was dissolved in double distilled water contai-
ning few drops of dilute HCl1 1:1 v/v and
made up to 100 mL in a standard flask for chrom-
atographic study.
1.2.2 Preparation of TLC plates

TLC plates were prepared by mixing 1 : 3
Gor H

crystalline cellulose and double distilled water.

w/v silica gel or 1:4 w/v micro-

The slurry obtained was shaken mechanically for

5 min after which it was spread as 0. 25 mm layer

Table 2 Mobile phases and their compositions

Mobile phase Composition v/v Marking
Hydrochloric acid 1% 3% 5% 7% 9% M,
Formic acid + 10% sodium chlo-

. 1:9 9:1 1:1 M,
ride
Formic acid + 1% sodium chlo-
. 1:9 9:1 1:1 M,
ride
0. 1% Formic acid + saturated so-
. . 1:9 M,
dium chloride
1% Formic acid + saturated sodi-
. 1:9 M;
um chloride
10% Formic acid + saturated so-
. ) 1:9 M,
dium chloride
2.5% Formic acid + saturated so-
. . 1:9 M,
dium chloride
5% Formic acid + saturated sodi-
. 1:9 M,
um chloride
0.4% Formic acid + saturated so-
7:3 M,
dium chloride
0.4% Formic acid + 10% sodium
. 1:9 M,,
hydroxide
2.5% Formic acid + 10% sodium
. 1:9 M,
chloride
10% Formic acid + 10% sodium
3:7 1:3 2:8 M,,

chloride

on to 20 cm x 3.5 cm polished glass plates. The
plates were dried at room temperature and activa-
ted at 100 =5
The activated plates were stored in vacuum cham-

C for 1 h in an electric oven.

ber until used.

Impregnated plates were prepared by mixing
silica gel G or silica gel H with the impregnating
reagents in place of double distilled water under
the same experimental conditions for non-impreg-
nated plates.

1.2.3 Procedure

Approximate 10 wL test solution was applied
using a micropipette about 3.0 cm above the low-
er edge of TLC plates. The spots were dried at
room temperature and the plates were developed
in developing chambers containing mobile phase
by ascending technique. The chambers were pre-
pared in advance for pre-saturation with the mo-
bile phase vapor. In all experimental runs the mo-
bile phase ascend was fixed at 10 cm from the
point of sample application. The developed plates
were dried again and the sample constituents
were visualized as coloured spots by spraying
suitable detection reagents. The visualized spots
were characterized on the basis of their respective
R, values calculated from the equation R, = R,
+ R, /2 where R, is the R, value of leading front
and R, is the R, value of tailing front.
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1.2.4 Separation of bauxite constituents

The ideal chromatographic system for selec-
tive separation of bauxite constituents was real-
ized from the retention data R, of the ions
present in a 1% synthetic mixture prepared from
their respective salt solutions. Chromatography
was performed with various mobile phases com-
prising aqueous salt solutions mineral and organ-
ic acids and their mixtures in various ratios. Sep-
aration possibilities of AI’* Fe*" and Ti'* were
observed on TLC plates coated with plain silica
gel H S,

silica gel H S,

and 1% sodium formate impregnated
with mobile phases M, - M,,.
The combinations of mixtures of 10% formic acid
and 10% sodium chloride M,,
Fe’" and Ti'" on S, and S;.
The resolved spots were observed on the chroma-

were found bet-

ter for resolving Al’"

tographic plates after spraying the respective
chromogenic reagents. The spots were character-
ized with distinct colours wviz. pink for alumin-
ium blue for iron and yellow for titanium. Si‘"
was found migrated from the point of sample ap-
plication with respect to the pH of mobile phase
M, used. The spot detection was achieved by
spraying sodium molybdate followed by mild ex-
posure to ammonia vapor. Silicon appeared as
light yellow spot on cellulose layers with sodium
molybdate and the colour turned to stable dull
blue when exposure to ammonia vapor. The R,
values recorded for all the four ions in their mix-
ture were similar to their individual R, values un-
der the same experimental conditions.

Chromatography was performed with TLC
plates loaded with 10 wL solutions of bauxite sam-
ples under the same experimental conditions de-
scribed for synthetic samples. Well resolved com-
pact spots of AI'* Fe’" and Ti'* were obtained
on silica gel H plates. Si'* was detected on cellu-
lose plates developed with mobile phase M,

5% . The detection efficiency and separation

possibilities of all the cations were confirmed with
that present in bauxites of various geological ori-
gins.
1.2.5 Limit of detection

The detection limits of AI’* Fe®’" Ti'" and
Si** were determined by spotting 10 pL of solu-
tions on the TLC plates. The silica gel H plates
were developed in M,, and cellulose plates in M

5% . Spot detection was carried out by spraying
appropriate visualization reagents as described
earlier. The procedure was repeated with succes-
sive lowering of cationic concentration in the
10 pL  on the TLC plates until
no spot could be detected. The lowest detectable

samples loaded

values of ions on TLC plates are reported as the

detection limits of the ions studied.

1.3 Quantitative studies

1.3.1 Titrimetry analysis of aluminium
Determination of AI'* by TLC in combination

with titrimetric analysis "

was carried out by
spotting standard bauxites samples 0.1 0.2
0.3 0.4 0.5 mL containing approximate 570
1140 1712 2283 2854 pg of Al,O, respective-
ly on S, 0.3 mm thickness in duplicate for
each concentration and developed with M,, 2:8
v/v . The spots were detected on the developed
TLC plates by spraying colouring reagents on one
set of chromatographic plates and the area of ad-
sorbent corresponds to the analyte spot on the
second set of TLC plates were quantitatively col-
lected in clean beakers. AlI’* was extracted with
hot water containing a few drops of 1% hydro-
chloric acid. The adsorbent in the extracts were
removed by filtration and the resultant solution
was mixed with 10 mL 3 mol/L NaOH solution.
The precipitate formed was separated by filtration
through Whatman No. 1 filter paper. The contents
in the beaker were mixed with 1 -5 mL 1: 1 H,SO,
followed by 10 mL 0. 01 mol/L EDTA and the re-
sultant solution was neutralized with 1: 1 NH,OH.
30 mL acetate buffer pH 7.20 was added to the
mixture and boiled for 3 — 5 min. The solution
was cooled to room temperature and titrated by
0.01 mol/L zinc acetate. From the volume of
titrant consumed and the amount of analyte load-
ed on the TLC plate a recovery percentage in the
range of 93% -95% was observed.
In order to improve the analytical utility of
the method developed different volumes 0.1
0.2 0.3 0.4 0.5 mL of bauxite sample Cen-
tral India  containing known quantities of Al'*
0.57 1.14 1.71 2.28 and2.85 mg were load-
ed on TLC plates S;
peated under the same experimental conditions to

The procedure was re-

get the recovery percentages. A calibration curve
was constructed by plotting the quantity of AI'*
vs. the volume of the sample loaded on TLC
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plates. From the slope obtained for the straight
line graph the recovery percentages of Al’* in un-
known bauxite samples were calculated. A maxi-
mum recovery of 95.54% was noticed.
1.3.2 Spectrophotometric analysis of iron and
titanium
TLC combined with spectrophotometry * '°
has been used for the quantitative determination
of Fe’" and Ti'" in bauxite samples. For the de-
termination of Fe’® standard bauxite solutions
East Coast of 0.04 0.08 0.12 0.16 and 0. 20
149.3 224.0 298.7 373.4
0.10 0.20 0.30 0.40

mL containing 74. 68
pg of Fe’* and for Ti'"
and 0.50 mL bauxite solutions West Coast

containing 30. 68 61.37 92.06 122.7 153.4 g
of Ti'* were loaded on TLC plates made of S;.
The plates were developed in M, 2:8 v/v and
the corresponding areas of spots on the respective
TLC plates were quantitatively collected in clean

2+

beakers as described above. Fe”" was extracted
with 10% acetic acid and filtered through What-
man No. 1 filter paper. The extract is then mixed
0.25%
1 10-phenanthroline and acetate buffer of pH 3.5
-3.7

made up to 100 mL and allowed to stand for 15

with 1% hydroxyl ammonium chloride
1:1:3 v/v . The resultant solution was

min for complete colour development followed by
of 510

max

spectrophotometric measurements at A
nm.

Similarly Ti'* was extracted with dilute sul-
phuric acid 1:3 v/v and the extract is mixed
with 3 mL phosphoric acid 1:1 v/v and 5 mL
4.5%

mL. The solution was left for complete colour de-

hydrogen peroxide and made up to 50
velopment for 15 min. Photometric measurements

were carried out at 410 nm A by using 1 cm

cells.
and Ti'*

in standard bauxite sample were plotted against

The absorbances obtained for Fe’*

their concentrations to obtain the calibration
curves for iron and titanium respectively. The
Beer-Lambert law was satisfied for the range 50 to
350 wg for Fe’" and 30 to 150 pg for Ti'".
the slope of calibration curves made the quantities

From

of Fe’* and Ti'* present in bauxites of different

origins Central India East Coast and West
Coast were determined. The recovery percenta-
ges obtained for bauxites of various origins lay in

the ranges of 92% to 94% for Fe’* and 91% to

93% for Ti'".
2 Results and Discussion

The chromatographic behavior of major con-
stituents in twenty five bauxite samples of various
geological origins India was examined on selec-
S, -S;/M, -M,,
comprising formic acid sodium chloride sodium

tive chromatographic systems

formate silica gels and cellulose. Considering the
compositional complexity of bauxite factors such
as nature of chromatographic system sample
composition sample medium and effects of or-
ganic and inorganic additives in the sample are
discussed.
2.1 Sample composition and nature of chro-
matographic systems

To study the effect of sample composition on
the mobility R, of major constituents in bauxite
chromatography was performed with S, and M, -
M,,. The R, values recorded for AI'’* Fe** Ti'"
in these systems revealed that the wvariation of
chemical composition does not affect the mutual
separation of Al-Fe-Ti. Reproducible R values as
shown in Fig. 1 were obtained for the same sam-

ple with different chromatographic systems.

Al

T

Fig.1 Separation of AI’* Fe?* and Ti** in bauxites on
plain a and impregnated b silica gel H plates

Al’* spot appeared slightly diffused on plain
silica gel H and appeared more compact with
slightly lower R, values on silica gel H impregna-
ted with 1%

mained at the point of sample application showing

sodium formate plates. Ti** re-

little mobility on both plain and impregnated
plates. Fe** spot appeared compact on plain and

impregnated silica gel H S, and S; plates and

2+

distinctly separated from Al’* and Ti**. Fe*" spot

appeared diffused on silica gel G plates and some
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parts of this diffused spot migrated along with
that of aluminium resulting in poor or no separa-
tion.

The detection of silicon was achieved with
sodium molybdate on microcrystalline cellulose
plates developed with 5% hydrochloric acid. Si‘*
R, =0.97 with
molybdate solutions and turned to blue on expo-

appeared as bright yellow spot

sure to ammonia vapor. The colour formed with
~3 h

practical

molybdate and ammonia was stable
Though Ti** was separated from Si‘*
detection was hampered due to the formation of a
dark yellow complex of tiron and molybdate. Bi-
nary or ternary separation was not achieved on
cellulose layers since Al’* and Fe®" traveled along
with Si*".

Since the ternary separation of co-existing Al-
Fe-Ti by TLC is rare
centrated on the mutual separation of A’ Fe’*

further studies were con-

and Ti'" taking account of sample concentration
pH effect
temperature humidity etc. The separation possi-

nature of chromatographic system

bility decreases with the increase of sample acid-
ity as well as the increase of acid concentration in

mobile phase compositions Fig.2 .
1.0
[ —e— Al
08 a—fe
3 ——Ti
o 06
= [
-
< o4l
02l
i v
0.0 b 1 | I | | I | y—Y
M3 M4 MS Mﬁ M7 M8 M9 Ml 0 MI 1 Ml 2
Mobile phase

Fig.2 Effect of formic acid concentration on Ry

of AI’* Fe?* and Ti** in bauxite

High R, value R, varies from 0.74 to 0. 95
was observed for AI'* and Fe’" with pure formic
acid systems and with > 55% formic acid in bina-
ry systems containing aqueous salt solutions.
High concentrations of formic acid adversely af-
fect the chance of Ti'* detection. To achieve the
effective ternary separations the formic acid con-
centration must be kept below 50% in the binary
mobile phase combinations comprising 10% for-
mic acid and 10% aqueous salt solutions M,,

A similar trend in the R, values R, =0.85 -

0.99 of AI’* and Fe’" were noticed with acidic
samples crude bauxite samples obtained after
the removal of silica on silica gel H and silica gel
G plates. Ti'" remained at the point of sample ap-
plication. Further studies in these direction re-
vealed that ternary separation is possible only if
the sample pH is in the range 2.4 to 5. 6. Beyond
pH 5.6 detection possibilities of AI’* and Ti'*
started to deteriorate. From these observations it
is concluded that acidity of test sample along with
nature of chromatographic system in general and
mobile phase composition in particular play an
important role in resulting the mutual separation
of Al-Fe-Ti in bauxite samples.
2.2 Effect of impurities

In addition to the major constituents bauxite
contains many other organic and inorganic impuri-
ties. Bauxites of some geological origins espe-
cially from Gujarat India
3% to 10%

caustic losses and efficiency of Bayer plants.

contain approximate

calcium. Silica in bauxites causes

Though the organics concentration in Indian baux-
i.e. <0.10%

cumulation especially that of humates and ox-

ites is very low their periodic ac-

alates in sodium aluminate liquor adversely af-
fects the performance of Bayer plants. In view of
these the effect of organic impurities on chroma-
tographic separation of Al-Fe-Ti in bauxite sam-
ples was studied. The separation possibilities
were examined individually in the presence of
added impurities viz. calcium silicon sodium
and various organic compounds. The results of
these studies are summarized in Fig. 3 and Fig. 4.

The samples were loaded on TLC plates made
of silica gel H and chromatography was performed
with M,,. From the R, recorded it has been no-
ticed that the presence of diethylamine adversely
affects the separation possibilities by resulting in
The detection
possibility was also poor for AI’* and Ti'". The
R, -R,
tion possibilities were further confirmed with the

elongated spots for AI’* and Fe’".

variations in R, spot size and detec-
deliberate addition of various amines in bauxite
samples. From this observation it has been con-
cluded that the presence of some organic species
in bauxite samples may affect the chromatograph-
ic detection of the major constituents.

The effect of some commonly occurring inor-



560-

23

0.8
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Fig.3 Effect of organic additives on separation of
Al Fe and Ti in bauxite
Organic additives A. acetic acid B. ethanol C. formal-
dehyde D. formamide E. sodium oxalate F. diethylamine.
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Fig.4 Effect of inorganic additives on separation of
Al Fe and Ti in bauxites

Inorganic additives A. 1% CaCl, B. 1% NaCl C. 1%
Na, SiO;. Chromatographic system 1. S,-M,, 2. S;-M,,.

ganic impurities in bauxite on the chromatograph-
ic separation of Al-Fe-Ti was studied with bauxite
sample solution mixing with 0. 10% to 10% solu-
tions of CaCl, NaCl or Na,SiO, in 1:1 v/v.
Chromatography was performed with S,-M,, sys-
tem. Interestingly no variation in spot size and
detection efficiency was noticed and the resolu-
tion of Al-Fe-Ti remains intact. The study recor-
ded negligible variations in R in presence of the
impurity elements i. e. the changes were R, <
0.11 for Al R, <0. 14 for Fe and R, <0. 02 for Ti
Fig.5

The detection limits achieved for bauxite
samples are in agreement with that of standard
samples the trace level detection of the cations
in bauxite samples required dilution of detection
reagents i. e. 0. 01 % aluminon 0.10% potassium
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Fig.5 Variation of R, of A’* Fe’* and Ti'*

with concentrations of impurities

ferrocyanide and 0.50% tiron. Sodium formate
impregnated silica gel H plates were found more
effective as of formate ion enhances detection of
Ti in bauxite samples.
2.3 Effect of temperature and sorbent
moisture
The effect of temperature on the separation
of Al-Fe-Ti was studied by developing TLC plates
S,/S,-M,,
varying from 20 - 50 C. No significant variation

at different temperature conditions

in R, value was noticed except at 50 C where an
overall increase in R, 0.05 was noticed with
Al’* and Fe’*. The increase in R, of Ti'* was due
to the slight tailing of spot from the point of sam-
ple application. It is attributed that the slight in-
crease in R, was observed probably due to the
increased evaporation of mobile phase from the
adsorbent layer and the increase of mobile phase
flow.

The effect of adsorbent moisture on the sepa-
ration was studied with non-activated 1 acti-

vated 2 and reactivated 3 after sample load-
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Fe’* and Ti*" . 561-

ing TLC plates
R, of AI'*

3 clearly indicating the role of humidity in the

S,/S,

Fe’* and Ti'** was 1 > 2 >

The order of mobility

separation and the need of maintaining humidity
level during experimental procedure for the reali-
zation of reproducible results.
2.4 Limit of detection

The detection limits of AI’* Fe’" Ti'" and
Si** were determined by spotting different vol-
S, S
followed by development of the plates

umes of bauxite solutions on TLC plates
and S,
with selected mobile phases M,, 2:8 v/v and
M, 5% The results were listed in Table 3. The
accuracy and reproducibility of detection limit
were confirmed with different bauxite samples
and their composite.

Table 3 Detection limits of cations in aqueous standards ppm

Standard samples Al'  Fe' Ti Si?
Aluminium sulphate 12.00
Ferric chloride 2.40
Potassium titanium oxalate 2.50
Sodium silicate 6.20

1 All values are average of five consecutive trials in chro-
matographic systems S,-M,, & S;-M,,.

2 Average of five consecutive trials in S,-M, 5%

The detection limits achieved for bauxite
samples are in agreement with those of standard
samples the trace level detection of the cations
in bauxite samples required dilution of detection
reagents i. e. 0.01% aluminon 0.10% potassium
ferrocyanide and 0.50% tiron. Sodium formate
impregnated silica gel H plates were found more
effective as formate ion enhances detection of Ti

in bauxite samples.
3 Conclusions

The present chromatographic studies on
bauxite solutions revealed the possibility of an im-
proved and rapid quantitative methodology for the
analysis of major constituents in ore samples. The
investigations also showed that TLC procedure
can be successfully modified and coupled with

suitable instrumentation methods for the qualita-

tive and quantitative determination of trace ele-
ments in ore samples.
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high performance liquid chromatography
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degree of poly-

alkyl polyglycosides

merization
0658 B 1000-8713 2005 05-0562-01
APG
APG
'"H NMR
HPLC S
APG
1
1.1 {/min
SSI PC2000 1 APG HPLC
Avance DMX500 I 23 4~
7 89 10. S.
2.2
100. 0 mg 100 mL
0.2~0.5¢g 1 mL
HPLC f
100 mL
2.3 HPLC
1.2
1 Kromasil C 250 mm x 40 mm i. d. ! 23
20 pm 35 CH,OH-H,0 f S
3:1 8 mL/min 5 mL
2 Kromasil Cg 150 mm x 4. 6 mm
i.d. 5 pm 35 C CH,0H-H,0 0.98% 2.38% 57.34% 21.09% HPLC
3:1 0.7 mL/min 15 pL 0.94%
3 'H NMR 2.44% 58.47% 20.51%
4.29% 2.35% 1.97% 2.75% 0.048% 0.064%
1.281% 0. 657%
2.1 2.4
HPLC 1 '"H NMR DP, =1.61 HPLC
1 2 3 4
1
~9 H NMR n, " n,
n APG 5, 3.30 n, n, HPLC P,
=320 %, 0';;~1'64 DP,= n, + 4n,+ 2n,+n, / n, +n, + N, +
' n, =1.58 1.74%
5, 5,
0.036
1ln+2 :23
4-~9 '"H NMR DP, 3
2.02 2.00 2.03 2.01 1.01 1.02 4~ 1 HPLC APG
7 8 9 APG '"H NMR 2 HPLC
APG  HPLC
2 3 3 APG
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nonaqueous mobile phase reversed-phase high performance liquid chromatogra-
phy aripiprazole
0658 B 1000-8713 2005 05-0563-01
aripiprazole 7- 4- 4- 2 3- -1- RSD 0. 6%
- 3 4- Otsuka 12 h
1988 2002 2.4
FDA Abilify 8 10 12 mg
! 25 mL
5 min 0.45 pm
1 1.0 mL 10 mL
1.1
P99 II Uv99 20 pL
N2010 3
99.8% ~100.1% RSD 0.3% ~0.5%
20030701 20030702 20030703 2.5
99.57% 10
10 mg 25 mL WL » 3
1.0 mL % n=3
10 mL 99.2% 98.7% 99. 3% RSD 0.6% 0.9%
40 mg/L 0.7% 1
1.3 1
Diamonsil C,, 250 mm x4.6 mm i. d. 5 pm
- 99.9:0.1 1.0
mL/min 257 nm 20 pL
2
2.1 b
a
- [ | 1 I [
0 2 4 6 8
1.2% t/min
2000 1 a b
1.
0.1% 3
5000 - 99.9:0. 1
23
2.2
1.5 ~400 mg/L
20 pL A C mg/L
1.5~400mg/LL. A C
A=1.6x10'C-1.3x10* r=0.9999 1 . 2003 14 6 372
3 1 ng 2
2.3 1995 13 6 458
0248 12h 3 . 2003 23 6 437
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high performance liquid chromatography cytidine triphosphate cytidine
diphosphate cytidine monophosphate liquid of enzymatical reaction
0658 B 1000-8713 2005 05-0564-01
! CTP .
2. a 1 b
CMP | z
CTP J
CDP ererares ravrmesdhoniibriore reraraararars ararera [— i et
23 0 2 4 6 8 101214 0 2 4 6 8 10 12 14
CMP CDP CTP t/min t/min
1 1 a b
1 1.CMP 2.CDP 3.CTP.
125/166/845 Beckman Y =23 108X +37808 7=0.9999 CDP  11.20
CMP CDP CTP Sigma ~112. 00 mg/L Y =17 668X +33267 r =
98% 0.9999 CTP 10. 33 ~ 103. 30 mg/L Y
1.2 =13267X +13 177 7=0.999 4 S/N =3
Lichrospher C 250 mm x 4.6 mm 35.3 292.0 350.4 pg/L
Ld 5 pm 6% 2.2.2 CMP CDP CTP
pH 6.6 11: 89 1.0 94.16 112.00 103.30 mg/L
mL/min 271 nm 20 pL 5 CMP CDP CTP RSD
1.3 0.60% 0.74% 0.75%
10'h 2.2.3 1 mL 6
pH 2.0 15 C 4000 r/min 10 min 50 mL
Millipore Labscale TFF System CMP CDP CTP RSD 0. 98%
3000 0.83% 1.64% CMP CDP
CTP
2.2.4 9
2.1 3 CMP CDP
3 207 271 nm CTP 99.1% ~ 102.2% 98.8% ~ 102.2%
205 nm 271 nm 99.2% ~102.2% RSD 1.09% 1.32% 1.07%
2.2.5 6 h
1h 1 6 h
CMP CDP CTP RSD 0.97%
pH CMP 1.28% 0.85% ©2.2.2"
CDP  CTP pH 1 5d3d CTP
CMP CDP CTP
“1.2” 1
2.2 1 Kitajima N Watanabe S Takeda I. Hakko Kogaku Zasshi
2.2.1 CMP CDP CTP 1970 48 12 753
6 2 Daxecker H Raab M Cichna M Markl P Miiler M M.
Clin Chim Acta 2001 310 1 81
Y X 3 Tomiya N Ailor E Lawrence S M Betenbaugh M J Lee Y
mg/L CMP 9.42 ~94.16 mg/L C. Anal Biochem 2001 293 1 129
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solid phase microextraction gas chromatography muscone Chinese
herba preparation
0658 B 1000-8713 2005 05-0565-01
38.58 38.46 mg/L 38.98 mg/L
RSD 2. 0%
- SPME-GC 2.3
0.80 0.60 0.50 0.40 0.20 mL
53.42 mg/L 0.20
0.40 0.50 0.60 0.80 mL Y127
1 1.3 95.2% ~
1.1 103.0% RSD 3.0%
15A SUPELCO Finni- 2.4
gan 20 mL 0.684 8 g/L
020322 020502 020503 020504 031201 0.2 0.40.60.81.0pL “ 1.47
031203 g/L
1.2 X Y Y =123 604X -
1.0 mL 80 C 5597.4 r=0.9997 0.1370 ~0.684 8 ng
10 min 30 min PDMS 100 2.5
pm 250 C 0.1 SPME 5
min 1
1.3 1 n=2 mg/L
OoV-17 3mx0.4 cm i d. SPME
60 ~ 80 3% 50 mL/min 020502 37.74 37.42
170 C 210 T FID 020503 36. 81 36.27
020504 41.10 40.76
210 C 031201 2.88 2.74
1.4 031203 6.00 5.86
20 mL 1 mL 200 mL
020322
10 h
5
2.0 mL 1 pL
2
21 2 mg/L
No. SPME
2. 048 ~
1 37.51 37.59
204.8 mg/L 1 2 37.96 37.24
mL “1.27 ¢ 1.3 3 38.77 39.57
mg/L X Y 4 38.92 39.83
Y =3239.034X -5 159.034 r=0.999 5 > 39.40 35.81
38.52 38.01
2.048 ~204.8 mg/L
RSD/% 2.0 4.4
2.048 ~204.8 ng
2.2 12 SPME RSD
IlmL *“ 1.27 “ 1.3” S t SPME
5 40.12 38.24 39.50
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- gas chromatography-mass spectrometry dye intermediate oxidation
hair dyes cosmetics
0658 B 1000-8713 2005 05-0566-01
500 mg/L 1" ~8*
r 3
HPLC 8 C=1.17x10"74 -3.99 0.9989 4 mg/L C=1.12 x
! 10 °A -5.58 0.9994 4 mg/L C=9.82x10 "A +2.41
0.9993 5 mg/L C=6.35x 10 °A-1.39 0.9991 3 mg/L
C=6.90x10"°A4-1.03 0.9994 4 mg/L C=7.78 x10 °A
2 +1.48 0.9982 5 mg/L C=1.80x10""4-0.26 0.9994 4
3 mg/L C=7.08x10"°A +3.54 0.9996 4 mg/L
- GC/MS
1 2 3 4
5 6 7 2 5-
8 4- 8
1
1.1
1 8 250 mg/L
QP5050 - NIST
8 Sigma
95%
DB-225 30 m x0.25 mm i d. x 2.2
. 10 C/min 6
0.25 um 140 C 2 min 230 2 3t 4t 6t 7t
C 3 min 230 C
RSD 3.26% 2.60%
0. 8 mL/min 1 pL 10:1
5.90% 4.75% 1.03%
EI 70 eV
3 0.2 g 0 0.1
40 ~350 u
2.0 mg 6 8
1.2
. 83.3% ~109.9%
8 0.1¢g 7
. 2.3
8 6
6
100 mL
HPLC 3
5 mL 8 500
HPLC 15% 3
mg/L - 1:1
HPLC
250 100 50 25 mg/L
8% t 95% GC/MS HPLC
0.2¢g - 10
mL 0.45 pm
1
2 2002. 211
2.1 2 European Commission. The Rules Governing Cosmetic
Products in the European Union. Vol 2. Methods of
1 C mg/L Analysis. s. 1. s.n. 1999, 35
A 8 25 ~ 3 QB/T 1863-93
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