
-
VOLUME 7 NUMBER 14 

I 
1984 

I 

I' 
\ , 

Speqial Section on 
THIN LAYER CHROMATOGRAPHY 

Edi,ted by HALEEM J. ISSAQ . 
NCI-Frederick Cancer Research Facility. 
Frederick, Maryland 

and 

JACKCAZES 
Fairfield, Co.nne·cticut 

. ...... ~I.oI'.u.l".u.o.lI TO VOLUME 7 
., . 



JOURNAL OF LIQUID CHROMATOGRAPHY 

December 1984 

Aims and Scope. The journal publishes papers involving the application of 
liquid chromatography to the solution of problems in all areas of science 
and technology, both analytical and preparative, as well as papers that deal 
specifically with liquid chromatography as a science within itself. Included 
will be thin-layer chromatography and all modes of liquid chromatography. 

Indexing and Abstracting Services. Articles published in Journal of Liquid 
Chromatography are selectively indexed or abstracted in: 

• Analytical Abstracts • ASCA • BioSciences Information Service of 
Biological Abstracts (BIOSIS) • Chemical Abstracts. Current Awareness 
in Biological Sciences • Current Contents/Life Sciences • Current 
Contents/Physical and Chemical Sciences • Engineering Index • Excerpta 
Medica • Journal of Abstracts of the All-Union Institute of Scientific 
and Technical Information of the USSR • Physikalische Berichte • 
Science Citation Index 

Manuscript Preparation and Submission. See end of issue. 

Subscription Information. Journal of Liquid Chromatography is published 
in fourteen numbers and two supplements in January, February, March 
(2 numbers), April, May (2 numbers), June, July (2 numbers), August, 
September, October (2 numbers), November, and December by Marcel 
Dekker, Inc., 270 Madison Avenue, New York, New York 10016. The 
subscription rate for Volume 7 (1984), containing fourteen numbers and 
two supplements, is $350.00 per volume (prepaid). The special discounted 
rate for individual professionals and students is $175.00* per volume. To 
secure this special rate, your order must be prepaid by personal check or 
may be charged to MasterCard or VISA. Add $40.00 for surface postage 
outside the United States. For airmail to Europe, add $72.32; to Asia, add 
$91.52. 

Mailing Address. Please mail payment with order to: Marcel Dekker 
Journals, P. O. Box 11305, Church Street Station, New York, New York 
10249. 

Copyright © 1984 by Marcel Dekker, Inc. All rights reserved. Neither this 
work nor any part may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, microfilming and recording, or by any in
formation storage and retrieval systems without permission in writing from 
the publisher. 

Permission to photocopy for internal or personal use or the internal or 
personal use of specific clients is granted by Marcel Dekker, Inc. for libraries 
and other users registered with the Copyright Clearance Center (CCC), pro
vided that the stated fee is paid directly (per copy) to the CCC, 21 Congress 
Street, Salem, MA 01970. Special request should be addressed to Marcel 
Dekker, Inc., Permissions Dept., 270 Madison Avenue, New York, New 
York 10016. 

Contributions to this journal are published free of charge. Application to 
mail at second-class postage rates is pending at New York City, New York 
and additional mailing offices. 

*THIS REFLECTS A 50% DISCOUNT GIVEN TO INDIVIDUAL SUB
SCRIBERS. 



JOURNAL OF 
LIQUID CHROMATOGRAPHY 

Editor: DR. JACK (' AZES Editorial Secretary: ELEANOR (' AZl::S 

Editorial Board 

p. 0. Box l440·SMS 
Fairfield. Connecticut 06430 

Associate Editor: DR. HALEEM 1. ISSAQ 
NCI-Frederick Cancer Research Facilitv 

Frederick, Maryland 

E. W. ALBAUGH, Gulf Research and Development Company, Pittsburgh, Pennsylvania 
K. ALTGELT, Chevron Research Company, Richmond, California 
D. W. ARMSTRONG, Texas Tech University, Luhhock, Texas 
A. ASZALOS, U.S. Food and Drug Administration, Washington, D. C. 
W. BERTSCH, University of Alabama, University, Alabama 
B. BIDLINGMEYER, Waters AsSOciates, Inc., Milford, Massachusetts 
P. R. BROWN, University of Rhode Island, Kingston, Rhode Island 
J. A. CAMERON, University of Connecticut, Storrs, Connecticut 
1. V. DAWKINS, Lough borough University of Technology, Loughborough, England 
D. H. FREEMAN, University of Maryland, College Park, Maryland 
R. W. FREI, The Free University, Amsterdam, The Netherlands 
J. C. GIDDINGS, University of Utah, Salt Lake City, Utah 
R. L. GROB, Villanova University, Villanova, Pennsylvania 
E. GRUSHKA, The Hebrew University,Jerusalem, Israel 
G. GUIOCHON, Georgetown University, Washington, D.C. 
A. E. HAMIELEC,McMaster University, Hamilton, Ontario, Canada 
S. HARA, Tokyo College of Pharmacy, Tokyo, Japan 
D. 1. HARMON,B. F. Goodrich Research Center, Brecksville, Ohio 
G. L. HAWK, Zymark Corporation, Hopkinton, Massachusetts 
M. T. W. HEARN, St. Vincent's School of Medical Research, Victoria, Australia 
E. HEFTMANN, US. Department of Agriculture, Berkeley, California 
P. Y. HOWARD,Micromeritics Instrument Corp., Norcross, Georgia 
1. 1 ANCA,Institute of Analytical Chemistry, Brno, Czechoslovakia 
J. F. JOHNSON ,Institute of Materials Science - U Conn., Storrs, Connecticut 
B. L. KARGER,Northeastern University, Boston, Massachusetts 
P. T. KISSINGER,Purdue University, West Lafayette, Indiana 
1. KNOX, The University of Edinburgh, Edinburgh, Scotland 
P. KUCERA, Hoffmann-LaRoche, Inc., Nutley, New Jersey 
1. LESEC, Ecole Superieure de Physique et de Chemie, Paris, France 
N. B. MANDAVA, Emlirollmentai Protection A,g-ency, WashinKton, D.C. 

(continued) 



JOURNAL OF LIQUID CHROMATOGRAPHY 

Editorial Board continued 

D. E. MARTIRE, Georgetown University, Washington, D.C. 
B. MONRABAL,Dow Chemical Iberica, S. A., Ta"agona, Spain 
S. MORl, Mie University, Tsu, Mie, Japan 
A. K. MUKHERJI, Xerox Corporation, Webster, New York 
J. A. NELSON,M. D. Anderson-Hospital and Tumor Institute, Houston, Texas 
L. PAPAZIAN, American Cyanamid Corporation, Stamford, Connecticut 
V. PRETORIUS, University of Pretoria, Pretoria, South Africa 
F. F. REGNIER,Purdue University, West Lafayette, Indiana 
QIAN RENYUAN, Institute of Chemistry, Beijing, People:S- Republic of China 
C. QUIVORON, Ecole Superieure de Physique et de Chemie, Paris, France 
F. M. RABEL, Whatman, Inc., Oifton, New Jersey 
C. G. SCOTI, Smith Kline and French Laboratories, Philadelphia, Pennsylvania 
R. P. W. SCOTI,Perkin-Elmer Corporation, Norwalk, Connecticut 
H. SMALL, Consultant, Leland, Michigan 
E. SOCZEWINSKI,Medical Academy, Lublin, Poland 
E. STAHL, Universitat des Saarlandes, Saarbrucken, West Germany 
J. C. TOUCHSTONE, Hospital of University of Pennsylvania, Philadelphia, Pennsylvania 
S. H. WONG, University of Connecticut School of Medicine, Farmington, Connecticut 



JOURNAL OF LIQUID CHROMATOGRAPHY 

Volume 7, Number 14, 1984 

CONTENTS 

Special Section on Thin-Layer Chromatography 

The Influence of the Specific Surface Area of Adsorbent upon 
the Optimization of the Process of Adsorption Thin-Layer 
Chromatography . ...................................... 2697 
J. K. RozyJo, 1. Malinowska, and M. Poniewaz 

Evaluation of System Errors in TLC-Densitometry When Using 
the Streaking Technique . ..... ' ............................ 2711 
S. J. Costanzo and M. J. Cardone 

Reversed Phase Thin Layer Chromatography of Amino Acids . ........ 2719 
J. C. Touchstone, E. J. Levin, and S. C. Lee 

Analysis of Plasmalogens by In Situ Reaction on Thin Layer 
Chromatograms . ....................................... 2725 
J. C. Touchstone, K. A. Snyder, and S. S. Levin 

Determination of Chloropyrifos and Its Metabolite 3,5,6-Trichloro-
2-pyridinol in Tap Water and Bananas by Quantitative TLC on 
Preadsorbent Silica Gel. .................................. 2735 
J. Sherma and R. Slobodien 

Determination of Octadecylamine in Water by Quantitative High 
Performance Thin Layer Chromatography . ..................... 2743 
J. Sherma, K. Chandler, and J. Ahringer 

Separation of Prostaglandins Eland E2 and Other Major Eicosanoids 
by Unidimensional Argentation Thin Layer Chromatography . ......... 2751 
J. S. Bomalski, J. C. Touchstone, A. T. Dailey, and R. B. Zurier 

Neutral Lipid Class Fractionation and Further Separation of Simple 
Neutral Glycolipids by OPTLC . ............................. 2759 
J. Pick, J. Vajda, and L. Leisztner 

Class Fractionation of Acidic Glycolipids and Further Separation 
of Gangliosides by OPTLC ................................ 2777 
J. Pick, J. Vajda, N. Anh-Tuan, L. Leisztner, and S. R. Hollan 

Comparison of Two Copper Reagents for Detection of Saturated and 
Unsaturated Neutral Lipids by Charring Densitometry . ........ " ..... 2793 
C. B. Baron and R. F. Coburn 

iii 

71 ?!~ ?:::?O 



iv CONTENTS 

Determination of Neomycin Components by Thin Layer 
Chromatography with Videodensitometry ...................... 2803 
B. Bacsa, J. Javor, and L. Kiss 

Thin Layer Chromatography of Metal Ions Complexed with AniIs(VII). 
Detection, Separation, and Determination ...................... 2813 
R. K. Upadhyay, M. R. Sharma, and R. K. Rastogi 

Thin Layer and Paper Chromatographic Separations of d-Block 
Cations Complexed with AniIs .............................. 2821 
R. K. Upadhyay, K. Rathore, and A. K. Bajpai 

Regular Contributed Papers 

Inverse Optimal Filtering Method for the Instrumental Spreading 
Correction in Size Exclusion Chromatography ................... 2833 
D. Alba and G. R. Meira 

Preparative Chromatography of Proteins ....................... 2863 
M. N. Schmuck, K. M. Gooding, and D. L. Gooding 

Glycosylated Hemoglobin Determinations by Isocratic 
High-Performance Liquid Chromatography ...................... 2875 
R. M. David and Z. K. Shihabi 

Determination of Ticarcillin in Serum by Reversed Phase High 
Performance Liquid Chromatography ......................... 2887 
M. K. Aravind, J. N. Miceli, and R. E. Kauffman 

Quantitative Determination of the a-Amylase Inhibitor from Phaseolus 
vulgaris Using Size Exclusion High-Performance Liquid Chromatography .. 2895 
J. E. Houglum and G. S. Chappell 

Semi-Preparative High Performance Liquid Chromatographic Separation 
of Carbon-14 Labeled Avermectin B1a from a Mixture of Avermectins ... 2905 
C. C. Ku, S. C. Hwang, and T. A. Jacob 

Constituents of Higher Fungi. XVI. Identification of Lactarius Species 
by HPLC Using Sesquiterpene Monohydroxylactone Contents as 
Characteristic Chemotaxonomic Features ....................... 2915 
W. M. Daniewski, A. Kroszcynski, A. Wawrzun, and A. Rymkiewicz 

Book Review ......................................... 2921 

Liquid Chromatography Calendar ............................ 2923 

Author Index to Volume 7 ................................ 2927 

Subject Index to Volume 7 ................................ 2935 

Collective Contents to Volume 7 ............................ 2965 



THIN-LAYER CHROMATOGRAPHY 

Edited by 

HALEEM J. ISSAQ 
NCI-Frederick Cancer Research Facility 
Frederick, Maryland 

and 

JACKCAZES 
Fairfield, Connecticut 

This is a special section of Journal of Liquid Chromatography, Volume 7, 
Number 14, 1984. 

MARCEL DEKKER, INC. New York and Basel 





JOURNAL OF LIQUID CHROMATOGRAPHY, 7(14), 2697-2710 (1984) 

THE INFLU~NCE· OF' THB SPECIFIC SUHFA~ AHEA OF 

ADSORBE.N'I' UPON THE. OPTHUZA1'ION OF THE PHOCESS 

OF ADSORPTION THIN-LAYER CHRQ]\1ATOGRAPHY 

J.K.RO:2.YLO, I.MALINOWSKA and I'l.PONIEWAZ 

Institute of Chemistry,H.Curie-Sklodowska University 
20-031 Lublin, POLAND 

ABS'1'RACT 

An important aspect of the influence of specific surface 
area of adsorbent on ~ values of substances obtained in 
the process of adsorption thin-layer chromatography has 
been presented in the paper. The experiments have been con
ducted with four adsorbents, each having different specific 
surface area, that is, from 50 to 500 m2 jg and with the use 
of mixed binary solveht mobile phases of benzene-aliphatic 
alcohol type. It has been proved that \1 values of investi
gated substances of group B change ~egulary according to 
the specific surface area of adsorbent for individual con
centrations of mobile phase. The relationship may be des
cr'ibed by means of square trinominal. The parameters of 
trinominal may be tabulated and the differentiation of the 
parameters for particular substances is observable at the 
same time. The relationship in question may be utilized to 
calculate ~ values of studied substances on any adsorbent 
with known specific surface area. 

2697 
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IN'I'RODUCTION 

In chromatographic investigations great attention is 

yaid to adsorbents with different surface structure, in 

their monographs Geiss (1) and Snyder (2) denoted much 

attention to the importance of microporous structure of 

adsorbent in the process of thin-layer chromatography. 

The interest in the role of specific surfabe,area of 

adsorbent in thin-layer chromatography is still current 

due to the increasing importance of this method as a pilot 

technique for determihing the optimum mixture separation 

conditions on analitical and preparative scale (3 - 7). 

The previously observed linear relationships of the dif-

ference of' l\.r values of substances for pure lSomponents of 

mixed binary solvents mobile phases from the specific sur

face area of adsorbents are not to convenient to use in the 

routine process of optimization of seyara·tion conditions. 

In the present paper an analysis of relationships between 

~ values of substances and specific surface area of adsor

bent with the preservation of equal concentrations of mobile 

phase on adsorbents with di~ferent size of specific surface 

area has been made. 

MATE.RIALS AND I'1LTHODS 

In order to solve the problem in question the measurements 

of ~ (~) values of model substances have been made by means 

of the method applied in adsorption thin-layer chromatogra -

phy. Silica gel f-my Merck (7) with different specific sur-
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face area (s) have been used asc<adsorbent, that is, 500; 

400; 150 and 50 m2/g. Polycyclic compounds, the molecules 

of which contained heteroatoms have been used aschromatogra-

phed substances. All studied substances under experiment 

showed electrodonor properties and constant dipole moment. 

The chromatografphed substances were: 

Substances 

phenol 

acridine 

q1il.inoline 

6-methylquinoline 
7-methylquinoline 

8-methylquinoline 

Pimentel and !'lcClellan 
classification (8) 

AB 

B 

B 

B 

B 

B 

As mobile phases were used binary mixtures of N(B)-AB 

type solvents, that is, benzene-methanol, benzene-ethanol 

and benzene-propanol. 

The way in which the chromatographic process was con-

ducted and the visualization of the substances under inves-

tigations have been presented in many earlier publications 

(9-12). The results of the experiments performed have given 

in a form of diagrams of ~ values according to the size 

of specific surface area of adsorbent vs ~ (Figs. 1-4) • 

RESULTS AND DISCUSSION 

Molecular interactions in chromatographic process are 

of very complex nature. It is known that ~ values of chro-
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matographed substances depend upon the kind of investigated 

substances, property of solvents constituting mobile phase 

and property of adsorbent. In the paper an attention has 

been paid to the size of specific surface area of adsorbents 

and to ~'l values of chromatographed substances which are 

connected with them. In earlier works (13) there has been 

discussed a problem of relationships between ~ values of 

chromatographed substances and the specific surface area of 

adsorbent for sUbstances which exhibit neither electrodonor 

nor electroacceptoZ" properi tes (class N) and do not posses 

significant dipole moment. In the case of such substances in 

systems of benzene-hydrocarbon (class N-N) and benzene alco

hol (class N B - AB type~. The relationship between ~ va

lues of these" sUbstances in these mobile phase in given as 

~ = as + b 1 

Values for a and b are chosen in a numerical way. In the 

paper we deal with the relationship between ~ values and 

the specific surface area of adsorbent for substances ha

ving electro donor properties and belonging to groups A and 

AB according to .i:'iruentel and JVicClellan. In this case diagrams 

~ vs s are not straight l~nes but they have the shape of 

parabola. This relationship 1s given as: 

~ = as2 + bs + c 2 

Graphical relationships of ~ vs s have been shown in 

Figs. 2-4. The parameters a,b and c of equation Z depend 

u~on the kind of chromatographed sUbstance and applied 
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mobile phase. For each chromatographed substance there 

have been calculated and ~abulated the values of parame

ters a,b and c according to equation 2 for individual mo-

bile phase compositions. The parameters have been presented 

in Tab. I-III. Parameter a denotes specific molecular inter-

actions within chromatographic system. Certain regularities 

may be observed in systems under investigations. The sligl

hest differences between parameters a for individual sub-

stances appear together with greater concentrations of 

alcohol in mObile phase. For quinoline and its methyl de

rivatives the values of parameter a decrease with the incre-

ase of molecular weight of alcohol which is a more active 

component of mobile phase. It follows from the data in 

Tab. I-III that the values of parameters a and b greatly 

depend upon the size of the molecular area of chromatogra

phed substances A and upon the configuration of free elec-s 
trons wi thin the molecule of a given substance. 'l'hough ac-

riu.ine and quinoline belong to the same group of compounds 

according to Pimentel and McClellan classification, we may 

cleary see the differences in the values of the above men

tioned parameters. It is caused by the differences in con

figurations of free electrons within the molecules of the 

compound in question. 

The values of parameters a and b are also greatly diffe-

rent in tne case of quinoline and its methyl derivatives. 

Though the value of adsorption energy of methyl grouP on 

8iO is nearly zero. The differences in the configuration 
2 

of free electrons in the molecules of substances under 1n-
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vestigations are seen in the values of their dipole moments 

and that has an influence on the differentiation of parame-

ters a and b of multinominal. 

The smaller is the molecule of alcohol which is a more 

active component of mobile phase the smaller are the diffe

rences in the values of parameter a (from the concentration 

~ 1 = 0.7 of volume fraction) • The regularities are most 

distincly observed in the case of benzene-methanol mobile 

phase. It is understood beoouse of the fact that mathanol 

is the solvent of the greatest elution strenght among the 

solvents we used. For benzene-propanol system the relation

ship is not maintained due to the significantly lower elution 

strength of the mobile phase. 

In the investigated systems the smallest values of pa

rameter a appear for acridine. It is also seen that for 

phenol the values of parameters a and b greatly differ 

from the value of these parameters for remaining solutes. 

It may be explained by the different ability of phenol 

to make hydrogen bonds with the remaining substances of 

group B. 

The values of parameter c denote molecular interac-

tions at-specific surface area of adsorbent equal to 0 

(s=O) in a given chromatographic system, that is, the in

teractions of the type: chromatographed substance S1 

- component "1" of mobile phase (M1) and chromatographed 

substance (S1) - component "2" of mobile phase (M2) • 

In a graphical form, the interactions may be shown as 

:follows: 
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The values of parameter c change with the composition o:f 

mObile phase due to the fact that systems we investigated 

are non-ideal. '1'he diagrams o:f relationships c vs \f 1 

correspond in their shapes to relationships RyVj vs If 1 ; 

but the values of parameter c are in each case lowre then 

the corresponding ~ values. 

In table IV there have been shown ~ values for chosen 

chroma to graphed substances obtained experimentally and 

calculated from equation 2. As it is seen from the given 

data there exists satisfactory agreement between theoreti-

cal and experimental data. The, connection of' the values of' 

parameter a,b and c with physico-chemical quantities being 

characteristic of chromatographic system will allow us to 

avoid the series of' tiring experimental measurements and 

to obtained greater universality of' chromatographic data. 
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EVALUATION OF SYSTEM ERRORS IN 

TLC-DENSITOMETRY WHEN USING 

THE STREAKING TECHNIQUE 

Samuel J. Costanzo and Mario J. Cardone 

Norwich Eaton Pharmaceuticals, Inc. 

Norwich, NY 13815 

ABSTRACT 

The errors that contribute to the total variance of the automated streaking 
technique are examined. These results are compared with computer optimized 
and zig-zag scanning approaches. The error due to inhomogeneous sample 
distribution is shown to be the most important. 

INTRODUCTION 

Quantitative Thin Layer Chromatography (TLC) is a legitimate supplement 

or alternative to High Performance Liquid Chromatography (HPLC) (1). This is 

especially true with pharmaceutical analyses where the sample matrix is often 

complex and cannot be injected directly onto expensive columns. 

Within the past few years, the art of TLC densitometry has made 

significant advances. Coupled with high performance TLC (2, 3, 4) excellent 

performance capabilities are now attainable. 

One of the chief limitations of densitometry is the relatively narrow 

dynamic range of sample mass (5). It is well known that non-uniform 

2711 
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distribution of the sample within the layer causes nonlinear results. To some 

extent, this difficulty can be overcome by one of three approaches: streaking 

the sample and scanning the center of the streak: scanning with a small beam 

in a zig-zag manner; or controlling the positioning of the beam by computer. 

Each of these approaches has its advantages. For the streaking technique, 

there is less variation in sample distribution : zig-zag scanning can overcome 

differences in spot shape: and the computer controlled system can optimize 

scanning position. 

This paper evaluates the factors that contribute to the overall system 

error when using an automated streaking device, and compares them with what is 

attainable by the computer controlled and zig-zag scanning approaches. 

EXPERIMENTAL 

Sample. solutions were prepared in methanol at the following levels: 

Caffeine (J. T. Baker, USA), 0.30 mg/ml and 2.50 mg/ml: theophylline 

(J. T. Baker, USA), 0.28 mg/ml: Sunset Yellow (Nederlandsek 

Kleurstafindustrie, Holland), EllO, 1.0 mg/ml: Patent Blue, E131, 1.0 mg/ml. 

All samples were applied with a Camag Linomat III. Streaks were 10 rr~ wide 

and applied at a rate of 50 mm/ul and 5 sec/ul. Conventional 20 x 20 cm TLC 

plates were purchased from Merck (All tech Associates, USA) coated with Silica 

Gel 60F. The 10 x 10 cm high performance plates were purchased from Merck and 

also coated with Silica Gel 6OF. High performance plates were developed three 

centimeters in a 4" x 4" x 3" chamber, while the conventional plates were 

developed six cm in a Camag Twin Trough Chamber. Caffeine linearity, and 

sample volume studies were accomplished on conventional Merck plates and 

developed a distance of 10 cm. The two dye samples were developed with 

isopropyl alcohol:ammonia, 75:25, v/v, without preequilibration: while 

caffeine and theophylline samples were developed with chloroform:methanol, 
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90:10, vlv, after 15 minutes of preequilibration in a paper-lined TLC chamber. 

Developed streaks were scanned using a Schoeffel SD]OOO (Schoeffel Instrument 

Corp., Westwood, NJ, USA) densitometer with a 5 mm beam. The Sunset Yellow 

streaks were scanned at 500 nm, the Patent Blue at 650 nm, and the caffeine 

and theophylline at 280 nm. 

RESULTS AND DISCUSSION 

Contributions to the total variance of any TLC process has been described 

by Ebel (6). The system variance, a2 is the sum of the square of the sample 

application error, av ; the chromatography error, ac ; the measurement error, 

am; and the positioning error, ap ' 

a2 = 

The measurement error can be estimated by scanning the same spot repeatedly 

without recentering the beam before each scan; whereas, the positioning error 

can be obtained by repetative scanning of the same spot after reoptimizing the 

beam. The sample application and chromatography errors are not as easily 

established. Determination of the sample application error has been done by 

assuming that under highly efficient conditions, the chromatographic error is 

zero (7). Because the chromatography parameter is usually the largest and 

most difficult to control, this assumption is tenuous. 

The chromatography error is related to the physical and chemical aspects 

of each particular system. However, as far as the densitometric process is 

concerned, the two most important manifestations of chromatographic variance 

are the shape of the developed spots and the distribution of the sample within 

the plate matrix. Because of the open bed aspect of TLC, lateral sample 

diffusion is often a significant factor in causing spot shape variation and 

different shaped spots can also yield different responses (8). Also, because 

of the previously mentioned narrow sample mass dynamic range, variations in 



2714 COSTANZO AND CARDONE 

sample distribution can cause significant error (5). Accordingly, the 

chromatographic variance, ac2 , is more accurately described by a spot shape 

variance, as
2 , and a sample distribution variance, ad

2 Thus, the total 

variance becomes: 

In comparing different densitometric modes, each of these errors must be 

considered. 

With computer controlled optimization, the beam positioning error is 

negligible (9). 

a2computer 

Small beam, two dimentional scanning (zig-zag) devices effectively 

eliminate variations due to both position and spot shape (8). In addition, 

2 a zig-zag 

to some extent the problem of non-uniform sample distribution is not as 

significant when using a small beam scanned in two dimensions. Whereas, the 

detector response for a long narrow beam gives an average reading which mayor 

may not reflect the amount of sample present, a smaller beam is not as 

adversely effected. However, due to the relatively short dynamic range 

inherent with densitometry, even small beams may not overcome this problem. 

The ability of the automated streaking device to minimize the sample 

volume, beam position, and spot shape errors, was demonstrated by applying 

16 Ul of a similar 0.25 mg/ml caffeine in methanol solution and 20 ~ of a 

similar 0.20 mg/ml caffeine solution. Since the second solution is exactly 

80% of the first one with respect to concentration, equal amounts of caffeine 

can be applied only if the automated streaking device is able to deliver 

accurate volumes of sample. Table 1 shows that four streaks of each solution 
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TABLE I 

Densitometric Responses for Different Volume of Solution 

4 ~g Caffeine 2 ~g Caffeine 
20 ~l ~W ~~ 8~1 

x 59.2 x 104 area 59.5 x 10' area 40.6 x 104 area 39.8 
W 2.1 1.2 2.0 1.1 
RSD 3.5% 2.0% 4.9% 2.8% 

gave equivalent densitometric results according to the null hypothesis when 

scanned at 280 nm, where the probability of the difference between the two 

means being greater than zero is less than 60%. Also, 8 ~l of 0.25 mg/ml 

caffeine solution was compared with 20 ~l of 0.1 mg/ml caffeine solution. 

Similarly, the amount of caffeine delivered to the plate by both solutions was 

the same when scanned, where the probability of the difference between the two 

means being greater than zero is only 75%. 

The automated streaking device is also capable of delivering linear 

amounts of caffeine solution. As seen in Table 2, the linearity is the same 

by streaking different concentrations (0.05 to 0.25 mg/ml) of analyte at fixed 

volume (20 ~l), as that obtained by applying changing volumes (4-20 ~l) of a 

fixed concentration (0.25 mg/ml) solution. 

If a sample application error were significant, it would be a function of 

the total volume of sample applied, since the chromatographic measurement and 

positioning errors are the same in both systems. Clearly, there is no 

apparent difference in how the same amount of a sample is applied, when the 

center of the streak is scanned. This conclusion is reenforced by the results 

obtained when streaking equivalent linear amounts of caffeine from a fixed 

volume while varying sample concentration versus varying volumes of a fixed 

concentration solution (Table 2). 

Additionally, because the beam position was not optimized during these 

measurements, the ap error is eliminated. 
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TABLE 2 

Linear Regression Analysis of Densitometric Scans of 
Equivalent Amounts of Caffeine Streaked 

from Different Volumes of Solutions 

Volume Changel _____ Concentration Cbange2 __ _ 

2.5" 2.5" 
43.2 x 104 area units 42.5 x 104 area units 

correlation coefficient 0.993 0.974 
relative y-intercept 20.7" 14.8" 
intercept 9.0 x 104 area units 6.3 x 104 area units 
slope 1.4 x 105 area units/ug 1.4 x 105 area units/\J.g 

lApplied by streaking 4, 8, 12, 16, and 20 \J.l of 0.25 mg/ml caffeine 
solution. 

2Applied by streaking 20 \J.l of 0.05, ·0.1, 0.15, 0.20, and 0.25 mg/ml caffeine 
solution. 

The major errors from automated streaking are related to the 

chromatographic factors, as and ad' Hith streaking, as long as the solvent 

front travels uniformly, the shape of the center of the streak will not 

contribute significantly to the overall variance. Further, shape distortions 

are much easier to observe with streaks than with spots. Streaks that are 

distorted or not perpendicular to the flow of solvent should be quantitated. 

When this is done, only the sample distribution error contributes measurably 

to chromatographic variance. Thus, 

a2 • streak long 

Precision data for sight replicate streaks of four different compounds are 

listed in Table 3. The two dyes are large ionic compounds, with low diffusion 

coefficients, and are therefore less SUbject to sample inhomogeneity, i.e., 

ad
2 is small. On the other hand, theophylline and caffeine are more prone to 

diffusiOQ and this is reflected in slightly larger RSD values. 
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TABLE 3 

Standard Deviation of Samples Applied by the Streaking Technique 

Compound 

1. 

2. 

3. 

4. 

Patent Blue, E-13l 
HPTLC, a 
TLC, a 

Sunset Yellow, E-110 
HPTLC, a 
TLC, a 

Theophylline 
HPTLC, a 
TLC, a 

Caffeine 
HPTLC, a 
TLC, a 

RSD, ~ (peak height) 

1.9 
1.6 

1.6 
1.6 

2.5 
2.3 

2.6 
1.1 
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In actual practice, contributions to the total variance for all three 

modes of analysis may be simplified. Hhen samples are applied manually with 

0.5 ~l microcapillaries, the relative application error is less than l~. 

Also, the electronics in densitometers keeps the measurement error around 

0.2-0.6" (·9). This leaves to the spot shape, and sample distribution errors 

as the main sources of imprecision. As described above, the variance from 

automated streaking and zig-zag scanning will mainly depend upon the sample 

distribution error; while the variance from computer controlled optimization 

will be related to both spot shape and sample distribution. These two factors 

remain the Achilles heel of densitometry. However, when any of the above 

densitometric approaches is coupled with a modern high performance TLC system, 

percent variations of 1-3" can be expected. 
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The use of reversed phase layers for the thin layer chromatography 

of amino acids is described. Only when a modifier was added to the mobile 

phase was clear separation of the amino acids achieved. Ion paring with 

trifluoroacetic acid overcame problems with streaking and poor separation 

on C2 or C18 reversed phase layers. All amino acids could not be separated 

with a single mobile phase. Thus, three different combination of aceto

nitrile-0.4% trifluoroacetic acid were used to separate eighteen amino acids 

with derivatization. No derivative was required. 

The separation of the amino acids by thin layer chromatography (TLC) 

has been the subject of continuing investigation since the early review of 

Pataki (1). Biou et al., (2) recently reported the use of two dimensional 

separation of dansylated amino acids. This solved two problems: detection 

and better separation, but altogether it is time consuming. The present 

trend appears to be toward derivatization with dansyl chloride (3), or 

pheny1thiohydantoin (4) for high performance liquid chromatography. 

Macek et a1., (4) and Lepri et a1., (6) used reversed phase layers for 

separation of derivatized amino acids. 
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Sherma et a1., (7) reported difficulties with the use of reversed 

phase layers for separation of the amino acids and reported long developing 

times with the mobile phases that were used. 

MATERIALS 

Whatman LKC18 and LKC2 layers (20 x 20 cm) were scored into 10 rom lanes 

with a Schoeffel scoring apparatus. The plates were used directly from the 

shipping container. All solvents were Omniso1ve from EM Sciences (Gibbstown, 

N.J.). Water was deionized and filtered of organic matter. All amino acids 

were obtained from Sigma Chemical Co. (St. Louis, MO) and made as l~ GIl ~L 

solutions in water. The detection reagent was ninhydrin (0.2% in acetone) 

sprayed on the chromatogram and heated in an oven at 1100 for several minutes. 

The mobile phases were acetonitrile with 15 to 25 percent of 0.4% 

trifluoroacetic acid in water made daily. 

The sample of amino acid was applied to the preadsorbent area of the 

plate usually in 5 ~G aliquots. After linear development to 2 cm from the 

top of the plate, the plate was dried at ambient conditions, then dried in 

an oven at 1700 for 2 minutes to remove solvent. Then the chromatogram was 

sprayed uniformly with the ninhydrin reagent. This was followed by heating 

at 1100 in an oven for several minutes or until the reacting zones appeared. 

RESULTS 

Table 1 shows the R
f 

values for the listed amino acid in the noted 

mobile phases. The group in the upper part of the table would migrate 

with higher R
f 

in mobile phases of higher water content. The results 

obtained with the mobile phases not containing the trifluoroacetic acid 

were poor with tailing and in general poor resolution. The bands obtained 

with C2 reversed phase layers were tighter than those shown by the CIS 

layers. 



TIC OF AMINO ACIDS 

Table 1 

R
f 

x 100 Values for Amino Acids on Reversed Phase Layers 

Mobile phase (Acetonitrile-0.4% TFA) 

85:15 80:20 75: 25 

Amino Acid 

C2 C18 C2 .JL C2 C18 

Valine 50 44 74 71 

Leucine 62 60 88 89 

Isoleucine 59 56 80 84 

Phenylalamine 68 67 90 97 

Tyrosine 56 50 78 82 

Alanine 22 12 41 35 

Proline 43 37 63 62 

Threonine 20 10 38 31 

Glutamine 13 6 30 25 

Glycine 11 4 23 15 

Glutamic Acid 8 0 25 18 

Aspartic Acid 4 0 17 12 

Serine 20 0 34 0 

Cysterine 59 0 74 0 

Cystine 6 0 10 0 

Asparagine 23 0 37 0 

Histidine 3 0 7 0 

Arginine 4 0 7 0 

The development time for both the C2 and C18 chromatograms was 

30 minutes, which is somewhat shorter than many separations previously 

reported. The use of C18 layers for separation of the group in the lower 
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Table II 

Resolution of Pairs Difficult to Separate 

on C2 
layer 

85:15 80:20 

Leucine 62 ~8 

Isoleucine 59 80 

Theronine 19 38 

Serine 8 20 

Glycine 11 23 

Alanine 23 41 

portion of the table did not result in any movement although there was 

movement in the C2 layer. 

Table II shows the resolution of the three pairs of amino acids that 

have been traditionally hard to separate (6). Leucine-isoleucine, threonine-

serine and glycine-alanine are readily separated in the mobile phases listed. 

The methods described present a rapid means for separating the common amino 

acids. 
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INTRODUCTION 

An "in situ" hydrolysis method that attacks only the enol ether double 

bond of plasmalogen is described. Alkyl and unsaturated phospholipids are not 

affected. Treatment of the plasmalogen on thin layers of silica gel with 

solutions of trichloroacetic acid in dilute hydrochloric acid result in more 

complete hydrolysis of the vinyl-ether linkage. After development of the 

chromatogram differential quantitation using copper sulfate charring (1) and 

densitometry will give the amount of vinyl-ether lipid present in the sample. 

The results of the method with ethanolamine plasmalogen are presented. 

Plasmalogens are the alk-l-eny1 glycero-ether classes of phospholipids .• 

They are widely distributed in nature in animal and anaerobic bacterial cells. 

Almost 20% of the phospholipids in the central nervous system of the human 

adult are plasmalogens. The myelin sheath phospholipids are 30% plasmalogen. 
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The plasmalogens are in highest concentration in the nervous tissue and in 

striated muscle of the heart (32%). Adipose tissue contains a 1:4 ratio, 

plasmalogen to phospholipid. These proportions vary within each tissue class 

and from species to species. Ethanolamine plasmalogen varies from a low of 

23% in the retina of the frog to 75% of the .phospholipid in the sciatic nerve 

of the rat. It is found in high concentrations in seminal fluid (2). 

Methods for the identification and quantitation of the vinyl-ether linked 

lipids particularly the plasmalogens have been reported and widely used. 

These have been compiled by Kates (3) and reviewed by Horrocks and Sharma (4). 

These methods usually depend on the susceptibility of the enol ether bond to 

electrophyllic attack. Treatment of alk-l-enyl-glycerolipids with fumes from 

hydrochlorice acid produced aldehydes (5). Hack and Ferrans (6) hydrolyzed 

the vinyl part of the plasmalogens on thin layer chromatograms with mercuric 

chloride, followed by Schiff's reagent to detect aldehydes formed. However, 

we have found that the mercuric chloride method resulted in reaction with some 

unsaturated phospholipids to give several reaction products. 

Dinitrophenylhydrazine was used to derivatize the aldehyde released by acid 

hydrolysis. The hydrochloric acid and phenylhydrazine are made up in a single 

solution (7). Goldfine et al., have used 90% acetic acid to hydrolyze 

plasmenyl-ethanolamine (8). A conparision of the present method with some of 

the conventional methods indicated that evaluation of the methodology of 

phospholipid determination is needed. The present method was developed in 

order to avoid time consuming hydrolysis followed by gas chromatography or 

other analytical procedures and enable quantitation by densitometry. 

MATERIALS AND METHOD 

The phospholipids used in this study are synthetic except the 

plasmalogens which were obtained from natural sources as indicated. 

Phosphatidyl choline, phosphatidyl ethanolamine and phosphatidyl serine 

plasmalogens were obtained from Avanti Biochemicals (Birmingham, AL) as were 
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the synthetic materials. A sample of ethanolamine plasmalogen was obtained 

from Supelco (Bellefonte, PA) through the courtesy of Dr. Lloyd Whiting. A 

mixture of plasmalogens from beef heart was obtained from Dr. Howard Goldfine 

(University of Pennsylvania). Solutions were dissolved in chloroform or 

benzene at 0.5 ug/ul concentration. 

Whatman LK-5 (Clifton, NJ) 20x20 cm silica gel layers, 250u thick with a 

double thick preadsorbant area were used. The plates were scored into 10 mm 

lanes with a Schoeffel scoring device, then washed overnight by continuous 

development in a 1:1 CHC13: MEOH solution. The plates were allowed to 

completely dry and stored in a Camag Trockengestell until used. Glass 

distilled solvents were EM Sciences chromatographic grade. The mobile phase 

was chloroform:ethanol:triethylamine:water, (30:34:30:8). Trichloroacetic acid 

(TCA), dinitrophenylhydrazine, cupric sulfate, mercuric chloride and Schiff's 

reagent were of reagent grade. The cupric sulfate solution was prepared as a 

10% (w/v) solution in 8% v/v phosphoric acid. The TCA reagent was a solution 

of 2% TCA-8% HCl (1:1). The TCA solution must be made fresh. 

Samples (1-2 ug) were applied in duplicate as a streak across the middle 

of the preadsorbent area. Alternate lanes were used on each of two plates. 

One lane of each pair or plate was treated with 25 ul of the TCA reagent over 

the still wet sample. This was allowed to react for 10 minutes at ambient 

temperature before drying with forced warm air from a hair dryer at low 

temperature setting. The chromatogram was then predeveloped twice to the 

preadsorbent/sorbent interface with CHC13-MEOH, (1:1). This procedure 

extracted the sample and deposited it as a narrow band at the juncture. 

Following development, the solvent was evaporated completely from the plate 

which was then developed in an unlined chromatagraphy tank with the mobile 

phase until the solvent front reached 2 cm from the top of the plate. 

The chromatogram was allowed to dry at ambient temperature, then placed 
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on a warm surface to remove residual solvent and finally dried in an oven at 

1800 C for two minutes. When cool, the chromatograms were sprayed until 

saturated with the 10% cupric sulfate in 8% phosphoric acid (w/v). The plate 

was kept at ambient temperature for 5 minutes then placed in a 1200 C oven for 

5 minutes to remOVe a major portion of the water. Charring was performed at 

1700 C for 10 minutes in an oven. 

The chromatograms were scanned on a Kontes Model 800 densitometer in a 

double beam mode using the 440 om filter. The densitometer was interphased 

with a Hewlett Packard 3385A integrator recorder. Quantitation was performed 

by interpolation on calibration curves prepared from standards of each 

compound. By differentiation between the treated and untreated lanes the 

plasmalogen can be quantitated since the area of the plasmalogen zones 

decreased in the case of the treated lane. 

Mercuric chloride solution 0.05 M (50 ul) was applied to the sample in 

the pre-adsorbent region of the plate by a method modified from Hack and 

Ferrans (6) followed by chromatographic development. 

The method using simultaneous cleavage with acid and hydrazone formation 

was that of Shipski and Barclay (7). A solution of 0.4% dinitrophenylhydrazine 

in 2 N HCI was sprayed on the developed chromatogram. This was heated in an 

oven at 110 0 for a few minutes. Yellow zones denoted the formation of the 

hydrazone of the released aldehyde. The method for hydrolysis of plasmalogens 

using fumes from concentrated hydrocloric acid was that of Horrocks (8). 

RESULTS AND DISCUSSION 

The trichloroacetic acid -hydrochloric reagent appears to react 

specifically with the vinyl ether linkage since saturated and unsaturated 
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Hydrolysis of Phospholipids 

HCI 
Phospholipid TCA/HCI Hg Cl

2 Fumes 

Dileoyl PC NR 3 products Destroyed 

Dilinolenyl PC NR Destroyed Destroyed 

Dipalmitoyl PC NR NR NR 

Dimyristyl PC NR NR NR 

Dipalmitoyl PEA NR NR NR 

l-palmitoyl-2-oleoyl PS NR NR Reaction 

PC (brain) several several several 
products products products 

PEA (heart) several several several 
products products products 

PEA = Phosphat idyl ethanolamine 

PC = Phosphatidylcholine 

PS = Phosphat idyl serine 

NR - No Reaction 

analogues were not affected. Table 1 shows the effect of hydrolyzing 

phospholipids obtained from the various sources. The plasmalogens that are 

available commerically are natural rather than synthesized preparations and 

therefore are a mixture of plasmalogen and a related phospholipid, e.g. 

phosphatidyl choline is 30% plasmalogen, 70% phosphatidyl choline. The 

results for the beef heart extract, which has a mixture of phosphatidyl 

choline plasmalogen and phosphatidyl ethanolamine plasmalogen are shown in 

Figure 1. The decrease in the area of peaks and the appearance of peaks at a 
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lB After TCA 

Result of Treatment of Beef Heart "Plasmalogens" with the 

Trichloroacetic-Hydrochloric acid Reagent 

SF. solvent front 

1. Phosphatidylglycerol area 

2. Phosphatidylethanolamine 

3. lysophosphatidylethanolamine 

4. phosphat idyl choline 

5. sphingomyelin 

6. lysophosphatidylcholine 
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new position indicates the presence of plasmalogens in this sample since the 

peaks in the untreated chromatogram are not present in the chromatogram 

obtained after TCA/HCI treatment. The new peaks had Rf corresponding to the 

reference lysophospholipid. The method has been applied to seminal fluid and 

the presence of plasmalogen readily indicated. Further evidence of the 

specificity of the TCA/HCI method is seen when it was compared with the HgCl2 

method of Owens (6) on synthetic phospholipid standards. The TCA/HCI or the 

HgCl2 was applied directly to the samples. There was no reaction for any of 

the samples exposed to the TCA/HCI. However when the HgCl2 method was used, 

three new products could be seen on the chromatogram of dioleoyl phosphatidyl 

choline and there was complete destruction of the dilinolenyl phosphatidyl 

choline. Since fatty acid side chains of phospholipids could be anyone or a 

mixture of these the HgCl2 would not be useful since it appeared to attacW any 

unsaturated linkage. 

The acid cleavage with hydrazone formation method of Skip ski et al.(7) 

could not be evaluated by densitometry since the resulting background was too 

great and non-uniform. The method utilizing fumes from hydrocholoric (5) 

acids was not reproducible and low yields were obtained. 

The presence of plasmalogens and unsaturated phospholipids in seminal 

fluid is generally known (9, 10, 11). The methods used for their assay are 

tedious and include two dimensional chromatography as well as hydrolysis and 

gas chromatography. Plasmalogen was readily shown by the present method. 

Results of a comparison of methods are listed in Table 2. These methods 

were applied to ethanolamine plasmalogen furnished by Dr. Lloyd Whiting. This 

is a relatively pure preparation. The present method resulted in a 90.3% 

hydrolysis of the sample. TCA alone gave only 68% and the 5% HCI alone was 

only 72% effective. When the chromatogram was placed above fuming HCI for 5 
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Table II Hydrolysis of Ethanolamine Plasmalogen* 

Number of Experiments ** % Hydrolyzed 

Present Method 6 

5 

6 

9 

90*** 

2% TeA 

5% Hel 

Hel fumes 

* Supplied by Dr. Lloyd Whiting, Supelco Inc. 

** Represented as percentage of total sample hydrolyzed, the 

true amount of plasmalogen present not being known. The 

literature gives a value of 85% for this preparation. 

*** Standard error of the mean 4.89 

68 

72 

20 

minutes, there was 20% hydrolYSiS or complete destruction of the sample and 

the results were not reproducible. 

The hydrolysis of the vinyl ether to an aldehyde was verified with Schiff 

reagent using a modification of the procedure described·by Hack and Ferrans 

(6). Following development and drying, the chromatogram was sprayed lightly 

with Schiff's reagent. After the color development the plate was sprayed with 

dilute sodium bisuefite solution. The adehyde reacting zone remained 

unchanged while the other zones and background were bleached. 

The method described provides reproducible results with a minimum amount 

of manipulation for the in situ reaction, followed by separation and direct 

densitometric quantitation of plasmalogens. 
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The addition of this method to the previously reported methods (1) for 

the differentiation of the saturated and unsaturated fatty acid side chains 

permits in situ analysis of phospholipids. In this way, a direct 

densitometric method is provided for saturated, unsaturated and the vinyl 

ether analogues of the various classes of phospholipids. 
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ABSTRACT 

Chlorpyrifos insecticide and its metabolite TCP were determined 
in tap water and banana samples by TLC of extracts on preadsorbent 
silica gel layers, detection with silver nitrate reagent, and densito
metric scanning. Cleanup steps were required for the fruit sample 
extracts. Recovery of chlorpyrifos from tap water at 5 ppb averaged 
87.5% and from banana at 0.05 ppm was 84.6%. Recovery of TCP from 
water at 5 ppb averaged 84.0% and from banana at 0.05 ppm was 86.8%. 
The sensitivity and precision of the method were shown to be adequate 
for routine residue analysis. 

INTRODUCTION 

Chlorpyrifos (Dursban) [O,O-diethyl 0-(3,5,6-trichloro-2-pyridyl)

phosphorothioate] is an organophosphate pesticide that is used for the 

control of many insect pests in rice, vegetable and fruit crops, turf 

and ornamental plants, and animals (1, 2). Chlorpyrifos has been 

determined in bananas, peaches, and cottonseed by gas chromatography 

with a phosphorus selective flame photometric detector and in meat, 

milk, and lima and snap beans by electron-capture GC (2). The 

metabolite of chlorpyrifos (3, 5, 6-trichloro-2-pyridinol; TCP) was 

determined in bananas and meat by electron-capture GC as the trimethyl

silyl derivative (2). HPLC on a cyano-bonded column was used to 
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determine chlorpyrifos in polymeric pellet formulations, and a 

reversed phase ODS column was employed for the analysis of natural 

water after trace enrichment on a C18 Sep Pak cartridge (3). 

Thin layer chromatography coupled with densitometric scanning 

has recognized advantages of high sample throughput, simplicity, 

versatility, and selectivity for the quantitative analysis of a wide 

variety of samples (4), including pesticide residues (S-7). lUth 

preadsorbent plates, sample application can be carried out rapidly, 

and the spotting area automatically produces sharp, narrow bar- or 

streak-shaped zones of constant size, even though different sample 

volumes are used. Accurate, precise, and sensitive densitometry 

requires that initial zones of samples and standards have small, 

uniform dimensions (8). 

No studies on the TLC of chlorpyrifos have been reported. 

Described below are quantitative TLC determinations of this insecti

cide and its metabolite in tap water at S ppb and in banana pulp at 

O.OS ppm. Preadsorbent silica gel layers are used for resolution 

and silver nitrate chromogenic reagent for detection prior to 

reflectance scanning. Water extracts were analyzed without clean

up while banana extracts required purification by solvent partition

ing and column chromatography. 

EXPERI11ENTAL 

Standard chlorpyrifos and 3,S,6-trichloro-2-pyridinol (TCP) were 

obtained from the Dow Chemical Co. (Midland, MI). Stock standard 

solutions were prepared in acetone at a concentration of O.SOO g/100 ml 

and diluted 1.00:100 to give solutions of SO.O ng/~l. 

Analyses were carried out on channeled 20 x 20 cm Analtech 

Uniplates containing a 48 mm high preadsorbent spotting area along 

the bottom below the analytical layer of silica gel G. The layer 

was scored into 19 channels 0.9 cm in width. The plates were pre

washed with methylene chloride-methanol (1:1) and dried before use. 

The principles and practice of preadsorbent TLC were described in a 

recent manual (9). 
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Volumes of standards between 1.00 and 20.0 ~l (100-1000 ng) 

were applied by spotting the preadsorbent areas of the lanes using 

a 25 ~l Drummond Dialamatic microdispenser. Application was 

confined to an area 3 mm below the layer interface and 5 mm above 

the bottom edge of the plate. The spots were allowed to air dry 

completely after application. 

Plates were developed for a distance of 10 cm beyond the layer 

interface in a paper lined, saturated (10 min.) rectangular glass 

TLC chamber with hexane-chloroform (80:20) for chlorpyrifos or 

hexane-acetone-methanol-glacial acetic acid (60:30:10:0.2) for TCP. 

Chromatograms were air dried in a fume hood and then dipped for 20 

seconds in silver nitrate detection reagent prepared from 8 ml of 

AgN03 stock solution (20 g/100 ml water) + 200 ml acetone + 20 ml 

H20 + 12 ml concentrated ammonium hydroxide. The NH40H is added last 

with stirring to avoid cloudiness. The dipped plate was dried in a 

dark hood for 30 minutes and then irradiated for 20-30 minutes by a 

Hanovia 679A 176W germicidal lamp (UV source) placed 40 cm above the 

layer and set at 4 amps. 

Zones were scanned with a Kontes Model 800 fiber optics scanner 

in the single beam transmission mode using the B head (8 mm light 

beam length) and the white phosphor (440 nm peak, 300 nm band width). 

Peaks were drawn and areas reported by a Hewlett-Packard Model 3390A 

recorder/integrator coupled to the scanner. All zones were scanned 

twice, and calibration curves were calculated from the average peak 

areas by a linear regression program run on a Commodore 64 minicomputer. 

Actual analyses were demonstrated using fortified pesticide-free 

tap water and banana samples. The 50.0 ~g/ml standard solutions of 

chlorpyrifos and TCP were diluted 1.00:10.0 to prepare spiking 

solutions of 5.00 ~g/ml. One ml of chlorpyrifos spiking solution was 

added to 1.00 liter of tap water, which was shaken vigorously for 

5 minutes. The resultant sample contained 5.00 ppb of the pesticide. 

The water sample was placed into a 2 liter separatory funnel and 

extracted with 50 ml of hexane. The (lower) water phase was drained 

into a second separatory funnel, and the hexane layer was dried by 
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passage through Whatman phase separation (PS) paper and collected 

in a 250 ml beaker. The extraction of the water was repeated twice 

and the hexane extracts combined in the beaker. The hexane was 

evaporated to 3-5 ml under a stream of nitrogen gas on a warm hot

plate, transferred quantitatively by rinsing with hexane to a 12 m1 

calibrated centrifuge tube, and evaporated toO.500 mI. Thirty ~l 

of extract (representing 300 ng if recovery is 100%) was spotted 

along with bracketing standards (100-1000 ng) and an extract from 

blank (unfortified) water on the same plate. After development, 

detection, and scanning, the amount of pesticide in the sample was 

calculated by interpolation of the average of the sample zone 

areas, minus the blank area, if any, from the calibration curve 

using a Commodore 64 computer program. The recovery was calculated 

by comparison to the theoretical 300 ng amount. The spiking and 

extraction of TCP were performed in the same way except that 2 ml 

of conc. HCl and 170 g of benzene_washed NaCl were added to the 

1 liter water sample, and three 50 ml portions of benzene were 

used in place of hexane. 

To demonstrate use of the TLC method with a sample requiring 

cleanup, banana pulp was spiked at 0.05 ppm and analyzed by the 

procedure described as chlorpyrifos Method I in Volume II of the 

FDA Pesticide Analytical Manual (2). The fortified sample (10.0 g) 

was extracted in a blender with acetone, the extract filtered, and 

the filtrate evaporated. The residue was partitioned into hexane 

and cleaned up by elution with hexane through a 15% water 

deactivated silica gel column. The eluate was further purified 

by elution with acetonitrile-benzene (1:1) through a charcoal-MgO

Celite (1:2:4 w/w) column, as described in the FDA PAM, Volume I 

(10). The eluate was evaporated to dryness, taken up in 50.0 ~l 

of acetone, and a 30.0 ~l aliquot was spotted with bracketing 

standards for TLC. The theoretical value was 300 ng for 100% 

recovery. Banana pulp spiked with TCP at 0.05 ppm (10.0 g) was 

analyzed by chlorpyrifos Method III in Volume II of the FDA PM1 

(2). The fortified sample was extracted with methanol and the 

extract chromatographed on an acidic alumina column (activated 
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at 130 0 C with conc. HCI-H20 (40:60) as eluent. Eluted TCP was 

partitioned into benzene, followed by sodium bicarbonate partion

ing, acidification with HCI, and partitioning into benzene. The 

solution was concentrated to 50.0 ~l and a 30.0 ~l aliquot was 

analyzed by TLC. Again, the theoretical value was 300 ng. 

RESutTS A-~ DISCUSSION 

The RF value of chlorpyrifos was 0.58 using hexane-chloroform 

(80:20) in a saturated chamber. TCP had an RF of 0.24 in this 

mobile phase, which was below the optimum range of 0.3-0.7 

recommended for accurate and precise densitometric quantification 

(9). Therefore, hexane-acetone-methanol-glacial acetic acid 

(60:30:10:0.2), which gave an RF of 0.52 for TCP and 0.90 for 

chlorpyrifos, was used for determination of TCP. The zones were 

in the form of sharp, narrow streaks across the lanes with both 

mobile phases. The concentration of acetic acid was very critical 

in the TCP mobile phase and may require variation between 0.1 and 

0.3 ml with different layers and temperature/humidity conditions 

to obtain an RF value in the 0.3-0.7 range. 

Silica gel G was chosen because polymer bound layers gave a 

dark background when sprayed with AgN03 detection reagent and 

exposed to UV light (11). The pesticide and metabolite were 

detected as dark brown zones on a white or yellow-white background. 

Zones should be scanned immediately after detection, if pOSSible, 

but plates could be stored up to 2 hours in the absence of light 

without significant darkening of the background. The maximum 

contrast between the zones and the background was obtained after 

an irradiation period of 20-30 minutes. The sensitivity limits 

were approximately 100 ng for chlorpyrifos and 25-50 ng for TCP. 

Other reagents for detection of phosphate pesticides (TCQ + MgCI2), 

phenols (diazotized ~-nitroaniline, diazotized sulfanilic acid, 

potassium ferricyanide), and organochlorines (~-tolidine) either 

gave no reaction or less satisfactory sensitivity or contrast 

between the zones and background with the compounds. 
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A B c 

FIGURE 1. Typical densitometer scans of 200 ng (A) and 
400 ng (C) standard chlorpyrifos zones and 
fortified tap water extract (B) chromatographed 
on the same layer. The sample represented 86.7% 
recovery (300 ng theoretical) when its area was 
interpolated from the calibration curve calcu
lated from all standards chromatographed in 
parallel with the sample. An attenuation set
ting of X5 was used. 

Calibration curves between 100 and 1000 ng for chlorpyrifos 

and 50 and 1000 ng for TCP typically had linearity (R) values of 

> 0.99. To correct for variations in slope and intercept values, 

bracketing standards always were chromatographed on the same 

plate with samples. Duplicate scan areas of a given zone usually 

agreed within 1%. Precision of the TLC was tested by developing, 

detecting, and scanning eight 500 ng samples of TCP applied to 

adjacent lanes on a single plate. The coefficient of variation 

(RSD) of the peak areas was 4.0%, which is acceptable reproducibi

lity for densitometry in trace analysis. 

Recoveries from tap water using the procedures described above 

were 77.8%, 91.3%, 94.0%, and 86.7% for four separate samples 

fortified with 5.00 ppb of chlorpyrifos. Figure 1 illustrates a 

typical scan of 200 and 400 ng standard zones and the sample zone 

from the latter analysis. Recoveries of TCP from tap water 

fortified at the same concentration were 87.2% and 80.8% for two 

samples. Figure 2 shows a scan of a 300 ng standard TCP zone and 

an extract zone with a theoretical value of 300 ng. A small zone 

usually appeared in the blank at the RF value of TCP, the area of 

which was subtracted from the sample area before calculation of 

the percentage recovery. 
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A B 

FIGURE 2. Densitometer scans of 300 ng TCP standard (A) 
and fortified tap water extract (B) zones 
representing 80.8% recovery (300 ng theoret
ical) at attenuation X7. 
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Since the combined selectivity of the TLC separation and the 

detection reagent allowed the tap water samples to be analyzed 

without cleanup, banana pulp was chosen to demonstrate application 

of the method to a more complex sample. The extraction and clean

up procedures described in detail in the FDA PAM (2) and outlined 

above for determination by FPD-GC were used with an additional 

carbon column cleanup step (11). No extraneous zones that inter

fered with scanning of the chlorpyrifos zone were present on the 

chromatogram of the final acetone solution. Recovery from a 

sample fortified at 0.05 ppm was 84.6%. The methanol extraction 

and alumina column and solvent partition cleanup procedures 

described for the electron capture GC determination ot TCP (2) 

provided a sample of adequate purity for TLC quantification. 

Recovery of a sample fortified at 0.05 ppm was 86.8%. Blank values 

were minimal in both cases. These accuracy (recovery) values 

obtained for water and banana are well within the range considered 

acceptable for residue analysis at the low ppb and ppm level, and 

the recoveries from banana samples compared favorably with those 

reported by the RPA (2) for determination by GC. 
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DETERMINATION OF OCTADECYLAMINE IN WATER 
BY QUANTITATIVE HIGH PERFORMANCE THIN 

LAYER CHROMATOGRAPHY 
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ABSTRACT 

Octadecylamine (ODA) was isolated from water by solvent 
extraction with ethylene dichloride or trapping on a micro 
Chromosorb column. The ODA in the extract or column eluent was 
chromatographed on a high performance silica gel layer, 
detected by spraying with ninhydrin, and quantified by reflectance 
densitometry. Recovery at 3 ppm averaged 81.3% using extraction 
and 94.0% with the column. Recovery at 0.3 ppm was 94.2% 
using the column procedure. 

INTRODUCTION 

Octadecylamine (aDA) is a corrosion-inhibiting boiler water 

additive used in the preparation of steam that will contact food. 

The Code of Federal Regulations for Food and Drugs (21:173.310) 

limits its level in steam to 3 ppm. Currently used analytical 

methods for the determination of aDA in steam condensate are 

usually based on extraction with an organic solvent followed by 

reaction of the amine with methyl orange or salicylaldehyde and 

colorimetry (1-3). These methods are not selective for ODA in 

the presence of other amines and bases. aDA has also been deter

mined in boiler water by an indirect method involving formation 
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of an amine-chromate complex, extraction into nitrobenzene, and 

atomic absorption spectrometry of the Cr in the extract (4). 

The method reported in this paper is direct and selective 

since it includes resolution of ODA by thin layer chromatography. 

Isolation of ODA from water was achieved by solvent extraction and 

by a more simple micro-column trapping/elution procedure patterned 

after work by Schwartz (5). Adequate recoveries from spiked water 

were demonstrated at the tolerance level (3 ppm) for the extraction 

and column procedures and also at 0.3 ppm for the latter. Other 

permitted boiler water additives were shown not to interfere with 

the analysis. 

EXPERUfENTAL 

Materials and Solutions 

Octadecylamine (stearylamine) was purchased from the Life 

Sciences Group of ICN Pharmaceuticals, Inc., Plainview, NY, and 

recrystallized from absolute ethanol. A stock spiking solution 

was prepared in absolute ethanol at a level of 3.00 mg ODA/ml 

(heating was required). Dilutions with ethanol were made to give 

a spiking solution containing 0.500 mg/ml and a TLC standard of 

60.0 ng/]..Il. 

Procedures 

TLC analyses were carried out on 10 x 20 em Whatman LHPK pre

adsorbent high performance silica gel TLC plates scored into 19 

channels. The plates were prewashed by development with methanol

methylene chloride (1:1) before use. 

Standards (5.00 to 20.0 ~l; 300 to 1200 ng) and samples 

(5.00 or 20.0 ~l) were applied by streaking broadly across the 

preadsorbent areas of the lanes using a 25 ~l Drummond Dialamatic 

microdispenser. The spotting area was completely air-dried, and 
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plates were developed for a distance of 5.5 cm beyond the preadsorb

ent-silica gel interface in a paper-lined, vapor-saturated rect

angular glass HPTLC chamber with the mobile phase ~-butanol-glacial 

acetic acid-water (3:1:1). Development required about 1 hour. 

Plates were dried with a stream of warm air from a hair dryer 

for 5 minutes, sprayed uniformly (but not heavily) with a 2 mg/ml 

ninhydrin solution in acetone, and heated for 5 minutes at 100 0 C 

in a ventilated chromatography oven. 

aDA zones were measured with a Kontes Model 800 filter optics 

scanner in the single beam, reflectance mode using the white phosphor 

disk (440 nm peak, 300 nm band width) and the 8 mm source beam 

length to match the lane width of the divided plates. Peak areas 

were integrated with a Hewlett Packard Model 3390A calculating 

integrator/recorder coupled to the scanner. Calibration curves were 

calculated and samples on the same plate interpolated by means of a 

linear regression program run on a Commodore 64 minicomputer. 

Deionized water was fortified at 3.00 ppm by adding 6.00 ml 

of the 0.500 mg/ml aDA solution to 994 ml of hot (50-60 0 C) deionized 

water and shaking vigorously for 5 minutes. One hundred ml (contain

ing 0.300 mg of aDA) was placed in a 250 ml separatory funnel, and 

2 ml of acetate buffer solution was added. The buffer was prepared 

by mixing 3.7 g of sodium acetate, 6.3 g of potassium chloride, and 

12.5 m1 of glacial acetic acid and diluting to 50 m1 with water. 

aDA was extracted with three 10 ml portions of ethylene dichloride 

by shaking vigorously for 5 minutes and allowing the layers to 

separate for 10 minutes each time. The three extracts were combined 

in a 50 ml beaker and reduced to a volume of about 10 ml on a warm 

hot plate under a stream of nitrogen gas. The solution was quanti

tatively transferred to a calibrated 13 ml centrifuge tube and the 

volume further reduced to a value between 7 and 8 mI. Duplicate 

20~laliquots were applied to a plate along with the series of 

bracketing standards. The theoretical amount of aDA in the sample 

zones for 100% recovery was 750 to 857 ng, depending upon the 

exact volume of extract in the tube. Percentage recovery was cal

culated by comparing the actual and theoretical aDA concentrations. 
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To prepare fortified samples for evaluation of column 

extraction, 100 ~l of the 3.00 mg/ml ethanolic aDA stock solution 

(measured with a syringe) was dissolved in 100 ml and 1000 ml of 

hot distilled water. The resultant solutions were 3.00 ppm and 

0.300 ppm, respectively. A "large volume" Pasteur pipet (Fisher 

No. 13-678-8) was plugged with a 0.25-0.3 g wad of glass wool and 

2 ml of a water slurry of Chromo sorb 102 styrene-divinylbenzene 

polymer (80-100 mesh) (20 g/100 ml water) was added followed by a 

layer of sand. The resin was purified by washing with methanol and 

acetone before suspending in water. 

A funnel was attached to the top of the column by 2 cm of 5/16 

in. id Tygon tubing, and the 100 ml or 1000 ml water sample passed 

through by gravity. The funnel was removed and nitrogen gas blown 

through from the top until the column was totally dry. aDA was 

eluted into a small vial with 2 ml of acetone, the acetone was 

evaporated under a stream of nitrogen and the residue dissolved in 

3.00 ml of acetone by pipet. Duplicate 5.0 ~l portions were applied 

to a plate with the bracketing standards. The theoretical amount of 

aDA in the sample zones for 100% recovery was 500 ng for both 

fortification levels. 

RESULTS AND DISCUSSION 

aDA appeared as a tight red band with an ~ value of 0.70 after 

development with the butanol-acetic acid-water mobile phase and 

detection with ninhydrin. An orange-yellow band formed across the 

entire width of the layer at ~ 0.50 (probably due to solvent demixing), 

but this did not interfere with scanning of the aDA zones. After 

exposure to the atmosphere for 24 hours, the aDA bands faded and the 

background acquired a yellow or purple tint. Many other mobile phases 

were evaluated, but all caused diffuse or non-linear (bell-shaped) 

zones. Fluorescamine gave equal visual sensitivity (ca. 250 ng) for 

detection of aDA, but peak areas were not as large for the fluores-

cent zones produced by this reagent. 
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Figure 1. Scans of 300-1200 ng of octadecylamine and 

duplicate 20 ~l extract samples representing 
a recovery of 71.5% using the Kontes Model SOO 
scanner and Hewlett Packard Model 3390A 
integrator with attenuation X7. 

Figure 1 illustrates typical scans of a series of ODA 

standards and duplicate 20 ~l solvent extract samples on the 
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same plate. The calibration curve calculated from the standard 

peak areas had a linearity correlation coefficient of 0.996. 

Although slope and y-intercept (area) values were relatively 

consistent from plate to plate, samples and standards were always 

chromatographed in parallel to correct for variations in these 

parameters. Reflectance scanning produced larger peaks with more 

even baselines compared to scanning in the transmission mode. 

Recoveries of ODA from eight separate samples fortified at 

3.00 ppm and analyzed using the ethylene dichloride extraction 

procedure (1) ranged from 6S.3 to 103% with a mean of S1.3%. The 

reproducibility (percent difference) of the duplicate samples in 

each analysis averaged 4.20% with a range of 0.66 to 10.S%. Ad

dition of 20 g of sodium chloride to a water sample before extrac-
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tion in order to increase the partition coefficient of ODA in 

favor of the organic solvent compared to water resulted in a 

recovery of 85%, an insignificant improvement compared to the 

results without salt. 

Five other boiler water additives that are permitted to be 

used in combination with ODA under FDA regulations were tested for 

possible interference in the analysis in case they might be co

extracted with ODA. The compounds were spotted separately at the 

1 ~g level and chromatographed and detected as described above. 

Neither trisodium nitriloacetate nor diethylaminoethanol were 

detected with ninhydrin. Hydrazine produced a light purple zone 

with ~ 0.53, morpholine a purple-brown streaking zone with ~ 0.57, 

and cyclohexylamine a very faint purple-brown zone with ~ 0.38. 

None of these would interfere with scanning of ODA. 

The main purpose of this research was to improve the published 

(1) FDA analytical procedure for ODA in water by substituting a 

more selective TLC determination for solution spectrometry. How

ever, in the course of this work the Chromo sorb column trappingl 

elution procedure described above was found to be simpler and 

give better recovery and sensitivity compared to solvent extraction. 

Two samples fortified at 3.00 ppm gave average recoveries of 92.8 

and 95.3%, and a single sample fortified at 0.300 ppm gave a 

recovery of 94.2%. Columns eluted with blank (nonfortified) samples 

gave no TLC spots. A larger column with more capacity combined 

with a greater acetone elution volume might be required to analyze 

samples containing sorbable organic impurities in addition to ODA by 

the method. The pH of the water sample must be high enough to 

assure that the ODA is not in its salt form. This general approach, 

as devised by Schwartz (5), should be applicable to the recovery of 

a variety of unionized organic compounds from water samples. 
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ABSTRACT 

Prostaglandins (PG) E1 and E2 are important regulators of 
biologic functions, and can express different biological 
effects. In thin layer chromatography (TLC) systems which 
separate these compounds, comigration of other major eicosanoids 
is a problem. This paper describes a TLC system using a mobile 
phase of chloroform/methanol/acetic acid/H20 (90:7.5:5:0.8) that 
separates PGE1 and PGE2, as well as other major eicosanoids, in
cluding dihomogammalinolenic acid (DHLA), the immediate fatty acid 
precursor of PGE1• 

INTRODUCTION 

PGE1 and PGE2 have similar biological actions, but do have 
different effects on some cell functions. For example, PGE1 in
hibits whereas PGE2 does not influence or increases aggregation of 
human platelets (1-3). In addition, PGE1 but not PGE2 reduces 
production of the lymphokine macrophage migration inhibitory 

factor (4). Furthermore, PGE1 and PGE2 express quantitative dif
ferences in their ability to resorb bone (5). Several thin-layer 

chromatography (TLC) techniques have been used to separate PGE1 
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and PGE 2 (6-11). We have examined the mobile phases used and find 
that they do not separate the major cyclooxygenase products of 

arachidonic acid (AA) from PGE1 and PGE2' This is a potential 
source of error if the major eicosanoids are to be quantified by 
bioassay or examined by scintillation counting or autoradio
graphy. We therefore developed a simple TLC technique that 

separates PGE1' PGE2 and thromboxane B2 (TxB2)' PGD2, 6-Keto-PGF1a 
(stable metabolite of prostacycline), and the immediate precursor 
of the 1 series eicosanoids, dihomogammalinolenic acid (DHLA). 

MATERIALS AND METHODS 

All chemicals were of high performance liquid chromatographic 
grade (Fisher Chemicals, King of Prussia, PAl. Glass chromato
graphy tanks (28 cm x 27 cm x 8 cm) with glass lids (Scientific 

Manufacturing Industries, Emeryville, CAl were used. Whatman LK5 
silica-coated TLC plates (Whatman Chemical, Clifton, NJ) were 
scored into 2 cm channels with a 1 cm unused channel on each 
side. Plates were washed overnight in a mobile phase of chloro
torm/methanol (90:5), and air dried. They were coated with a 10% 
solution of silver nitrate (Kodak Chemicals, Rochester, NY) in 
distilled water and ethyl alcohol (14:86, v/v) in a 10" x 14" 
metal pan, air dried, activated in an oven (Boekel, Philadelphia, 
PAl at 1100F for 30 min, and then cooled at room air. Plates 
wrapped in aluminum foil and an air tight plastic bag could be 
kept for at least 1 week betore use. All unlabeled eicosanoids 
were purchased from Sigma Chemical Co. (St. Louis, MO). 
Eicosanoids (5-10 ug) were spotted in the middle of the 
preadsorbant zone with a 20 ul (Rainen Instrument Co, Woburn, MA) 
or a 50 ul pipette (Hamilton Co., Reno, NV). After spotting, the 
eicosanoids were allowed to air dry, and were then run in the 
appropriate mobile phase until the solvent zone had reached 1 cm 
from the top of the plate. The plates were air dried, and then 
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dried at 1100F for 10 minutes. They were cooled at room air, and 
then sprayed with 3% cupric acetate (3 gm) in phosphoric acid/ 
water (8:92, v/v) and air dried. Charring at 1800 F for 10 minutes 
was often helpful in improving resolution of the bands. 

RESULTS 

Various solvent systems that have been used to separate PGE1 
and PGE2 are listed in Table 1. 

Although the TLC systems referenced in Table 1 separate PGE1 
from PGE2, other major eicosaniods comigrate thus diminishing the 

utility of these systems (Table 2). However, separation of PGEl' 

TABLE 1 

Solvent Systems Used to Separate Eicosanoids 

TLC System Ref. 

SI Present paper 

SII 12 

SIll 6 

SIV 6 

SV 13 
SVI 14 

SVII 9 

SVIII 8 

SIX 8 
SX 15 

SXI 11 
SXII 11 

SXIII 11 
SXIV 11 

Solvent Composition by Volume 

chloroform/methanol/acetic acid/H20 
(90:7.5:5:0.8) 
ethyl acetate/2,2,4-trimethylpentane/acetic 
acid/methanol/H20 (110:10:30:35:100) 
ethyl acetate/2,2,4-trimethylpentane/acetic 
acid/H20 (100:30:10:100) 
ethyl acetate/2,2,4-trimethylpentane/acetic 
acid/H20 (90:50:20:100) 
chloroform/methanol/acetic acid (90:5:5) 
chloroform/methanol/acetic acid/H20 
(95:5:1:0.2) 
0.0025 M phosphoric acid/acetonitrile with 0.2 
M NaCl (52:48) 
organic (upper phase) of ethyl acetate/2,2,4-
trimethylpentane/acetic acid/H20 
(110:50:20:100) 
chloroform/methanol/acetic acid (80:10:10) 
ethyl acetate/isooctane/ethanol/acetic 
acid/H20 (35:10:3:0.1:0.1) 
ethyl acetate/methanol/acetic .acid (100:10:1) 
chloroform/methanol/acetic acid/H20 
(90:9:1:0.65) 
benzene/l,4-dioxane/acetic acid (20:20:1) 
ethyl acetate/acetone/acetic acid (90:10:1) 
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TABLE 2 

Mobile Phases Used to Separate PGE, and PGE2 But~ith Known 
Comlgratlon of MaJor Elcosanolds 

TLC S~stem Ref. Comigrating Eicosanoids 

SII 12 TxBt and PGDi SIll 6 mul iple tai ing 
SIV 6.11 PGE1 and PGE2 blur 
SV 13 TxB2 and PGD2 SVI 14 6-Keto-PGF~B and PGE2 SVII 9 PGE1 and P 2 
SVIII 8 TxB2 and PGD 
SIX 8 TxB2 and 6-K~to-PGF1a 
SX 15 6-Keto-PGF1a tails 
SXI 11 6-Keto-PGF1~ and PGF2a • PGE2 and PGD2 SXII 11 PGE2 and 6- eto-PGF~a 
SXIII 11 6-Keto-PGF1a and PG 2a 
SXIV 11 AA tailing 

1 Comigration established as noted in References or by 
argentation technique as described in Materials and Methods. 

PGE2 and TxB2' PGD2' 6-Keto-F1a' PGF2a' AA and DHLA was achieved 
with chloroform/ methanol/acetic acid/H?O (90:7.5:5:0.8) (Solvent 
I) as shown in Fig. 1. The mobilities of the compounds, expressed 
as Rf values, are shown in Table 3 with the preabsorbant-silica 
gel boundary as the origin. Development time is approximately 60 

minutes. The method is reproducible (Rf standard error of the 
mean .5%) and reliable. 

DISCUSSION 

The method presented here allows separation by TLC of the 
monoenoic and dienoic PGE compounds and their immediate fatty acid 
precursors DHLA and AA respectively. Thus, metabolism of both PGE 
precursors may be studied simultaneously. In addition, the same 
system accommodates separation of the major cyclooxygenase 
products of AA: TxB2, 6-Keto-Fla, PGD2' PGF2a. Other 
investigators have separated PGE1 from PGE2. However, as shown 
here, comigration of other major eicosanoias with PGE1 and PGE2 
occurs with several of the solvent systems used. Use of the 
Solvent I, a mobile phase of chlorotorm, methanol, acetic acid and 
water allows separation of PGE1 from PGE2 as well as separation of 
other major eicosanoids. This system is not only useful in 
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TABLE 3 

Mobility of Separated Eicosanoids 

Compound 

PGF 2a 
TxB2 
PGD2 
PGE2 
6-Keto-PGF1a 
AA 
PGE1 
DHLA 

• 

Mobility (expressed as Rf ) 

0.12 
0.28 
0.32 
0.38 
0.51 
0.58 
0.62 
0.83 

FIGURE 1 
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-DHLA 

-PGE, 

-----AA 

-PGF2~ 

Chromatogram showing eicosanoid separation with a mobile 
phase of chloroform/methanol/acetic acid/H 20 (90:7.5:5.0:0.8). 
6-Keto-PGF1a is abbreviated as 6-K-P. 
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examining AA and its metabolites, but may also be used in 
experiments where DHLA and PGE1 are to be examined. 
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ABSTRACT 

In lipid preparation from biological sources extracti

on and chromatographic methods are widely used. The use of the 

OPTLC method is introduced in the present paper. The method is 

suitable for the class separation of the neutral fraction of a 

total lipid extract with a single isocratic run. Vith a step 

or an exponential gradient the simple neutral glycolipids can 

be separated. Either elution can be performed on a 10 x 20 cm 

plate on 12 parallel samples. The chromatograms were eval~ated 

by densitometric scanning after staining with orcinol-H2S04 
reagent. 
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INTRODUCTION 

The lipid separation procedures of a given biological 

sample usually start with an indispensible extraction step to 

prepare crude Total Lipid Extract (TLE) largely free of non

-lipid contaminants (1). In the work up of TLE various chroma

tographic steps can be used, e.g. classical and High Performance 

column and layer chromatographic methods. A new layer chroma

tographic technique, Overpressured Thin Layer Chromatography 

(OPTLC) and an instrument have been developed in Hungary (2). 

Detailed studies of the method were published (3,4). Application 

areas of the tec~~ique have included a wide range of biologi

cally important substances (5,6,7,8). 

Of modern layer chromatographic techniques only HPTLC 

has been widely applied in lipid separations. In these appli

cations usually a given, purified lipid class was separated on 

a HPTLC plate (9,10). An exception to this rule was a communi

cation (11) which separated gangliosides of total lipid ext

racts. Unfortunately no sequel to this appeared, which might 

be attributed to that; 

- only one of the most polar lipids, gangliosides, were sepa

rated, sulphatides are not mentioned in the article, 

- the method is extremely time consuming (3 developments of 10 

hours in all, not counting the drying periods), 

- the separation on a 20 x 20 cm TLC plate does not give the 

possibility of the determination of other, non-separated li

pid classes. 

In lipid analysis the OPTLC technique has not been app

lied up to nOi~. This is a report of our experiments on the se

paration of "the Neutral Lipid Fraction (NLF) of TLE by OPTLC. 
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The method proved suitable £or the class separation 

of the neutral lipids in a simple, fast isocratic run \'lith 

chloroform (C). The simple neutral glycolipids can be further 

separated with a gradient run using either a step from pure 

chloroform to chloroform, methanol (M), water (vi) mixture 

(C : M : W = 65 : 25: 4) or a delayed exponential gradient of 

M in C (final concentration approximately C : ]\1 = 1 : 1). 

EXPERIJImNTAL 

Reagents and 11aterials 

All the solvents used were }~LC grade purchased from E. Merck, 

Darmstadt, F.R.G., the water used was prepared according to 

Gurkins method (12), from water double distilled from glass 

and sterilized. DEAE Sephadex A-25 \vas obtained from Pharmacia 

Fine Chemicals AB, Uppsala, Sweden. Staining reagents were pre

pared from analytical grade chemicals. The HPTLC plates used 

were purchased from E. Merck, Darmstadt. TLE was prepared from 

human lymphocytes. 

Apparatus 

Centrifuge: Janetzki K70 11L'i[, Leipzig, G.D. R. 

Incubator: LP507/1 Labor MIM, Esztergom, Hungary. 

Sample applicator: CAIIJAG Nanomat, CAI1AG, 11uttenz, Switzerland. 

OPTLC system: Chrompres 10 Overpressured Layer Chromatograph; 

Labor 11IJ11, Esztergom, Hungary. Instead of its e

luent pump two HPLC pumps: 'daters M-45, Waters 

Associates Inc., Milford, Mass., USA and Beckman 

112 SD11, Beckman Instruments Inc., Berkeley, Ca

lif., USA and a home made gradient mixing cham

ber were used. 
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Spectrophotometric densitometer: Opton K}13, Opton Feintechnik 

GmbH., Oberkochen, F.R.G. 

Data system: HP 3354 Lab. Automat. System, Hewlett Packard, 

Avondale, Calif., USA. 

Methods 

Sample preparation 

The preparation of TLE and the isolation of the NLF was descri

bed elsewhere (13). The crude NLF was freed from alkali labile 

components by incubation. The dried ~~' was dissolved in 15 ml 

0.1M methanolic KOH and incubated at 370 C for 2 hours. The 

sample was then neutralized vrith cc.HCL, evaporated in vacuo. 

The lipid compounds were taken up in 2 ml of C : M = 85 : 15 

mixture. Average samples were prepared from 1010 lymphocyte 

cells. 

Plate pretreatment 

All plates used were pre cleaned by running them in methanol and 

dried. The OPTLC technique requires that the edges of the pla

tes should be sealed, preferably after scraping off a strip 

(2-4 mm) of sorbent, by impregnating with IMPRES 1. For single 

dimensional development 3 sides of the plate were sealed and 

solvent dispersion troughs were scraped into the plates 14, 17 

and 20 mm from the lower edge of the plates. Three parallel li

nes were scraped (and impregnated) into the plates perpendicu

lar to the development direction (from the sample application 

height to the top) to insure straight fronts. For two dimensio

nal development all four sides were impregnated and teflon sol-

vent dispersion troughs were used. 

OPTLC system 

The block diagram of the instrument is shown in Figure 1. This 
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P1 

CHR 

x 

P2 

Figure 1. Block diagram of the OPTLe instrument used 

P1 p~p 

P2 p=p 2 

T T-junction 

X mixing chamber 

eHR chromatography chamber 

system was used because it gives reproducible li~uid flows and 

gradient profiles at low flowrates necessary to achieve ap

proximately 1.00 cm/min velocity on the plate, which is optimal 

for elution (6,14). 

For isocratic elution one p~p (P1) was directly connected to 

the inlet valve. For the step gradient the two p~ps (P1,P2) 

were connected with a T junction (T) before the inlet valve to 

make possible ~uick eluent change over. The exponential gradi

ent was formed with a home made mixing chamber (X). This was a 

5 ml closed container e~uipped with a magnetic stirrer with an 

inlet at the top and an outlet at its bottom. 2.5 ml of starting 

solvent (e) ,~as placed in the container into which the strong 
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solvent ',ras continuously pUJllped with vigorous stirring. To 

delay the start of the exponential gradient pUJllping was switched 

from C to M (P1 to P2). 

OPTLC chromatography and densitometry 

Sample application was 2-500 nl/spot, depending on the separa

tion aims, with Pt-Ir capillaries. 

For single dimensional development usually 12 samples were app

lied to a plate at 30 mm from the lower edge and at least 20 mm 

from the perpendicular edges of the plate. 

Development conditions were; 

run isocratic step grad. expo grad. 

eluent C c/c:M:Vl C/C ,r,! 

eluent flow (ml/min) 0.15 0.15 0.20 

start pressure (bar) 30 ")0 30 

pillow pressure (bar) 12 12 12 

development distance (em) 17 17 17 

gradient start (at em) 13 7 

For two dimensional development two spots were applied to a 

plate at 30-30 mID from the corners. The first development of 

both spots was 7 em with chloroform. The plate was dried, ro

tated 90 0 and one of the spots rechromatographed in the second 

dimension 4 em with C : M : 'Ii = 65 : 25 : 4 eluent. 

The staining vras achieved by immersion of the plate into orci

nOl-H2S04 reagent and heating at 1000 C for 2-3 minutes. 

Densi tometric conditions in remission mode "rere: 

wavelength: 

slit: 

560 = 
3.5 x 0.1 mm 

scanning speed: 50 mm/min 

AID freQuency: 2 Hz 
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RESULTS MID DISCUSSION 

Summarizing the experimental results the OPTLC tech-

nique is suitable for the separation of lipid samples. In our 

method the NLF of TLE can be applied and separated in a sing

le isocratic run into lipid classes with different polarities. 

For qualitative analysis tbe migration distances (md) and Rf 

values can be used, which are highly reproducible, as can be 

seen in Figure 2. and in Table 1. 

Figure 2. shows an OPTLC plate with 12 parallel runs 

(a) and the densitogram of one lane (b). The photograph clear-

ly demonstrates the usefulness of the isocratic OPTLC run for 
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the fractionation of the neutral lipid classes. These results 

are supported by the numerical data, migration distances (md), 

Rf values, their averages and the standard deviations (SD), 

summarized in Table 1. In the class separation of neutral li

pids (NL) we aimed at leaving the NGL class at the start, 

while eluting all the other less polar classes. As can be seen 

(md of NGL) very small or no movement was achieved and caused 

a relatively large deviation (SD of NGL). 

As sample quan-'city is frequently severely limited, as 

in our case of analysing blood cell lipids of leukemic pati

ents, it was necessary to extract as much information as pos-

sible from one s&nple. For this purpose the step gradient e

lution viae: evolved making possible the separation of the simp-

le neutral glycolipids after the above mentioned. class frac-

tionation on the same plate. Although the use of a second, 

water containing, eluent gives rise to severely curved P and t 
fronts, they do not make impossible the evaluation of the 

spots in or near them. At the same time the intraclass sepa-
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Figure 2 (continued) 

Table 1. Migration distances (md in cm) and Rf values of neutral 

No. 

1 • 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Average 

3D 

lipid classes separated by OPTLC. 

NGL= neutral glycolipids, Ch= cholesterol, Glyc= glyce

rides, CbE= cholesterol esters, 3D= standard de-,-iation 

Class NGL Ch Glyc ChE 

md Rf md Rf md Rf md Rf 

0.05 0.003 0.37 0.109 1 .12 0.329 2.31 0.688 

0.00 0.000 0.35 0.109 1.09 0.329 2.33 0.688 

0.00 0.000 0.34 0.100 1.09 0.321 2.31 0.679 

0.05 0.003 0.35 0.103 1.10 0.318 2.31 0.679 

0.05 0.003 0.38 0.115 1.13 0.332 2.31 0.682 

0.05 0.003 0.37 0.112 1.15 0.338 2.34 0.688 

0.05 0.003 0.36 0.109 1.12 0.329 2.35 0.691 

0.00 0.000 0.36 0.106 1.13 0.332 2.36 0.694 

0.05 0.003 0.34 0.100 1.15 0.338 2.50 0.735 

0.05 0.003 0.37 0.109 1.14 0.335 2.53 0.744 

0.05 0.003 0.38 0.112 1.17 0.344 2.48 0.729 

0.05 0.003 0.38 0.112 1.20 0.353 2.46 0.723 

0.04 0.002 0.36 0.110 1 .13 0.333 2.38 0.700 

0.023 0.0014 0.015 0.0048 0.033 0.0095 0.084 0.024 
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( b) 

o 5 10 em 

( c ) 

Figure 3 (continued) 
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Table 2. Migration distances (md in em) and ~f values of simple 

neutral glycolipids separated by OPTLC 

NGL 4= tetrahexosyl ceramide, NGL 3= trihexosyl cera

mide, NGL 2= dihexosyl cer~~ide, NGL 1= monohexosyl 

ceramide, SD= standard deviation 

~ 
NGL 4 NGL 3 NGL 2 NGL 1 

No. md Rf md Rf md Rf md Rf 

1 0.25 0.088 0.80 0.281 1.05 0.368 1.50 0.526 

2 0.25 0.088 0.70 0.246 1.00 0.351 1.50 0.526 

3 0.25 0.078 0.70 0.219 1.00 0.313 1,50 0.469 

4 0.25 0.086 0.70 0.241 1.00 0.345 1.50 0.517 

5 0.30 0.102 0.70 0.237 1.00 0.339 1.55 0.525 

6 0.30 0.100 0.75 0.250 1.05 0.350 1.60 0.523 

7 0.25 0.088 0.75 0.263 1.00 0.351 1.50 0.526 

8 0.20 0.071 0.65 0.232 1.00 0.357 1.45 0.518 

9 0.25 0.089 0.70 0.250 1.05 0.375 1.50 0.536 

10 0.30 0.107 0.70 0.250 1.05 0.375 1.55 0.554 

11 0.30 0.107 0.75 0.268 1.10 0.393 1.55 0.554 

12 0.30 0.107 0.80 0.286 1.15 0.411 1.55 0.554 

Average 0.267 0.0926 0.725 0.2520 1.038 0.3607 1.521 0.528 

SD 0.033 0.0119 0.045 0.0197 0.048 0.0158 0.040 0.023 
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( b) 

( c ) 

o 2.5 5 em 

Figure 4 (continued) 
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( b) 

Figure 5 (continued) 

ration of simple neutral glycolipids is very good and repro

ducible as can be seen in Figure 3. and Table 2. 

The plate (Fig.3.a.) shows the complete class and NGL 

intraclass separation. Figure 3.b. is the densitogram of one 

lane of this plate, while insert (Fig.3.c.) shows the densito

gram of the NGL separation. Table 2. gives the corresponding 

data for the intraclass separation. 

A more frequently used way to perform two separations 

of a single sample is two dimensional development. Figure 4. 

shows how it can be done using OPTLC. Development for both 

intra and interclass separations can only be achieved if two 

spots are applied, and only one sample can be analysed per 

plate. As this method does not give better resolution but has 

significant drawbacks, so it was discarded. 

The exponential gradient with methanol, which gave 

good results on normal silica plates in our preliminary expe

riments (15) was also examined (Fig.5.). This gradient gives 

good separation in the NGL class but coelutes the classes with 
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medium polarity. 

In conclusion the adaptation of the new lipid separa

tion with the step gradient OPTLC method, affords a rapid, la

bour and cost effective way to separate the neutral lipid 

classes from the neutral lipid fraction of the total lipid 

extract with the possibility of simultaneously separating the 

simple neutral glycolipids too of very small unique samples. 
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ABSTRACT 

The use of the OPTLC method has been extended to the 

separation of the acidic fraction of the total lipid extract 

derived from a given blood element. This newly developed method 

is suitable for the interclass separation of sulphatides and 

gangliosides and further intraclass separation of gangliosides 

on the same TLC plate with step gradient development. The elu

tions can be performed on 10 x 10 cm (or larger) HPTLC plates 

with 13 parallels on each one. The chromatograms were stained 

either with orcinol-H2S04 to show class separation (in this 

case only a single isocratic elution was performed) or with 

resorcinol-HCl reagent to visualize the ganglioside intraclass 
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separation. The chromatograms were evaluated by spectrodensi

tometric scanning and the reproducibility of the separation 

was determined. 

INTRODUCTION 

Separations of lipids generally and especially of glyco

sphingolipids are usually carried out by various chromatograph

ic methods. For preparative work classical column and layer 

chromatographic techniques are used. For analytical purposes 

HPLC (1) and mainly HPTLC (2) procedures are employed. HPTLC 

plates have been used for the analysis of various, prepurified 

ganglioside mixtures using one (3,4,5) and two (6,7) dimensi

onal development with various solvent mixtures. 

A new layer chromatographic technique, Overpressured 

Thin Layer Chromatography has been developed in Hungary (8). 

This technique was introduced into lipid analysis in our pre

vious paper (9), where the basic theoretical and application 

aspects of OPTLC were cited and discussed. 

The present paper describes the application of OPTLC 

to the separation of acidic glycosphingolipids. 

The method was developed on mixtures of pure ganglio

side and sulphatide standards and then applied to the separa

tion of the purified acidic fraction of the total lipid ex

tract (TLE) derived from blood elements (e.g. plasma, lympho

cytes, granulocytes of normal and leukemic individuals). 

Class separation of acidic glycolipids namely sulpha

tides and gangliosides can be performed by a single isocratic 

run with chloroform - methanol (C : M = 70 30) mixture. The 

intraclass separation of gangliosides, in the presence of 

sulphatides, is accomplished by a step gradient run. The first 
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segment of the gradient profile is the class separation (see 

above) followed by a consecutive isocratic development with 

chloroform - methanol - 0.25% KCl in water (C : M : KC1/W = 

55 : 36 : 9) mixture. 

EXPERIMENTAL 

Reagents and materials 
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All the solvents used were HPLC grade purchased from E. Merck, 

Darmstadt, F.R.G., the water used was prepared according to 

(10), from water double distilled from glass and sterilized. 

DEAE Sephadex A-25 was obtained from Pharmacia Fine Chemicals 

AB, Uppsala, Sweden. Staining reagents were prepared from ana

lytical grade chemicals, the HPTLC plates used were purchased 

from E. Merck, Darmstadt, F.R.G. TLE was prepared from human 

blood elements. Sulphatides (bovine) and GT1b were purchased 

from Supelco Inc., Supelco Park, Bellefonte, PA, USA. Other 

ganglioside standards (GM3, GM2, GM1, GD1a, GD1b) were the 

kind gift of Professor Shimon Gatt, Hadassah Medical School, 

Dept. of Biochem., Jerusalem, Israel. 

Apparatus 

Centrifuge: Janetzki K70 MLW, LeipZig, G.D.R. 

Incubator: LP 507/1 Labor MIM, Esztergom, Hungary. 

Sample applicators: special 1 microliter volume syringe, MTA 

KKKI, Budapest, Hungary and CAMAG Nanoapplicator, CAMAG, Mut

tenz, Switzerland. 

OPTLC system: Chrompres 10 Overpressured Layer Chromatograph, 

Labor MIM, Esztergom, Hungary. Instead of its eluent pump a 
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p Ch 

Figure 1 • Block diagram of the OPTLC system used. 

Ch OPTLC Chamber 

P Pump 

I Injection valve 

L Loop 

F Filling port 

W Waste 

HPLC pump; Beckman 112 SDM, Beckman Instruments Inc., Berkeley 

Calif., USA, an injector; Altex 210 with a 3ml loop, Beckman 

Instruments Inc., Berkeley, Calif., USA were used. The block 

diagram of the system can be seen on Figure 1. 

Spectrophotometric densitometer: Opton KM3, Opton Feintechnik 

GmbH., Oberkochen, F.R.G. 

Data system: HP 3354 Lab. Automat. Dystlm, Hewlett Packard, 

Avondale, Calif., USA. 

Methods 

Sample preparation 

Standard glycolipid sample; a mixture was prepared from bovine 

sulphatides and pure individual gangliosides (GM3, GM2, GM1, 

GD1a, GD1b, GT1b). 
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Glycolipid samples from blood elements; the preparation of 

which has been described elsewhere (11). 

Plate pretreatment 
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All plates used were pre cleaned by running them in,methanol 

and dried. The OPTLC technique requires that the edges of the 

plates should be sealed, preferably after scraping off a strip 

(2-4 mm) of sorbent, by impregnating with IMPRES 1. 3 sides of 

the plates were sealed and solvent dispersion troughs were 

scraped into the sorbent layer 14, 17 and 20 mm from the lower 

edge. 

OPTLC and densitometry 

Sample application was 200 nl/spot in the case of the standard 

mixture, with the CAMAG nanoapplicator. Usually 13 samples we

re applied to a plate at 30 mm from the lower edge and at le

ast 20 mm from the perpendicular edges of the plate. An indi

cator solution was applied onto the first and last sample 

spots to help us control the run, also to serve as a reference 

in calculating migration quotients (relative retention; see 

later). In the case of glycolipid samples of blood elements 

microliter was spotted onto the plate. Appropriate sample vo

lumes, for 1 microliter application, were adjusted on the ba

sis of preliminary OPTLC runs. 

Development (step gradient) conditions were; 

segments No1 No2 

eluents C:M=7:3 C:M:KC1/W=55:36:9 

eluent flow (ml/min) 0.1 0.1 

start pressure (bar) 20 20 

pillow pressure (bar) 14 14 

development distance (em) 7 14 (overrun) 
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flow 

(ml/min) 
1.1 

0.1 ~----~I~I--------------
'---,..----{ I---.--~ f---T7--:1--.,....,..-".--II,I-' --------------........ 1 ---

tl1.1 t10.1 o 10 te time 

Figure 2. The flow profile employed. 

tx time of the valve switching 

t 1.1 tx + 3'45 " 

to .1 tx + 4' 

te time of run end 

The step gradient used was the sharp changeover from isocratic 

segment No1 to N02. The first eluent was pumped by the SDM, 

(sec) 

the 3 ml volume loop of the injector was filled with the second, 

No2. eluent. The changeover was accomplished by switching the 

valve from load to inject. The volume of the connecting tubing 

from the valve to the plate was taken into calculation. 

To achieve ideal dispersion of the eluents, a flow program was 

used (Figure 2.). The first eluent was pumped until the indi

cator spots migrated 1.5 cm on the plate. at this moment (tx ) 

the valve was switched to inject. 3'45" after switching the 
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flow was increased to 1.1 ml/min and decreased to 0.1 ml/min 

15" later. The flowrate was maintained at 0.1 ml/min, till 

the end of the run, when the indicator had migrated 7.0 cm. 

Staining for class separation, was by immersion of the plate 

into orcinol-H2S04 reagent and heating at 1000 C for 2-3 minu

tes, for ganglioside separation, by spraying with resorcinol

HCI reagent and heating at 1000 C for 15 minutes. 

Densitometric conditions in remission mode were: 

wavelength: 

slit: 

scanning speed: 

A/D frequency: 

525 DDt 

3.5 x 0.1 mm 

10 mm/min 

2 Hz 

RESULTS AND DISCUSSION 

Summarizing the experimental results the OPTLC techni

que is suitable for the separation of lipid samples. We can 

now separate the constituent classes of either fraction (ne

utral and acidic) of the total lipid extract. 

In our present paper we described the new separation 
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of the acidic fraction of TLE. The class separa~ion of sulpha

tides and gangliosides can be achieved by a single isocratic 

run wi thin 7 minute s, as sho','m in Figure 3. 

As can be seen the resolution is very high between the 

two classes and the migration of the gangliosides is very 

small. 

OUr main purpose was the intraclass separation of the 

ganglibsides in the presence of interfering sulpha tides. As 

we were not interested in the sulphatides at all, the over

run capability of the OPTLC system could be exploited. The 
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Figure 3. 

PICK ET AL. 

;;;;p 

sulphatides 

indicator 

gangl iosides 

OPTLC separation of acidic glycolipid classes. 

Plate; Merck HPTLC Si 60. Eluent; C M = 7 : 3 

Development 7 cm. Staining reagent; orcinol-H2S04 • 

Samples: 1 & 13; 0.2 ~ standard mixture + 

0.2 ~l indicator solution, 

2 - 12; 0.2 ~ standard mixture. 

sulphatides migrate immediately behind the fo front of the 

first eluent and are eluted from the plate before being reach

ed by the second eluent, which gives excellent separation of 

the individual gangliosides (Figure 4.). As in such cases, 

overrun and double development, the conventional Rf has no 

meaning, it was necessary to find a source of reference for 
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Figure 4. 

, ind. 

GM3 
GM2 
GM1 

GD1a 
GD1b 
GT1b 

start 

OPTLC separation of acidic glycolipid standards. 

4.a. Photograph of the chromatographic plate. 

Plate; Merck Si 60, staining with resorcinol-HC1. 

Sulphatides were overrun, see development condi-

tions in text. The samples are the same as for 

Figure 3. 
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4.b. A typical densitogram of the plate (lane No?) is 

shown in Figure 4.a. 

standardizing and later characterizing the development pro

cess. In our first experiments we developed the plates based 

on elution time. The migration speed of the front, during the 

first elution, could be easily measured, and we calculated 

an approximate development time (equal to the first elution) 

for the second, overrun. Because of the differences between 

the commercially available plates (even from the same bOX), 

this time based development was not reproducible, so we adapt

ed a different procedure. We selected an indicator, methyl-red, 

which exhibited very low mobility in C:M=?:3 mixture (Rf =O.2) 

and has a mobility somewhat higher then all the gangliosides 

in C:M:KCl/W=55:36:9 mixture. 

For the characterization of the separation process we 

defined the migration quotient (mq) as: 

__ mdG 
mq 
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where: md is the migration distance measured for the 

compound denoted by the subscript, 

G subscript stands for gangliosides and 

I subscript stands for the indicator. 

The quality of the separation method is demonstrated 

by the numerical data; migration quotients (mq), their ave

rages (mq), standard deviations (SD) and relative SD (rSD), 

calculated from the densitograms. 

The intraplate reproducibility of the method is demon

strated in Table 1. by the data derived from the densitograms 

of the plate shown in Figure 4. As the standard deviations 

and relative standard deviations of the migration quotients 

show the method is highly reproducible. The relatively high 

SD-s for GT1b are caused by the small migration distances 

(the average of which is 8.4 mm), which are influenced more 

significantly by the variations of sample application. 

The interplate reproducibility is shown in Table 2., 

for nine plates. During the mapping of ganglioside patterns 

the standard mixture was applied in three places, onto lane 

1 and 13 with indicator and to lane 7 without. The rest of 

the lanes were used for real samples. For the interplate re

producibility studies the center lanes (No7) were used. The 

migration distance of the indicator was calculated from the 

averages of the 1. and 13. lanes. Using our standardization 

method for the development adequate reproducibility can be 

achieved between plates, but it is advisable to put standards 

on every plate. 

As the results show, the method is highly accurate, 

reproducible and selective. The method is being used for map

ping of ganglioside patterns of plasma, lymphocytes and gra-
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Lane 

No. GT1b 

1 .16 

2 .13 

3 .14 

4 .14 

5 .14 

6 .12 

7 .12 

ti .12 

9 .12 

10 .12 

11 .12 

12 .12 

13 .Ob 

rnq .13 

SD. .02 

r:SD (%) 14.69 

Intra ?1'lte r:e?r:o(lucibi1ity of the 

r)PTLC ge?3.r:ation or gang liosides 

'lIGRIITION QUOTIENTS (rnq) 

GDlb GD1a G~n Gt·12 GM3 

.19 .23 .3 .35 .42 

.19 .23 .3 .35 .43 

.2 .24 .31 .37 .44 

.2 .25 .32 .37 .45 

.2 .24 .3 .36 .43 

.19 .24 .31 .36 .44 

.21 .26 .32 .37 .44 

.21 .25 .31 .37 .43 

.2 .25 .31 .36 .44 

.19 .23 .31 .37 .43 

.19 .23 .31 .37 .44 

.1b .22 .3 .36 .43 

.15 .23 .3 .37 .45 

.19 .24 .31 .36 .44 

.01 .01 .01 .01 .01 
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In1. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

7.63 4.15 2.24 1.9& 2.02 0 



Figure 5. 

, 

OPTLC separation of gangliosides of acidic glyco

lipids derived from blood elements. 

OPTLC conditions are the same as for Figure 4. 

Sam-ples: 1, 7, 13; standard mixture + indicator, 
2; MCL plasma, 

6; AML plasma (in blast crisis), 

3; AMMoL lymphocyte, 

AMMoL = Acute Myeloid Monoblastoid 

CLL Chronic Lymph@l~ Leukemia 

ALL Acute Lymphoid Leukemia 

4, 5, 9, 10; CLL lymphocyte, 

8; ALL lymphocyte, 

11; normal granulocyte, 

12; blank. 

Symbols used: MCL 

AML 

Mast Cell Leukemia 

Acute Myeloid Leukemia 

L. 
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Tao1" 2. Inter ~late re~roducibi1ity of the 

QOTLC 3e:?aration of gan,]liosides 

Lane MIGRATION QUOTIENTS (mq) 

No. GTlb GDlb GDla G~n GM2 Gt13 Ind. 

1 .15 .17 .2 .29 .35 .42 

2 .12 .18 .2 .28 .34 .43 

3 .1 .lb .2 .28 .35 .43 

4 .14 .17 .19 .27 .34 .42 

5 .15 .22 .27 .35 .42 .51 

6 .11 .21 .25 .31 .37 .46 

7 .12 .19 .21 .28 .37 .43 

8 .1 .2 .26 .35 .39 .47 

9 .12 .19 .23 .27 .36 .44 

-mq .12 .19 .22 .3 .37 .45 

SD. .02 .02 .03 .03 .03 .03 

rSD (%) 13.96 9.7 13.69 11. 01 7.17 6.22 

nUlocytes of patients with different leukemias. The publica

tion of the results of these experiments is in progress. 

Here we present one chromatographic plate of selected samples, 

to show real life application (Figure 5). 
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COMPARISON OF TWO COPPER REAGENTS FOR DETECTION OF SATURATED 

AND UNSATURATED NEUTRAL LIPIDS BY CHARRING DENSITOMETRY 

Carl B. Baron and Ronald F. Coburn 
Department of Physiology 

University of Pennsylvania 
Philadelphia, PA 19104 

ABSTRACT 

The intensity of staining of each of four classes of neutral 
lipids (monoacylglycerol, diacylglycerol, triacylglycerol and 
fatty acid methyl ester) is shown to be dependent on the number 
or amount of carbon-carbon double bonds (C=C) when using 3% 
cupric acetate in 8% phosphoric acid. In contrast, staining with 
10% cupric sulfate in 8% phosphoric acid is relatively indepen
dent of the number or amount of C=C. 

INTRODUCTION 

The quantitation of lipids by charring densitometry is a 

well established tool in use in thin-layer chromatography. One 

of the more widely used reagents is cupric acetate (3% in 8% 

phosphoric acid). Since its introduction by Fewster, Burns and 

Mead (1 (personal communication from R. Kopp», there has been 

evidence which demonstrates that unsaturated lipids will char to 

a greater degree than saturated ones (2 - 4), but a quantitative 

study of a particular lipid class, by varying amounts of unsatur-
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ation, has not been previously done. Description of the extent 

of charring have either been evaluated by + or - (2,3) or a 

qualitative scale of 1 - 10 (4). 

Our aim in this paper is to present a quantitative examina

tion of the extents of charring, as monitored by densitometry, of 

lipid species with varying degrees or amounts of unsaturation. 

We have compared the intensity of staining, under identical 

charring conditions, of neutral lipids with cupric acetate (1) 

and cupric sulfate (2,3) reagents. 

MATERIALS 

Reference standards containing 25% each monoacylglycerol 

(MAG), diacylglycerol (1,2-DAG + 1,3-DAG), triacylglycerol (TAG) 

and fatty acid methyl ester of stearin, olein, linolein and lino

lenin were obtained from Nu Chek Prep (Elysian, MN). Fatty acid 

methyl esters quantitative mixtures (FAME) were obtained from 

both Nu Chek Prep and Alltech Associates, Inc. (Deerfield, IL). 

Whatman (Whatman Inc., Clifton, NJ) LK-5, 250u, 20x20 cm TLC 

plates, with a preadsorbent area, were scored to obtain 1 cm 

lanes, developed with chloroform-methanol 1:1 (v/v) and activated 

at 1100C for 60 min. All solvents were glass distilled or nano

grade and chemicals were reagent grade. 

METHODS 

Thin-Layer Chromatography 

Aliquots of quantitative mixtures, dissolved in chloroform 
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TABLE 1 

FAME QUANTITATIVE MIXTURES 

Mixture Composition mmoles C=C/gm 

1 20% each of 16:0, 18:0, 20:0, 22:0 0.00 
and 24:0 

2 50% each of mixture 1 and mixture 3 1.45 

3 20% each of 16:0, 16:1, 18:0, 18:1 2.91 
and 18:2 

4 1% 14:0, 4% 16:0, 3% 18:0, 45% 18:1, 15% 3.51 
18:2, 3% 18:3, 3% 20:0, 3% 22:0, 20% 22:1 
and 3% 24:0 

5 20% each of 20:0, 20:1, 20:2, 20:3 and 6.24 
20:4 

6 25% each of 18:2, 18:3, 20:4 and 22:6 12.0 

(neutral lipid mixture of MAG, DAG (1,2- + 1,3-), TAG and fatty 

acid methyl esters) or hexane (FAME), containing 0.25, 0.5, 1, 2 

or 4 pg were streaked 1 cm below the silica gel-preadsorbent area 

boundary. The composition of the FAME quantitative mixtures and 

the calculated amounts of C=C (mmoles/gm = sum of (wt lipid/MW x 

no. C=C/wt total lipids)) are given in Table 1. 

Every third lane was left empty as a reference during densitome-

try. Neutral lipids were resolved by development with chloro-

form/methanol (47:3) to 1.5 cm above the origin, dried in ~ 

at room temperature for 20 min followed by development with hex-

ane/diethyl ether/acetic acid (62:13:0.75) (5) to 2.5 cm from the 



2796 BARON AND COBURN 

top of the plate. The FAME quantitative mixtures were spotted, 

dried in vacuo and developed with hexane/diethyl ether (47:3) 

(6). The minimal volume of sample streaked was 5 pl. Following 

development, plates were dried in vacuo at 100 0 C for 30 min. 

Nitrogen was admitted into the oven when releasing the vacuum and 

was used when spotting the samples. 

Charring Densitometry 

Plates were sprayed, until glistening wet (but not running 

with liquid), with either 3% cupric acetate in 8% phosphoric acid 

(1) or 10% cupric sulfate in 8% phosphoric acid (2,3). They were 

then air dried for 5 - 10 min, heated to 120 0 C for 2 min and char

red at 170 0 C for 9 min (for neutral lipid mixtures) or for 5 and 

5 or 9 min respectively (for FAME). These times were chosen so 

that the plate background remained white (LK-5 plates contain an 

organic binder which can darken if plates are heated too long or 

at temperatures> 170 oC). Quantitation of the lipids was accom-

plished by densitometry using a fiber optic scanner (Kontes, 

Model 800, Vineland, NJ) equipped with a 440 + 150 nm filter and 

an integrator (Hewlett Packard, Model 3390A, Avondale, PA) which 

gave numeric area responses. These were linear in the range 

tested and area/pg was determined by averaging the values calcu-

lated for each level of lipid species (DAG was the sum of the 

1,2- and 1,3- species). The upper limit of linearity varied with 

the area of the lipid band. MAG bands were very tight (1.5 x 10 

mm) and linearity was good only to 0.5 - 1 pg while fatty acid 
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CUPRIC ACETATE CUPRIC SULFATE 

18:3 18:2 18:1 18:0 18:3 18;2 18:1 18:0 
I"""'-> I"""'-> --""---"-~ 

I I I 

WT EACH SPECIES (/Lg) 
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-F.A. ME 
ESTER 

-TAG 

_1,3-0AG 
-1,2-0AG 

.-MAG 

FIGURE 1. Two representative plates stained with cupric acetate 
and cupric sulfate reagents. Lipids were separated (5) and 
stained as described in the Methods (2 min at 120

0
C and 9 min at 

170
o
C). F.A. ME ESTER = fatty acid methyl ester. 

methyl esters were broader (5 x 10 - 7 x 10 mm) and linearity was 

maintained to 3 - 4 pg. 

RESULTS AND DISCUSSION 

A comparison of the staining intensity of a series of neu-

tral lipids, each containing an 18 carbon acyl chain with 0, 1, 2 

or 3 carbon-carbon double bonds (C=C), is shown in Figs. 1 and 2. 

All four saturated species were barely detectable (significant 

area levels were obtained at >1 pg) after charring with the 

cupric acetate reagent. Staining increased as the number of C=C 
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2 3 

" / C=C (Number IAcyl Chain) 

/ " 
FIGURE 2. Staining of neutral lipids with cupric acetate and 
cupric sulfate reagents. The solid line is the amount of stain 
detected with cupric acetate reagent and the dashed line is the 
amount with cupric sulfate reagent. The values are averages of 
four plates, two each of separately weighed neutral lipid mix
tures of MAG, DAG, TAG and fatty acid methyl ester. Sample 
standard deviations, with corrections for bias, are indicated 
(n = 4). 

increased. For MAG, DAG and TAG maximal staining was acheived 

with the lin oleate species whereas maximal staining of the fatty 

acid methyl esters was acheived with methyl oleate. In contrast, 

the cupric sulfate reagent was able to stain lipids strongly, 

fairly independent of the degree of unsaturation. However, there 



COMPARISON OF TWO COPPER REAGENTS 2799 

appears to be a slight, but general, increase in staining of the 

mono and di unsaturated species as compared to the saturated and 

tri unsaturated species. Paired t tests indicate that these dif

ferences are generally significant (p < 0.05) when comparing 18:0 

- 18:1, 18:1 - 18:3 and 18:2 - 18:3. There was no difference be

tween 18:0 - 18:2 lipids (p > 0.05) (except for the fatty acid 

methyl esters (p < 0.05». With the cupric sulfate reagent, the 

extent of staining of the different classes was: fatty acid 

methyl esters = TAG > DAG > MAG. With the cupric acetate reagent 

maximal staining was approximately equal for all four classes. 

The FAME quantitative mixtures also showed increases in 

staining with increases in C=C using the cupric acetate reagent 

(Fig. 3a) and relatively small changes using the cupric sulfate 

reagent with 9 min of charring (Fig. 3b) However, if plates were 

charred for only 5 min, then there was usually a general decrease 

in the response using either reagent. In particular, with the 

cupric sulfate reagent the relative staining of the saturated 

fatty acid methyl esters decreased about two fold. 

These results clearly demonstrate that the cupric acetate 

reagent will yield an intensity of staining which increases with 

increasing amounts of unsaturation (Figs. 2 and 3a). The cupric 

sulfate reagent apparently chars all lipids, within a particular 

class, to about the same extent providing that the plate is 

heated for a sufficient length of time. 

Plates stained with the cupric sulfate reagent have been 

observed to vary in response, from plate to plate (Fig. 2 and 
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FIGURE 3. FAME stained with cupric acetate and cupric sulfate 
reagents. Samples were applied to plates, developed (6), stained 
and quantitated as described in the Methods. Plates were charred 
at 170 0 for 5 min (closed symbols, solid lines) or for 9 min (open 
symbols, dashed lines). Each symbol represents values from a 
single plate. 

3b), but by including standards in each run we have found that 

they are internally consistent (7). TLC of naturally occurring 

phospholipids (phosphatidylinositol, phosphatidic acid, phospha-

tidylserine, phosphatidylcholine and phosphatidylethanolamine), 

yielded average responses, on five separate plates, of 1.10 + 

0.09, 1.07 ~ 0.07, 1.11 ~ 0.14, 1.08 ~ 0.07 and 1.06 + 0.17 area 

6 
x 10 /nmole Pi and were linear up to 5 nmoles Pi (approximately 4 

pg phospholipid). Sphingomyelin consistantly gave responses 

6 which were higher, about 1.7 area x 10 /nmole Pi. 



COMPARISON OF TWO COPPER REAGENTS 2801 

ACKNOWLEDGMENTS 

We wish to thank Dr. Joseph C. Touchstone for the use of his 

densitometer and for his interest. This study was supported by 

grant HL 19737 from the National Heart, Blood and Lung Institutes. 

REFERENCES 

1. Fewster, M.E., Burns, J.B. and Mead, J.F. Quantitative densi
tometric thin-layer chromatography of lipids using copper acetate 
reagent. J. Chromatogr. 43 120 (1969). 

2. Touchstone, J.C., Levin, S.S., Dobbins, M.F. and Carter, P.J. 
Differentiation of saturated and unsaturated phospholipids on 
thin-layer chromatograms. J. High Res. Chrornatogr. and 
Chromatogr. Comm. ~ 423 (1981). 

3. Touchstone, J.C., Levin, S.S., Dobbins, M.F. and Beers, P.C. 
Analysis of saturated and unsaturated phospholipids in biological 
fluids. J. Liq. Chromatogr. ~ 170 (1983). 

4. Bitman, J. and Wood, D.L. An improved copper reagent for 
quantitative densitometric thin-layer chromatography. J. Liq. 
Chromatogr. l 1155 (1982). 

5. Van der Vusse, G.J., Roemen, T.H.M. & Reneman, R.S. Assess
ment of fatty acids in dog left ventricular myocardium. Biochim. 
Biophys. Acta 617 347 (1980). 

6. Freeman, C.P. and West, D. Complete separation of lipid 
classes on a single thin-layer plate. J. Lipid Res. ~ 324 (1966). 

7. Baron, C.B. and Coburn, R.F. Pharmacomechanica1 coupling in 
smooth muscle may involve phosphatidylinsoitol metabolism. to be 
published in Proc. Nat. Acad. Sci.,(1984). 





JOURNAL OF LIQUID CHROMATOGRAPHY, 7(14), 2803-2811 (1984) 

DETERMINATION OF NEOMYCIN COMPONENTS BY THIN 

LAYER CHROMATOGRAPHY WITH VIDEODENSITOMETRY 

Gyorgy Bacsa and ludit Javor 

BIOGAL Pharmaceutical works l Debrecen Hungary 

Laszlo Kiss 

Biochemical Institute l L. Kossuth universitYI 

Debrecen H-40Io, Hungary 

ABSTRACT 

A method was developed for determination of the 
three neomycin components, neomycin A, Band C 
using silica gel thin-layer chromatography with 
detection with p-dimethylamino benzaldehyde
ninhydrine reagent and videodensitometry. The 
method was used to monitor the composition in 
different stages of production~ The results 
obrained were compared with that of biological 
determination. 

INTRODUCTION 

Neomycin, which is an aminoglycoside type antibiotic 

2803 
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O
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HO OH 0 HO 
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NH2 0 -------< 

NEOMYCIN B 

O
CHz"lzO ~"' 

HO OH 0\3 
o 

NH2 0 ------< 

NEOMYCIN C 

Figure I.: structure of neomycins 

produced by streptomyces fradiae, consists of three 

main components, neomycin A, Band C having very 

similar structure (Fig. I.) 

The neomycin, as antibiotic, is used for treatment 

of infections caused by Gram positive and Gram 

negative bacteria. This antibiotic inhibits the 

protein synthesis /2Q/Q The neomycin components are 

not equivalent from therapeutical point of view, 

having different toxicity. Because of it the 

knowledge of the exact composition is essential. It 

is particularly important to determine the neomycin 
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Band C content, because the C component has twice 

ototoxicity than does the B component. Because of 

its biological and commercial interest, methods have 

been devised for the determination of the compositi~ 

most often based on gas-liquid chromatography 

/3,4.5/. 

Quantitativ determination of the neomycin components 

by GLC is difficult, because derivatization 

procedures are required for the analyses. /6/ 

This paper describes a simple procedure employing 

thin layer chromatography with videodensitometry for 

the direct determination of the components g The 

method is shown to be accurate and sensitive to ~g 

amounts of neomycin Band C. 

EXPERIMENTAL 

Reagents and Materials: 

whatman KS silica gel thin layer plates (20 x 20 em) 

were used Neomycin A (neamine), Band C components, 

as standards were prepared by column chromatographic 

method in BIOGAL, and Neomycin B was from WHO Q 

p-Dimethylaminobenzaldehyde (DABA), ninhydrine, 

cyclohexane, ethanol and pyridin were purchased from 
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REANAL (Hungary). For detection of spots the 

chromatogram was air dried and sprayed using a 

solution of p-DABA (500 mg) and ninhydrin (200 mg) 

in a mixture of cyclohexane : ethanol : pyridine 

13 7: II. 

Apparatus 

The spots were quantitated with a TELECHROM OE 976 

(CHINOIN, BUDAPEST) type videodensitometer in 

reflexion mode. Rectangular, heawy-wall glass tanks 

30 em x 10 em x 28 em were used as developing 

chambers. 

Thin-layer chromatography: 

stock solution of Neomycin B (WHO) standard was 

prepared at the 6 mglml level in water and 

0,5 - 2,5 ~l aliquots were applied to layers with 

Hamilton microsyringe Q stock solutions of samples 

were prepared at the 50 mglml level in water and 

2~1 aliquots for determination of Neomycin Band 

10 ~l aliquots for determination of Neomycin C were 

applied to layers with Hamilton microsyringe. 

Plates were developed at room temperature for a 

distance of 10 - 15 em beyond the origin line, which 

was located 2 em above the bottom of the plate 
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TABLE I. 

Rf values and spot colors of Neomycin components 
wnatman KS layers developed with water: ethanol 
(7:3 v / v ) containing 2,S M NH cl. 

4 

component 

Neomycin A 
Neomycin B 
Neomycin C 

color 

purple 
purple 
purple 

2807 

on 

using water: ethanol = 7 : 3 containing 2,S mol 

NH
4

Cl as solvent. For detection the plates sprayed 

with DABA reagent were placed in a 1100 oven for 

IS minutes. 

RESULTS AND DISCUSSION 

Among the studied mobil phases the WQter : ethanol 

/96 %/ = 7 : 3 containing 2~S M NH
4

Cl proved the 

best for separation of Neomycin components. Rf 

values and spot colors are shown in Table I. 

Differences among Rf values would allow this method 

to detect and quantitate the components. As seen 

in Table I. the components were detected as purple 

spots, which color is the best for 

videodensitometric determination with Telechrom 
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DENSITY 

roo 

800 

600 

400 

200 

,ug a:- NEOMYCIN B (WHO) AND C 
I I I 

3 6 9 12 15 

Figure 2.: calibration curves of neomycin Band C 
components 

neomycin B-ninhydrin-complex: a=401~8 b=I.5r 
neomycin C-ninhydrin-complex: a=402,2 b=4~7r 

l.oo 
1.,00 

OE 976. DABA reagent was the best for this purpose. 

The calibration plot for neomycin Band C was 

linear in 0-15 ~g range (Fig.2.). Calibration 

curves of Band C components were identical having 

the same slope. This makes possible to determine 

the content of C component using neomycin B /WHO/ 

as standard (Fig.2.). 
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calibration curves were quite reproducible in 

terms of slope and linarity from plate to plate, 

but standards should always be run on the same 

plate with samples to obviate the effects of any 

variations when using the method. 

To check reproducibility, eleven 10 ~g spots of 
; 

2809 

Neomycin B /WHO/ were spotted acrOss separate K 15 

plates, the plates were developed; and the spots 

were detected and videodensitometrically measured. 

The relative standard deviation was ~ 5'7. 

On the basis of the result of thin-layer 

chromatography of numerous factory samples, the 

relative amounts of neomycin C was estimated in the 

percentage of the sum of Neomycin Band c. 

The neomycin Band C display different activity 

against Bacillus pumilis, used in routin test, the 

activity of neomycin B is twice as much as that of 

neomycin CQ The quantitative results of thin-layer 

chromatography-videodensitometry give preliminary 

informations about the probable biological 

activity. 

This method was also used for the control of the 

steps and modifications of the technology and the 

results were compared to the biological activity. 

This method was also used for the control of the 
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TABLE 2. 

Thin-layer chromatography - videodensitometric 
determination (v.d.) - biological activity (b.a.) 

NO T L C - v.d. neoC x 100 b.a. 
of sample neomycin B neomycin C neoB + Neo C 

% % NU/ 
mg 

I. 12 10 45 160 
2. 29 13 3 1 350 
3· 38 12 24 4 20 
4 .. 52 15 22 570 
5. 58 14 19 59 0 
6. 62 12 16 650 
7. 65 II 14 610 
8. 68 9 12 7 0 
9. 69 9 12 710 

10. 69 10 13 7 10 

steps and modifications of the technology and the 

results were compared to the biological activity. 

Neomycin Band C content of the samples, the relativ 

amount of neomycin C and the biological activity of 

each sample (NU/mg) are summarized in Table 2. 

SUMMARY 

Thin-layer chromatography with videodensitometry 

provides rapid preliminary information on the 

quality of the product. Advantages of this method 

include simplicity~ high sample through put, and 

the ability to analyse multiple samples at the 

same time under indentical conditons and to process 
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standards in parallel~ 

Precision and accuracy are shown to be satisfying 

from analytical point of view. 

/I! 

/2/ 

/5/ 

/6/ 
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THIN LAYER CHROMATOGRAPHY OF METAL IONS COMPLEXED WITH ANILS(VII) 

DETECTION, SEPARATION, AND DETERMINATION 

R. K. upadhyay*, Madhu Rani Sharma, and R. K. Rastogi 

Chemistry Department, N.R.E.C. College, Khurja-203l3l, INDIA 

ABSTRACT 

Dark colored chelates of p-dimethylaminoanil of 3-benzoyl

methylglyoxal bidentate ligand with Sb(III), Mn(II), Fe(III), Co(II), 

Ni (II), Cu (II), ZrO (II), Y (III), La (III), Pr (III), Nd (III) Sm (III) , 

Gd(III) and Dy(III) have been chromatographed on starch bound 

silica gel thin layers. New correlations of I.R. with Rf (resolving 

solvent) have been used to ascertain the colored spots. 

Among various mixtures resolved qualitatively a few typical 

ones have been alanysed quantitatively. Errors in determinations 

and maximum separation limits have also been deduced. 

INTRODUCTION 

The mixtures, component compounds of which have high solu-

bility in acidic and alkaline media, are generally resolved by 

liquid-liquid extraction and chromatographic methods, and are esti

mated volumetrically or colorimetrically. In such case gravimetric 

method of analysis fails even in the presence of masking agents and 

on controlling pH. The colored chelates of Sb(III), Mn(II), Fe(III), 

*Author for correspondence 
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Co(II), Ni(II), Cu(II), ZrO(II), Y(III), La(III), Pr(III), Nd(IJI), 

Sm(III), Gd(III) and Dy(III) with p-dimethyla~inoanil of 3-benzoyl

methylqlyoxal1 (D'AABG) havinq high solubility in common solvents under 

acidic and alkalinp conditions have been, therefore, analysed 

qualitatively as well as quantitatively by thin layer chromatography 

in continuation to our work 2- 7 • 

The use of RF and infrared spectral correlations in identifi

cation of mixture comoonents is the most interesting feature of 

these studies. 

EXPERIMENTAL 

Preparation of Solutions and TLC Plates 

Comolexes isolated8 as solids wer~ dissolved in ~nown 

quantities in their solvents to preoare the standard solutions. 

Glass plates (16x3 c~ and 16xl0 em) werp coated with silica 

gel freed from iron and chloride ions and mixed with starch as 

binder (24:1, w/w) to prf'oare, layers of 1).1 crn thickness by self 

desiqned apparatus9 • Gel coated olates were dried at rv II)OoC 

for 2-3 hrs in an oven. Dry loaded plates were devPloped in 

rectangular glass jars with qround-in-lids by ascending technique. 

Loading and Development of TLC Plates 

For qualitative studies one or two drops of thp test solutions 

were placed on 16x3 cm olates with thin glass capillaries. After 

drying the spots development was done in diffprent solvents and 

the ascent was fixed as rv 10 em in all cases. Howpver, for 

quantitative analysis mixtures of varyinq concentrations of 

components were spotted on the plates of 16xl0 em with the help 

of micro pipette. After develooment plates. were dried in oven 

and chromatoqram fragments wprp scrapPed and eluted with ethanol. 

Elutes were reduced to 5m; and optical densities were measured at 

their ).max. Elute concentrations wpre deduced from their resoective 
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calibration curves prepared under simjlar condittons of temoerature 

and solvent. 

Physical Measurements 

Infrared spectra of complexes were recorded on Perkin Elmer-621 

infrared soectrophotometer in Nujol mull in full range. Optical 

density measurements on the comolex solutions were done by Bausch 

& Lomb Spectronic-20 spectrophotometer. 

RESULTS AND DISCUSSION 

TLC data (table-I) of individually migrated complexes in 

CH
2

Cl 2 , CHC1 3 and CCl 4 evidently show an adverse effect of solvent 

polarity on RF• Almost all complexes have shown high migration in 

C6H6-BuOH mixtures than their comoonent solvents. In the absence of 

any chemical reaction of migrating compounds with the solvents. 

this abnormality could only be attributed to azeotropic properties 

of mixture solvents. Migration of each complex has been found to be 

independent on the presence of others and on nlate size but layer 

thickness has adverse effect on it. 

Among various solvents used those giving differential migra

tions of individual complexes and could resolve their diverse 

ternary and quaternary mixtures have been noted in table-2 alongwith 

RF values. All the mixtures were qualitatively resolved but only a 

few tyoical ones could be tried for quantitative analysis. ti<laximum 

limit of seoarations of different mixtures is exhibited by the quan

tities of each mixture components resolved (Table-3). Errors 

determined in each esti~ation (Table-3) show the precision of this 

method. In BuOH-AcOH mixture solvents trailing effect was observed 

but it did not obstruct separations. 

Stretching frequencies of metal sensitive azomethine and 

carbonyl groups of DMABG in compl exes have been correl ated with 

their RF values in almost all the resolving solvents. These 
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Table-3 

QUANTITATIVE ANALYSIS DATA CN TYPICAL MIXTURES 

Mixture Complex Comolex Error 
applied recovered 
on plate 
(f-l~ ) ( ~~) (%) 

Sb(DMABG)2Cl3·6H20 90.50 90.00 -0.55 

(ZrOCl 2 )2(DMABG).9H2O 60.40 60.00 -1).66 

Co(DMABG)C1 2 69.75 70.00 +0.36 

Cu(DMAB3)C1 2·4H2O 35.25 35.00 -0.71 

(Pr(D",1ABG )C1 3 )2 49.75 50.00 +0.50 

(Nd(DMABG)C1 3 )2· 5H20 39.75 40.00 ¥'I. 63 

Dy(DMABG)3Cl 3 35.00 35.00 0.00 

(Y(D:AABG )Cl 3 )2,2H
2

O 35.25 35.00 -0.71 

La(DMAB3)2C1 3 30.00 30.00 0.00 

(Gd(DMABG)C13 )2·2H2O 50.25 50.00 -0.50 

relationships of "\) (C~J) and »(C=O) with RF of components of 

diverse mixtures in their rpsolvinq solvents bave been used in 

the identi fic ation of chromato') ram fragments. 
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THIN LAYER AND PAPER CHROMATOGRAPHIC SEPARATIONS OF d-SLOCK 

CATIONS COMPLEXED WITH ANILS' 

R.K. Upadhyay*, Kamlesh Rathore and A.K. Bajpai 
Chemistry Department, N.R.E.C. College, Khurja-203l31, INDIA. 

ABSTRACT 

Diverse binary, ternary and quaternary mixtures of Cr(III), 

Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Hg(II) 

and Au(III) d-block cations complexed with p-dimethylamino- and 

p-diethylamino- anils of thiophen.glyoxal have been separated by 

thin layer and paper chromatographic techniques. But quantitative 

separations have been done by thin layer chromatography, ~ account 

of wide difference in migration rates and high compectedness of 

complexes on gel layers. Chromatogram fragments visualised as such 

have been estimated spectrophotometric ally. 

INTRODUCTIaI 

On account of rapid and better separability of organic 

compounds by paper and thin layer chromatography their metal 

complexes are chosen instead of metaLions as migrating species. 

Long persisting dark colours of or3anometal compounds leading to 

their self visualisation without any locating agent also justify 

their use in chromatographic analyses. Chromatographic analyses 

* Author for correspondence 
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of cations complexed with vari~ty of organic ligands l - 3 including 

ketoanils4- 8 are well document~. Thin layer and paper chromatogra

phic separations of groups II, III and IV transitional basic 

radicals and their mixtures with Au(III) complexed with ketoanils 

including p-dimethylamino- and p- diethylamino anils of thiophene

glyoxal (abbreviated as DMATG and DEATG, respectively) unknown 

hitherto have been described in the present communication. Coloured 

complexes resolved by TLC have been estimated spectrophotometrically. 

EXPERIMENTAL 

Synthesis of Ketoanils and their Complexes 

Both ketoanils, DMATG and DEATG were prepared by condensing 

equimolar amounts of corresponding amine with 2-thiopheneglyoxal 

in chloroform; solvent was driven off at rv 600 C under reduced 

pressure. Residue was washed with small v.~ume of ether several 

times and purified by recrystallization from chloroform. 

Complexes were synthesizedlO by mixing metal chlorides and 

ketoanils in stoichiometric proportions in acetone-water or ethanol 
"'ave. medium. Reaction mixtures were refluxed or concentrated and~left 

for crystallization. Dark crystalline products washed with ether 

and dried ( rv 60oC) were purified by recrystallization from 

methylcyanide, chloroform or dioxan. 

Preparation, Loading and Development of TLC plates and P.C. 

Paper strips: 

Silica gel G (BDH) mixed with starch (E. Merck, Darmstadt, 

G.F.R.) as binder (19:1, w/w) was used to prepare layers of O.10cm 

thickness on glass plates of 18x3 cm and 18x10 cm sizes with a 

home-built apparatus11 ; coated plates were dried at .-v 100°C 

in an oven. For the qualitative analysis 18x3 cm plates were loaded 

with sample solutions by fine capillaries but for quantitati~e 

analysis known volumes of stand~~d solutions prepared by 
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dissolving directly weighed quantities of complexes (and ligands) 

in methylcyanide, chloroform, acetone or alcohol were applied with 

micro pipette on 18xl0 cm plates. While developing the plates in 

rectangular glass chambers by ascending technique migration 

of solvent front was kept constant at 8crns. On the chromatograms 

co~plexes were visualised as such. For quantitative estimations 

ekYtes of scrap~ed chromatooram fra~ments were made to 5.0 ml 

volume and their optical de~sities were determined spectrophotometri

cally at ~max of solutes. E~te concentrations were deduced from 

respective calibration curves prepared under similar conditions of 

temperature and solvent. For spectrophotometric measurements 

Bausch 8. Lomb speotr'lflic-20 instrument was used. 

In paper chromatography Whatmann NO.1 15x3 cm paper strips 

loaded with the help of glass capillaries in 2-3 mm diameter spots 

were developed in cylindrical glass chambers by ascending technique. 

Solvent frontwas migrated to a constant distance of 8-10 cms. 

Chemicals used in the synthetic work were BDH laboratory 

grade reagents. Analytical reagents were used in the chromatographic 

work. 

RESULTS AND DISCUSSION 

To lOOK at the separation possibilities all the complexes 

were migrated individually on both, gel layers and paper strips, in 

several pure and mixture solvents. Rp values (Tables-1 8. 2) obtained 

by migrating the complexes in their mixtures are conciding with R", 

values of individually migrated spots. Interestingly, abnormally 

higher, migrations of almost all the complexes in benzene-pyridine 

mixtures having solvents ratios from 4:1 to 1:2 (v/v) in both 

chromatographic methods, than those in benzene or pyridine may be 

attributed to the substitution of chloro and/or aquo monoligands 

by pyridine in the coordination zone of mptals. 

Although, both the chromatographic (TLC and PC) methods are 
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~-3 

QUANTITATIVE SEPARATICN OF TYPICAL "AIXTURES 

Complex mixture 

Hg(DEATG)C1 2 ·H20 

Cu(DEATG)Cl.(OH) 

Cd(DEA\JG)~C12 

Cr(DMATG)C1 3 ·4H20 

Fe(DMATG)2C1 3 

Mn(DEATG)2C12·2H
20 

Co(DEAm)C1 2 
Ni(DEATG)2C1 2 

Zn (DEATG )C1 2• 2H20 

Au(DEATG)C1 303H20 

Cu( DEATG )Cl (OH) 

Cr(DEATG)C1 30 4H20 

Fe(DEATG)2C1 3 

Au(DEATG)C1 3 ·3H20 

Co(DEATG)C12 
Fe( DEATG) 2C13 

Ni (DEATG) 2C12 

Weight of 
complex 
applied on 
plate (~) 

10.08 

10.08 

17.60 

35.07 

60.12 

19.84 

30.06 

22.80 

8.80 

10.08 

30.06 

30.06 

9.92 

30.06 

60.12 

22.80 

Weight of 
complex 
recovered 

( ~'lr-) 

10.00 

10.00 

17.50 

35.00 

60.25 

20.00 

30.00 

22.75 

8.75 

19.75 

10.00 

30.25 

30.25 

10.00 

30.00 

60.00 

23.00 

Error 

( 96) 

-0.3 

-0.3 

-0.6 

-0.2 

+0.2 

+0.3 

-0.2 

-0.2 

-0.6 

-0.5 

-0.8 

+0.6 

+0.6 

-0.8 

-0.2 

-0.2 

+0.9 

Resolving 
solvent 

MeCN 

C6H5N-C6H6 
(1 :9, v/v) 

BuOH 

AmOH 

MeCN 

Formulae of complexes have been reported in reference '10'. 

equally effective in the qualitative separations of transitional 

basic radicals of II, III and IV groups (Table-l) and various 

mixtures of Au(III) with Cr(III), M1(II), Fe(III): Co(Il), Ni(II), 

Cu(Il) , Zn(II), ed(Il) and Hg(Il) (Table-2), TLC giving better 
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quantitative separations than PC was applied in the quantitative 

analyses of typical mixtures. Maximum quantities of complexes in 

their mixtures resolved by this method have been noted against them 

in each mixture set (Table-3). Errors in estimations evident~y show 

the high precision of the present method of TLC. 
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ABSTRACT 

The Kalman filter based techniques are adapted to solve the 
most general form of Tung's integral formula, i.e. when a non-uni
form, non-symmetric calibration model is employed to correct chro
matograms obtained in size exclusion chromatography from instru
mental broadening errors. Through this method. the inverse smooth
ing of a chromatogram contaminated with measurement noise of known 
statistics is optimally performed by minimizing the estimation 
error variance. The method is numerically very "robust". improves 
the signal to noise ratio, provides good validation checks, and 
does not involve any previous parameter estimation procedure. 

INTRODUCTION 

Most of the methods of correction for instrumental broadening 

in size exclusion chromatography are based on the deterministic 

integral equation by Tung (1): 

where t,T 

z(t) 

+ ... 
z(t) 

both represent elution time or elution volume; 

is the baseline-corrected chromatogram; 

(*) To whom correspondence should be sent. 
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is the unit mass (or normalized) detector response 

g(t), for a truly monodisperse polymer species of 

retention time T; and 

u(t) is the corrected chromatogram. 

With different degrees of success, numerous techniques have 

been proposed for solving Eqn.(l), but most of them introduce one 

or both of the following simplifications into the instrumental 

spreading function: 

a) g(t,T) is adopted uniform, i.e. independent of the mean reten

tion volume T, e.g. (1,2,3,4,5,6,7); and 

b) g(t,T) is considered Gaussian, e.g. (8,9,10). 

When the first simplification is adopted, the problem reduces to 

that of a deconvolution. In the case of the non-uniform Gaussian 

assumption, the variance is normally considered mean retention 

volume dependent. In some cases, e.g. (9,10), u(t) is obtained 

not through a direct numerical solution of Eqn. (1). but after e

laborate analytical procedures. 

Among the few works that have attempted the direct solution 

of Eqn. (1) with no assumptions on g(t.T) are those of Chang and 

Huang (11) and Ishige. Lee and Hamielec (12). According to a com

parison of different techniques in (13.14). the best numerical me

thod so far was that of (12). 

The problem in hand is. in fact. a special case of the much 

more general one of input estimation or inverse filtering. TYpic

ally, a measurement signal rrust be corrected when the transducer 

frequency response is not flat over the whole signal frequency 

spectrum. For example, the inverse filtering of a ventricular 

pressure record is considered in (15); and the recuperation of 

seismic responses in oil prospection work is studied in (16. 17 

and 18). In these last three publications. different adaptations 

of the Kalman filter (with or without smoother) were proposed and 

implemented to solve an inverse filtering problem. 
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In the present work, the feasibility of the use of inverse 

optimal smoot hers for size exclusion chromatography broadening 

correction is demonstrated. The method has many characteristics in 

common with the mentioned works (16, 17 and 18). Nevertheless, it 

will be described here with some detail; with particular emphasis 

on the special features of the problem. 

THEORY 

The System Model 

The application of the Kalman filter techniques requires a 

system description by means of a linear state-space stochastic mo

del that, in our case, will adopt the following discrete single

input single-output form: 

~(k+l) = F(k) ~(k) + ~(k) w(k) (2a) 

(2b) z(k) = ~T(k) ~(k) + v(k) = y(k) + v(k) 

where k = 0,1,2, ••• 

~(k) 

w(k) and v(k) 

F(k) 

,E.(k) ,~T(k) 

is the independent discrete time; 

is the state vector; 

are zero-mean, Gaussian distributed white 

random sequences of variances q(k) and 

r(k) , respectively; 

is,in general, a time-va~ing matrix; and 

are, in general, time-va~ing vectors. 

The discrete stochastic version of Eqn. (1) can be written: 

+00 
z(k) = 

The time-va~ing calibration g(k,ko) can be considered as a 

set of discrete system impulse responses, with the impulses ap

plied at times ko • Note that in order not to introduce time 

shifts between the measured and the corrected chromatogram, the 

system must be assumed non-causal. This means that the response 

will start to appear before the application of the impulse, norm

ally taken to occur at the maxima or at some mean value. Fig. la 
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FIGURE I 
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g(k,k o ) 

( a) 

g*(k,ko ) 

( b) 

A time-varying spreading function (a); and its corre
sponding g* function (b). 

represents a time-varying impulse response, with the impulses ap

plied at different ko ' s • In what follows, it will be assumed 

that irrespective of ko, all the responses have a finite number 
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of non-zero elements. Consider now some transformations to Eqn. 

(3) that will allow us to obtain the system state-space model in a 

straightforward fashion, and without calculations. As illustrated 

by Fig. lb, let us first define the function g*(k,ko) , such that 

(4) 

Call -c and d the lower and upper limit of k with non-zero values 

of g*(k,ko) , respectively. Then Eqn. (3) yields: 

z(k) 

and with i=k-ko' 

z(k) 

ko=k+d 
E g*(k-ko,ko).u(ko ) + v(k) 

ko=k-c 

d 
E g*(i,k-i).u(k-i) + v(k) 

i=-c 
(6) 

The lower part of Fig. 2 shows a non-causal flow-diagram represen

tation of Eqn. (6), where p-l indicates the backshift operator 

such that p-l[u(k)] = u(k-l) • The instantaneous set of weights 

g* of Fig. 2 can be obtained from the successive row vectors 

E:T(k) of the following matrix H*, where the rows E:T(k) extend 

at least to the calibration limits of the chromatographic column 

set. 

g*(d,k-d-l) g*(d-l,k-d) 
H* 

g*(d,k-d) g*(d-l,k-d+l) 

g*(d,k-d+l) g*(d-l,k-d+2) 

g*(-c+l,k-d) 

g*(-c+l,k+c-2) 

g*(-c+l,k+c-l) 

g*(-c+l,k+c) 

g*(-c,k-dl 

g*(-c,k-d+l) 

g*(-c,k+c-l) 

g*(-c,k+c) 

g*(-c,k+c+l) 
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, ko = 0 

k = 0 

i= - c, 

k = 120 

FIGURE 3 H* matrix corresponding to the spreading function of 
Fig. 1, showing its 45° "diagonals". 

or: 

H* 

~T(k_1) 

~T(k) 

~T(k+1) 

hn (k-1) 

hIJ(k) 

hn (k+1) 

(7b) 

Note that the successive 45° "diagonals" of H* are made up 

of the elements of the individual impulse responses. This is il

lustrated in Fig. 3. Let us define now n = c+d+1 state variables 

Xi (i=l, ••• ,n) to coincide with the successive values of the in-
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put, as indicated in Fig. 2. The system IIPdel output equation, 

which is equivalent to Eqn. (2b), lD3.y thus be written: 

(8) 

where ~T(k) is time-varying according to Eqn. (7). 

The state equation itself allows the specification of the 

spectral characteristics that can be simultaneously assigned to 

all state variables, and consequently to u( k) which coincides 

with xd+l (k). These spectral characteristics are imposed by fil

tering the white noise input w(k) through an autoregressive op

erator, as indicated in the upper half of Fig. 2. Note that the 

order of this autoregressive operator is equal to the system order 

(which is normally relatively high). For this reason, a very sat-

isfactory pre-filtering operation could, if desired, be imple-

mented. The state equation, which is equivalent to Eqn. (2a), will 

have the following structure: 

xl(k+l) 0 1 0 0 0 xl(k) 0 

x2(k+l) 0 0 1 0 0 x2(k) 0 

. + w(k) (9) 
xn_l(k+l) 0 0 0 0 1 xn_l(k) 0 

xn(k+l) fl f2 f3 fn_l fn xn(k) 1 

Note that ID3.trices F and b are constant and in the con

trollable canonical form. The last row of F (that we shall call 

vector f), allows the specification of the stated spectral char

acteristics of u( k). When f = 0 , then u(k) will be a white 

noise. The inclusion of non-zero elements in ! will, in general, 

transform u(k) into a "coloured" random sequence. 

The Inverse Optimal Smoother 

Under the assumption that the system is exactly represented 

by Eqns. (2), the "best" linear estimate of the state x(k) that 
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can be obtained from the noisy measurements {z(k) ; 0 < k < M} is 

given by the output ~(k/M) of the optimal smoother. With ~(k/M) 

we shall indicate the "conditional estimate of x at time k given 

the measurements z up to time M". For general references see 

(19,20). The smoother is optimal in the sense that at each time k, 

the mean square error associated with the estimate ~(k/M) 

is smaller than that achieved by any other linear estimator. Fur

thenrore, if we also make the fairly common assumption that the 

initial state and the two random sequences satisfy Gaussian proba

bility distributions, then the mean square error is less than that 

achieved by any other estimator, linear or non-linear. Fig. 4 il

lustrates the optimal smoother structure. The first stage corre

sponds to the Kalman filter and includes: 

a) The discrete Riccati equation: 

r(k+l/k) = F r(k/k) FT + ~ q(k) bT 

r(k/k) = r(k/k-l) { I - ~(k) [~T(k) r(k+l/k) ~(k) + 

r(k)]-l ~T(k) rT(k/k-l)} 

(lOa) 

(lOb) 

where: r(k/k) is the estimation error covariance matrix, i.e. 

(lOc) 

b) The remaining algorithm: 

!.(k+l) r(k+l/k) ~(k+l) [~T(k+l) r(k+l/k) ~(k+l) + r(k+l)]-l 

(lla) 

z(k+l) = z(k+l) - ~T(k+l) F i(k/k) (llb) 

~(k+l/k+l) (llc) 

with 

i(O/O) = ~ + Po ~(O) [~T(O) Po ~(O) + r(O)]-l [z(O) - ~T(O) ~o] 

(lld) 
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where: ~ and Po are the mean and covariance matrix of ~(O) 

respectively; 

!.(k+1) 

z(k+1) 

is the filter gain; and 

is the innovations sequence. 

In the second stage, the fixed-interval smoother algorithm taken 

from (19): 

(12a) 

~(k-1) = [I - r(k!k) ~(k)]T [FT(k) A(k) - ~(k) r-1 (k) z(k)] 

(12b) 

(12c) 

with 

A(M) = 0 (12d) 

is solved backwards in time. 

Note that even though the filter section provides the esti

mate R(k!k), and the smoother section the estimate R(k!M), we 

are really only interested in the element (d+1) of these vectors, 

i.e. 

(13a) 

or 

(13b) 

Clearly, u(k!M) is a better estimate than u(k!k) , but in the 

first case, a higher computational cost must be paid. The variance 

of the estimation error associated with u(k!k) is the element 

(d+1,d+1) of r(k!k), and is automatically provided by the fil

ter. The variance of the estimation error corresponding to u(k!M) 

must be especially calculated however [see (19)], but is always 

lower than that of the filter. 

Because of the very special structure of the system model, 

the filter section inherently includes a suboptimal smoother: the 

so called fixed-lag smoother. In fact, if this lag is limited to 
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d, a suboptimal estimate (better than u(k/k)) is produced, without 

extra calculations. In effect, since 

(14) 

then, 

Xl (k+d/k+d) Xd+1 (k/k+d) 

and therefore, 

(16) 

In other words, the filter estimate ~(k+d/k+d) is the fixed-lag 

smoothed estimate of u(k), and the corresponding estimation error 

variance is element (1,1) of r(k+d/k+d) • Note also that b,y ar

tificially increasing the system dimension n (with an appropri

ate inclusion of zeroes on the left hand side of matrix H*), the 

suboptimal smoother lag is also increased. When c > d , the lag 

can be increased to c b,y filtering z(k) backwards in time. 

The Algorithm Adjustment 

The following parameters must be set in the given algorithm: 

a) The ~~ ~ow 06 ~x F [~ow vecto~ LJ 

Only two cases will be considered: f = 0 and ! = (0 0 ... 1). 

In the first case, u(k) is assumed a white noise process; in the 

second a "random walk" process. By assuming u(k) a white noise, 

the greatest flexibility in its estimation is provided; and one 

could, for example, recuperate delta functions when analyzing mo

nodisperse samples. When a polidisperse sample is analyzed, then a 

smoothing effect (that in general improves the numerical results) 

may be obtained if u(k) is considered a random walk. As explain

ed below, the other advantage of assuming f = (0 0 .•. 1) is relat

ed to the mean of the innovations sequence. 

In practice, it has been found adequate to choose Ko = Q and 

Po = I ; and to solve the Riccati equation with ~T(O) until 
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steaqy state conditions are reached. Then, the chromatogram above 

the baseline may be directly processed. In the examples of the 

following section, this procedure was adopted in all cases. 

c) The me.a1l uJtemen.t n.O.{.6 e va.tUa.n.c.e It (k.) 

This value can be estimated from the noise that normally con

taminates the detector baseline before and after the polymer peak. 

It will be hereafter considered constant, of value r. 

d) The .{.n.pu:t vaJUan.c.e q ( k.) 

Consider first some w~s of estimating q(k) when f = O. 

In this case, the state variables are assumed white processes with 

a variance: 

2 
oXi(k) = q(k-n-l+i) (i = 1,2, ••• ,n) (18) 

(Oa(k) will denote the variance of a(k), and 8:(k) its mean 

value). It is also easy to show that: 

2 
Oz(k) 

n 2 
r hiCk) q(k-n-l+i) + r 

i=l 

Eqn. (19) has no solution because O~(k) is unknown. Even if this 

function could be estimated, Eqn. (19) is of the same type of Eqn. 

(3) (which we are trying to solve), and therefore is still of no 

practical use unless some simplifications are added. The simplest 

situation is to consider w(k) stationary, and the spreading func

tion uniform. Under these circumstances, an estimate for a con

stant value of q may be obtained from Eqn. (19) as follows: 

2 
Oz - r 

q (20a) 
n 2 
r hi 

i=l 

with 

M 
[z(k)]2 r 

2 i=l 
Oz 

(M-l) 
(20b) 



2846 ALBA AND MEIRA 

Eqn. (20) in general overestimates q because u(k) is a highly 

correlated sequence instead of a white noise. Nevertheless. Eqn. 

(20) may provide an initial guess of q that can be useful if 

properly handled. In case of a non-uniform spreading fUnction. the 

denominator of Eqn. (20a) could correspond to the impulse response 

at an intermediate retention time. 

Consider now w(k) non-stationary (i.e. q variable with k). 

This assumption has been found essential for particularly ill-con

ditioned cases. In fact. if r is accurately estimated. the opti

mal performance of the filter-smoother is produced when the exact 

q(k) is utilized. Note that l' = 0 implies w(k) = u(k+c+1) • 

Thus. if u(k+c+1) can be somehow estimated. then one may simply 

write 

(21) 

For example. ;;'(k+c+1) in Eqn. (21) could be the smoother sol-

ution obtained with a constant q. Alternatively. the following 

approximate formula (that may be also derived from Eqn. (19) 

assuming no spreading). has been found to provide satisfactory 

results: 

q(k) = C [Z(k+C+1)]2 

where C is an appropriately chosen positive constant. For C = 1. 

q(k) will be. in principle. underestimated for u(k) < z(k) and 

overestimated when u(k) > z(k). The estimates of q(k) based on 

Eqns. (21) or (22) have little statistical significance because 

they are obtained from single values of u(k+c+1) or z(k+c+1). 

This means that sudden changes in these fUnctions will be reflect

ed on the estimate q(k). A simple remedy is to smooth u(k+c+1) 

or z(k+c+1) through an averaging filter in order to keep the 

shape of these curves while eliminating the undesirable varia

tions. 

Consider now the estimation of q(k) when ! = (0 0 ••• 1). 

It may be shown that when w(k) 

quiva1ent formula to Eqn. (20) is: 

is assumed stationary. the e-
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2 
O't:.z(k) - 2r 

q (23a) 
n 2 
r hi 

i=l 

with 

(23b) 
(M-l) 

A simple expression for q(k) can be developed from the fact that 

w(k) = u(k+c+l) - u(k+c) = t:.u(k+c+l) , and therefore: 

(24) 

For the reasons given above, but particularly in this case, it is 

preferable to employ averaged versions of t:.u2 instead of t:.li2 

as such. The following equation was found adequate: 

a 
r [t:.~ (k+C+l+i)]2 

i=-a 
q(k) C' 

(2a+l) 

where C' is an adjustable gain and (2a+1) is the number of 

points averaged at each step. Clearly, here again, an iterative 

procedure that estimates q(k) from t:.u(k), and then liCk) and 

from the filter-smoother, will normally provide the best 

results. The results of the filter-smoother are not too sensitive 

to its adjustment, and relatively crude estimates of the shape of 

q(k) are normally sufficient for satisfactory results. For exam

ple, in certain cases, Eqn. (25) provides a smooth q(k), with a 

shape which is similar to that of z(k). In such cases, and even 

when £ = (0 0 ••. 1), an estimate of q(k) may be directly obtain

ed from the simpler relationship of Eqn. (22). This simplification 

is conveniently utilized in Examples 2 and 3 below. 

Even though the covariance matrices r(k/k-l) and ~(k/k) 

depend on the individual values of rand q(k), the filter or 



2848 ALBA AND MElRA 

the smoother estimate of u(k) is a function of the q(k)/r ratio 

only. In a very ill-conditioned problem, the results become sen

sitive to deviations of this ratio from its correct value. In more 

relaxed situations however, relative gross errors in q(k) /r can 

be absorbed with still good results. 

The solution validation 

The solution checks IlIlY be classified into two lll3.in groups: 

those which are common to any other input estimation technique, 

and those specific to the method. The obvious checks in the first 

group are: a) the solution must be non-negative; b) by processing 

liCk) through the system spreading function, the noise-free meas

ured function should be recuperated; and c) the area under the co

rrected chromatogram must be equal to that of the measured curve. 

It should be e1l1Phasized that the check under b) is only a neces

sary (but not a sufficient) condition for good results; the reason 

being the algorithmic singularity of Eqns. (1) or (3). This im

plies that there are, in principle, infinite possible numerical 

solutions liCk) that can recover y(k). With regards to the check 

under c), the area under the corrected curve will be smaller than 

that of the original, only when the ratio q(k)/r is grossly un-

dervalued. With overvalues or moderate undervalues of 

then numerically meaningless discrepancies are observed. 

q(k)/r, 

The checks which are specific to the method are all based on 

the analysis of the innovations, that ideally should be zero-mean, 

Gaussian white sequences. Furthermore, the observed innovations 

should match the corresponding time-varying variance estimated 

through the filter: 

(26) 

Note that this last quantity depends again on the individual val

ues of q(k) and r. The filter results may be optimized by ana

lyzing the innovations (and their estimated variances) under dif

ferent adjustments. The innovations mean will, in general, be 

closer to zero with f = (0 0 ••• 1) than with f = 0 • This may be 
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,-- u (k) S ~ ( kl M ) S ~ ( k I k + d ) 

.8 

.4 

z(k)sy(k/M) 

o 50 100 k 

FIGURE 5 ExaIqple 1; original curves and ''best'' solution with 
the correct constant ratio q/r = 100. 

explained by the offset elimination effect that occurs when inte

gration is incorporated into a closed loop. 

EXAMPLES OF APPLICATION 

Three applications of the technique will be considered. 

While the first two eXaIqples are synthetic, the third is based on 

real experimental data. All three eXaIqples were solved by means of 

a VAX 11/180 cOIqputer. 

Example 1 

By processing the curve u(k) shown in Fig. 5 through a 

time-varying filter defined by the set of iIqpulse responses of 

Fig. la, a noise-free chromatogram y(k) is obtained. This curve 

was then corrupted by a Gaussian white noise of a relatively low 

variance (10-5), to provide z(k). Taking into account only the 

section of this series above the baseline, and defining the signal 

to noise ratio SNR as: 



2850 ALBA AND MElRA 

M 
E Z2(k) 

k=l 
SNR (21) 

(M - 1) r 

one obtains, in this case, SNR ~ 11400 ~ 1322 • Throughout this 

Example f = (0 0 ••• 1) , and for simplicity a constant q will be 

adopted even though better results can, in principle, be obtained 

with a variable q(k). Clearly, the best estimate for r is 10-5 • 

The best estimate of q may be obtained from: 

q 
1 M 

E 
(M - 1) k=l 

(28) 

Calculating this quantity for the t.u(k) values above the base

line, 0.001 is obtained. Thus, the best q/r is 100. Note that 

if estimated through Eqn. (23), a value of q approximately 10-

fold larger would have been obtained. The results of the fi1ter

smoother when the best values for q and r are adopted are also 

shown in Fig. 5. While the filter estimate u(k/k) fails to repro

duce the original curve, both the fixed-lag smoother output 

u(k/k+d) and the fixed-interval smoother output u(k/M) are prac

tically overlapped with u(k). The innovations corresponding to 

this case are represented in Fig. 6d, together with the estimated 

±az(k) limits. Ideally, the innovations should lie within these 

limi ts for approximately two thirds of the time, and this is 

roughly the case in Fig. 6d. The innovations sequence z(k) is 

theoretically zero-mean Gaussian white, but its variance is time

varying and therefore z(k) is non-stationary. In spite of this 

fact, it was found useful to calculate the sequence sample varian-
2 ce az' the autocorrelation function and the power spectrum. CleaE 

ly, this approximation will not be valid when z(k) is highly non

stationary. Figs. 6e and f illustrate the previously mentioned 

statistics. In the case of the power spectrum, the highest fre

quency shown corresponds to one half of the sampling frequency. 

Both the autocorrelation and the power spectrum show some low fre-
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.8 

.4 
z(k)a; ~(k/M) 

"-

o 50 100 k 

FIGURE 7 Example 1; solution for q/r = 104 • 

.8 

.4 

O.I-----<~ 

o 50 100 k 

FIGURE 8 Example 1; solution for q/r 1 • 
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quency oscillations. This, and the fact that the smoother esti

mate is satisfactory while the filter estimate is not indicate 

that som~ useful information is still remaining in the innovations 

sequence. 

For illustrative purposes, the problem was solved again with 

the same value of r, but with erroneous estimates of q • In Figs. 

7, 6a, 6b, and 6c, q = 0.1 (or q/r = 10000), while in Figs. 8, 

6g, 6h, and 6i, q = 10-5 (or q/r = 1). Note the following: 

i) In both cases, the solutions are inadequate, but while y(k/M) 

practically coincides with z(k) when q = 0.1, this same 

function is crudely off those values if q = 10-5 • 

ii) When q is overvalued, the innovations are less correlated 

at high lags than if the best value of q is employed. The 

opposite occurs at low lags however, and the overall variance 

of z (k) is finally higher than before. If q is under val-

ued, the situation is clearly worse at all lags. 

iii) The standard deviation 0z(k) is overestimated if q is 

overvalued, and underestimated when undervalued. 

iv) The high frequency components of the innovations are dominant 

if q is overestimated. Conversely, there is a low frequency 

components dominance when q is underestimated. 

v) The percentages of variation of the areas under the corrected 

chromatograms with respect to those under the measured curves 

are -0.02%, -0.1% and -0.25% when q = 0.1, 0.001 and 10-5 , 

respectively. 

Example 2 

This Example was first suggested by Chang and Huang (6), and 

attempted later on by Hamielec and co-workers (12). The problem is 

illustrated in Fig. 9, which represents the following: u(k), the 

uniform spreading function g(k), the broadened curve z(k) and 

the recuperated u(k) by method 2 proposed in (12). Note that 

while g(k) was generated from an analytical expression, and z(k) 
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FIGURE 9 : Example 2; [after Hamielec and co-workers (12)]. 

was reproduced from a table of numbers given in (12), u(k) and 

u(k) were obtained by digitizing their graphical representations. 

For this reason. minor distorsions in these last two curves are to 

be expected. The solution u(k) shown in Fig 9 is practically co

incident with that of (6), and with that of method 1 in (12). 

Clearly, these techniques are not able to appropriately recover 

the double-peaked input. 

Consider now the solution via the present method. Assuming 

that the integer values of the table for z(k) are all accurate 

to the last digit, then one may interpret those numbers as conta

minated by a noise v(k) of a uniform probability density func

tion with limits at ±0.5. In this case, a~ = 1/12 and we adopt 

r = 0.1 • The limits of the finite spreading function were taken 

at -c = d = 20. Beyond these values, the spreading function is be

low 10-3 • 

As a first attempt, one could try to solve this Example 

through a constant q obtained by minimizing the variance of the 

innovations sequence. The solution u(k/M) is not shown here, but 

is very similar to that of Fig. 9, however. For better results, a 

variable q(k) must be adopted, and Fig. 10 illustrates this sit-
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uation. Note first that (even though not shown), all three solu

tions represented in Fig. 10, as well as that previously mentioned 

with a constant g, manage to recuperate z(k) without appreciable 

error. 

The solution of Fig. lOa and lOb was obtained adopting ! = Q 
and calculating g(k) through Egn. (22) with C = 1. Clearly, the 

peaks of {i(k/M) overpass those of u(k), and the innovations 

mean exhi bi ts a certain bias. In Figs. 10c and 10d, Egn. (22) is 

used again (with C = 1), in spite of the fact that in this case, 

! = (0 0 ... 1). The result is similar to the previous, but now the 

innovations mean is very close to zero. Figs 10e and 10f were ob

tained through the following two-step procedure: i) based on the 

estimate of u(k) found in Fig. lOa, Egn. (25) with C' = 4 was 

employed to estimate g(k); and ii) with this estimate, the 

smoother was run again with ! = (0 0 ••• 1) to provide the shown 

results. Clearly, this solution is very acceptable. The corre

sponding innovations have a near zero mean, and the lowest sample 

variance of all three cases. 
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Example 3 

Curve z(k) in Fig. 11 represents the chromatogram of a PS 

standard of molecular weight Mw = 525, when fractionated through 

an A-B02 Shodex column mounted on a Series 3-B Perkin Elmer liquid 

chromatograph. The chromatogram of pure benzene g(k) is adopted 

as the uniform spreading function. The polYmer sample is expected 

to be integrated by the first PS oligomers, with preponderance of 

the pentamer. Ideally therefore, delta functions ought to be recu

perated, with the highest peak at a molecular weight of 520. 

Three possible solutions to this problem are found in Fig. 

12. In all three cases, the solutions accurately recuperate the 

measured chromatogram, r was estimated 5xlO-5 and q(k) was ob

tained through Eqn. (22). Figs. 12a and 12b show a quite accept

able solution, where all oligomers from dimer to hexamer are now 

clearly separated. The adjustments employed in this first solution 

are: ! = Q , and a C gain of 1.25 for Eqn. (22). 

With C gains higher than 1.25, negative values in u(k/M) are 

produced. This situation is represented by Figs. 12c and d, where 

f = 0 but C = 75. This value of C will clearly generate an 

overestimated q(k). In this case, and in spite of the negative 

values in li( kiM), the low molecular weight peaks appear to be 

better separated, and two extra higher molecular weight components 

seem to be also detected. The innovations sample mean and variance 

indicated in Fig. 12d are lower than in Fig. 12b, but the esti

mated ±OZ(k) limits confirm that this solution is not adequate. 

Figs. 12e and f show a solution which is very similar to that 

of Figs. 12a and b; but in this case f = (0 0 ••• 1) and C = 2 

were adopted. Here again, by increasing C, negative values are 

also produced. 

The estimates of Figs. 12a and 12e are the best obtained. 

The oligomers are clearly separated, and their retention times 

could be used for a more accurate column calibration. As expected, 

those retention times are, with good approximation, linearly re-
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lated to the logarithm of their molecular weights. 

The results of Fig. 12 seem to indicate that the lower mole

cular weight species are better separated than the higher. This 

bias is also reflected by the fact that in all cases, the innova

tions adequately match their ±Oz(k) limits only on the right 

hand side of the chromatogram. A possible explanation to this ef

fect is that the spreading function is, in reality, non-uniform. 

In this case, the given g(k) is only accurate at the low molecu

lar weight end. If as predicted by (21,22), the instrumental 

broadening increased towards intermediate retention volumes, then 

the correction would be more pronounced on the left hand side of 

the curve, and the bias would tend to be compensated. 

CONCLUSIONS 

The proposed technique has proved very powerful with both 

synthetic and real examples, and could be clearly extended to cor

rections in lwdrodynamic chromatography (13,14). The results of 

Example 2, are better than those of other techniques. The computer 

program was written in FORTRAN 77 for a VAX 11/780 computer, and 

is available from the authors. 

The main advantages of the method are: i) it is numerically 

very 'robust', thus allowing the solution of particularly ill-con

ditioned problems; ii) because a stochastic version of Eqn. (1) is 

employed, all 'a priori' information on the baseline noise may be 

conveniently employed; iii) under certain ideallized conditions, 

the solution is optimal from the standpoint of the estimation er

ror variance; iv) the state-space representation of the system 

spreading function is obtained without calculations, thus in

volving no assumptions about the shapes of the calibration curves; 

v) the innovations analysiS provides very powerful solution 

checks, and vi) the measurement noise is eliminated from the cor

rected chromatogram and the SNR of y(k) is normally higher than 

that of z(k) • 
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The main drawback of the method deals with the relatively 

Significant computational cost involved. With regards to memory, 

not only the system IIBtrix H* and the measured and calculated 

sequences IIlUst be stored, but (more important) the whole set of 

matrices I: (k/k) • The computation time is also relatively high. 

For example, to solve an 80 point chromatogram with a calibration 

curve of 55 points (Example 3 above), approximately 12 minutes are 

required for the complete calculation, with half that time insumed 

in the fixed-interval smoother stage. The computation time in

creases with approximately the square of the system order n; and 

in the Kalman filter section, the IIBin computational burden is re

lated to the solution of the discrete Riccati equation. Note that 

if the same calibration g(k,ko) is to be repeatedly used, and 

the variances q and r are maintained constant, then this equa

tion IIBY be solved only once. FUrthermore, when q and rare 

constant and the spreading function is uniform, then only the 

steady state solution of that equation is required. 

In all cases considered, the results of the fixed-lag smooth

er when the lag was made equal to c or d were very similar to 

those of the fixed-interval smoother. Clearly, if the fixed-lag 

smoother results are adequate, not only the computation time is 

approximately halved, but also the storage of the covariance IIB

trices set is no longer required. 

In this work, the state variables [and consequently u(k) J 

were assumed white processes if ! = Q , and random walk processes 

when != (0 0 ••• 1) • Both assumptions were seen to provide satis

factory results, but the innovations mean was in all cases smaller 

with ! = (0 0 ••• 1) • As a counterpart in this last case, the es

timation of q(k) becomes more complex. Theoretically, the best 

results would require a specification of vector f that included 

all available inforllBtion about u(k) • This was found not neces

sary in the processing of chromatograms, but in a different con

text, interesting efforts have been done in this direction al

though IIBinly dealing with time-invariant systems (23,24). In a 
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way, an appropriate estimation of 

crude estimation of f. 

q(k) compensates a rather 

As explained above, the main advantage of the state-space 

time-varying model proposed is that no calculations for its devel

opment are required. The high order of the model so produced, 

makes the smoother computation a relatively arduous task, however. 

Alternatively, parameter estimation procedures could be employed 

to identifY the system through lower order models. This identifi

cation stage could be implemented off-line, and then repeatedly 

used for a given calibration. Another potential advantage of this 

procedure is the elimination of the measurement noise from the set 

of curves g(k,ko); while the main disadvantage is that elaborate 

identification procedures for time-varying systems are not yet 

fully developed. The other possible modification to the proposed 

technique deals with the implementation of a variable gain scheme 

for an on-line estimation of q(k) (25). Basically, the problem 

consists in choosing, along the calculation, the values of q(k) 

which minimize the difference between the observed and the esti-

mated innovations variance. 
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PREPARATIVE CHROMATOGRAPHY OF PROTEINS 

M.N. Schmuck, K.M. Gooding and D.L. Gooding 
SynChrom, Inc. 

BO)I 110 
Linden, IN 47955 

High performance liquid chromatographic methods that 

have been developed for microparticulate supports can be 

adapted to 30u supports, such as the SynChroprep series, for 

large scale purification. Loading capacity and resolution 

of the ion e>lchange and reversed phase macroparticl..llate 

supports are examined. One gram of protein may be loaded on 

the ion exchange support in a 250xl0 mm I.D. column. 

Over the past five years, HPLC has been seen to be an 

effective way to analyze protein mixtures by a variety of 

mechanisms - steric-exc1usion, ion-exchange, reversed-phase 

and hydrophobic-interaction chromatography (1). The use of 

rigid supports has allowed milligram amounts of proteins to 

be purified within minutes. As the use of this methodology 

became more widespread, the scale-up to columns of 1 cm I. 

D. was used to prepare hundreds of milligrams of proteins 

(2). Unfortunately, when pilot plant levels were desired, 

the extremely high cost of the HPLC grade silica was 

realized and possible alternatives were sought (3). 
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One of the first problems in preparative HPLC is to 

define the goals of the analysis. A chromatographer wants 

to separate a mi>lt~\re into the maximum n~\mber of components 

with the best resolution possible. The engineer in a pilot 

plant wants to separate his compound from its impurities and 

load it in the highest possible quantity. These differences 

in goals produce two definitions of "loading capacity." To 

a chromatographer, loading capacity is the amount of solute 

which can be applied to a column before resolution is 

decreased. To an engineer in a pilot plant, loading 

capacity means the absolute capacity of the support for the 

solute. These differences in definitions suggest that there 

may also be differences in support requirements. 

This report examines the capacity and resolution of a 

series of 30u macroparticulate supports to see whether 

methods which have been developed on analytical col~\mns can 

be adapted for preparative purposes. 

~b.~!!!i£§!'!..~L 

Trislhydroxymethyl)aminomethane ITRIS) and sodium 

acetate were purchased from Aldrich Chemical Co. (Milwaukee, 

WI, U.S.A.). Sodium chloride and Moni-Trol I.X were from 

American Scientific Products (McGaw Park, IL, U.S.A.). 

Propanol-2 was purchased from The Anspec Co., (Ann Arbor, 

MI, U.S.A.) and trifluoroacetic acid from Pierce Chemical 

Co. (Rockford, IL, U.S.A.). Lysozyme, ribonuclease A, 

*chymotrypsin, chymotrypsinogen A, and bovine serum albumin 

(BSA) were all obtained from Sigma Chemical Co. 

MO , U. S. A. ) • 

Be.e.!t:.!:!:.!d!! 

(St. Louis, 

The 30u SynChroprep CM300, SynChroprep AX300, and 

SynChroprep RP-P, 250>110 mm I. D. and 6.5u SynChropak AX300, 

250>:4.1 mm 1.0. columns were obtained from SynChrom, Inc. 
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(Linden, IN, U.S.A.). The 100x25 mm 1.0. column wa5 from HP 

Chemical5 (St. Loui5, MO. U.S.A.). A Varian Model 5000 

gradient high-performance liquid chromatograph with a Valco 

Model CV-6-UHPA-N-60 injection valve (Varian In5trLlment, 

Walnut Creek, CA, U.S.A.) and Chem Re5earch Model 2020 UV 

detector (In5trumentation Specialtie5 Co., Lincoln, NE, 

U.S.A.) with a Linear Model 1200 recorder (Linear 

In5trument5, Irvine, CA, U.S.A) were u5ed for analY5e5. 

!:1PHQQ§ 
Becau5e general guideline5 have been establi5hed in 

previou5 analytical inve5tigation5, 50lvent 5election for 

ion-e)lchange and rever5ed phase chromatogrilphy wa5 not 

inve5tigated (1,4,5). 0.02M TRIS buffer5 with 50dium 

ilcetate or sodium chloride gradients from 0-0.5M were ~Ased 

for ion e>:change, and propanol-2 gradient5 in .1% 

trifluoroacetic acid were used for reversed pha5e. The 

gradient time5 and flow rate5 u5ed are given in the Table5 

and Figure5. 

bQBQl~§_9BEBglIY 

Dynamic column capacity, which fit5 the need5 of the 

chromatographer, may be de5cribed a5 the 5ample size that 

caU5e5 decreased retention time and 1055 of peak 5hape using 

normal gradient operating condition5 (6). Thi5 column 

capacity wa5 5een to vary according to the nature of the 

protein, it5 molecular weight, and its retention 

characteri5tic5. The 1055 in peak 5hape with increa5ed 

loading i5 evident in the analysi5 of bovine 5erum albumin 

in Fig. 1. Table I 5how5 that the capacity of a weak 

anion-exchange support (SynChroprep AX 3(0) for BSA is 

approximately 6 time5 greater than that of a rever5ed-phase 

material (SynChroprep RP-P) for the 5ame protein. When 

u5ing a weak cation-exchanger (SynChroprep CM300), the 

capacity for a small protein, ribonLlclease-A was about 5 

time5 that of a protein twice it5 5ize, chymotrYP5inogen-A. 
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Fig. 1 Effect of sample loading on the resolution of a 
bovine serum albumin sample Llsing a semi-preparative column 
of 30u support. Column: SynChroprep AX300, 250>:10 mm LD. 
Flow-rate: 1.5 ml/min. Buffer: 0.02M TRIS, pH7, 120 min. 
lineal'" gradient from 0 to O.5M CH

3
C0

2
Na. 

Loading Capacity of 30u SynChroprep Supports 

Gradient Dynamic 

E!:.2!:!.!!! l!.m!!!_imi o.2.. ~!!Qi\.5.!'!:.:Z: 

AX300 BSA 120 160 mg 
RPP BSA 40 25 mg 

CM300 ",,"chymotrypsi n 120 80 mg 

Mobile phase as in Methods. Flow-rate: 1.5 ml/m 
Col umn I 250>110 mm I. D. 

AbsolLlte 

i;!!2.!!5.!.!:.:Z: 

1 g 
400 mg 

Z 
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Such variance is probably due to the available surface area 

of the sLlpport. 

Absolute column capacity may best be described as mass 

overload (7) utilizing the displacement mode (8) of 

chromatography. To utilize this technique, the column was 

equilibrated with a mobile phase that had a low affinity for 

the stationary phase. The sample was introduced and 

adsorbed on the col LImn unti 1 it was completely loaded. 

Under these conditions, impurities with less retention 

eluted from the column during the sample application 

process. For example, the early eluting impurities of 

~chymotrypsin were eluted with each injection on a 

SynChroprep CM300 column while ~chymotrypsin itself was 

retained. When absolute capacity was reached, the sample 

was released from the column by running a step gradient with 

a mobile phase having a stronger affinity for the stationary 

phase than the sample. By suitably choosing the mobile 

phase used in the "step", later eluting impurities could be 

retained on the column and dumped after the purification was 

finished. Again, different observations were made for 

various combinations of proteins and columns. While loading 

BSA on a SynChroprep RP-P column, a "breakthrough" impurity 

peak that had less column affinity than BSA was observed 

from almost the first injection. Sample was injected onto 

the column until a constant integrated area of the 

"breakthrough" peak was achieved. While loadi.ng ... -

chymotrypsin onto a SynChroprep CM3C~ support, an impurity 

"br-eakthroLlqh" peak, that di d not change in si z e was 

observed from the initial injection. ~hymotrypsin did not 

"breakthrough" unti I absol LIte capac i ty was reached. 

Table I compares the dynamic and absolute column 

capaci ti es of three modes of chromatography supports - wea~( 

anion-exchange (AX300), weak cation-exchange (CM300) and 

reversed phase (RP-P), run in 2:50>< 10 mm I. D. col LImns. The 

dynamic capacity was calculated as the amount of sample that 

increased the width at peak half height by approximately 

70%. If the resolution of the sample components is great, 

the actual dynamic capacity could be higher than these 

val LIes (9). As WOLIld be e>'pected, for fairly pLlre proteins, 
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the absolute capacity was significantly greater than the 

dynamic capacity. 

E:bQ~B.aIs§ 

One easy way to increase resolution is to change the 

t It. 
r w 

1 !. S) 
.lc.i.85 
1 17 .. ~'!6 
.?U .. 1 

mobile-phase flowrate. Because proteins normally must be 

eluted with a gradient, ordinary plate height measurements 

cannot be used to determine the effect of flowrate velocity 

on band broadening. Therefore,the ratio of the retention 

time/peak width was used to indicate protein peak spreading. 
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In this method, larger numbers indicate better resolutiion. 

Flow-rates were varied from 0.5-3.0 mllmin while holding the 

gradient volume constant. The results are listed in Table 

II. In most cases, a decrease in flow-rate with a constant 

gradient volume resulted in both higher resolution and 

longer retention times. Due to the inaccuracy of some HPLC 

equipment at slow flowrates and low pressures, and the 

disadvantages of long retention times, flow-rates must be 

selected on these bases as well as that of resolution. 

@Be!;n.!;'~L§.!:!eEL 

Solvent gradients can also be used to optimize 

separations with respect to both time and resolution. For 

example, on the SynChroprep CM300 column, a 90 minute linear 

gradient at 1.5 mllmin gave a very good separation of 

However, it was necessary to 

use at least a 120 minute gradient at the same flowrate to 

separate chymotrypsinogen-A from the ribonuclease-A and 

lysozyme peaks as seen in Fig. 2. Similarly, on SynChroprep 

AX300, impurities in ovalbumin were not adequately separated 

until a 120 min. gradient at 1.5 ml/min. was used. 

gQ~~tl~_Qletl!;'I!;'B_ 

The scale-up of a chromatographic process from the 

analytical laboratory level to the pilot plant is 

accomplished by increasing the width of the column rather 

than the height. In this way, the parameters that have been 

worl<ed out, such as the I inear flow rates and gradient times 

would remain about the same. Because the capacity of a 

column roughly corresponds to the amount of packing material 

in it, the sample loading would be increased proportionately 

to the vol~\me. Fig. 3 shows the same 3-component sample 

separation that was seen in Fig. 2 using a 2.5 cm 1.0. 

column for 1.3 g of total protein instead of 75 mg. 

B!§;§'Q~~IlQ~_Q~_~QU_~§..:.._h§!:l 

Once the operational parameters SL.ch as flow rate, 
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Fig. 2 Resolution of 45 mg ribonuclease-A (1), 15 mg 
chymotrypsingen-A (2), 15 mg lysozyme (3), using a 
semi-preparative column of 30u support. Columnl SynChroprep 
CM300, 250x10 mm 1.0. Flow-rate. 1.5 ml/min. 
Bufferl 0.02 M TRIS , pH7, 120 min linear gradient from 0 
to 0.5M CH3C02 Na. 
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Fig. 3 Resolution of 750 mg ribonuclease-A (1), 130 mg 
chymotrypsinogen-A (2), and 150 mg lysozyme (3) using a 
preparative column (250x25 mm 1.0.) of 30u support. 
Conditions as in Fig. 2. 
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Fig. 4 Analysis of human adult ser~'m using iiln analytical 
col~'mn of 6.51.1 support. Columnt SynChropak AX300, 250>:4.1 
mm I.D. Flow-ratel 2 ml/min. Bufferl 0.02M TRIS, pHS. 20 
min linear gradient from 0 to 0.5M CH

3
C0

2
Na. 

gradient time, and component separation have been 

investigated for 301.1 supports, the chromatographer and 

engineer must know how the resolution of the 301.1 preparative 

material compares with that of the 6.51.1 supports used in 

the analytical columns. Fig. 4 and 5 compare the analysis 

of human adult serum on a 250"4.1 mm 1.0. column packed with 

6.51.1 SynChropak AX300 with the same analysis on a 100"25 mm 

1.0. column packed with SynChraprep AX300. There is a \,load 
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Analysis of human adLilt serLim Llsing a preparative 
of 301.1 support. Column. SynChroprep AX300, 100)125 

Flow-rate: 3.2 ml/min. Buffer: 0.02M TRIS, pH7. 
linear gradient from 0 to 0.5M NaCl. 

correlation between the chromatograms, and the major 

components, and some minor ones, are sLifficiently resolved 

on the 301.1 sLipport to satisfy the engineers needs for 

pLlrific:ation. 

~Q!:::!~b!:!§lQ!:::!§ 

This study shows that HPLC methods that have been developed 

on microparticulate sLipports can be adapted to 30Ll sLipports 

for large scale purification. Absolute loading of a gram of 

protein are possible on ion-e)(change colLimns of 250)(10 mm 

I.D. dimensions. Adequate resolution can be obtained by 

adjusting the flowrate and gradient shape of the analysis. 

CD 

~ . 
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GLYCOSYLATED HEMOGLOBIN DETERMINATIONS BY 
ISOCRATIC HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

Robert M. David and Z. K. Shihabi 
Department of Pathology 

Bowman Gray School of Medicine 
of Wake Forest University 

Winston-Salem, North Carolina 27103 

ABSTRACT 

Glycosylated hemoglobins were separated isocratically by 
high-performance liquid chromatography (HPLC) on a cation
exchanger (CM-300). Both the stable and the labile fractions 
eluted together. The labile fraction was eliminated by 
incubating the red blood cells at 37°C for 20 min in a acidic 
buffer before injecting the sample on the column. 

The column plate number was found to be dependent on the 
amount of sample injected. The capacity factor was dependent on 
the type of buffer, pH and ionic strength. Controls were 
preserved by preparing the hemolysates in 5% ethylene glycol. 
The method compared favorably with a commercial disposable 
minicolumn method. 

INTRODUCTION 

The aldehyde group of glucose reacts non-enzymatically and 

rapidly with the amino groups of hemoglobin (Hb) to form a 

reversible adduct (aldamine) which rearranges slowly to form a 

more stable ketoamine compound, HbAlc (1). Other carbohydrates 

give similar reactions with Hb. These Hb derivatives are 
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generally known as glycosylated Hb (2). Their level is greatly 

increased in diabetes. Measuring the level of glycosylated Hb is 

very helpful in monitoring the long-term therapy in the diabetic 

patient (3). 

Several methods including high-performance liquid chromato

graphy have been used for separating and determining the 

glycosylated Hb based on charge differences of the molecules. 

The weak cation-exchanger Bio-Rex 70 was used previously in HPLC 

methods for this determination (4.5). This ion-exchanger was not 

designed for HPLC work. Because the particles are large (>40 ~m) 

the column did not yield a very high plate number. The Hb peak 

was therefore broad and overlapped with the non-glycosylated Hb 

peak (5). A buffer gradient in addition to double wavelength 

monitoring was necessary for the test. This complex 

instrumentation is not quite suitable for routine assays. 

Recently, cation-exchangers designed specifically for 

protein separation by HPLC became available from different 

manufacturers. These ion-exchangers have small particle size 

with narrow particle distribution and wide pores yielding columns 

with high plate number. Here, we describe the isocratic 

separation of glycosylated Hb on such a column without the need 

for complex instrumentation. Factors which affect the 

separation, e.g., plate number, capacity factor, and temperature 

are studied. We also describe the preparation of stable 

controls. 
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MATERALS AND METHODS 

Instrumentation: 

2877 

The liquid chromatograph consisted of a Model 970A variable

wavelength detector (Tracor Instruments, Austin, TX, U.S.A.), a 

Constrametric I pump (Laboratory Data Control, Riviera Beach, FL, 

U.S.A.) and a 20 ~l loop injector, Model 2120 (Rheodyne, 

Berkeley, CA U.S.A.). The detector was set at 405 nm and 0.010 

A. The flow- rate was 1.0 ml/min. 

A 250 mm x 4.6 (i.d.) column was packed with a CM-300 ion

exchanger, (Synchrom, Linden, IN) 6.5 ~m average particle size, 

in the mobile phase by the slurry packing technique. 

Reagents: 

1. Mobile phase: Ammonium phosphate 28 mmol/l, pH 6.85. 

Initially the column may require higher concentration of buffer 

for elution. 

2. Hemolysates: A 5 ~l aliquot of blood collected in EDTA 

tubes was hemolyzed in 4 ml ammonium phosphate-buffer, pH 4.5, 14 

mmol/l. The hemolysates were incubated for 20 min at 37°C before 

injecting on the column to eliminate the unstable fraction of the 

glycosylated Hb. 

3. Controls: A large aliquot of a patient's hemolysate 

(twice concentrated) is mixed with ethylene glycol (20:1) and 

stored frozen in small aliquots. It is diluted 1:1 with 

hemolysate buffer before use. 
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Separation of the glycosylated Hb on the CM-300 at flow rate 

0.7 ml/min: (A) without incubation of the red blood cells with 

glucose; (B) after glucose at (2000 mg/dl) is incubated with red 

blood cells for 1 hr. The hemolysates were injected immidiately 

on the column. 

Procedure: 

Inject 20 ~l of the hemolysate on the column. Elute 

isocratically with the mobile phase. 

Calculation: 

The areas under the peaks were cut and weighed on a balance 
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and the ratio of the sum of all the glycosylates to the total 

hemoblobins were calculated. 

RESULTS AND DISCUSSION 

The isocratic separation of glycosylated Hb on the CM-300 

column reveals several peaks, Fig. I-A. This separation is 

better than the one obtained previously on the Bio-Rex 70 column 

with solvent gradient (5). Samples can be injected without the 

need for column equilibration. The need for double wavelength 

monitoring which is associated with the solvent gradient is 

eliminated. 

When the red blood cells are incubated at 37°C with glucose 

even for short periods of time - e.g., 1 hr - a rapid increase in 

the height of several peaks on the chromatogram, especially 

HbAIc ' Fig. I-B is noted. The degree of this increase depends on 

time of incubation, Fig. 2A. In contrast, if cell hemolysates 

are left for 20 min at 37°C instead of being injected directly on 

the column there is a gradual decline of the peaks, Fig. 2. 

These findings are consistent with the idea that glucose binds 

rapidly to hemoglobin altering the number of positive charges on 

the molecule; and this reaction is reversible in the acidic 

buffer used for hemolyzing the red blood cells (6). The fraction 

of the glycosylated Hb which reacts rapidly and reversibly with 

glucose represents the unstable fraction of aldamine. This 

fraction is not clinically useful. It arises from sample 

handling and from rapid fluctuations of glucose in the patient's 
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12 12 
min min 

A B 

Figure 2: 

A - Glycosylated Hb separation as in Fig. I-B except the 

cells were incubated 24 hr. B - Same as in A except the 

hemolysates were kept for 30 min at 37°C before injection on the 

column. 

blood. Unfortunately, the aldamine co-elutes with the stable 

fraction of the Hb (8). Thus it is necessary to incubate the 

patient's hemolysates in an acidic buffer for at least 20 min to 

eliminate this fraction (6). 

The plate number (N), for the CM-300 column based on HbAlc 

peak, is quite dependent on the amount of sample injected, 
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32 

Relationship of plate number of HbA
lc 

peak and the amount of 

Hb applied on the column as determined. 

Fig. 3. Thus, in order to obtain a good separation it is 

necessary to inject a minimum amount of sample while operating 

the detector at maximum sensitivity. Injection of small amounts 

of sample increases the column lifetime. The present column 

yields about 10 times the plate number of the Bio-Rex column 
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The correlation of the results between CM-300 column by 

RPLC and the mini-column of Isolab for the glycosylated Hb. 

(y = 1.26 x +2.8; r = 0.962) 

previously used (5). Flow-rates between 0.5 to 1.5 ml/min d~d 

not affect the plate number. 

The within-run CV for 20 replicate determinations at a mean 

of 9.8% Hb is 3%. The correlation of the results of this method 

with that of the disposable commercial column (Isolab, Inc., 

Akron, OR) is 0.90, Fig. 4. 
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The capacity factor of HbA
1c 

decreased with increasing the 

ionic strength or increasing pH between 6 to 7.5. The potassium 

salts of the phosphate buffer gave the same capacity factor as 

the ammonium salts; however, the sodium salts decreased the 

capacity factor. 

Column temperature between 25 and 40°C did not affect the 

percentage of glycosylated Hb but did affect the separation 

speed. For routine assays the separation was performed at room 

temperature. 

Hemoglobin variants other than HbA elute at different 

capacity factors. The monozygotes will be recognized by the 

absence of HbAo while the heterozygotes will have reduced HbAo 

(about half of the concentration) relative to the other patients 

on the chromatograms. 

Stable controls are very important in every assay. 

Hemoglobins are known to be unstable (8). They undergo 

continuous denaturation even when frozen. Several agents were 

added to the hemolysates in an attempt to preserve the 

glycosylated Hb as well as the total Hb. In the absence of any 

preservative, total Hb denatured and did not go back into 

solution giving low peak areas, (Fig. 5) and erratic values for 

the glycosylated Hb. However, we found that when ethylene glycol 

was added at 5% to the hemolysate, both the glycosylates and the 

total fractions were more stable. At this time, we have not 

studied the effect of different concentration of ethylene glycol 

or the effects of long-term storage. 
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Determination of glycosylated Hb on the CM-300 column is 

rapid (less than 10 min at flow-rates of 1.0 ml/min) and 

eliminates the need for solvent gradient and column equilibration 

after each run. In addition the column can be used for 

determination of other proteins. 
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DETERMINATION OF TICARCILLIN IN SERUM BY 

REVERSED PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

M. K. Aravind, J. N. Miceli, and R. E. Kauffman 

Departments of Pediatrics and Pharmacology 
Wayne State University School of Medicine and 

Children's Hospital of Michigan 
Division of Clinical Pharmacology and Toxicology 

Detroit, MI 48201 

ABSTRACT 

Ticarcillin is a semi-synthetic penicillin useful against 
several Pseudomonas species. In order to easily quantitate 
this drug, a new procedure was developed whereby ticarcillin 
in serum is converted to its free acid form by the addition of 
citric acid and, subsequently, extracted into ethyl acetate. 
The organic extract which contains the nonionized form of 
ticarcillin is dried under nitrogen, the sample is reconsti
tuted with mobile phase and analyzed by high performance liquid 
chromatography. Elution is completed in less than five minutes. 
The assay is linear from 1 mg/L through 100 mg/L. The 
correlation coefficient of ticarcillin concentration to peak 
area (r) was 0.999 over this concentration range. The small 
sample volume (100 ~l) makes this assay particularly suitable 
for pediatric patients. 

INTRODUCTION 

Ticarcillin is a a-carboxypenicillin which is used 

predominately for the treatment of serious infections caused by 

gram-negative organisms, particularly Pseudamonas aeruginosa. 

Bacteriocidal efficacy is dependent on the maintenance of 

relatively high concentrations of the antibiotic during the 

dosing interval. It is frequently desirable, therefore, to be 
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able to measure the concentration of ticarcillin in biological 

fluids during treatment to ensure adequate dosing. 

During the past decade, a number of studies have employed 

bioassays of ticarci11in (1-5). However, the bioassays are 

subject to substantial random error, require a relatively long 

incubation time, and provide limited sensitivity. Furthermore, 

ticarcil1in is invariably administered in combination with an 

aminog1ycoside antibiotic which interfers with the bioassays, 

particularly at low ticarci11in concentrations (4). 

The high performance liquid chromatographic method described 

here was designed to provide an accurate, sensitive, and rapid 

ticarci11in assay which can be performed in the presence of 

concurrently administered antibiotics. The small sample volume 

(100 ~l) makes the assay readily applicable to pediatric patients. 

MATERIALS AND METHODS 

Reagents 

Ticarci11in disodium (analytical grade) was a gift from 

Beecham Laboratories, Bristol, Tennessee, U.S.A. 

8-chlorotheophy11ine was from ICN Pharmaceuticals, Plainview, 

New York, U. S .A. HPLC-grade acetonitrile, ethyl acetate, and 

methanol and reagent grade citric acid monohydrate, sodium 

acetate, and glacial acetic acid were obtained from Fisher 

Scientific Company (Fairlawn, New Jersey, U.S.A.). 

Standards 

A stock standard solution of ticarci11in, equivalent to 

1 giL in methanol, was prepared and stored in the freezer at 

-20oC. Working standards were prepared daily in drug-free plasma 

to yield concentrations of 1 through 100 mg/L. The internal 

standard (8-ch1orotheophy11ine) was added to the extraction 

solvent (ethyl acetate) to yield a concentration of 1 mg/L. 

Instrumentation 

Chromatography was performed on a Perkin-Elmer Series II 

HPLC system equipped with a LC 75 UV/VIS variable wavelength 
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detector interfaced to a Sigma-lO data system. A 4.6 mm x 

12.5 cm HC ODS 5 ~-particle size reversed phase column (Perkin

Elmer Corporation, Norwalk, CT, U.S.A.) was used for the 

chromatography. The data system provided a readout of the 

digitally integrated area under the peaks, determined the reten

tion times, calculated the response factors for ticarcillin and 

the internal standard and printed the results in the appropriate 

concentration units. 

Chromatographic Conditions 

The mobile phase consisted of 9% acetonitrile in 0.2 M 

sodium acetate containing 0.35% glacial acetic acid (pH = 2.7) 

which was filtered and thoroughly degassed prior to use. The 

flow rate was 1.5 ml/min, and the effluent was monitored at 

220 nm. All analyses were performed at ambient temperature. 

Procedure 

One hundred ~l of standard, control, or patient serum was 

placed in a 1.5 ml Eppendorf centrifuge tube. To each tube 

200 ~l of 1 M citric acid monohydrate (pH = 2.2, prepared fresh 

weekly and stored refrigerated) was added and mixed. This was 

followed by the addition of 1.0 ml of ethyl acetate containing 

the internal standard. The tubes were vortexed vigorously for 

at least 1 minute and then centrifuged for 3 minutes at 21,000 g 

in a Brinkman table-top microcentrifuge. The organic layer was 

then transferred to a 10 x 75 mm disposable glass tube and 

evaporated to a dryness at 400 C under a stream of nitrogen. The 

dried samples were reconstituted with 50 ~l of mobile phase; 

10 ~l of which was injected onto the column. 

RESULTS 

Ticarcillin was extracted into ethyl acetate as its free 

acid after the addition of citric acid. Figure 1 shows typical 

chromatographs of (A) drug-free serum extracted with ethyl 

acetate containing the internal standard; (B) drug-free serum 
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FIGURE 1. Chromatogram of blank serum, standard, and a patient 
serum. (See text for details.) 

reconstituted with 100 mg/L of ticarcillin and the internal 

standard; and (C) a chromatogram of a patient serum extract 

containing 127 mg/L of ticarcillin. The retention times for 

internal standard and ticarcillin were 2.2 and 4.1 min., 

respectively. 

The concentration of ticarcillin calculated from the 

integrated area under the peaks was linearily related to the 

internal standard area over a concentration range from 1.0 to 

100 mg/L. The correlation coefficient (r) was 0.999 and the 

equation for the regression line was y 0.969 x + 1.019. 

Samples with concentrations greater than 100 mg/L were appro

priately diluted with normal saline and re-analyzed. The mean 

recovery of ticarcillin from serum was 89%. 

Table 1 shows the results of within-run and day-to-day 

precision studies conducted on spiked serum. 
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TABLE 1 

Precision of Ticarcillin Assay 

Concentration 

Concentration 

Mean 

SD 

CV% 

n 

Within 

(Added) mg/L 50 

(Obtained) mg/L 

49.7 

1.8 

3.6 

9 

TABLE 2 

Run Day-to-Day 

20 

21.4 

1.7 

7.9 

8 

Stability of Ticarcillin in Serum 

Week Value mg/L Week Value mg/L 

1 46.9 5 51.9 

2 50.4 6 50.7 

3 46.3 7 49.6 

4 52.9 8 49.7 

Mean (mg/L) 50.1 

+ SD 1.9 

Stability studies were conducted using a serum pool to 

which a known quantity of ticarcillin was added. Aliquots of 

this pool were frozen at -20
oC and analyzed over a period of 

8 weeks. Ticarcillin was stable for up to 8 weeks under these 

conditions (Table 2). 

DISCUSSION 
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The ultraviolet absorption and solubility characteritistics of 

ticarcillin proved to be unusually problematic during the develop

ment of a satisfactory HPLC assay. The extinction coefficient of 

ticarcillin in the U.V. range is relatively low with an absorption 

maximum less than 200 nm. This region of the U.V. spectrum is 
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unsuitable for most analyses with U.V. detection because most 

solvents and many endogenous chromo gens absorb below this wave

length, providing unacceptable background absorption. By monitoring 

the effluent at 220 nm we were able to reduce these background 

interferences while retaining satisfactory sensitivity in the 

detection of ticarcillin. 

Because of less than optimal U.V. absorbance, it became 

necessary to extract ticarcillin from serum and concentrate it 

prior to chromatography in order to achieve satisfactory 

sensitivity. Ticarcillin is a highly water soluble dicarboxylic 

acid with a pKa of approximately 2.7, making it difficult to 

extract efficiently from an aqueous medium. We found that 

ticarcillin could be satisfactorily extracted into ethyl acetate 

as the free acid. The free acid was then concentrated by 

evaporating the ethyl acetate and reconstituting the drug with 

the acidic mobile phase. 

Kwan, et al. (6) employed a back-extraction from ethyl 

acetate into 0.04 M pH 6.8 phosphate buffer to concentrate 

ticarcillin and separate it from interfering substances. However, 

we were unable to duplicate the recovery reported by Kwan and 

found the extra back extraction step to be cumbersome as well as 

unnecessary. In addition, we found the strong acidic mobile 

phase conditions used by Kwan to unacceptably shorten the 

functional life span of the C-18 column and to be unnecessary 

for optimal chromatography. 

The method described here is specific and sensitive, may be 

carried out with a simple single extraction step and requires 

less than five minutes for elution of each sample. The sample 

size of 100 ~l makes it an ideal assay for use in infants and 

young children where sample volume is frequently restricted. 
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ABSTRACT 

A quantitative determination of the a-amylase inhibitor from 
kidney beans, a glycoprotein (MW 49,000), by the use of a TSK-SW 
3000 column is described. A correlation coefficient of 0.986 was 
obtained when the HPLC method was compared with a biological assay 
using Beckman Enzymatic Amylase-DS Reagent Kit. The within-day 
and between-day coefficients of variation were 4.8-8.9% and 
3.7-11.6%, respectively. The results indicate this method is a 
reliable assay that has advantages over the biological assays 
presently available. 

INTRODUCTION 

High performance size exclusion chromatography has been used 

quite successfully in the separation of proteins (1-4). There 

have been, however, a limited number of reports in which proteins 

have been quantitatively assayed by HPLC (5,6). Size exclusion 

chromatography was chosen for the development of our quantitative 

chromatographic assay of the a-amylase inhibitor from kidney beans 

(Phaseolus vulgaris) because of the reportedly high degree of 

recovery of proteins in their active form (2,4) and the need to 

measure the biological activity of the inhibitor. 

There have been numerous a-amylase inhibitors from plant and 

animal sources identified (7-10). This group of substances gained 
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notoriety when they were introduced into the market as 'starch 

blockers' to be used as dietary aids in weight control, but they 

were subsequently removed from the market by the FDA. The 

efficacy of these products as starch blockers is controversial 

(11-14). Other clinical and agricultural applications of 

a-amylase inhibitors have also been investigated (15-17). 

The a-amylase inhibitor from kidney beans is a glycoprotein 

with a molecular weight of 49,000 and characteristics of its 

inhibitory properties on a-amylase have been reported (7). 

MATERIALS AND METHODS 

The HPLC system was composed of a model 825 pump and 

model 226 UV (280 nm) detector (Instrument Specialties Company); 

model 210 injector and Spherogel TSK-SW 3000 size exclusion 

column, 300 x 7.5 mm (Beckman Instruments); and model 3390A 

integrator (Hewlett-Packard Company). The mobile phase flow rate 

was 1 ml/min and consisted of 85% of 0.15 M sodium chloride in 

0.01 M phosphate buffer (pH 7.2) and 15% acetonitrile. 

Partially purified samples of a-amylase inhibitor from kidney 

bean (Calbiochem-Behring) were used as the primary source of the 

a-amylase inhibitor. These samples were dissolved in water and 

used directly for HPLC and biological assays. Starch blockers 

which were previously available and marketed under the brand names 

of Phaseolamin (Vita Plus, Inc.), Carbo-Slim (Michigan Vitamin) 

and Starch Blocker (Advantage Supplements) were also used as a 

source of the inhibitor. Samples were prepared from 3 tablets 

(500 mg each) which were crushed, extracted with 100 ml of water, 

filtered to remove undissolved particles and assayed. 

Biological activity of the inhibitor was determined by the 

use of Beckman Enzymatic Amylase-DS Reagent Kit (Beckman 

Instruments). This is an enzyme-coupled assay for a-amylase 

activity in which maltotetrose is the substrate and the rate of 



DETERMINATION OF a-AMYLASE INHIBITOR 2897 

production of NADH is followed by measuring the increase in 

absorbance at 340 nm. One unit of amylase activity was defined as 

the amount of enzyme that produced 1 Ilmole of NADH per minute 

under the conditions described below when no inhibitor was added. 

To assay the inhibitor, 1 ml of the Beckman reagent was pre

incubated at 37 0 C for 5 min in the spectrophotometer cuvette. At 

the same time another vial was preincubated and contained 750 III 

of 0.05 M phosphate buffer (pH 5), 100 III (approximately 0.03 

units) of a-amylase (type I-A from porcine pancreas, Sigma 

Chemical Company), and inhibitor with HPLC mobile phase to give a 

final volume of 1100 Ill. After preincubation the enzyme-inhibitor 

solution was transferred to the cuvette, incubated for 5 min at 

370 C and the change in absorbance was measured during the next 3 

min. All samples were assayed in duplicate. One unit of 

inhibitor was defined as the amount of inhibitor that inhibited 2 

units of a-amylase by 50%. 

The HPLC assay of the inhibitor was determined from a 

standard curve (peak height versus biological activity) which was 

prepared from a series of injections of the inhibitor. The 

equation for the standard curve was determined by linear regres

sion analysis. Peak heights of all samples of inhibitor were 

calculated from the average of duplicate injections. 

RESULTS AND DISCUSSION 

Separation of a-amylase inhibitor from other constituents of 

partially purified inhibitor and starch blocker samples was 

accomplished by high performance size exclusion chromatography 

(Figure 1). Only samples collected under peak 4 were bioactive 

and re-injection of the bioactive fraction on the HPLC produced a 

single peak with the same retention time as peak 4. In addition, 

when the 

a-amylase 

inhibitor (1.25 units/ml) 

(12.5 units/ml) for 40 

was incubated at pH 5 with 

min at 37 0 C and then 
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Figure 1. Chromatogram of partially purified a-amylase inhibitor 
using a Spherogel TSK-SW 3000 column at a flow of 1 
ml/min. Tnjection volume was 20 ]Jl (80 ]Jg protein). 
Peak 4 contained all of the inhibitor activity. 

chromatographed, a new peak appeared at 7.0 min whereas the 

inhibitor and a-amylase, when chromatographed separately under the 

same conditions, gave peaks at 7.3 and 8.8 min, respectively. The 

shorter retention time is indicative of a larger molecule as would 

be expected following the formation of an inhibitor-enzyme 

complex. The height of the peak at 7.0 min was also larger than 

either the inhibitor or amylase peaks alone. 
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Figure 2. Standard curve for a-amylase inhibitor. 

A typical standard curve for the a-amylase inhibitor is shown 

in Figure 2. Peak-height and units of biological activity were 

linearly related over this range (correlation coefficient of 

0.997). The minimal detectable quantity (sensitivity at 95% 

confidence) of the inhibitor by the HPLC assay was 0.13 units/ml 

which is comparable to the minimal detection limit (0.11 units/ml) 

using Beckman Enzymatic Reagent Kit. 

Loss of biological activity must correspondingly alter the 

chromatographic response if the HPLC assay is to be useful. Table 

1 illustrates that the loss of biological activity of the 

inhibitor correlated well with the loss of HPLC response in a 

sample that was dissolved in water and stored either at room 

temperature or at 50 C. Boiling the sample for 10 min in pH 4 

phosphate buffer eliminated both biological activity and HPLC 

response. 

Within-day and between-day precision were estimated by 

multiple determinations of several inhibitor solutions (Table 2). 

The within-day and between-day coefficients of variation were 

4.8-8.9% and 3.7-11.6%, respectively. Between-day precision was 

difficult to study over long time periods because of the instabi

lity of the inhibitor in water at 50 C. 
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TABLE 1 

HPLC Response And Bioassay After Inactivation Of Inhibitor 

% Activity Remaining 
Condition HPLC Bioassay 

Boiling water bath, 10 min 0 0 

50 C for 7 days 64 66 

Room temp for 2 days 70 58 

Room temp for 14 days 0 0 

TABLE 2 

Precision Studies 

Mean SD CV 
(units/ml) (units/ml) (%) n 

Within-day 1. 66 0.08 4.8 14 

2.46 0.16 6.5 15 

10.02 0.90 8.9 15 

15.06 1. 03 6.8 15 

Between-daY 2.35 0.13 5.5 4 

2.88 0.15 5.2 4 

4.10 0.15 3.7 4 

8.48 0.54 6.4 5 

10.11 0.86 8.5 7 

16.89 1. 96 11. 6 7 
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Figure 3. Comparison of HPLC assay with biological assay for 
a-amylase inhibitor. 

A comparison of the HPLC assay and biological assay for the 

amylase inhibitor is shown in Figure 3. The correlation coeffi

cient was 0.986, indicating a good agreement between the assay 

methods. These assays represent different samples of partially 

purified inhibitor and starch blockers and not merely dilutions of 

such samples. 

In conclusion, this HPLC assay of a-amylase inhibitor from 

kidney bean is simple, rapid, sensitive and reproducible. Each 

assay can be completed within 10 min whereas biological assay 

methods for the inhibitor are more time consuming and cumbersome. 

The HPLC response correlates well with the bioactivity even fol

lowing mild inactivation of the inhibitor during storage. The 
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HPLC assay, however, was not evaluated for proteins that may 

interfere with the assay although commercially produced starch 

blocker tablets and samples partially purified by the procedure of 

Marshall (7) that we assayed did not contain interfering 

compounds. 
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ABSTRACT 

A semi-preparative high performance liquid chromatographic 
method has been developed to separate carbon-14 labeled avermectin 
Bla from a fermentation mixture of carbon-14 labeled avermectins, 
i.e., avermectins Ala, Alb, A2a, A2b, B1a, BIb, B2a, and B2b. Two 
HPLC systems were employed for the separation: I. A Whatman M20, 
Partisil 10, normal phase column and a solvent system of 10% 
ethanol in isooctane (v/v), and II. A Whatman M20, Partisil 10, 
ODS-3, reverse phase column and a solvent system of aceto
nitrile/methanol/water (56:18:26, v/v/v); the flow rate was 18 ml/ 
min. Avermectin separations were monitored using ultraviolet 
detection (254 nm). Further analyses of avermectin B1a were done 
using analytical HPLC and TLC/radioassay to check compound purity 
and identity. 

INTRODUCTION 

Avermectin Bla is one of the major avermectins (Figure 1) 

produced by the actinomycetes Streptomycetes avermetilis (1). It 

*To whom inquiries should be directed. 
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is active at extremely low dosage against a wide variety of 

nematode and arthropod parasites, apparently by virtue of its 

action on the mediation of neurotransmission by Y-aminobutyric 

acid (2). In addition, it exhibits excellent activity in 

controlling different phytophagus pests of field crops and citrus 

(3), and red imported fire ants (4). Pure, carbon-14 avermectin 

Bla is needed for various metabolism studies and environmental 

chemistry studies. Miller et al. (S) separated avermectin major 

components, AI, A2, BI, and B2, by using a partition chroma

tography system: Sephadex LH-20. 
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EXPERIMENTAL 

Material 

Solvents used for the semi-preparative and analytical high

performance liquid chromatographic separations of avermectins 

were HPLC grade. 

Crude mixture of carbon-14 labeled avermectins, used to obtain 

pure avermectin Bla by semi-preparative HPLC, were isolated from 

the fermentation broth using the procedure reported by Ku et al. 

(6). 

The TLC plates were E. Merck Sil GF, 0.25 mm thick plates. 

Autoradiography was achieved on Kodak ARO X-ray film. Both normal 

phase and reverse phase semi-preparative columns were purchased 

from Whatman. 

Apparatus 

The HPLC system consisted of two Altex model l10A pumps, a 

Rheodyne injector with a 4ml sample loop, an Altex dual wavelength 

model 151 UV detector with a preparative flow cell (0.5 mm 

pathlength) and a recorder. The normal phase semi-preparative 

column (50 cm x 22 mm I.D.) was a Whatman M20, Partisil 10. 

Operating conditions were: mobile phase, ethanol-isooctane 

(10:90, v/v); flow rate, 18 m1/min; temperature, ambient; UV 

wavelength, 254 nm; chart speed, 12 cm/hr. The reverse phase semi

preparative column (50 cm x 22 mm LD.) was a Whatman M20, 

Partisil 10, ODS-3. Operating conditions were: mobile phase, 

acetonitrile/methanol/water (56:18:26, v/v/v); flow rate, 18 ml/ 

min; temperature, ambient; UV wavelength, 254 nm; chart speed, 

12 cm/hr. 

The analytical column (25 cm x 4.6 mm I.D.) was a Zorbax ODS 

(DuPont). Operating conditions were: mobile phase, meth

anol/water (85:15, v/v); flow rate, 1 m1/min; column temperature, 

ambient; UV wavelength, 245 nm; chart speed, 0.5 cm/min. 
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METHODS 

Semi-Preparative HPLC Separations 

SEPARATION OF AVERMECTINS 

A methanol solution of carbon-l4 labeled avermectins was 

obtained from an isolate of the fermentation broth. One ml of this 

solution contained approximately 35 mg [14Clavermectins with 

approximately 600 ~Ci of radioactivity. Three ml of the solution 

was injected per each run. A total of seven runs was made for the 

normal phase separation. The fractions containing avermectin Bla 

were collected and concentrated using rotary evaporation. The 

separation of avermectin Bla and BIb was achieved by reverse phase 

HPLC. The pure avermectin Bla was obtained by another normal phase 

separation to remove the trace contaminant, avermectin A2. The 

fractions containing pure avermectin Bla were collected and 

concentrated using rotary evaporation. 

Analytical HPLC/Radioassay 

The purified avermectin Bla was analyzed for chemical purity 

by analytical HPLC. The effluent was collected in fractions for 

radioassay using standard liquid scintillation counting technique 

to determine the radiopurity. 

TLC/Radioassay 

The purified avermectin Bla was also analyzed by TLC tech

nique. The developing solvent was hexane/isopropyl alcohol (51:9, 

v/v). The avermectin Bla spot on the developed plate was 

visualized by both autoradiography and UV light (254 nm). The 

radiopurity was determined by liquid scintillation counting of the 

TLC plate scrapings in a liquid scintillation counter. 

RESULTS AND DISCUSSION 

The chromatogram of the semi-preparative normal phase separ

ation of avermectins AI, A2, Bl, and B2 is shown in Figure 2. 

Through TLC with radioassay, the first peak with a retention time 



10 3~ 
, 

40 

Time (minute) 

I 
60 

, 
90 

Figure 2. Semi-preparative Normal Phase HPLC Chromatogram of 
AI' A2, BI , and B2 · 

2'0 sb 8& 
Time (minute) 

Figure 3. Semi-preparative Reverse Phase HPLC Chromatogram of 
Avermectins Bia and BIb. 
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Figure 4. Semi-preparative Normal Phase HPLC Chromatogram of 
Avermectins Bla and A2a. 

(RT) of 22.5 min is identified as avermectin AI, the peak with 

RT = 35.5 min is avermectin A2, the peak with RT 42.5 min is 

avermectin Bla, and the peak with RT 59.0 min is B2' In all four 

fractions, i.e., avermectin AI, A2, BI, and B2, the components a 

and b of the same avermectin e.g., Ala and Alb, were not separated 
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Figure 5. TLC Chromatogram of Avermectin BIb (BIb ST), Aver
mectin Bia (BIa ST) and Avermectin (BIa_I4C) Collected 
from the Semi-preparative Separations. St, standards. 

on normal phase HPLC. The absorption properties of silica gel for 

components a and b are nearly the same because the only difference 

between a and b structurally is the alkyl side chain at C-25, i.e., 

a is isobutyl and b is isopropyl (See Figure 1). However, when the 

fraction containing avermectin BI was concentrated and reinjected 

onto a semi-preparative reverse phase HPLC, a baseline separation 

of avermectin Bia and BIb was obtained. The chromatogram is shown 

Ln Figure 3. From the results of TLC and radioanalysis, the peak 

with RT = 47.5 min LS avermectin BIb, the peak with 57.0 min is 

avermectin A2a, and the peak with RT = 59.5 min is avermectin Bla. 

Since avermectin Bla contained some avermectin A2a, these two 

components were collected together and concentrated, then rein

jected onto the semi-preparative normal phase HPLC again to obtain 

a baseline separation of the two avermectins. The peaks again were 

analyzed by TLC and radioanalysis. The chromatogram is shown in 

Figure 4. 

The fractions containing pure avermectin Bla were collected 

and concentrated. In order to ascertain the chemical purity and 

radiopurity, and to check the identity of the purified avermectin 

Bla, analytical HPLC and TLC/radioassay were employed. The 

results are presented in Figure 5 for the analyses by TLC and 

Figure 6 for the evaluation by analytical HPLC. The identity and 
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concentration of the purified avermectin B1a were confirmed and 

measured by UV spectrometry (Figure 7). 

This semi-preparative HPLC method offers a rapid means of 

obtaining [14Clavermectin Bla that are chemically and radio

chemically pure (99+%) in sufficient quantity to do metabolism 

and environmental chemistry research. 
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IDENTIFICATION OF LACTARIUS SPECIES BY HPLC USING 

SESQUITERPENE MONOHYDROXYLACTONE CONTENTS AS 
CHARACTERISTIC CHEMOTAXONOMIC FEATlffiES. 

W. M. Daniewski,a W. Kroszczynski,a A. Hawrzuna 
and A. Rymkiewicz. b 

aInstitute of Organic Chemistry, Polish Academy of 
b Sciences, 00-961 Warsaw, Poland. 
Institute of Biology and Pharmacy, School of Medicine, 

51601 Wroclaw, Poland. 

ABSTRACT 

It has been shown that the sesquiterpene monohydroxylactone 
contents of several species of mushrooms of the Lactarius family 
are characteristic chemotaxonomic features of the species. The 
profile of such compounds can easily be determined by HPLC and the 
resulting chromatograms can serve for purposes of identification 
of the species. 

INTRODUCTION 

In our previous investigations on mushrooms (1-3) of the 

Lactarius family, we isolated and identified several monohydroxy-

lactones with lactarane and secolactarane skeletons. During our 

investigations (1), it was found that the monohydroxylactone content 

in each species w·as a characteristic chemotaxonomic feature. The 

contents could be determined by HPLC using a Simple procedure and 

the chromatograms could serve for identification of these species. 

*Part XV, Daniewski, W. M. et aI, Tetrahedron, in press 
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Identification of mushrooms is sometimes very difficult. In 

1972, Professor A. Nespiak in Poland suggested to us the use of 

standardised TLC chromatograms of mushroom extracts for their 

identification. The TLC method is not accurate as compared with 

HPLC. In our previous paper (1) we published HPLC chromatograms 

of the monohydroxylactone contents of the following mushrooms: 

Lactarius necator, L. quietus, L. helvus, L. torminosus, L. gly

ciosmus and L. subdulcis. Now we wish to report the chromatograms 

of the following mushrooms: L. necator (standard), L. turpis, L. 

controversus, L. vellereus, L. pergamenus, L. vietus L. spinosulus 

and L. blennius. 

EXPERIMENTAL 

Materials 

All the mushrooms were collected in Poland. Solvents were 

purified by standard procedures which included distillation just 

before use. 

Apparatus 

HPLC chromatograms were obtained with a home assembled isocra

tic liquid chromatograph, which included Waters 6000 5D5, U6K uni

versal injector, Varian RI detector, and Chernipan IC-01 integrator. 

The column had 4 mm i.d., 300 mm length and was packed with l~ 5i60 

Lichrosorb using a high pressure slurry technique (9000 theoretical 

plates). 

Preparation of Extracts 

Fresh mushrooms (30 - 50 g) were ground with ethanol (200 ml) 

and stored for 24 hours at ambient temperature. The slurries of 
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mushrooms were filtered through a sintered glass funnel covered 

with a 1 cm layer of cellite filter aid. The ethanol extracts 

were evaporated to dryness and dissolved in a 1:1 water/ether mix

ture (100 ml). The water layer was extracted with ether (3 x 75 

ml) and the extracts were combined and the ether evaporated. The 

residue was prepurified by passing through short columns filled 

with alumina (neutral) in a solute/adsorbent ratio 1:15. The 

columns were eluted with a benzene/ethanol (7:3) mixture until 

lactarorufin A (TLC, green spot, H2S04) appeared in the eluate. 

The evaporated eluates were rechromatographed on TLC plates 

(Merck, benzene/acetone 8:2). The zones of spots containing mono

hydroxylactones (Rf, 0.3 - 0.4) were separated, extracted with 

ethyl acetate, the solvent evaporated and the residue weighed. 

Analytical ?rocedure 

Before the analysis, the column was conditioned by passing 

through 20 volumes of solvent (hexane/ethylacetate 85:15). The 

flow rate was 1 ml/min. Purified samples were injected (~. 0.5 

mg) through the Waters U6K injector. The duration of every analy

sis was ca. 90 min. Since the Lactarius necator is a very common 

mushroom in Poland, its extract was found to be very useful for 

standardisation of these chromatograms. The retention volume of 

each lactone was checked against the volumes obtained by injection 

of the mixture from Lactarius necator to which blennin A had been 

added (4). Any doubts about the identity of a peak could be 

cleared up by collecting samples of the lactone and measuring its 

mass spectrum. 
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RESULTS AND DISCUSSION 

In figure 1 we can see the chromatograms of the monohydroxy-

lactone contents of various species. The chromatogram of L neca-

tor has already been presented and serves as a standard (1). 

Table 1 summarizes the data obtafned from the chromatograms. It 

was necessary to use a high capacity factor (k') in order to 

achieve separation. It was found again that the monohydroxylac-

tone contents in the mushrooms investigated are characteristic 

features of every species. Extracts of Lactarius pergamenus, L. 

spinosulus and L. vietus contained new compounds in addition to 

the known monohydroxylactones. The compounds will be isolated in 

larger quantities and their structures will be investigated. 
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Figure 1. Chromatograms of the Monohydroxy-Lactone Contents 
of Various Species. 
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Lactarius controversus contained only three monohydroxylactones. 

Compound 2' the deconjugated anhydrolactarorufin A, was present in 

every species; thus it must be a very important intermediate in 

the biogenesis of these compounds. There are 70 species of 

Lactarius mushrooms in Poland and everyone of them according to 

their supply will be investigated. 

Monohydroxylactones play an important role in the life of 

these species as they have been found to be strong insect 

deterrents.(5) 
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BOOK REVIEWS 

"STERIC EXCLUSION LIQUID CHROMATOGRAPHY OF POLYMERS", Josef Janca, 
ed., Marcel Dekker, Inc., New York and Basel, 1984, 329 pp., $55.00 
(US) . 

This volume is another compilation of a type which has become 
popular in the last few years; that is, a series of chapters covers 
specific areas of a broader subject, each chapter written by a 
recognized authority in that area. The editor has done an 
excellent job of coordinating and assembling the material. Cross 
references among the various chapters are frequent and, as a 
result, the reader benefits from a review which is more coherent 
than many reviews of this type. 

The book is divided into seven chapters as follows: 

1. Principles of Steric Exclusion Chromatography. 
2. Calibration of Separation Systems. 
3. Correction of Axial Dispersion. 
4. Effect of Experimental Conditions. 
5. Use for Polymer Analysis. 
6. Automatic Data Treatment. 
7. Precision and Accuracy of Results. 

As described by the contents above, this is not a "how to do it" 
book for the practitioner, but is a serious attempt to present to 
the reader an up-to-date review of the fundamental aspects of 
steric exclusion chromatography. As such, it fills a void in the 
published literature. The extensive reference list for each 
section should also be very useful. 

For the most part, the various authors have done an excellent job 
of presenting to the reader the existing state of the method. The 
chapters on calibration, experimental conditions and polymer 
analysis are especially well written and informative. 

If there is any criticism to be given, in several instances the 
authors present conflicting opinions or alternate explanations 
taken from the literature with no attempt to evaluate or express an 
opinion as to which may be the more correct. Perhaps this was done 
intentionally, but it is especially distracting in the chapter on 
"Correction for Axial Dispersion." 
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This book is especially recommended to polymer researchers and 
chromatographers who, in order to fully utilize the information 
available from the analysis, need to have a thorough understanding 
of the principles and mechanisms involved in size exclusion 
chromatography of polymers and oligomers. 

Dale J. Harmon 
B. F. Goodrich R&D Center 
Brecksville, Ohio 
August 9, 1984 
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LC CALENDAR 

1984 

DECEMBER 10-12: "TLC/HPTLC-84: Expanding 
Sheraton-University City, Philadelphia, PA. 
Touchstone, University of Pennsylvania, Dept. 
e Street, Philadelphia, PA. 

Horizons in TLC," 
Contact: J. C. 

OB-GYN, 3400 Spruce 

DECEMBER 10-12: Fourth International Symposium on 
Proteins, Peptides and Polynucleotides, Baltimore, MD. 
Shirley E. Schlessinger, Symposium Manager, 400 East 
Chicago, IL, USA. 

HPLC of 
Contact: 

Randolph, 

DECEMBER 16-21: International Chemical Congress of Pacific Basin 
Societies, Honolulu, Hawaii, sponsored by the Chemical Inst. of 
Canada, Chemical Soc. of Japan, and the American Chern. Soc. 
Contact: PAC CHEM '84, International Activities Office, American 
Chern. Soc., 1155 Sixteenth St., NW, Washington, DC, 20036, USA. 

1985 

FEBRUARY 10-15: Symposium on the Interface Between Theory and 
Experiment, Canberra, Australia. Contact: Leo Radom, Research 
School of Chemistry, Australian National University, Canberra, ACT 
2601, Australia. 

FEBRUARY 11-14: Polymer 85, Int'l Symposium on Characterization 
and Analysis of Polymers, Monash University, Melbourne, Australia, 
sponsored by the Polymer Div., Royal Australian Chemical Inst. 
Contact: Polymer 85, RACI, 191 Royal Parade, Parkville Victoria 
3052, Australia. 

FEBRUARY 25 MARCH 1: Pittsburgh Conference 
Chemistry & Applied Spectroscopy, New Orleans, LA. 
Briggs, 437 Donald Road, Pittsburg, PA, 15235, USA. 
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on Analytical 
Contact: Linda 
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MARCH 23-24: Conference on Creativity & Science, Honolulu, Hawaii. 
Contact: D. DeLuca, Scientists and Humanities Conf., Winward 
Community College, University of Hawaii, 45-720 Keaahala Rd., 
Kaneohe, Hawaii, 96744, USA. 

APrIL 8 - 11: 10th Annual AOAC Spring Training Worshop, Sheraton 
Hotel, Dallas, Texas. Contact: M. V. Gibson, USFDA, 332 Bryan, 
Dallas, TX, 75204, USA. 

APRIL 15 - 17: Second International Symposium on Instrumental 
TLC, Wurzburg, West Germany. Contact: H. M. Stahr, 1636 College 
Veterinary Medicine, Iowa State University, Ames, lA, 50011, USA., 
or Prof. S. Ebel, Institute for Pharmacies, A. M. Hubland, D-8700 
Wuerzburg, West Germany. 

APRIL 15-18: Materials Research Society Spring Meeting, San 
Francisco, CA. Contact: Susan Kalso, Xerox Palo Alto Res. Center, 
3333 Coyote Hill Road, Palo Alto, CA, 94304, USA. 

APRIL 28 MAY 3: 189th National ACS Meeting, Miami Beach. 
Contact: A. T. qinstead, ACS, 1155 16th Street, NW, Washington, 
DC, 20036, USA. 

APRIL 29 
Chemistry 
ACS Nat'l 
University 

MAY 2: Symposium on Analytical Metods in Forensic 
& Toxicology, Miami, Florida; in conjunction with 189th 

Meeting. Contact: Dr. M. H. Ho, Dept. of Chern., 
of Alabama, Birmingham, AL, 35294, USA. 

MAY 13 - 15: Infant Formula Conference, Sheraton Hotel, Virginia 
Beach, VA. Contact: Dr. James Tanner, USFDA-Hff-266, 200 C 
Street, SW, Washington, DC, 20204, USA. 

MAY 19: Middle Atlantic Regional ACS Meeting, Sponsored by ACS 
Monmouth County Section. Contact: M. Parker, Dept. of Chern., 
Monmouth College, West Long Branch, NJ, USA. 

JUNE 9-15: ACHEMA 85, Frankfurt, West Germany. Contact: DECHEMA, 
Organization ACHEMA, P.O.Box 97 01 46, D-6000 Frankfurt, 97, West 
Germany. 

JUNE 24 - 28: 59th Colloid & Surface Science Symposium, Clarkson 
College of Technology, Potsdam, NY. Contact: J. P. Kratohvil, 
Institute of Colloid & Surface Science, Clarkson College of 
Technology, Potsdam, NY, 13676, USA. 

JULY 1-5: Ninth International Symposium on Column Liquid 
Chromatography, sponsored by the Chromatography Discussion Group 
and by the Royal Society of Chemistry's Chromatography & 
Electrophoresis Group, Edinburgh, Scotland. Contact: Prof. J. H. 
Knox, 9th ISCLC Secretariat, 26 Albany Street, Edinburgh, EH1 3QH, 



LIQUID CHROMATOGRAPHY CALENDAR 

Great Britain. 

JULY 4: 4th International Flavor Conference, Greece. 
J. Mussinan, IFF R&D, 1515 Highway 36, Union Beach, 
USA. 

2925 

Contact: C. 
NJ, 07735, 

SEPTEMBER 1-6: 6th International Symposium on Bioaffinity 
Chromatography & Related Techniques, Prague, Czechoslovakia. 
Contact: Dr. J. Turkova, Institute of Organic Chemistry & 
Biochemistry CSAV, Flemingovo n. 2, CS-166 10 Prague 6, 
Czechoslovakia. 

SEPTEMBER 8-13: 190th National ACS Meeting, Chicago. Contact: A. 
T. Winstead, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA 

SEPTEMBER 29 - OCTOBER 4: Federation of Analytical Chemistry & 
Spectroscopy Societies (FACSS), Marriott Hotel, Philadelphia, PA. 
Contact: T. Rains, NBS, Center for Analytical Chemistry, Chemistry 
B-222, Washington, DC, 20234, USA. 

OCTOBER 27 30: 99th Annual AOAC Meeting, Shoreham Hotel, 
Washington, DC. Contact:Margaret Ridgell, AOAC, 1111 N. 19th 
Street, Suite 210, Arlington, VA, 22209, USA. 

1986 

APRIL 6-11: 191st National Am. Chern. Soc. Mtng., Atlantic City, 
NJ. Contact: A. T. Winstead, ACS, 1155 16th Streeet, NW, 
Washington, DC, 20036, USA. 

SEPTEMBER 7-12: 192nd National Am. Chern. Soc. Mtng., Anaheim, 
Calif. Contact: A. T. Winstead, ACS, 1155 16th Street, NW, 
Washington, DC, 20036, USA 

SEPTEMBER 21-26: XVIth International Symposium on Chromatography, 
Paris, France. Contact: G.A.M.S., 88,Boulevard Malesherbes, 
F-75008 Paris, France. 

OCTOBER 12 16: 100th Annual AOAC International Meeting, 
Shoreham Hotel, Washington, DC. Contact: Margaret Ridgell, AOAC, 
1111 N. 19th Street, Suite 210, Arlington, VA, 22209, USA. 

1987 

APRIL 5-10: 193rd National Am. Chern. Soc. Mtng., Denver, Colo. 
Contact: A. T. Winstead, ACS, 1155 16th Street, NW, Washington, 
DC, 20036, USA. 
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AUGUST 30 - SEPTEMBER 4: 194th National Am. Chern. Soc. Mtng., New 
Orleans, LA. Contact: A. T. Winstead, ACS, 1155 16th Street, NW, 
Washington, DC, 20036, USA. 

1988 

JUNE 5 11: 3rd Chemical Congress of the North American 
Continent, Toronto, Ont., Canada. Contact: A. T. Winstead, ACS, 
1155 Sixteenth St, NW, Washington, DC, 20036, USA. 

SEPTEMBER 25 - 30: 196th ACS National Meeting, Los 
Contact: A. T. Winstead, ACS, 1155 Sixteenth 
Washington, DC, 20036, USA. 

Angeles, 
Street, 

The Journal of Liquid Chromatography will publish 
announcements of interest to liquid chromatographers 
in every issue of the Journal. To be listed in the 
LC Calendar, we will need to know: Name of the 
meeting or symposium, sponsoring organization, when 
and where it will be held, and whom to contact for 
additional details. You are invited to send 
announcements to Dr. Jack Cazes, Editor, Journal of 
Liquid Chromatography, P. o. Box 1440-SMS, Fairfield, 
CT, 06430, USA. 

CA. 
NW, 
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A 

Abscisic acid, analysis of by CCC, 
303-322 

Acenaphthenylsilyl compounds, sep
aration and purification of 
by preparative HPLC on caf
feine coated silica gel, 
2383-2400 

Acetaldehyde, evaluation of in 
blood without ethanol inter
ference, using HPLC, 765-778 

Acetamido sugars. See Sugars, ace
tamido and neutral 

Actinomycins, analysis of by HPLC, 
573-575 

Adrenoceptor agonist. See Yohim
bine 

Adsorbent, in TLC, influence of 
surface area of, 2697-2710 

Aflatoxins, analysis of in corn 
samples using thin layer 
HPLC with fluorescence de
tection, 1383-1391 

Aglycones. See Flavonoid aglycones 
Air, determination of isocyanic 

acid in, by RP-HPLC, 2151-
2161 

Albendazole, quantification of in 
human organs and fluids dur
ing hydatatidosis using 
HPLC, 569-580 

Alcohol, denatured, determination 
of bitter principles next to 

other ingredients in, by 
HPLC, 2163-2177 

Alkaloids. See Pyrrolizidine al-
kaloids 

Alkylsulfonate salts, use of as 
mobile phase additives on 
separation of amino acids 
and pep tides by RP-HPLC, 
111-150 

American Chemical Society, sep
aration and chromatography 
subdivision of (announce
ment), 433 

Amide derivatives, of tropic 
acid, resolution of using 
HPLC with chiral station
ary phase columns, 731-741 

Amino acids 
dansyl 

behavior of on Radial Pak 
CIS column, 539-558 

detection of by-products of 
using ion pair RP-HPLC, 
917-924 

effect of staionary phases 
and surfactant or cyclodex
trin spray reagents on 
fluorescence densitometry 
of, 1273-1288 

dinitrophenyl, gram quantity 
separation of with ccc, 
323-340 

phenylthiohydantoin, isocratic 
separation of by micro bore 
HPLC, 559-568 

Note: Numbers with an "5" prefix indicate entries appearing in Supple
ments 1 and 2 of Volume 7, 
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[Amino acids] 
separation of by RP-HPLC, use of 

hydrophobic ions as mobile 
phase additives in, 111-150 

separation of by RP-TLC, 2719--
2723 

separation of by TLC on impreg
nated layers, 1359-1365 

See also Iodoamino acids -----
Amino-alkyl bonded silica columns. 

See Silica columns, amino
and cyano-alkyl bonded 

4-Aminoisoxazolyl-l,2-naphtoqui
nones, separation of tauto
meric compounds by HPLC, 
2203-2217 

S-2-(3-Aminopropylamino)ethylphos
phorothioate (WR272l), de
termination of in human 
plasma by LCEC, 2447-2465 

Amphoteric detection, analysis of 
tissue catecholamines with 
short columns and, 1211-1220 

Amphoteric ion exchanger, separa
tion of anions and cations 
on, 1691-1706 

Ampicillin, in commercial drug 
forms, determination of by 
ion pair RP-HPLC, 1243-1265 

a-Amylase inhibitor, from Phaseou
Ius vulgaris, determination 
of by SEC, 2895-2903 

Analogues, of fentanyl, separation 
of using RP-HPLC, 463-473 

Anils 
d-block cations complexed with, 

separations of by TLC, 2821-
2829 

metal ions complexed with, de
tection, separation, and de
termination of by TLC, 2813-
2820 

Anion-exchange. See Solid-phase 
extraction, anion exchange 

Anions, separation of on thorium 
tellurite, 1691-1706 

Anthracycline antibiotics, analy
sis of by HPLC, S98-Sl09 

Antiarrhythmic agent. See Fleca
nide 

Antibiotics. See Actinomycins; Am-
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picillins; Anthracycline 
antibiotics; Antitumor an
tibiotics; Bleomycin; Eryth
romycin; 4-epi-Meclocycline; 
Nebramycin complex; Neomy
cin; Netilmicin; Sisomicin; 
Tobramycin 

Antifungal drug. See 5-Fluoro
cystine 

Antigen. See Ragweed antigen 
Antiinflammatory agent, non

steroidal, assay of in 
plasma of rats, dogs, and 
humans, 2093-2101 

Antitumor agents. See Copovithane; 
Tubercidin --

Antitumor antibiotics, analysis 
of by HPLC, S69-Sl25 

Apomorphine, in brain and plas
ma, determination of using 
HPLC, 19l-200 

Applications, of FFF, S16-S32 
Aqueous samples, determination 

of MBT in by RP-HPLC, 2653-
2658 

D-Arabino-2-hexosulose, isolation 
and determination of trace 
levels of by micro column 
chromatography, TLC, and 
HPLC, 1991-2001 

Argentation TLC. See Thin layer 
chromatography (TLC) , uni
dimensional argentational 

Aromatic hydrocarbons, polycyclic, 
effect of stationary phases 
and surfactant of cyclodex
trin spray reagents on fluo
rescence densitometry of, 
1273-1288 

Aromatic retinoids, separation 
of ~ and ~ isomers of, by 
semi-preparative HPLC, 
1455-1460 

Aromatic silyl compounds. See 
Acenaphthenylsilyl cO;: 
pounds 

Arsenic anions, trace analysis 
and speciation for, by 
RP-HPLC with HY-ICP, 861-
876 
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Asparagine, determination of by 
isocratic elution RP-HPLC 
with fluorescent detection, 
1169-1183 

Automated HPLC. See High perform
ance liquid chromatography 
(HPLC), automated 

Avermectins, separation of by pre
parative HPLC, 2905-2914 

Avicides, determination of by 
HPLC, S227 

Aza-arenes, analysis of using RP
HPLC, 1425-1432 

Azadirachtin, determination of in 
neem extracts using RP-HPLC, 
591-598 

Azidomorphines, in guinea pig ile
um, RP-HPLC as model for 
characterization of offset 
rate of action of, 2073-2092 

B 

Bacteria, with known differences 
in surface lipopolysaccha
ride, separation of using 
CCC, 403-418 

Bacterial glycosides. See Glyco
sides, plant and bacterial 

Bananas, determination of chlor
pyrifos in by TLC on pread
sorbent silica gel, 2735-
2742 

Bile, determination of butapera
zine in, by HPLC, 1643-1649 

Bile acids 
in serum, automated HPLC for 

analysis of, 2267-2287 
See also Kryptogenin; Sapogenins 

Biological compounds, HPLC of 
(book review), 2103-2104 

Biological fluids 
determination of 5,6-dihydro-5-

azacytidine in by RP-HPLC, 
1433-1453 

determination of pirenzepine in 
by HPLC with UV detector, 
2401-2408 

human, quantification of alben
dazole and its sulfoxide 
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metabolites in, during hy
datatidosis, using HPLC, 
569-680 

separation of estradiol epimers 
from, by HPLC, 2431-2446 

See also Cerebrospinal fluid; 
Bile; Bile acids; Blood; 
Dialysis fluid; Plasma; 
Serum; Urine 

Biological samples, determina
tion of polyamines in by 
RP-HPLC, 2605-2610 

Biologically active quinazolines, 
analysis of by HPLC, 2493-
2506 

Biotechnology directory (book re
view), 1051 

Bitrex, determination of next 
to diethyl phthalate and 
camphor in denatured alco
hol by HPLC, 2163-2177 

Black spruce, prefractionation 
of essential oils of, by 
flash chromatography, 2671-
2677 

Bleomycins, analysis of by HPLC, 
S83-S88 

Blood 
determination of salicylamide 

in, by HPLC, 1221-1234 
evaluation of acetaldehyde in 

without ethanol interfer
ence, using HPLC, 765-778 

whole, determination of cinna
rizine in by RP-HPLC, 2237-
2251 

See also Biological fluids 
Brain, determination of apomor

phine in, using HPLC, 191-
200 

Bulks 
determination of ampicillin in, 

by ion pair RP-HPLC, 1243-
1265 

See also Dosage forms 
Butadiene, determination of TBC 

in by HPLC, 2143-2149 
Butaperazine, determination of 

in solutions, tablets, 
plasma, and bile by HPLC, 
1643-1649 
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By-products, of amino acid dansyl
ation, detection of using 
ion pair RP-HPLC, 917-924 

C 

Caffeine. See Silica gel, caf
feine coated 

Calcium pantothenate, determina
tion of using RP-HPLC with 
column switching, 823-837 

Calcium sulfate, separation of or
ganic acids on, by TLC, 
1321-1340 

Calibration 
of SEC with polydisperse stand

ards, S4l-S68 
of SEC using Weibull distribu

tion function, 1511-1536 
See also Molecular weight cali

bration 
Camphor, determination of bitrex, 

quassia powder, and sucrose 
octaacetate next to, in de
natured alcohol, by HPLC, 
2163-2177 

Capacity factors k', correlation 
between RM values in TLC and 
liquid column chromatogra
phy, 1301-1312 

Capsules, determination of ampi
cillin in, by ion pair RP
HPLC, 1243-1265 

Carbamazepine, simultaneous deter
mination of and oxcarbaze
pine in serum, by HPLC, 
1235-1241 

Carbohydrates 
reducing, determination of by 

liquid chromatography with 
fluorometric reaction detec
tion with pressurized reac
tor outlet, 2351-2365 

separation of xylitol from by 
HPLC, 2003-2010 

Carbon dioxide, analysis of solu
tions of using RP-HPLC with 
differential refractometer, 
493-508 

Carbonyl compounds, fluorogenic 
labelling of with NBD-H, 
839-854 
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Carotenoid, determination of in 
human plasma by HPLC, 2611-
2630 

Catechol estrogen. See Monoglu
curonides, catechol estro
gen; Monosulfates, cate
chol estrogen 

Catecholamine 
determination of using RP-HPLC 

with three micron columns, 
509-538 

tissue, analysis of by LC with 
short columns and amphoteric 
detection, 1211-1220 

Cations 
d-block, complexed with anils, 

separations of by TLC, 
2821-2829 

separation of on thorium tellu
rite, 1691-1706 

CCC. See Countercurrent chroma
-r;graphy (CCC) 

Cefazolin, determination of in 
serum and pelvic tissue at 
hysterectomy by HPLC, 2011-
2020 

Cefoperazone, in serum and urine, 
determination of by HPLC, 
2421-2429 

Cefotaxime, determination of in 
human myometrium by HPLC, 
2483-2491 

Ceftazidime, in serum, urine, 
CSF, and peritoneal dialy
sis fluid, determination 
of by HPLC, 979-987 

Ceftizoxime, determination of in 
human serum and urine by 
HPLC, 961-968 

Ceftriaxone, determination of in 
serum and pelvic tissue at 
hysterectomy by HPLC, 2011-
2020 

Celite column. See Columns, cel
ite 

Cells, separation of using CCC, 
419-431 

Centrifuge 
coil planet, purification of 

synthetic peptides using 
CCC with, 351-362 

toroidal coil, CCC with, 363-
384 
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[Centrifuge] 
use of in partitioning of nico

tinic cholinergic receptor 
enriched membranes, 385-402 

Cephalosporins, determination of 
in plasma by isocratic RP
HPLC, 1461-1475 

Cerebrospinal fluid (CSF) 
determination of ceftazidime in 

by HPLC, 979-987 
determination of methotrexate 

and 7-hydroxymethotrexate 
in, by radial compression 
LC, 1579-1591 

quantification of serotonin in 
by LCEC with 6-HT as inter
nal standard, 2679-2689 

See also Biological fluids 
Charring densitometry. See Thin 

layer chromatography (TLC) 
densitometry, charring 

Chemically bonded phases. See Sil-
ica columns, amino and cya
no-alkyl bonded 

Chiral derivatizing agent, in 
HPLC, availability of, 2307-
2314 

Chiral separation. See Columns, 
chiral stationary phase 

Chlorpyrifos, determination of in 
tap water and bananas by TLC 
on preadsorbent silica gel, 
2735-2742 

Cholinergic receptor, nicotinic, 
use of CCC with toroidal 
coil centrifuge in parti
tioning of membranes en
riched with, 385-402 

Cimetidine, simultaneous analysis 
of and ranitidine in human 
plasma by isocratic ion-pair 
RP-HPLC, 1651-1664 

Cinnarizine, determination of in 
whole blood and plasma by 
RP-HPLC, 2237-2251 

Calvulanic anion retention, on 
PRP-l column, effect of tet
rabutylammonium, inorganic 
coanions, and inert electro
lytes on, 1477-1487 

Coil contraction, effect of vis
cosity on polymer elution 
volumes in SEC, 1867-1885 
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Coil planet centrifuge. See Cen
trifuge, coil planer-

Column dimensions, effect of on 
resolution of complex mix
ture in HPLC with columns 
packed with ODS particles, 
883-891 

Columns 
celite, with adogen-38l, sepa

ration of radio tracers us
ing, 581-590 

chiral stationary phase 
resolution of amide and ester 

derivatives of tropic acid 
using HPLC with, 731-741 

use of for selection of mo
bile phase for enantiomeric 
resolution, 709-730 

glass CGC, effect of flow rate 
on efficiency of in RP-HPLC, 
483-492 

ion exchange, use of for group 
separation of low molecular 
weight natural products, 
691-707 

large-pore C4 , separation of 
globin chains by HPLC on, 
1969-1977 

molecular sieving, use of HPLC 
with for study of lympho
cyte products, 989-1002 

packed with ODS particles 
effect of column dimensions 

on resolution of complex 
mixture in HPLC with, 883-
891 

effect of instrumental param
eters, mobile phase compo
sition and flow rate on 
HPLC with, 475-482 

for polymer separations towards 
lower molar masses, in GPC, 
1831-1840 

PRP-l, effect of tetrabutylam
monium, inorganic co anions , 
and inert electrolytes on 
clavulanic anion retention 
on, 1477-1487 

Radial Pak CIS, behavior of 
dansyl amino acids on, 539-
558 
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[Columns] 
short, analysis of tissue cate

cholamines, by LC with and 
amphoteric detection, 1211-
1220 

silica based, evaluation of par
ticle size distributions and 
settling rates for, 2323-
2349 

steric exclusion, direct deter
mination of theophylline in 
serum, using RP-HPLC with 
steric exclusion columns, 
779-791 

switching of, determination of 
calcium pantothenate using 
RP-HPLC with, 823-837 

three micron, determination of 
catecholamines, inoleamines, 
and metabolites using RP
HPLC with, 509-538 

See also Silica columns; Zirco
--- nium (IV) arsenophosphate 

columns 
Commercial diets, determination of 

folic acid in by anion-ex
change solid-phase extrac
tion and RP-HPLC, 2659-2669 

Compensation temperatures. See En
thalpy-entrophy compensation 

Complex mixture, effect of column 
dimensions on resolution of 
in HPLC with columns packed 
with ODS particles, 883-891 

Complexing agent, separation of 
iron(II) and (III) on zir
conium (IV) arsenophosphate 
columns using potassium thi
ocyanate as, 201-206 

Computer program, for selection of 
gradient elution in HPLC, 
2535-2543 

Concentration effects, in SEC 
complexity of, 1903-1905 
model of, 1061-1078 
under stationary equilibrium 

conditions, 1887-1901 
on molecular weight determina

tions of polystyrene, 1851-
1865 

Copolymers. See Diblock copolymers 
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Copovithane, analysis of in plas
ma and urine by HPLC, 159-
166 

Copper chelates, of pheophytins, 
separation of by RP-HPLC, 
1673-1683 

Copper reagents, for detection of 
neutral lipids by TLC char
ring densitometry, 2793-
2801 

Copper sulfate, layers ~mpregnat
ed with, separation of ami
no acids on, by TLC, 1359-
1365 

Corn, analysis of aflatoxins in 
samples of using HPTLC with 
fluorescence detection, 
1383-1391 

Cosmetics. See Dyes, cosmetic 
Countercurrent chromatography 

(CCC) 
analysis of plant hormones by, 

303-322 
with coil planet centrifuge, 

purification of synthetic 
pep tides using, 351-362 

contribution of Dr. Yoichiro 
Ito to, 227-229 

evaluation of nonaqueous sol
vent systems for, using 
HPLC for determination of 
partition coefficients, 
291-302 

and HPLC, purification of syn
thetic peptides using, 341-
350 

measurement of partition coef
ficients of UV-absorbing 
solutes in solvent systems 
for, 275-289 

multi-layer coil, gram quantity 
separation of dinitrophenyl 
amino acids with, 323-340 

peptide fractionation by, 2525-
2533 

preparative, with rotating coil 
assembly, 257-273 

separation of bacteria with 
known differences in sur
face lipopolysaccharide us
ing, 403-418 
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[Countercurrent chromatography 
(CCC)] 

separation of cells using, 419-
431 

with toroidal coil centrifuge, 
363-384 

use of in partitioning of nic
otinic cholinergic receptor 
enriched membranes, 385-402 

See also Droplet countercurrent 
--- chromatography (DCCC); Rota

tion locular countercurrent 
chromatography (RLCC) 

Cream formulation 
determination of 4-epi-mec1ocy

cline in using TLC, 1367-
1381 

~e also Dosage forms 
Cruciata taurica, determination of 

iridoids in by RP-HPLC, 
1685-1689 

CSF. See Cerebrospinal fluid (CSF) 
Cyano-a1ky1 bonded silica columns. 

See Silica columns, amino
and cyano-a1ky1 bonded 

Cyclic me1anotropins. See Me1ano
tropins, cyclic 

Cytokinins, analysis of by CCC, 
303-322 

D 

Dansy1ated amino acids. See Amino 
acids, dansy1ated 

Dansy1ation 
of amino acids, detection of by

products of using ion pair 
RP-HPLC, 917-924 

of grape wine musts, wines, and 
wine vinegars, 539-558 

DCCC. See Droplet countercurrent 
chromatography (DCCC) 

Denatured alcohol. See Alcohol, 
denatured 

Densimetric detection, calculation 
of molecular weight averages 
in SEC using, 1789-1807 

Densitometry. See Thin layer chro
matography (TLC) densitome
try 
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Dermorphin, determination of lip
ophilic character of oligo
pep tides related to by RP
HPLC, 1495-15000 

Desacety1cefotaxime, determina
tion of in human myometri
um by HPLC, 2483-2491 

Deuterated solvents. See Solvents, 
deuterated ---

Dialysis fluid, peritoneal, de
termination of ceftazidime 
in by HPLC, 979-987 

Diary1acry1onitri1es, substituent 
effects in determination of 
by HPLC, 2631-2642 

Diazepam, isolation of glucuro-
nide conjugates of from 
urine, by RP-HPLC, 177-190 

Dibenzoy1 methane, layer impreg
nated with, separation of 
metal ions on by TLC, 1341-
1344 

Dib10ck copolymers, of polysty
rene and po1y(ethy1ene ox
ide), molecular weight cal
ibration of, in SEC, 1739-
1751 

Diethano1amides, of palmitic acid 
and soybean oil fatty acids, 
determination of by HPLC, 
2545-2560 

Diethy1 phthalate, determination 
of bitrex, quassia powder 
and sucrose octaacetate 
next to, in denatured alco
hol, by HPLC, 2163-2177 

a-Dif1uoromethy1ornithine, in 
rodent feed, determination 
of by HPLC, 2179-2191 

5,6-Dihydro-5-azacytidine, deter
mination of in biological 
fluids by RP-HPLC, 1433-
1453 

Dimethy1suberimidate, lysine de
rivatives of, chromo graph
ic analysis of, 1665-1672 

Dinitropheny1 amino acids. See 
Amino acids, dinitropheny1 

Dogs, HPLC assay for non-steroid
al antiinflammatory agent 
in plasma of, 2093-2101 
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Dosage forms, determination of pi
renzepine in by HPLC with UV 
detector, 2401-2408 

Drinking water, analysis of penta
chlorophenol in by LCEC, 
953-960 

Droplet countercurrent chromatog
raphy (DCCC), use of for 
separation of polar com
pounds in natural products 
isolation, 231-242 

Drugs 
low molecular weight, analysis 

of using GPC, 2297-2305 
See also Specific drugs 

Dyes, cosmetic, separation of us
ing ion pair RP-HPLC with 
VIS spectrometry, 809-821 

E 

Eastern analytical symposium (an
nouncement), 219 

Eiconsanoids 
separation of by reverse-phase 

TLC, 1313-1320 
separation of by unidimensional 

argentation TLC, 2751-2757 
Electrochemical detection 

determination of iodide in serum 
using ion-pair HPLC with, 
2021-2030 

determination of non-oxidiza
ble anions using ion chroma
tography with, 1559-1566 

determination of urinary uric 
acid by RP-HPLC with, 2253-
2260 

See also Liquid chromatography 
with electrochemical detec
tion (LCEC) 

Electrodes, electrochemically pre
treated glassy carbon, en
hancement of LCEC response 
by use of, 2031-2050 

Electrolytes, inert, effect of on 
clavulanic anion retention 
on PRP-l column, 1477-1487 

Eluent 
mixed, theoretical foundations 

of LSC with, S393-S43l 
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pressure of, in SEC, on-line 
viscometer for measurement 
of, 1911-1934 

Elution volumes, in SEC, effect 
of viscosity on, 1867-1885 

Enantiomeric resolution, use of 
chiral stationary phase 
columns for selection of 
mobile phase for, 709-730 

Enantiomers, separation of by 
HPLC, chiral stationary 
phase for, S353-S376 

Endorphins 
assessment of plasma induced 

changes in molecular vol
ume of by gel permeation 
RP-HPLC, 1089-1099 

separation of using LCEC, 793-
808, 2113 

Enthalpy-entropy compensation, 
of octylsilica stationary 
phase in RP-HPLC, 877-882 

9-(2,3-Epoxypropyl)-carbazole 
oligomers, investigation 
of by GPC, 1823-1830 

Erythrocytes, human, study of 
hypoxanthine transport in 
using HPLC with UV detec
tion, 1013-1021 

Erythromycin, from human serum, 
assay of using LCEC, 1023-
1032 

Essential oils, of black spruce, 
prefractionation of by flash 
chromatography, 2671-2677 

Ester derivatives, of tropic acid, 
resolution of using HPLC 
with chiral stationary phase 
columns, 731-741 

Estradiol epimers, separation of 
from biological fluids by 
HPLC, 2431-2446 

Estrogen. See Monoglucuronides, 
catechol estrogen; Mono
sulfates, catechol estrogen 

Ethanethiol. See Orthophthalalde
hyde/ethanethiol deriva
tives 

Ethanol, evaluation of acetalde
hyde in blood without in
terference of, using HPLC, 
765-778 
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Ethylene glycol, determination of 
by HPLC, S225 

F 

Factors of fermentation, of nebra
mycin complex, determination 
of by RP-HPLC, 83-93 

Fatty acids 
ethoxylated, analysis of using 

HPLC, 1545-1557 
soybean oil, determination of 

mono and diethanolamides of 
by HPLC, 2445-2560 

Felcanide, determination of in hu
man plasma by UV detection, 
2579-2590 

Fentanyl, homologues and analogues 
of, separation of using RP
HPLC, 463-473 

Fermentation, of nebramycin com
plex, determination of major 
factors of by RP-HPLC, 83-93 

Field flow fractionation (FFF), 
theory, methods and applica
tions of, Sl-S39 

Filtering method, inverse optimal, 
for instrumental spreading 
correction in SEC, 2833-2862 

Flash chromatography, prefraction
ation of essential oils of 
black spruce by, 2671-2677 

Flavonoid aglycones, isolation of 
using RLCC, 243-256 

Flecainide, in plasma, determina
tion of by HPLC with fluo
rescence detection, 167-176 

Flow rate 
effect of on efficiency of glass 

CGC columns in RP-HPLC, 483-
492 

effect of on HPLC with columns 
packed with ODS particles, 
475-482 

fluctuations in, in methylene 
chloride/hexafluoroisopro
panol solvent system in SEC, 
1537-1544 

Fluorescence densitometry, of pol
ycyclic aromatic hydrocar
bons and dansylated amino 
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acids effect of stationary 
phases or cyclodextrin 
spray reagents on, 1273-
1288 

Fluorescence detection 
analysis of corn samples for 

aflatoxins using thin layer 
HPLC with, 1383-1391 

determination of flecainide in 
plasma by HPLC with, 167-
176 

determination of glutamine and 
asparagine by isocratic 
elution RP-HPLC with, 1169-
1183 

Fluorescent compounds, in urine, 
analysis of by LC, 1627-
1642 

5-Fluorocytosine, in human plas
ma, determination of using 
RP-HPLC, 743-752 

Fluorogenic labelling, of car
bonyl compounds, with NBD
H, 839-854 

Fluorometric reaction detection. 
See Reaction detection, 
fluorometric 

5-Fluorouracil, measurement of 
in plasma by HPLC, 1489-
1494 

Folic acid, determination of in 
commercial diets by anion
exchange solid-phase ex
traction and RP-HPLC, 2659-
2669 

Formaldehyde, determination of in 
polymerized ragweed anti
gen by HPLC, 2643-2651 

Fungicides, determination of by 
HPLC, S224-S225 

G 

Gangliosides, separation of by 
OPTLC, 2777-2791 

Gastric juice, human, determina
tion of prostaglandin E2 
in, by RP-HPLC with UV de
tection, 2409-2420 
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Gel permeation chromatography 
(GPC) 

analysis of low molecular 
weight drug using, 2297-
2305 

columns for polymer separations 
towards lower molar masses, 
1831-1840 

determination of long chain 
branching in polyethylene 
by, 1809-1821 

effect of concentration on mo
lecular weight determina
tions of polystyrene by, 
1851-1865 

investigation of 9-(2,3-epoxy
propyl)-carbazole oligomers 
by, 1823-1830 

separation of polymers by, 29-43 
See also Reverse phase high per
--- formance liquid chromatogra-

phy (RP-HPLC), gel permea
tion; Size exclusion chroma
tography (SEC) 

Gels. See Silica gels 
Gibberellins, analysis of by CCC, 

303-322 
Glass CGC columns. See Columns, 

glass CGC ---
Glassy carbon electrodes. See 

Electrodes, electrochemical
ly pretreated 

Globin chains, separation of by 
HPLC on large-pore C4 col
umn, 1969-1977 

D-Glucosone. See D-Arabino-2-hex
osulose 

Glucuronide conjugates, of drugs, 
isolation of from urine, by 
RP-HPLC, 177-190 

Glutamic acid, use of optimum 
wavelength to detect gluta
mic acid in serum by RP
HPLC, 2261-2266 

Glutamine, determination of by 
isocratic elution RP-HPLC 
with fluorescent detection, 
1169-1183 

Glycolipids 
acidic, fractionation of by 

OPTLC, 2777-2791 
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neutral, separation of by 
OPTLC, 2759-2776 

Glycosides, plant and bacterial, 
isolation of using RLCC, 
243-256 

Glycosylated hemoglobins. See 
Hemoglobins, glycosylated 

GPC. See Gel permeation chroma
~graphy (GPC) 

Gradient elution, computer pro
gram for selection of in 
HPLC, 2535-2543 

Gradient ghost peaks, in liquid 
chromatography, elimina
tion of using UV irradia
tion, 943-952 

Gradient liquid chromatography, 
separation of polymers by, 
29-43 

Gradient solvent systems, analy
sis of insect growth regu
lators by RP-HPLC with, 95-
106 

Gram quantity separation, of di
nitrophenyl amino acids 
with CCC, 323-340 

Grape wine musts, dansylation 
of, 539-558 

Group separation, of low molecu
lar weight hydrophilic 
natural products, using 
ion exchange columns, 691-
707 

Guinea pig, RP-HPLC as model for 
characterization of offset 
rate of action of azido
morphines in ileum of, 
2073-2092 

Gynecologic tissue. See Myome
trium; Pelvic tissue 

H 

Heavy metals, simultaneous deter
mination of in bovine liver 
and oyster tissue by solvent 
extraction RP-HPLC, 2467-
2482 

Hemoglobins, glycosylated, de
termination of by isocratic 
HPLC, 2875-2885 
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Herbicides, determination of by 
HPLC, S2l4-S2l6 

Hexafluoroisopropanol. See Meth
ylene chloride/hexafluoro
isopropanol solvent system 

High performance (pressure) liquid 
chromatography (HPLC) 

analysis of antitumor antibiot
ics by, S69-Sl25 

analysis of biologically active 
quinazolines by, 2493-2506 

analysis of cefoperazone in se
rum and urine by, 2421-2429 

analysis of copovithane in plas
ma and urine by, 159-166 

analysis of ethoxylated fatty 
acids using, 1545-1557 

analytical and preparative, iso
lation of pyrrolizidine al
kaloids by, S377-S392 

assay of non-steroidal anti
inflammatory agent in plasma 
of rats, dogs, and humans, 
using, 2093-2101 

automated 
analysis of individual bile 

acids in serum, 2267-2287 
analysis of pre-column o-phth

aldialdehyde-amino acid de
rivatives by, 1979-1990 

availability of chiral deriva
tizing agent in, 2307-2314 

cation exchange, separation of 
oxidized pterins by, 2561-
2577 

and CCC, purification of syn
thetic peptides using, 341-
350 

chiral stationary phase 
resolution of amide and ester 

derivatives of tropic acid 
using, 731-741 

separation of enantiomers by, 
S353-S376 

with columns packed with ODS 
particles 

effect of instrumental param
eters, mobile phase compo
sition and flow rate on, 
475-482 

effect of column dimension on 
resolution of complex mix
tures in, 883-891 
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computer program for selection 
of gradient elution in, 
2535-2543 

determination of acetaldehyde 
in blood without ethanol 
interference, 765-778 

determination of active TBC in 
buadiene, 2143-2149 

determination of apomorphine 
in brain and plasma using, 
191-200 

determination of bitter princi
ples next to other ingredi
ents in denatured alcohol 
by, 2163-2177 

determination of butaperazine 
in solutions, tablets, 
plasma, and bile by, 1643-
1649 

determination of carotenoid in 
human plasma, 2611-2630 

determination of cefotaxime and 
desacetylcefotaxime in hu
man myometrium by, 2483-
2491 

determination of ceftizoxime 
in human serum and urine 
by, 961-968 

determination of a-difluoro
methylornithine in rodent 
feed by, 2179-2191 

determination of formaldehyde 
in polymerized ragweed an
tigen by, 2643-2651 

determination of N1-methylnico
tinamide in urine by, 969-
977 

determination of mono and di
ethanolamides of palmitic 
acid and soybean oil fatty 
acids by, 2545-2560 

determination of partition co
efficients in evaluation 
of nonaqueous solvent sys
tems for CCC, 291-302 

determination of retention in
dices for nitrogen-bridged 
compounds by, 1133-1150 

determination of salicylamide 
in blood and urine by, 
1221-1234 
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[High performance (pressure) liq
uid chromatography (HPLC)] 

determination of serum and pel
vic tissue concentrations of 
ceftriaxone and cefaso1in 
at hysterectomy by, 2011-
2020 

determination of TCNB in pota
toes by, 1185-1193 

determination of thiopental in 
serum by, 2229-2235 

examination of lipid-lipid and 
lipid polypeptide interac
tions by, 1567-1578 

with fluorescence detection, de
termination of f1ecainide in 
plasma by, 167-176 

identification of mushrooms by 
determination of sesquiter
pene monohydroxy1actone by, 
2915-2920 

ion exchange 
determination of nitrate and 

nitrite ions in human plasma 
using, 753-763 

determination of structure of 
nitrogen-bridged compounds 
by, 1133-1150 

ion-pair, with electrochemical 
detection, determination of 
iodide in serum using, 2021-
2030 

isocratic 
determination of glycosy1ated 

hemoglobins by, 2875-2885 
determination of neopterine in 

urine by, 2289-2296 
isolation and determination of 

trace levels of D-arabino-2-
hexosu1ose by, 1991-2001 

on large-pore C4 column, separa
tion of globin chains on, 
1969-1977 

measurement of 5-f1uorouraci1 in 
plasma by, 1489-1494 

microbore, isocratic separation 
of pheny1thiohydantoin ami
no acids by, 559-568 

micro-scale method for determi
nation of antibiotics in se
rum by, 2219-2228 
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with molecular sieving columns, 
use of for study of lympho
cyte products, 989-1002 

or non-ionic macroreticu1ar 
polystyrene resin, separa
tion of proteins by, 1101-
1115 

preparative 
for determination of proteins, 

2863-2873 
separation and purification 

of acenaphtheny1si1y1 com
pounds on caffeine coated 
silica gel by, 2383-2400 

separation of avermectins by, 
2905-2914 

quantification of a1bendazo1e 
and its sulfoxide metabo
lites in human organs and 
fluids during hydatatidosis 
using, 569-580 

quantitative analysis of tuber
cidin in Streptomyces tuber
cidicus by, 151-158 

semi-preparative, separation of 
E and Z isomers of aromatic 
retinoids by, 1455-1460 

separation of estradiol epimers 
from biological fluids by, 
2431-2446 

separation of isomers of 2,2-
bis(4-hydroxycyc1ohexy1)
propane by, 13-28 

separation of kryptogenin from 
sapogenins by, 2591-2603 

separation of metal che1ates 
by, 5127-5204 

separation of oligomerized 2-
viny1pyridine by, 2513-2524 

separation of oligosaccharide 
isomers containing aceta
mido and neutral sugars by, 
661-674 

separation of tautomeric com
pounds of 4-aminoisoxazo1y1-
1,2-naphthoquinones by, 
2203-2217 

separation of trace isomeric 
contaminant, solvent se
lection method for, 2127-
2141 
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[High performance (pressure) liq
uid chromatography (HPLC)] 

separation of xylitol from car
bohydrates and polyols by, 
2003-2010 

simultaneous determination of 
oxcarbazepine and carbamaze
pine in serum by, 1235-1241 

study of hypoxanthine transport 
in human erythrocytes using, 
10l3-l021 

substituent effects in determi
nation of diarylacryloni
triles by, 2631-2642 

use of internal standard for as
say of 6-S-hydroxycortisol 
in urine, 2051-2057 

with UV detection 
detection of phomenone in to

mato plants infected with 
Phoma destructiva by, 935-
942 

determination of pirenzepine 
in biological fluids and 
dosage forms by, 2401-2408 

in veterinary toxicology, S205-
S3l5 

See also Reversed phase high 
--- performance (pressure) liq

uid chromatography (RP-HPLC) 
High performance thin layer chro

matography (HPTLC) 
determination of octadecylamine 

in water by, 2743-2749 
with fluorescence detection, 

analysis of corn samples for 
aflatoxins using, 1383-1391 

See also Thin layer chroma tog-
- raphy (TLC) 

HMG. See Proteins, high mobility 
group (HMG) 

Homologues, of fentanyl, separa
tion of using RP-HPLC, 463-
473 

HPLC. See High performance liquid 
chromatography (HPLC) 

HPTLC. See High performance thin 
layer chromatography (HPTLC) 

·Hydatatidosis, quantification of 
albendazole and its sulfox
ide metabolites in human or
gans and fluids during, us
ing HPLC, 569-580 
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7-Hydrazino-4-nitrobenzo-2-oxa-
1,3-diazole (NBD-H), fluo
rogenic labelling of car
bonyl compounds with, 839-
854 

Hydrocarbons. See Aromatic hydro
carbons 

Hydrolysis, in situ, on TLC, 
analysis of plasmalogens 
by, 2725-2733 

Hydrophobic ion mobile phase ad
ditives. See Mobile phase 
additives, hydrophobic ion 

Hydrophobic ions. See Alkylsulfo
nate salts; Traalkylammon
ium salts 

6-S-Hydroxycortisol, assay of in 
urine, use of internal 
standard for, 2051-2057 

2,2-bis(4-Hydroxycyclohexyl)pro
pane, separation of isomers 
of by HPLC, 13-28 

Hydroxyethylflurazepam, isolation 
of glucuronide conjugates 
of from urine, by RP-HPLC, 
177-196 

7-Hydroxymethotrexate, determina
tion of in serum and cere
brospinal fluid by radial 
compression LC, 1579-1591 

8-Hydroxy quinoline, layers im
pregnated with, separation 
of metal ions on by TLC, 
l34l-l344 

6-Hydroxytryptamine (6-HT), as 
internal standard for quan
titation of serotonin in 
biological fluids by LCEC, 
2679-2689 

Hypoxanthine, transport of in hu
man erythrocytes, study of 
using HPLC with UV detec
tion, 10l3-l021 

I 

Ileum, guinea pig, offset rate of 
action of azidomorphines 
in, RP-HPLC as model for 
characterization of, 2073-
2092 



2948 

Indoleamines, determination of us
ing RP-RPLC with three mi
cron columns, 509-538 

Indole auxins, analysis of by CCC, 
303-322 

Inductively coupled plasma emis
sion spectroscopy, hydride 
generation (RY-ICP), trace 
analysis and speciation for 
arsenic anions by RP-RPLC 
with, 861-876 

Injectables, determination of am
picillin in, by ion pair RP
HPLC, 1243-1265 

Inorganic analytes, separation of 
using hydrophobic ion mobile 
phase additives, comparison 
of reversed stationary 
phases for, 1935-1959 

Inorganic coanions, effect of on 
clavulanic anion retention 
on PRP-l column, 1477-1487 

Insect growth regulators, analysis 
of by RP-RPLC with gradient 
solvent systems, 95-109 

Insecticides, determination of by 
HPLC, S207-S2l0 

Instrumental parameters, effect of 
on HPLC with columns packed 
with ODS particles, 475-482 

Instrumental spreading correction, 
in SEC, inverse optimal fil
tering method for, 2833-2862 

Internal standard, use of for as-
say of 6-S-hydroxycortisol 
in urine, 2051-2057 

Iodide, determination of in serum 
using ion-pair HPLC with 
electrochemical detection, 
2021-2030 

Iodoamino acids, effect of solvent 
composition on retention be
havior of, 1079-1088 

Ion chromatography 
with electrochemical detection, 

determination of non-oxidiz
able species using, 1559-
1566 

on poly(crown ether)-modified 
silica with high affinity 
for sodium, 2115-2125 
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See also High performance 
--- (pressure) liquid chroma

tography (HPLC), ion-ex
change; High performance 
(pressure) liquid chroma
tography (RPLC), ion pair; 
Reversed phase high per
formance (pressure) liquid 
chromatography, ion pair 

Ion exchanger. See Amphoteric 
ion exchanger 

Ion pair liquid chromatography. 
See Reversed phase high 
performance (pressure) liq
uid chromatography (RP
HPLC) , ion pair 

Iridoids, in cruciata taurica, 
determination of by RP
HPLC, 1685-1689 

Iron(II) and (III), separation of 
on zirconium(IV) arseno
phosphate columns using po
tassium thiocyanate as 
complexing agent, 201-206 

Isocratic elution RP-HPLC. See 
Reverse phase high perform
ance liquid chromatography 
(RP-HPLC), isocratic elu
tion 

Isocratic separation 
of phenylthiohydantoin amino 

acids by microbore HPLC, 
559-568 

See also High performance (pres
--- sure) liquid chromatography 

(HPLC), isocratic 
Isocyanic acid, in air, determi

nation of by RP-HPLC, 2151-
2161 

Isomers 
of aromatic retinoids, semi

preparative HPLC separa
tions of, 1455-1460 

of 2,2-bis(4-hydroxycyclohexyl) 
propane, separation of by 
HPLC, 13-28 

of oligo saccharides containing 
acetamido and neutral su
gars, separation of using 
HPLC, 661-674 
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[Isomers] 
of procatero1, separation of 

trace amounts of by HPLC, 
solvent selection method 
for, 2127-2141 

K 

Kryptogenin, separation of from 
sapogenins by HPLC, 2591-
2603 

L 

Labelling. 5ee F1uorogenic label
ling ---

Lervorphano1, isolation of glucur
onide conjugates of from 
urine, by RP-HPLC, 177-196 

Lipid-lipid interactions, examina
tion of by HPLC, 1567-1578 

Lipids 
fractionation of by OPTLC, 2759-

2776 
neutral, copper reagents for de

tection of by TLC charring 
densitometry, 2793-2801 

Lipophilic character, of dermor
phin-re1ated oligopeptides, 
determination of by RP-HPLC, 
1495-1500 

Lipopolysaccharide, surface, sepa
ration of bacteria with 
known differences in, using 
CCC, 403-418 

Lipotropins, assessment of plasma 
induced changes in molecular 
volume of, by gel permeation 
RP-HPLC, 1089-1099 

Liquid chromatography calendar, 
223-226; 437-440; 643-646; 
857-860; 1055-1059; 1267-
1271; 1501-1505; 1711-1715; 
1907-1910; 2109-2112; 2319-
2322; 2509-2512; 2693-2696; 
2923-2926 

Liquid chromatography news, 221-
222; 435-436; 641-642; 855-
856; 1053-1054; 1507-1509; 
1707-1709; 2105-2107; 2315-
2317; 2507-2508; 2691-2692 
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Liquid chromatography with elec
trochemical detection 
(LCEC) 

analysis of pentachlorophenol 
in drinking water and hu
man urine using, 953-960 

assay of erythromycin from hu
man serum by, 1023-1032 

assay of yohimbine in human 
plasma using, 1003-1012 

determination of WR2721 in hu
man plasma by, 2447-2465 

enhancement of response of by 
use of electrochemically 
pretreated glassy carbon 
electrodes, 2031-2050 

with 6-HT as internal standard, 
quantification of serotonin 
in human biological fluids 
by, 2679-2689 

separation of catechol estrogen 
monog1ucuronides and mono
sulfates by, 925-934 

separation of endorphins using, 
793-808 

Liquid chromatography/mass spec
trometry (LC/M5) 

review of, 5317-5351 
in veterinary toxicology, 5233-

5304 
Liquid column chromatography, 

correlation between capaci
ty factors k' and RM values 
in and TLC, 1301-1312 

Liquid-solid (adsorption) chro
matography (L5C) 

with mixed eluent, theoretical 
foundations of, 5393-5431 

with mixed mobile phases, de
termination of solvation 
effects in, 1289-1300 

Liver, bovine, simultaneous de
termination of heavy metals 
in and oyster tissue by 
solvent extraction RP-HPLC, 
2467-2482 

Long chain branching, in polyeth
ylene, determination of by 
GPC, 1809-1821 

L5C. 5ee Liquid-solid (adsorp
tion) chromatography (L5C) 
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Lymphocyte products, use of HPLC 
with molecular sieving col
umns for study of, 989-1002 

Lysine derivatives, of dimethyl
suberimidate, chromatograph
ic analysis of, 1665-1672 

M 

MBT. See Methylene bis-thiocyanate 
-cMBT) 

4-epi-Meclocycline, determination 
of in cream formulation by 
TLC, 1367-1381 

Meclofenamic acid, in equine plas
ma, determination of by LC, 
1609-1626 

Medications, veterinary, determi
nation of by HPLC, S229-S233 

Melanotropins, cyclic, determina
tion of by RP-HPLC, 1195-
1210 

Membranes, nicotinic cholinergic 
receptor enriched, use of 
CCC with toroidal coil cen
trifuge in partitioning of, 
385-402 

Metabolites, determination of us
ing RP-HPLC with three mi
cron columns, 509-538 

Metal chelates, separation of by 
HPLC, S127-S204 

Metal ions 
complexed with anils, detection, 

separation, and determina
tion of by TLC, 2813-2820 

on impregnated layers, separa
tion of by TLC, 1341-1344 

in oxalic acid-oxalate systems, 
separation of by TLC, 1345-
1357 

Methanol. See Water-methanol gra
dient 

Methotrexate, determination of in 
serum and cerebrospinal flu
id by radial compression LC, 
1579-1591 

Methylene bis-thiocyanate (MBT), 
determination of in techni
cal materials and aqueous 
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samples by RP-HPLC, 2653-
2658 

Methylene chloride/hexafluoroiso
propanol solvent system, 
in SEC, flow rate fluctua
tions in, 1537-1544 

Nl~Methylnicotinamide, determina
tion of in human and rat 
urine by HPLC, 969-977 

Microbore HPLC. See High perform
ance liquid chromatography 
(HPLC), microbore 

Microcolumn chromatography 
deuterated solvents as mobile 

phase in, 2059-2071 
isolation and determination of 

trace levels of D-arabino-
2-hexosulose by, 1991-2001 

Micro-scale method, for determi
nation of antibiotics in 
serum by HPLC, 2219-2228 

Mitomycin, analysis of by HPLC, 
S88-S93 

Mobile phase 
for enantiomeric resolution, 

selection of using chiral 
stationary phase columns, 
709-730 

in microcolumn chromatography, 
deuterated solvents as, 
2059-2071 

mixed, determination of solva
tion effects in LSC with, 
1289-1300 

Mobile phase additives 
effect of on retention of sol

utes, 599-614, 615-637, 
647-660 

hydrophobic ion, separation of 
inorganic analytes using, 
comparison of reversed sta
tionary phases for, 1935-
1959 

use of hydrophobic ions as, on 
separation of amino acids 
and peptides by RP-HPLC, 
111-150 

Mobile phase composition, effect 
of on HPLC with columns 
packed with ODS particles, 
475-482 
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Model, of concentration effects in 
SEC, 1061-1078 

Molar masses, lower, columns for 
polymer separations towards, 
in GPC, 1831-1840 

Molecular volume, plasma induced 
changes in, of endorphin and 
lipotropins, assessment of 
by gel permeation RP-HPLC, 
1089-1099 

Molecular weight averages, in SEC, 
calculation of using densi
metric detection, 1789-1807 

Molecular weight calibration 
of diblock copolymers of poly

styrene and poly(ethylene 
oxide) in SEC, 1739-1751 

in SEC, using poly(p-methylsty
rene) standards, 1753-1767 

Molecular weight 
in GPC, effect of polystyrene 

and concentration on, 1851-
1865 

of polymers, determination of by 
RPTLC, 45-58 

Monoethanolamides, of palmitic 
acid and soybean oil fatty 
acids, determination of by 
HPLC, 2545-2560 

Monoglucuronides, catechol estro
gen, separation of by LCEC, 
925-934 

Monohydroxy-eicosatetraenoic acid, 
separation and quantifica
tion of by RP-HPLC, 2193-
2201 

Monosulfates, catechol estrogen, 
separation of by LCEC, 925-
934 

Mushrooms, identification of by 
determination or sesquiter
pene monohydroxylactone con
tents by HPLC, 2915-2920 

Mycotoxins, determination of by 
HPLC, S2l8-S224 

Myometrium, determination of cefo
taxime and desacetylcefotax
ime in by HPLC, 2483-2491 
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N 

Natural products 
low molecular weight hydrophil

ic, group separation of us
ing ion exchange columns, 
691-707 

use of DCCC for separation of 
polar compounds in isola
tion of, 231-242 

NBD-H. See 7-Hydrazino-4-nitro
benzo-2-oxa-l,3-diazole 
(NBD-H) 

Nebramycin complex, determination 
of major factors of fermen
tation of by RP-HPLC, 83-93 

Neem extracts, determination of 
azadirachtin in, using RP
HPLC, 591-598 

Neocarcinostatin, analysis of by 
HPLC, S82-S83 

Neomycin, determination of com
ponents of by TLC with vid
eodensitometry, 2803-2811 

Neopterine, in urine, determina
tion of by isocratic HPLC, 
2289-2296 

Netilmicin, determination of in 
serum by HPLC, 2219-2228 

Neutral sugars. See Sugars, ace
tamido and-;;utral 

Niacin. See NI-Methylnicotina
mide 

Nitrate ions, in human plasma, 
determination of using ion 
exchange HPLC, 753-763 

Nitrogen-bridged compounds 
determination of retention in

dices for, by HPLC, 1133-
1150 

determination of structure of 
by ion exchange HPLC, 1151-
1168 

Nonionic compounds, in GPC, ef
fect of polystyrene concen
tration on, 1851-1865 

Nonionic surfactants. See Ethox
ylated fatty aci~ 

Non-oxidizable anions, determi
nation of using ion chro
matography with electro
chemical detection, 1559-
1566 
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Normal-phase liquid chromatography 
characterization of amino- and 

cyano-alkyl bonded columns 
in, using steroids, 69-82 

strength of solvents for silica, 
amino- and cyano-alkyl bond
ed silica columns of in, 56-
68 

o 

Octadecylamine, determination of 
in water by HPTLC, 2743-
2749 

Octanol/water, estimation of par
tition coefficient of by 
RP-HPLC, 1405-1424 

Octylsilica stationary phase, en
thalpy-entropy compensation 
of in RP-HPLC, 877-882 

ODS particles. See Columns, packed 
with ODS particles 

Off-line instrumentation, of Lci 
MS, S339-S344 

Oils. See Essential oils 
Oligopeptides, dermorphin-related, 

determination of lipophilic 
character of by RP-HPLC, 
1495-1500 

Oligosaccharides, isomers of con
taining acetamido and neu
tral sugars, separation of 
by HPLC, 661-674 

Oligovinylpyridines. See 2-Vinyl
pyridine, oligomerized 

On-line instrumentation, of Lc/MS, 
S3l7-S339 

Open capillary chromatography, 
quantitative theory of, 
1961-1968 

OPTLC. See Overpressured thin 
layer chromatography 
(OPTLC), 2759-2776 

Oral suspension, determination of 
ampicillin in, by ion pair 
RP-HPLC, 1243-1265 

Organic acids, on calcium sulfate, 
separation of by TLC, 1321-
1340 

Organic compounds, estimation of 
octanol-water partition co-
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efficients of, using RP
HPLC, 675-689 

Organs, human, quantification of 
albendazole and its sulfox
ide metabolites in, during 
hydatatidosis, using HPLC, 
569-580 

Orthophthaladehyde/ethanethiol 
derivatives, of taurine, 
separation of by RP-HPLC, 
1117-1131 

Overpressured thin layer chroma
tography (OPTLC), lipid 
fractionation and separa
tion of neutral glycolipids 
by, 2759-2776 

Oxalic acid-oxalate systems, sep
aration of metal ions in by 
TLC, 1345-1357 

Oxcarbazepine, simultaneous de
termination of and carbamaz
epine in serum, by HPLC, 
1235-1241 

Oyster tissue, simultaneous de
termination of heavy metals 
in and bovine liver by sol
vent extraction RP-HPLC, 
2467-2482 

P 

PCBs. See Polychlorinated biphen
yls (PCBs) 

Palmitic acid, determination of 
mono and diethanolamides 
of by HPLC, 2545-2560 

Paper chromatography, of tertiary 
amine pollutants, 207-217 

Particle size distributions, 
evaluation of for silica 
based columns, 2323-2349 

Partition coefficient 
octanol/water 

estimation of by RP-HPLC, 
1405-1424 

of organic compounds, estima
tion of using RP-HPLC, 675-
689 

use of HPLC for determination 
of in evaluation of non
aqueous solvent systems for 
CCC, 291-302 
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[Partition coefficient] 
of UV-absorbing solutes in sol

vent systems for CCC, 275-
289 

Peaks. See Gradient ghost peaks 
Pelvic tissue, determination of 

ceftriaxone and cefazolin at 
hysterectomy by HPLC, 2011-
2020 

Pentachlorophenol, analysis of in 
drinking water and human 
urine by LCEC, 953-960 

Peptide fractionation, by CCC, 
2525-2533 

Pep tides 
amphibian, effect of pH on re

tention behavior of, in RP
HPLC, 893-905 

separation of by RP-HPLC, use of 
hydrophobic ions as mobile 
phase additives in, 111-150 

synthetic 
purification of using CCC with 

coil planet centrifuge, 351-
362 

purification of using CCC and 
HPLC, 341-350 

See also Oligopeptides 
Pesticides. See Pentachlorophenol; 

Tertiary amine pollutants 
pH, effect of on retention behav

ior of amphibian pep tides in 
RP-HPLC, 893-905 

Phaseoulus vulgaris, determination 
of a-amylase inhibitor from, 
by SEC, 2895-2903 

Phenylthiohydantoin amino acids. 
See Amino acids, phenylthio
hydantoin 

Pheophytins, separation of zinc 
and copper chelates of by 
RP-HPLC, 1673-1683 

Phoma destructiva detection of 
phomenone in tomato plants 
infected by, using HPLC with 
UV detection, 935-942 

Phomenone, in tomato plants in
fected by Phoma destructiva, 
detection of by HPLC with 
UV detection, 935-942 

o-Phthaldialdehyde-amino acid de
rivatives, pre-column, anal-
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ysis of by automated HPLC, 
1979-1990 

Pirenzepine, determination of in 
biological fluids and dos
age forms by HPLC with UV 
detector, 2401-2408 

Plant glycosides. See Glycosides, 
plant and bacterial 

Plant hormones. See Abscisic 
acid; Cytokinins; Gibbe
rellins; Indole auxins 

Plasma 
analysis of copovithane in by 

HPLC, 159-166 
determination of apomorphine 

in, using HPLC, 191-200 
determination of butaperazine 

in, by HPLC, 1643-1649 
determination of cephalosporins 

in by RP-HPLC, 1461-1475 
determination of flecainide in, 

by HPLC with fluorescence 
detection, 167-176 

equine, determination of meclo
fenamic acid in by LC, 
1609-1126 

human 
assay of yohimbine in using 

LCEC, 1003-1012 
determination of 5-fluorocy

tosine in, using RP-HPLC, 
743-752 

determination of carotenoid 
in by HPLC, 2611-2630 

determination of flecainide 
in by UV detection, 2579-
2590 

determination of nitrate and 
nitrite ions in, using ion 
exchange HPLC, 753-763 

determination of WR2721 in 
by LCEC, 2447-2465 

simultaneous determination of 
rantidine and cimetidine 
in, by isocratic ion-pair 
RP-HPLC, 1651-1664 

measurement of 5-fluorouracil 
in by HPLC, 1489-1494 

of rats, dogs, and humans, HPLC 
assay of non-steroidal an
tiinflammatory agent, 2093-
2101 
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[Plasmal 
quantification of serotonin in 

by LCEC with 6-HT as inter
nal standard, 2679-2689 

See also Biological fluids 
Plasmalogens, analysis of by in 

situ reaction on TLC, 2725-
2733 

Polar compounds, use of DCCC for 
separation of in natural 
products isolation, 231-242 

Pollutants. See Tertiary amine 
pollutants 

Polyamines, determination of in 
biological samples by RP
HPLC, 2605-2610 

Polychlorinated biphenyls (PCBs), 
analysis of by TLC, 1393-
1402 

Poly(crown ether)-modified silica. 
See Silica 

Polycyclic aromatic hydrocarbons. 
See Aromatic hydrocarbons, 
polycyclic 

Polydisperse standards, calibra
tion of SEC with, S4l-S68 

Polyethylene, determination of 
long chain branching in by 
GPC, 1809-1821 

Poly(ethylene oxide), molecular 
weight calibration of di
block copolymers of, in SEC, 
1739-1751 

Polymer elution volumes, in SEC, 
effect of viscosity and coil 
contraction on, 1867-1885 

Polymers 
SEC of (book review), 2921-2922 
determination of molecular 

weight and molecular weight 
distribution of by RPTLC, 
45-58 

separation of by gradient LC, 
GPC and RPTLC, 29-43 

separation of towards lower mo
lar masses, columns for in 
GPC, 1831-1840 

shear degradation, in SEC, 1717-
1738 

Polymer-substrate interactions, in 
SEC with silica gels and 
pure solvents, 1-11 
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Polyols, separation of xylitol 
from by HPLC, 2003-2010 

Polypeptide-lipid interactions, 
examination of by HPLC, 
1567-1578 

Poly (p-methylst yrene) , molecular 
weight calibration of SEC 
using standards for, 1753-
1767 

Polystyrene resins. See Resin, 
non-ionic macroreticular 
polystyrene 

Polystyrene, molecular weight 
calibration of diblock co
polymers of, in SEC, 1739-
1751 

Poly (vinylpyrrolidone) (PVP) , 
characterization of using 
SEC, 441-461 

Potassium thiocyanate, use of as 
complexing agent in sepa
ration of iron (II) and 
(III) on zirconium(IV) 
arsenophosphate columns, 
201-206 

Potatoes, determination of TCNB 
in, by HPLC, 1185-1193 

Prefractionation, of essential 
oils of black spruce, by 
flash chromatography, 2671-
2677 

Preparative HPLC. See High per
formance liquid chromatog
raphy (HPLC), preparative 

Pressure. See Eluent pressure 
Pressurized reactor outlet, de

termination of reducing 
carbohydrates by liquid 
chromatography with fluoro
metric reaction detection 
with, 2351-2365 

Procaterol, isomers of, separa
tion of trace amounts of by 
HPLC, solvent selection 
method for, 2127-2141 

Prostaglandin E2, determination 
of in human gastric juice 
by RP-HPLC with UV detec
tion, 2409-2420 

Prostaglandins 
separation of by unidimensional 

agentation TLC, 2751-2757 
See also Eicosanoids 



SUBJECT INDEX TO VOLUME 7 

Proteins 
high mobility group (HMG) , sepa

ration of by RP-HPLC with 
TFA, 907-916 

low molecular weight, separation 
of by HPLC on non-ionic mac
roreticular polystyrene 
resin, 1101-1115 

preparative HPLC for determina
tion of, 2863-2873 

Pterins, oxidized, behavior of in 
liquid chromatographic sys
tems, 2561-2577 

Pulseless pump, for liquid chroma
tography, viscosity detec
tion with, 2367-2382 

Pump. See Pulseless pump 
PVP. See Poly (vinylpyrrolidone) 

(PVP) 
Pyrrolizidine alkaloids, isolation 

of by analytical and prepar
ative HPLC, S377-S392 

Q 

Quantitative analysis, of tuber
cidin in Streptomyces tuber
didicus by HPLC, l5l-lSS--

Quantitative theory, of open cap
illary chromatography, 1961-
1968 

Quassia powder, determination of 
next to diethyl phthalate 
and camphor in denatured al
cohol by HPLC, 2163-2177 

Quinazolines, biologically active, 
analysis of by HPLC, 2493-
2506 

R 

Radial compression liquid chroma
tography, determination of 
methotrexate and 7-hydroxy
methotrexate in serum and 
cerebrospinal fluid by, 
1579-1591 

Radioprotective drug. See S-2-(3-
Aminopropylamino~thylphos
phorothioate (WR272l) 
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Radiotracers, separation of us
ing celite column with ado
gen-38l, 581-590 

Ragweed antigen, polymerized, de
termination of formaldehyde 
in by HPLC, 2643-2651 

Ranitidine, simultaneous analysis 
of and cimetidine in human 
plasma by isocratic ion
pair RP-HPLC, 1651-1664 

Rate of action, offset, of azido
morphines in guinea pig 
ileum, RP-HPLC as model for 
characterization of, 2073-
2092 

Rats, HPLC assay for non-steroid
al antiinflammatory agent 
in plasma of, 2093-2101 

Reaction detection, fluorometric, 
with pressurized reactor 
outlet, determination of 
reducing carbohydrates by 
liquid chromatography with, 
2351-2365 

Reducing carbohydrates. See Car
bohydrates, reducing 

Refractometer. See Differential 
refractometer 

Resin, non-ionic macroreticular 
polystyrene, HPLC on, sepa
ration of low molecular 
weight proteins on, 1101-
1115 

Retention behavior, of iodoamino 
acids, effect of solvent 
composition on, 1079-1088 

Retention indices, for nitrogen
bridged compounds, determi
nation of by HPLC, 1133-
1150 

Retinoids. See Aromatic retinoids 
Reversed phase high performance 

(pressure) liquid chroma
tography (RP-HPLC) 

analysis of aza-arenes using 
RP-HPLC, 1425-1432 

with column switching, determi
nation of calcium panto
thenate using, 823-837 

determination of azadirachtin 
in neem extracts using, 
591-598 
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[Reversed phase high performance 
(pressure) liquid chroma
tography (RP-HPLC)] 

determination of cinnarizine in 
whole blood and plasma by, 
2237-2251 

determination of cyclic me1ano
tropins by, 1195-1210 

determination of 5,6-dihydro-5-
azacytidine in biological 
fluids by, 1433-1453 

determination of 5-f1uorocyto
sine in human plasma using, 
743-752 

determination of folic acid in 
commercial diets by anion
exchange solid-phase extrac
tion and, 2659-2669 

determination of iridoids in 
Cruciata taurica by, 1685-
1689 

determination of isocyanic acid 
in air by, 2151-2161 

determination of lipophilic 
character of dermorphin re
lated oligopeptides by, 
1495-1500 

determination of major factors 
of fermentation of nebramy
cin complex by, 83-93 

determination of MBT in techni
cal materials and aqueous 
samples by, 2653-2658 

determination of po1yamines in 
biological samples by, 2605-
2610 

determination of theophylline in 
serum and urine by, 1593-
1608 

determination of ticarci11in in 
serum by, 2887-2893 

with differential refractometer, 
analysis of carbon dioxide 
solutions using, 493-508 

effect of flow rate on efficien
cy of glass CGC columns in, 
483-492 

effect of pep tides on retention 
behavior of amphibian pep
tides in, 893-905 

with electrical detection, de
termination of urinary uric 
acid by, 2253-2260 
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enthalpy-entropy compensation 
of octysi1ica stationary 
phase in, 877-882 

estimation of octano1/water 
partition coefficient by, 
1405-1424 

of organic compounds, 675-
689 

gel permeation, assessment of 
plasma induced changes in 
molecular volume of endor
phin and 1ipotropins by, 
1089-1099 

with gradient solvent systems, 
analysis of insect growth 
regulators by, 95-109 

with HY-ICP, trace analysis and 
speciation for arsenic 
anions by, 861-876 

influence of hydrophobic ions 
as mobile phase additives 
on separation of amino 
acids and peptides by, 111-
150 

ion pair 
detection of by-products of 

amino acid dansy1ation by, 
917-924 

determination of ampicillin 
in commercial drug forms 
by, 1243-1265 

with VIS spectrometry, sepa
ration of cosmetic dyes us
ing, 809-821 

isocratic, determination of 
cephalosporins in plasma 
by, 1461-1475 

isocratic elution, with-fluo-----
rescent de~rc>n: determi
nation of/glutamine and as
paragine by, 1169-1183 

isocratic ion-pair, simultane
ous determination of rani
tidine and cimetidine in 
human plasma by, 1651-1664 

as model for characterization 
of offset rate of action of 
azidomorphines in guinea 
pig ileum, 2073-2092 

preparative, isolation of drug 
glucuronide conjugates Trom 
urine, 177-190 
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[Reversed phase high performance 
(pressure) liquid chroma
tography (RP-HPLC)] 

separation of homologues and an
alogues of fentanyl using, 
463-473 

separation of orthophthalalde
hyde/ethanethiol derivatives 
of taurine by, 1117-1131 

separation of oxidized pterins 
by, 2561-2577 

separation of zinc and copper 
chelates of pheophytins by, 
1673-1683 

separation and quantification of 
monohydroxy-eicosatetraenoic 
acids by, 2193-2201 

solvent extraction, simultaneous 
determination of heavy met
als in bovine liver and oy
ster tissue by, 2467-2482 

with steric exclusion columns, 
direct determination of the
ophylline in serum using, 
779-791 

with TFA, separation of HMG pro~ 
teins by, 907-916 

with three micron columns, de
termination of catechola
mines, indoleamines, and me
tabolites using, 509-538 

use of optimum wavelength to de
tect glutamic acid in serum 
by, 2261-2266 

use of water-methanol gradient 
with UV detection at low 
wavelength in, 1033-1050 

with UV detection, determination 
of prostaglandin E2 in hu
man gastric juice by, 2409-
2420 

Reversed phase thin layer chroma
tography (RP-TLC) 

determination of polymer molecu
lar weight and molecular 
weight distribution by, 45-
58 

separation of amino acids by, 
2719-2723 

separation of eicosanoids by, 
1313-1320 
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separation of polymers by, 29-
43 

Rifamycins, analysis of by HPLC, 
S94-S98 

RM values, correlation between 
and capacity factors k' 
and, in liquid column chro
matography and TLC, 1310-
1312 

Rodent feed, determination of a
difluoromethylornithine in 
by HPLC, 2179-2191 

Rodenticides, determination of 
by HPLC, S2l0-S2l4 

Rotating coil assemble, CCC with, 
257-273 

Rotation locular countercurrent 
chromatography (RLCC) , iso
lation of plant and bacte
rial glycosides and flavo
noid aglycones using, 243-
256 

RP-HPLC. See Reversed phase high 
performance (pressure) 
liquid chromatography (RP
HPLC) 

RP-TLC. See Reversed phase thin 
layer chromatography (RP
TLC) 

S 

Salicylamide, and metabolites in 
blood and urine, determina
tion of by HPLC, 1221-1234 

Sapogenins, separation of krypto
genin from by HPLC, 2591-
2603 

Sear degradation, of polymers in 
SEC, 1717-1738 

SEC. See Size exclusion chroma
-COgraphy (SEC) 

Serotonin, quantitation of in hu
man biological fluids by 
LCEC using 6-HT as inter
nal standard, 2679-2689 

Serum 
automated HPLC for analysis of 

individual bile acids in, 
2267-2287 

determination of cefoperazone 
in by HPLC, 2421-2429 
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[Serum] 
determination of ceftazidime in 

by HPLC, 979-987 
determination of ceftriaxone and 

cefazolin at hysterectomy by 
HPLC, 2011-2020 

determination of iodide in using 
ion-pair HPLC with electro
chemical detection, 2021-
2030 

determination of methotrexate 
and 7-hydroxymethotrexate 
in, by radial compression 
LC, 1579-1591 

determination of theophylline in 
by RP-HPLC, 1593-1608 

with steric exclusion columns, 
779-791 

determination of thiopental in 
by HPLC, 2229-2235 

determination of ticarcillin in, 
by RP-HPLC, 2887-2893 

human 
assay of erythromycin from us

ing LCEC, 1023-1032 
determination of ceftizoxime 

in by HPLC, 961-968 
micro-scale method for determi

nation of antibiotics in by 
HPLC, 2219-2228 

quantification of serotonin in 
by LCEC with 6-HT as inter
nal standard, 2679-2689 

simultaneous determination of 
oxcarbazepine and carbamaz
epine in, by HPLC, 1235-1241 

use of optimum wavelength to de
tect glutamic acid in by RP
HPLC, 2261-2266 

See also Biological fluids 
Sesquiterpene monohydroxylactone, 

identification of mushrooms 
by determination of by HPLC, 
2915-2920 

Settling rates, evaluation of for 
silica based columns, 2323-
2349 

Silica, with high affinity for 
sodium, poly(crown ether)
modified, ion chromatography 
on, 2115-2125 

Silica columns, amino- and cyano
alkyl bonded 
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characterization of in normal
phase liquid chromatogra
phy, using steroids, 69-82 

strength of solvents for in 
normal phase liquid chroma
tography, 56-68 

Silica gel 
caffeine coated, separation and 

purification of acenaph
thenylsilyl compounds by 
preparative HPLC on, 2383-
2400 

preadsorbent, determination of 
chlorpyrifos in tap water 
and bananas by TLC on, 
2735-2742 

polymer-substrate interactions 
in SEC with, 1-11 

strength of solvents for col
umns of in liquid chroma
tography, 59-68 

See also Columns, silica based 
Silica sorbents, effect of on re

tention of solutes, 599-614, 
615-637, 647-660 

Silyl compounds, aromatic. See 
Acenaphthenylsilyl com=
pounds 

Simultaneous analysis, of cimeti
dine and ranitidine in hu
man plasma by isocratic 
ion-pair RP-HPLC, 1651-
1664 

Simultaneous determination, of 
oxcarbazepine and carbamaz
epine and metabolites in 
serum, by HPLC, 1235-1241 

Sisomicin, determination of in 
serum by HPLC, 2219-2228 

Size exclusion chromatography 
(SEC) 

aqueous, on-line viscometer for 
measurement of eluent pres
sure in, 1911-1934 

calculation of molecular weight 
averages· in using densimet
ric detection, 1789-1807 

calibration of 
with polydisperse standards, 

S4l-S68 
using Weibull distribution 

function, 1511-1536 
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[Size exclusion chromatography 
(SEC)] 

characterization of PVP using, 
441-461 

complexity of concentration ef
fects in, 1903-1905 

concentration effects in SEC un
der stationary equilibrium 
conditions, 1887-1901 

determination of a-amylase in
hibitor from Phaseoulus vul
garis using, 2895-2903 --

effect of solvent temperature on 
hydrodynamic volume of poly
styrene in, 1841-1850 

effect of viscosity and coil 
contraction on polymer elu
tion volumes in, 1867-1885 

estimation of spreading factor 
in, 1769-1788 

inverse optimal filtering method 
for instrumental spreading 
correction in, 2833-2862 

methylene chloride/hexafluoro
isopropanol solvent system 
in, flow rate fluctuations 
in, 1537-1544 

model of concentration effects 
in, 1061-1078 

molecular weight calibration of, 
using poly(p-methylstyrene) 
standards, 1753-1767 

molecular weight calibration of 
diblock copolymers of poly
styrene and poly(ethylene 
oxide) in, 1739-1751 

polymer shear degradation in, 
1717-1738 

with silica gels and pure sol
vents, polymer-substrate in
teractions in, 1-11 

See also Gel permeation chroma
--- tography (GPC) 

Sodium, ion chromatography on 
poly(crown ether)-modified 
silica with high affinity 
for, 2115-2125 

Solid-phase extraction, anion-ex
change, determination of 
folic acid in commercial 
diets by and RP-HPLC, 2659-
2669 
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Solutes 
effect of mobile phase addi

tives and silica sorbents 
on retention of, 599-614, 
615-637, 647-660 

UV-absorbing in solvent systems 
for CCC, measurement of 
partition coefficients 
for, 275-289 

Solutions, determination of buta
perazine in, by HPLC, 1643-
1649 

Solvation effects, determination 
of in LSC with mixed mobile 
phases, 1289-1300 

Solvent extraction RP-HPLC. See 
Reversed phase high per
formance (pressure) liquid 
chromatography (RP-HPLC), 
solvent extraction 

Solvents 
effect of composition of on re

tention behavior of iodo
amino acids, 1079-1088 

effect of temperature of on 
hydrodynamic volume of poly
styrene in SEC, 1841-1850 

deuterated, as mobile phase in 
microcolumn chromatography, 
2059-2071 

method for selection of in sep
aration of trace amounts of 
procaterol isomers by HPLC, 
2127-2141 

pure, polymer-substrate inter
actions in SEC with, 1-11 

strength of for silica, amino
and cyano-alkyl bonded sil
ica columns in liquid chro
matography, 59-68 

See also Gradient solvent sys
tems 

Solvent systems, for CCC 
measurement of partition coef

ficients for UV-absorbing 
solutes in, 275-289 

nonaqueous, evaluation of us
ing HPLC for determination 
of partition coefficients 
for, 291-302 

See also Methylene chloride/hex
--- afluoroisopropanol solvent 

system 
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Soybean oil. See Fatty acids, soy
bean oil 

Speciation, for arsenic anions by 
RP-HPLC with HY-ICP, 861-876 

Spectrometry, VIS, separation of 
cosmetic dyes using ion pair 
RP-HPLC with, 809-821 

Spectroscopy. See Inductively cou
pled plasma emission spec
troscopy (ICP) 

Spray reagents, cyclodextrin, ef
fect of on fluorescence den
sitometry of polycyclic aro
matic hydrocarbons and dan
sylated amino acids, 1273-
1288 

Spreading factor, in SEC, estima
tion of, 1769-1788 

Stationary phase. See Octysilica 
stationary phase 

Stationary equilibrium conditions, 
concentration effects in SEC 
under, 1887-1901 

Stationary phases 
chiral, for separation of enan

tiomers by HPLC, S353-S376 
effect of on fluorescence densi

tometry of polycyclic aro
matic hydrocarbons and dan
sylated amino acids, 1273-
1288 

reversed, comparison of for 
chromatographic separation 
of inorganic analytes using 
hydrophobic ion mobile phase 
additives, 1935-1959 

Steroids 
characterization of amino- and 

cyano-alkyl bonded columns 
in normal-phase liquid chro
matography using, 69-82 

See also Monoglucuronides, cate
--- chol estrogen; Monosu1fates, 

catechol estrogen 
Streaking technique, in TLC densi

tometry, system errors in, 
2711-2718 

Streptomyces tubercidicus, quanti
tative analysis of tubercid
in in by HPLC, 151-158 

Streptozotocin, analysis of by 
HPLC, S93-S94 
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Structure, of nitrogen-bridged 
compounds, determination 
of by ion exchange HPLC, 
1151-1168 

Suberimidate. See Dimethylsuberi
midate ---

Substituent effects, in determi
nation of diarylacryloni
triles by HPLC, 2631-2642 

Sucrose octaacetate, determina
tion of next to diethyl 
phthalate and camphor in 
denatured alcohol by HPLC, 
2163-2177 

Sugars, acetamido and neutral, 
separation of oligosaccha
ride isomers containing, 
using HPLC, 661-674 

Sulfoxide metabolites, of aben
dazole, quantification of 
in human organs and fluids 
during hydatatidosis using 
HPLC, 569-580 

Surface area, of adsorbent in TLC, 
2697-2710 

Surfactants. See Fatty acids 
System errors~n streaking tech

nique in TLC densitometry, 
2711-2718 

T 

Tablets, determination of buta
perazine in, by HPLC, 1643-
1649 

TAGIT. See Chiral derivatizing 
agent 

Tap water, determination of chlor
pyrifos in by TLC on pre
adsorbent silica gel, 2735-
2742 

Tautomeric compounds, of 4-amino
isoxazolyl-l,2-naphthoqui
nones, separation of by 
HPLC, 2203-2217 

TBC. See 4-Tert-butyl-catechol 
~BC) 

TCNB. See Tetrachloronitroben
zene (TCNB) 

Technical materials, determina
tion of MBT in by RP-HPLC, 
2653-2658 
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Temperature, of solvent, effect of 
on hydrodynamic volume of 
polystyrene in SEC, 1841-
1850 

4-Tert-buty1-catecho1 (TBC) , in 
butadiene, determination of 
by HPLC, 2143-2149 

Tertiary amine pollutants, paper 
chromatography of, 207-217 

Tetraa1ky1ammonium salts, use of 
as mobile phase additives on 
separation of amino acids 
and peptides by RP-HPLC, 
111-150 

Tetrabuty1ammonium, effect of on 
c1avu1anic anion retention 
of PRP-1 column, 1477-1487 

Tetrach1oronitrobenzene (TCNB), in 
potatoes, determination of 
by HPLC, 1185-1193 

TFA. See Trif1uoroacetic acid 
~FA) 

Theophylline 
determination of in serum and 

urine by RP-HPLC, 1593-1608 
direct determination of in se

rum, using RP-HPLC with 
steric exclusion columns, 
779-791 

Theoretical foundations 
of FFF, S4-S16 
of LSC with mixed eluent, S393-

S431 
Thin layer chromatography (TLC) 

densitometry 
charring, copper reagents for 

detection of neutral lipids 
by, 2793-2801 

system errors in, in use of 
streaking technique in, 
2711-2718 

Thin layer chromatography (TLC) 
analysis of PCBs by, 1393-1402 
analysis of p1asma1ogens by in 

situ reaction in, 2725-2733 
correlation between capacity 

factors k' and RM values in 
and liquid column chromatog
raphy, 1301-1312 

detection, separation and deter
mination of metal ions com
p1exed with ani1s by, 2813-
2820 
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determination of 4-epi-mec1ocy
cline in cream formulation 
by, 1367-1381 

influence of surface area of 
adsorbent on, 2697-2710 

isolation and determination of 
trace levels of D-arabino-
2-hexosu1ose by, 1991-2001 

on preadsorbent silica gel, de
termination of ch1orpyrifos 
in tap water and bananas 
by, 2735-2742 

reversed phase. See Reversed 
phase thin layer chroma
tography (RP-TLC) 

separation of amino acids on 
impregnated layers by, 
1359-1365 

separation of metal ions in ox
alic acid-oxalate systems 
by, 1345-1357 

separation of oligomerized 2-
viny1pyridine by, 2513-2524 

separation of organic acids on 
calcium sulfate using, 
1321-1340 

separations of d-b1ock ani1s 
comp1exed with by, 2821-
2829 

unidimensional argentation, 
separation of prostaglan
dins by, 2751-2757 

with videodensitometry, deter
mination of neomycin com
ponents by, 2803-2811 

See also Overpressured thin 
layer chromatography 
(OPTLC) 

Thiopental, determination of in 
serum, by HPLC, 2229-2235 

Thorium te11urite, separation of 
anions and cations on, 
1691-1706 

Ticarci11in, in serum, determina
tion of by RP-HPLC, 2887-
2893 

TLC. See Thin layer chromatogra
phy (TLC) 

Tobramycin, determination of in 
serum by HPLC, 2219-2228 
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Tomato plants, infected by Phoma 
destructiva, detection of 
phomenone in by HPLC with UV 
detection, 935-942 

Toroidal coil centrifuge. See Cen
trifuge, toroidal coil 

Toxicology. See Veterinary toxi
cology 

Trace analysis, of arsenic anions 
by RP-HPLC with HY-ICP, 861-
876 

3,5,6-Trichloro-2-pyridinol, de
termination of in tap water 
and bananas by TLC on pread
sorbent silica gel, 2735-
2742 

Trifluoroacetic acid (TFA) , sepa
ration of HMG proteins by 
RP-HPLC with, 907-916 

Tropic acid, resolution of amide 
and ester derivatives of us
ing HPLC with chiral sta
tionary phase columns, 731-
741 

Tubercidin, in Streptomyces tuber
cidicus, quantitative analy
sis of by HPLC, 151-158 

Turine, orthophthalaldehyde!etha
nethiol derivatives of, sep
aration of by RP-HPLC, 
1117-1131 

U 

Ultraviolet (UV) detection 
of flecanide in plasma by, 2579-

2590 
of hypoxanthine transport in hu

man erythrocytes using HPLC 
with, 1013-1021 

at low wavelength in RP-HPLC use 
of water-methanol gradient 
with, 1033-1050 

of phomenone in tomato plants 
infected with Phoma destruc
tiva, by HPLC with, 935-942 

of pirenzepine in dosage forms 
and biological fluids by 
HPLC with, 2401-2408 

of prostaglandin E2 in human 
gastric juice by RP-HPLC 
with, 2409-2420 
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Ultraviolet (UV) irradiation, 
elimination of gradient 
ghost peaks in liquid chro
matography using, 943-952 

Uric acid, urinary, determination 
of by RP-HPLC with electro
chemical detection, 2253-
2260 

Urine 
analysis of copovithane in by 

HPLC, 159-166 
analysis of fluorescent com

pounds in, by LC, 1627-1642 
assay of 6-S-hydroxycortisol 

in, use of internal stand
ard for, 2051-2057 

determination of cefoperazone 
in by HPLC, 2421-2429 

determination of ceftazidime in 
by HPLC, 979-987 

determination of neopterine in 
by isocratic HPLC, 2289-
2296 

determination of salicylamide 
in, by HPLC, 1221-1234 

determination of theophylline 
in by RP-HPLC, 1593-1608 

human 
analysis of pentachlorophenol 

in by LCEC, 953-960 
determination of ceftizoxime 

in by HPLC, 961-968 
human and rat, determination of 

N1-methylnicotinamide in by 
HPLC, 969-977 

isolation of drug glucuronide 
conjugates from, by RP
HPLC, 177-190 

See also Biological fluids 
UV~ee Ultraviolet (UV) detector 

V 

Veterinary toxicology, HPLC in, 
5205-5315 

Videodensitometry, determination 
of neomycin components by 
TLC with, 2803-2811 

Vinca alkaloids, analysis of by 
HPLC, 576-582 

Vinegar, wine, dansyiation of, 
539-558 
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2-Vinylpyridine, oligomerized, 
separation of by HPLC and 
TLC, 2513-2524 

Viscometer, on-line, for measure
ment of eluent pressure in 
SEC, 1911-1934 

Viscosity 
detection of with pulseless pump 

for liquid chromatography, 
2367-2382 

effect of on polymer elution 
volumes in SEC, 1867-1885 

Vitamin formulations. See Calcium 
pantothenate 

Volume, hydrodynamic, of polysty
rene in SEC, effect of tem
perature on in SEC, 1841-
1850 

W 

Water 
determination of octadecylamine 

in, by HPTLC, 2743-2749 
See also Tap water 

Water-methanol gradient, use of 
with UV detection at low 
wavelength in RP-HPLC, 1033-
1050 

Wavelength, optimum, use of to de
tect glutamic acid in serum 
by RP-HPLC, 2261-2266 

Weibull distribution function, 
calibration of SEC using, 
1511-1536 
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Wines, dansylation of, 539-558 
WR272l. See S-2-(3-Aminopropyl

amino)ethylphosphorothio
ate (WR272l) 

X 

Xylitol, separation of from car
bohydrates and polyols by 
HPLC, 2003-2010 

Y 

Yohimbine, assay of in human 
plasma using LCEC, 1003-
1012 

Z 

Zinc chelates of pheophytins, 
separation of by RP-HPLC, 
1673-1683 

Zirconium(IV) arsenophosphate 
columns, separation of 
iron(II) and (III) on, us
ing potassium thiocyanate 
as complexing agent, 201-
206 

Zootoxins, determination of by 
HPLC, S225-S227 
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