
!!RIBNAL 
'ur 
LIQUID 
CIDlOMATOCBAPBY 
VOLUME 18 NUMBER 16 

Editor: DR. JACK CAZES 
Associate Editors: DR. HALEEM J. ISSAQ 

DR. STEVEN H. WONG 

1995 



JOURNAL OF LIQUID CHROMATOGRAPHY 

September 1995 

Aims and Scope. The journal publishes papers involving the applications 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 lay0f 
chromatography and all models of liquid chromatography. 

Identification Statement. Journal of Liquid Chromatography (ISSN: 0148-3919) is 
published semimonthly except monthly in May, August, October, and December for 
the institutional rate of $1,450.00 and the individual rate of $725.00 by Marcel 
Dekker, Inc., P.O. Box 5005, Monticello, NY 12701-5185. Second Class postage 
paid at Monticello, NY. POSTMASTER: Send address changes to Journal of Liquid 
Chromatography, P.O. Box 5005, Monticello, NY 12701-5185. 

Individual Foreign Postage 
Professionals' 

Institutional and Student Airmail Airmail 
Volume Issues Rate Rate Surface to Europe to Asia 

18 20 $1,450.00 $725.00 $70.00 $110.00 $130.00 
---------------

Individual professionals' and student orders must be prepaid by personal check or 
may be charged to MasterCard, VISA, or American Express. Please mail payment 
with your order to: Marcel Dekker Journals, P.O. Box 5017, Monticello, New York 
12701-5176. 

CODEN: JLCHD8 18(16) i-iv, 3163-3372 (1995) 
ISSN: 0148-3919 

Printed in the U.S.A. 



, 
I • 

:i Subscnbe Today! 
,I 
,I 

i Use the cards below to subscribe to the Journal of Liquid 
, Chromatography or to recommend the journal to your library for 

,I 
,I 

I 

acquisition. 

- ....... .-----..----~----------,-------... -------~ ... -------~~-.-.---------.-----------------

Order Form Journal of Liquid 
Chromatography 

:1 Please enter my subscription to Vol. 18,20 Numbers, 1995 at the 0 institutional rate 
I of $1450.00; 0 individual rate of $725.00. Individual subscriptions must be prepaid 
I in American currency by personal check or credit card. Please add $3.50 per issue 
I (number) for shipping outside the U.S. For aimlailto Europe, add $5.50 per issue; 
,! to Asia, add $6.50 per issue. Canadian customers please add 7% GST. 
I 

:! __ Please send me a proforma invoice. 
1 __ Check enclosed made payable to Marcel Dekker, Inc. 
I Charge my: 0 MasterCard 0 Visa 0 American Express :1--

Card No. ___________________ ---:Exp. Date ____ _ 

Signature ___________________________ _ 

Name ____________________________ ___ 

I Address ___________________________ _ 
I I City/State/Zip __________________________ _ 
I 
1------------- ------------------------I 
I ! Does your library subscribe to the Journal of Liquid Chromatography? Just complete 
I this card and submit it to your librarian or department head. 
I 
! Attention: Librarian/Department Head: I have examined the 
Journal of Liquid Chromatography and would like to recommend the journal for 
acquisition. 

Signature _____________________ Date _____ _ 

Name ________________ Department ________ _ 

Journal of Liquid Chromatography 

I Volume 18, 20 Numbers, 1995: $1450.00 
ISSN: 0148-3919 CODEN: JLCHD8 

Sample copy and proforma invoice available upon request. 

Please contact the Promotion Department at: Marcel Dekker, Inc. 
270 Madison A venue 
New York, NY 10016 
(212) 696-9000 phone 
(212) 685-4540 fax 



Subscribe Today! 

Use the cards below to subscribe to the Journal of Liquid 
Chromatography or to recommend the journal to your library for 
acquisition. 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 2863 NEW YORK, NY 

POST AGE WILL BE PAID BY ADDRESSEE 

Promotion Department 
MARCEL DEKKER, INC. 
270 Madison Avenue 
New York, NY 10016-0601 

1'11111111"1111.1.1.1'111 ••• 111.1 •••• 1.11111 •• 11111 

Journal of Liquid 
Chromatography 

Editor: JACK CAZES 
Cherry Hill, New Jersey 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

The Journal of Liquid Chromatography contains an outstanding selection of critical, 
analytical, and preparative papers involving the application of liquid chromatography 
to the solution of problems in all areas of science and technology, as well as papers 
that deal specifically with liquid chromatography as a science within itself. The 
coverage spans such areas as paper and thin layer chromatography and all modes of 
liquid column chromatography, including classical and HPLC. On a regular basis, 
entire issues are devoted to special topics in liquid chromatography, including an 
annual directory of LC manufacturers, suppliers, and services. In addition, each issue 
offers book reviews, liquid chromatography news, and a calendar of meetings and 
exhibitions. 



JOUBNALOF 
LIQUID CHROMATOGRAPHY 

Editor: Editorial Secretary: 
DR. JACK CAZES ELEANOR CAZES 

P. O. Box 2180 
Cherry Hill, New Jersey 08034 

Associate Editors: 

DR. HALEEM J. ISSAQ 
NCl-Frederick Cancer Research 

& Development Center 
Frederick, Maryland 

DR. STEVEN H. WONG 
Medical College of Wisconsin 
Department of Pathology 
8700 West Wisconsin Ave. 
Milwaukee, WI 53226 

Editorial Board 

H.Y. ABOUL-ENEIN, King Faisal Specialist Hospital & Research Centre, 
Riyadh, Saudi Arabia 

V.K. AGARWAL, Miles Inc., West Haven, Connecticut 
J .G. ALVAREZ, Harvard University, Boston, Massachusetts 
D.W. ARMSTRONG, University of Missouri, Rolla, Missouri 
A. BERTHOD, Universite Claude Bernard-Lyon 1, Villeurbanne, France 
U.A.TH. BRINKMAN, The Free University, Amsterdam, The Netherlands 
P.R. BROWN, University of Rhode Island, Kingston, Rhode Island 
W.B. CALDWELL, Princeton Chromatography, Inc., Cranbury, New Jersey 
R. DEMURO, Shimadzu Scientific Instruments, Inc., Columbia, Maryland 
J.G. DORSEY, University of Cincinnati, Cincinnati, Ohio 
Z. EL RASSI, Oklahoma State University, Stillwater, Oklahoma 
J.C. GIDDINGS, University of Utah, Salt Lake City, Utah 
E. GRUSHKA, The Hebrew University, Jerusalem, Israel 
G. GUIOCHON, University of Tennessee, Knoxville, Tennessee 
N.A. GUZMAN, R. W. Johnson Pharm. Res. Inst., Raritan, New Jersey 
S. HARA, Tokyo College of Pharmacy, Tokyo, Japan 
G.L. HAWK, The Cardinal Instrument Co., Inc., Bristol, Pennsylvania 
W.L. HINZE, Wake Forest University, Winston-Salem, Nonh Carolina 

(continued) 



JOURNAL OF LIOUID CHROMATOGRAPHY 

Editorial Board (continued) 

C. HORVATH, Yale University, New Haven, Connecticut 
W.J. HURST, Hershey Foods Technical Center, Hershey, Pennsylvania 
J. JANCA, Universite de la Rochelle, La Rochelle, France 
G.M. JANINI, NCI-Frederick Cancer R&D Center, Frederick, Maryland 
M. JARONIEC, Kent State University, Kent, Ohio 
K. JlNNO, Toyohashi University of Technology, Toyohashi, Japan 
P.T. KISSINGER, Purdue University, West Lafayette, Indiana 
J. LESEC, Ecole Superieure de Physique et de Chemie, Paris, France 
F. LYABAYA, Shimadzu Scientific Instruments, Inc., Columbia, Maryland 
H.M. MC NAIR, Virginia Polytechnic Institute, Blacksburg, Virginia 
R.B. MILLER, Fujisawa USA, Inc., Melrose Park, Illinois 
S. MORI, Mie University, Tsu, Mie, Japan 
M. MOSKOVITZ, Consultant, Atlanta, Georgia 
I.N. PAP ADOY ANNIS, Aristotelian University of Thessaloniki, Thessaloniki, 

Greece 
L.A. PAPAZIAN, Consultant, Cranbury, New Jersey 
W.H. PIRKLE, University of Illinois, Urbana, Illinois 
F.M. RABEL, E-M Separations, Inc., Gibbstown, New Jersey 
D.A. ROSTON, Searle Research & Development, Skokie, Illinois 
C.G. SCOTT, Retired, East Stroudsburg, Pennsylvania 
R.P.W. SCOTT, Consultant, Avon, Connecticut 
Z.K. SHIHABI, Bowman Gray School of Medicine, Winston, Salem, North 

Carolina 
J.H.M. van den BERG, Solvay Duphar BV, Weesp, The Netherlands 
R. WEINBERGER, CE Technologies, Chappaqua, New York 



JOURNAL OF LIQUID CHROMATOGRAPHY 

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

- Abstracts Journal of the Institute of Scientific and Technical Information of the 
Russian Academy of Sciences - Alerts - Aluminium Industry Abstracts - Analytical 
Abstracts - ASCA - Berichte Pathologie - CAB Abstracts - Cambridge Scientific 
Abstracts - Chemical Abstracts - Chemical Reactions Documentation Service -
Current Awareness in Biological Sciences - Current Contents/Life Sciences -
Current Contents/Physical and Chemical Sciences - Current Opinion - Engineered 
Materials Abstracts - Engineering Index - Excerpta Medica - Metals Abstracts -
Reference Update - Saltykov-Shchedrin State Public Library - Science Citation 
Index - Tobacco Abstracts 

Manuscript Preparation and Submission. See end of issue. 

Copyright © 1995 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 information storage 
and retrieval systems without permission in writing from the publisher. 

This journal is also available on CD-ROM through ADONIS™ beginning with the 
1991 volume year. For information contact: ADONIS, Marketing Services, P.O. 
Box 839, Molenwerf 1, 1000 AV Amsterdam, The Netherlands, Tel: +31-20-
6842206, Fax: +31-20-6880241. 

The journals of Marcel Dekker, Inc. are available in microform from: University 
Microfilms, Inc., 300 North Zeeb Road, Ann Arbor, Michigan 48106-1346, 
Telephone: 800-521-0600; Fax: (313) 761-1203. 

Authorization to photocopy items for internal or personal use, or the internal or 
personal use of specific clients, is granted by Marcel Dekker, Inc., for users 
registered with the Copyright Clearance Center (Ccq Transactional Reporting 
Service, provided that the fee of $10.00 per article is paid directly to CCC, 222 
Rosewood Drive, Danvers, MA 01923. For those organizations that have been 
granted a photocopy license by CCC, a separate system of payment has been 
arranged. 

Contributions to this journal are published free of charge. 

Effective with Volume 6, Number 11, this journal is printed on acid-free paper. 





JOURNAL OF LIQUID CHROMATOGRAPHY, 18(16), 3163-3173 (1995) 

OSMOTIC EFFECTS IN GEL 
PERMEATION CHROMATOGRAPHY WITH 

MUL TICOMPONENT SOLVENTS 

K. VEGGELAND, S. NILSSON, AND T. AUSTAD 
RogaJand &search 

P.O. Bax 2503 
Ullandhaug, N-4004 Stavanger, Norway 

ABSTRACT 

Secondary separation mechanisms are important in a GPC-column when 
mUltiwmponent eluents are used. The solvent will be at a lower potential in the injected sample 
than in the eluent. leading to a separation or redistribution of components by the osmotic 
pressure differences. The smallest components will dominate the separation due to the highest 
diffusion rates. When charged macromolecules are present, the Donnan equilibrium also 
contributes to the redistribution of salt. For some surfactant systems, the micellar size is very 
sensitive to salt concentration. which can give quite complex GPC-chromatograms. In order to 
discuss GPC-results from polymer-surfactant systems with repulsive interactions, these 
secondary separation mechanisms must be included. 

INTRODlJCTION 

It is known that components can be separated by gel permeation chromatography, GPC, 

according to their molecular sizes. In practice. however, various types of interactions occur 

among the components of the chromatographic system, and as a result, secondary separation 

mechanisms take place. These interactions and separation mechanisms are important in 

polymer-surfactant systems applicable for chemical flooding of oil reservoirs. When polymers 

and surfactants are winjected in order to improve the oil recovery. phase separation and 

incompatibility are crucial for the process( I ,2). Polymer-surfactant interactions have been 

studied by a GPC-approach(3-6) that is based on preferential solvation of macromolecules in 

mixed solvents(7-9). The surfactant solution is used as the eluent and the polymer is dissolved 

in the eluent and injected into the column. Both associative and repulsive interactions may be 

present in polymer-surfactant systems depending on charges, hydrophobic groups, etc.(IO). 
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Assol:iative Interactions lead to formation of a polymer-surfactant complex, that is usually larger 

than the pure polymer. This is seen in OPC-chromatograms as a lower elution time for the 

complex peak. than for the polymer peak.. Also a negative peak. related to the amount of 

surfal:tant associated with the polymer occurs. Studies of polymer-surfactant association are 

desl:ribed in detail elsewhere(4-6). When it comes to repulsive interactions, the chromatograms 

for polymer-surfactant systems are more complex(5,6), due to different separation mechanisms 

and effects of the components in the solvent. Micellar size is affected by salt and very different 

results can be obtained for surfactant solution in the absence and presence of salt, as will be 

presented. 

In order to distinguish between different secondary separation mechanisms, binary 

polymer systems have been studied. The eluent is a solution of one of the polymers at an 

appropriatel:onl:entration. Phase separation in the polymerl - polymer2 solution must be 

avoided. With low concentrations of polymer, interactions are of little importanl:e, but as will 

be shown osmotk effects are important. Due to the mobile l:ounterions, charged 

mal:romolel:ules like polyelectrolytes are expel:ted to give larger osmotic effects. For 

polyelel:trolytes, the Donnan equilibrium(1l) for salt distribution will also be a main separation 

mel:hanism. 

The present OPC-method l:an be compared with dynamil: dialysis, where the membrane 

is omitted. Of the secondary separation mechanisms that have to be considered in these 

experiments are osmosis and Donnan effel:t on salt equilibrium. Both these effects are also 

important in membrane equilibrium. The results from polymer-polymer separation studies 

illustrate some of the effects seen in the more complex polymer-surfactant systems(5,6). Also 

l:hromatograms for pure surfactant solutions in solvents of surfactant with and without salt 

show large redistribution effel:ts that give insight into the polymer -surfactant systems. 

EXPERIMENTAL 

Chemicals 

Poly (ethylene oxide), PE04, with average molecular weight of 4 000 g/mole was 

obtained from Merl:k. Dextrans, T500 and TID were obtained from Pharmacia B, Uppsala 

Sweden, having an average molecular weight of 500 000 and 10 000. Poly(styrene sulfonk 

add, sodium salt, 100% sulfonated), PSS500, with average molecular weight 500 000 from 

Polyscienl:es, 1m; .. These polymers were used as delivered. Xanthan, Xl: !is-II F4, was 

produced by Bioferm Statoil, filtered and purified by precipitation with isopropanol and dried. 

Molel:ular weight range is 2-3.106. Sodium dodecylbenzene sulfonate, NaDDBS (Hard type). 
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D 0990, with Mw = 248.48 g/mole and 95 % active material from Tokyo Kasei Ltd., was used 

as delivered. NaCl p.a. delivered from Merck was used. 

Chromatographic Instrumentation and Conditions. 

The HPLC equipment consists of a 600E pump, a 715 Ultra Wisp Sample Processor, a 

410 Differential Refractometer, all delivered from Waters. A NEC, APClyTM, Power Mate 

486/33i integrator, a 99lM photodiode array detector and a TI microLaser Plus complete the 

instrumental set-up. The samples were chromatographed on a Waters Ultrahydrogel™ 250, 
6/-lm OPC-column (7.8 x 300mm). Sample volumes have been 20-100/-ll. Flow rate was set at 

0.5 ml/min. The column and the RI-detector was theIll10stated at 32°C. 

Procedures 

The eluent was either a surfactant or a polymer solution depending on what system to be 

studied. Polymers were dissolved into the eluent at appropriate concentrations to avoid phase 
separation. All solutions were run through a 0.45/-l Millipore filter prior to injection and 

degassed constantly with He-gas. 

RESULTS AND DISCUSSION 

The chromatograms in fig. I show separation of two nonionic polymers, dextran T500 

and poly(ethylene oxide) PE04. Molecular weights are 500 000 and 4 000, respectively. The 

eluent is 0.60 wt% PE04 (aq) and the concentration of T500 is 0.35 wt% in all 

chromatograms. 

In a) T500 is dissolved in the eluent and injected. There is little interactions in the 

system, but a separation of the two polymers is clearly seen. The solvent in the sample is at a 

lower chemical potential than the solvent in the surrounding eluent. The separation is due to 

osmosis pressure difference and of course size exclusion. This will be more discussed later and 

is also illustrated by chromatograms b-d), where the same concentration, 0.35 wt% of T500 is 

dissolved in a solution with lower concentration of PE04 than in the eluent, 0.56, 0.50 and 

0.46 wt%, respectively. For c) and d) the concentrations were to low and negative peaks are 

observed. Estimations based on fig.! indicate that 0.54 wt % of the eluent in the injected 

sample will provide osmotic equilibrium. Calculations, based on the Flory-Huggins model( 12), 

gave that the chemical potential of water is unchanged if 0.6% PE04 is replaced by 0.35% 

T500 + 0.48% PE04. This is in reasonable agreement with the result in fig. I where a 



3166 

Q) 
C/J 
<= o 
0.. 
C/J 

~ 
~ 

o 
13 
Q) 

a; 
o 

5 

VEGGElAND, NILSSON, AND AUSTAD 

T500 

........... _ ... _ ... _ .... _ ................................................. :-........ _ ....... _ .. - .. _ .. __ ... . 

........................................... j .......... ··········11··· ... · 

.......................................... ; .................................... . A···················f································· ..... 
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....... , .................................. ~ ............................ , ............... . 

--- a) 0.60% PE04 in sample 

- - - - - b) 0.56% PE04 in sample 

---.---- c) 0.50% PE04 in sample 

_.- - d) 0.46% PE04 in sample 

10 15 20 25 
Retention time (min) 

FIGURE I. OPC-chromatograms where the eluent is 0.6wt% PE04(aq), in a) 0.3S% TSOO 
dissolved in the eluent, in b) 0.3S% TSOO is dissolved in 0.S6% PE04, in c) 0.3S% TSOO is 
dissolved in O.SO% PE04, and in d) 0.3S% TSOO is dissolved in 0.46% PE04. The flow rate 
is O.S mlImin and an RI-detector is used. 

concentration of 0.S4% PE04 was needed together with O.3S% TSOO to remove osmotic 

pressure effects. The calculations gave the same result regardless of whether interaction 

parameters were included or not (interaction parameters were taken from ref.13). With the small 

concentrations used in the OPC-experiments the effect is dominated by the entropy of mixing 

and interactions are usually of marginal importance. 

The osmotic separation mechanism is illustrated in fig.2. The column is equilibrated by 

the eluent, which is a nonionic polymer A dissolved in a solvent, s, (e.g. water). Region I 

represents pure eluent. Region II shows the injected volume of the sample. The sample is a 

solution of B (another nonionic polymer, MWA < MWB) dissolved in the eluent. It is assumed 

no net flow in the column. 

The chemical potentials of the solvent, s, in the different regions I and II are: 

in the eluent, I: (I) 

in the sample, II: J..l.s(II) ~ J..l.so + RT Inxs(II) = J..l.AO - RTxA - RTxB (2) 
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A A 

II 

A+solvent A + B + solvent A+solvent 

solvent solvent 

FIGURE 2. A s.:hematic illustration of a GPC-.:olumn divided into two regions I and II. The 
inje.:ted sample B is dissolved in the eluent (A+solvent). No net flow in the column. 

where XA and XB are the mole fra.:tions of A and B, respectively. The .:hemical potential of the 

solvent in the sample (region II) is lower than in the eluent. Assuming no net flow the osmotic 

pressure difference, due to the lower chemical potential of the solvent in the sample, will 

provide a mainly entropic, thermodynamic driving force for the water molecules to diffuse into 

the sample to gain osmotic equilibrium. To maintain a constant volume of the injected solution, 

other components have to diffuse out of the sample. Here A is the smallest component, thereby 

having higher diffusion rate than B, and is transported away from the sample region. From 

fig. I it is seen that by reducing the concentration of A in the sample region (here PE04) the 

redistribution of the two nonionic polymers is reduced. It is possible to find an equilibrium 

concentration of A in the sample that removes the osmotic separation. 

If the solvent in fig.2 contains salt, the salt ions will dominate the diffusion from region 

II to region I, due to the higher diffusion rate. This is experimentally shown in fig.3, where 

two dextrans, T500 and TiO with molecular weights of 500000 and iO 000, respectively, are 

studied in the absence and presence of NaC!. With 0.5 wt% no (aq) as eluent 0.25 wt% T500 

is dissolved in the eluent and injected. The polymers are separated by the mechanism described 

above and can also be compared to fig. la. The osmoti.: pressure difference between the eluent 

and the injected sample will provide a driving force for the water molecules to diffuse into the 

sample to gain osmotic equilibrium. To maintain a constant volume of the injected solution, 

other components have to diffuse out of the sample. The smallest components will have the 

highest rate of diffusion and leads to a peak of TiO which has been separated from T500 

molecules due to osmosis and size exclusion. The retention time of TiO is the observed 

retention time for TIO also with water as eluent in the same column and under the same 

conditions, so a "complete" separation has taken place. With 50mM NaCl added to the eluent, 

the chromatogram is different as seen in fig.3. The components diffusing from the injected 

sample are mainly the salt ions. In a sample with several constituents the components with the 

fastest diffusion will take over the response to give osmotic equilibrium as water diffuses into 

the sample. As can be seen the TlO peak has almost disappeared. 
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FIOURE 3. OPC-chromatograms, where the eluent is O.S% TlO(aq) (--) and O.S% TlO in 
SOmM NaCI C·······). In both cases are 0.2S% TSOO dissolved in the eluents and injected into 
the column. The flow rate is O.S mlImin and an Rl-detector is used. 

FigA compares the separation between two nonionic polymers and between a negatively 

charged polyelectrolyte and a nonionic polymer, both in the presence of salt. In chromatogram 

a) 0.6 wt% PE04 in 10mM NaCI is the eluent and 0.25 wt% T500 is dissolved in the eluent 

and injected into the column. Separation of both PE04 and NaCI from the larger dextran TSOO 

is seen. The separation mechanism is the osmotic effect described above. NaCI does not 

dominate the diffusion as much as in fig.3, since the NaCI concentration is lower, IOmM 

compared to 50mM NaCI. This means that at a high enough salinity, the two polymers will not 

separate due to diffusion, only the salt will redistribute. 

In chromatogram b) in fig.4 the sample is changed from the nonionic dextran, TSOO, to 

a charged polymer with the same molecular weight and at the same concentration, namely 

poly(styrene) sulfonateCNa-salt), PSSSOO. The eluent is the same, 0.6 wt% PE04 in IOmM 

NaCI. Polyelectrolytes will give a larger osmotic effect due to the mobile counterions as is seen 

in the figure. The charged mal-Tomolecules will also influence the distribution of salt between 

inje<.:ted sample and surrounding eluent, the Donnan effe<.:t. To obtain ion equilibrium across the 

"invisible membrane" between the injected sample and the eluent, an increased diffusion of 

NaCI from the sample must take pla<.:e as is also seen in the figure. The reason for the higher 

retention time for the PE04-peak in the polyelectrolyte sample is not understood. 
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FIGURE 4. GPC·chromatograms where the eluent is 0.6% PE04 in IOmM NaC!. Samples 
dissolved in the eluent and injected are 0.25% T500 (-_) and 0.25% PSS500 ("' ... ). 
The flow rate is 0.5 mI/min and an Rl-detector is used. 

In surfactant systems the consequences of the osmotic redistribution effects discussed 

above can be much larger. The eluent in fig,5 is IOmM of NaDDBS and the injected samples 

are a) 7mM NaDDBS and b) 20mM of NaDDBS which, as can be expected, gives one negative 

and one positive peak. The peaks at about 25 minutes are related to monomers and impurities 

like salt. If, however, the experiment is repeated after adding IOmM NaCI to the eluent and the 

injected samples, the result becomes quite different, see fig.6. In fig.6a the result is still a 

normal negative peak when 7mM NaDDBS is injected, but the injection of 20mM NaDDBS 

(fig.6b) produces a different and more complex result. The origin of the result in fig.6b can be 

understood by the chromatogram in fig.7. In fig.7 the eluent is IOmM NaDDBS (no salt) and 

the injected sample is 0.7mM NaCI dissolved in the eluent. As can be seen a strong negative 

peak is produced, at about the retention time for the micelles, together with the positive NaCI 

peak. The negative peak must be the effect of salt concentration on the micellar size. Addition of 

salt causes a growth in micellar size which will form micelles having a smaller retention time. 

As the larger micelles are chromatographically separated from the salt, they will start to shrink 

again and are probably spread out over the column leaving a negative peak behind. In fig. 6b 

variations in the salt concentration are generated by osmotic redistribution effects due to the 

higher surfactant concentration in the injected sample. The result can be quite complex as salt 

and surfactant are continuously redistributed as the different peaks propagate through the 

column. However, not all surfactants give these complex results since a requirement is that the 

micellar size is salt sensitive. For instance some ethoxylated sulfonates have been found to give 
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"normal" chromatogram (data not shown) also with salt present in the eluent as higher or lower 

concentrations of surfactant are injected. 

An example of polymer-surfactant chromatograms where the secondary separation 

me<.:hanisms are large is shown in fig.8. The anionic biopolymer xanthan is dissolved in the 

eluent consisting of 10mM NaDDBS and lOmM NaCl. NaDDBS is an anionic surfactant, so 

there are repulsive intera<.:tions between the polymer and the surfactant mi<.:elles. Fig.8 shows 

chromatograms dete<.:ted both with RI and UV(245nm). The xanthan peak is not dete<.:ted by the 

UV -detector, but a redistribution of the NaDDBS micelles is dearly seen. Based on the results 

from figs. 5-7 , all effects; osmosis, Donnan effects and the salt effect on micellar size take part 

in these separations. Since secondary separation mechanisms are present also in nonionic 

systems electrostatic repulsions will not <.:ontribute to the total separation. 

CONCLUSIONS 

Using multicomponent solvents or eluents in a gel permeation chromatography column 

secondary separation mechanisms must be carefully considered. Osmotic pressure differences 

between the injected sample and the eluent will lead to separation of components even though 

the column is equilibrated with one of the components. The smallest components dominate the 

separation due to the highest diffusion rate. Charged ma('Tomolecuies will give a lager osmotic 

effects due to the mobile <.:ounterions. Salt will redistribute due to Donnan equilibrium when 

polyele<.:trolytes are present. For surfactant solutions the salt redistribution may have large 

consequences, especially when the micellar size is very salt sensitive. The secondary separation 

me<.:hanisms must be known to be able to understand the complex chromatograms obtained for 

polymer-surfactant systems having mutual repulsive interactions. 
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ABSTRACT 

A reversed-phase HPLC methods in combination with Diode Array 
Detection is described for separation of polysaccharides in acid hydrolysates 
from many different agar-type polysaccharides. Temperature is optimized at 
:W°c. The detection limit is about 5 pmol. Sugars show a linear response in 
a wide concentration range. This technique is able to resolve the different 
oligomers according to the respective degree of polymerization (DP) in a 
very rapid. easy. reliable and reproducible way. 
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INTRODUCTION 

The molecular weigth distribution is very important for characterization of 

natural and synthetic polymers in biochemistry, agriculture and the food 

industry. Given that the molecular weight of polysaccharides seem not be 

controlled during biosynthesis, a large range of components of different 

molecular weight will be formed (1). 

Molecular weights and different structures of agar-type polysaccharides 

are specially important since the gel strength, gelling and melting temperatures 

are determinant properties for its use in biochemical techniques 

(immunodiffusion and diffusion; electroforesis of proteins, nucleic acids and 

polysaccharides; immunoelectrophoresis, electrofocusing, affinity 

chromatography. chromatofocusing, ... ) and microbiological techniques (culture 

media) (2,3). 

Several types of methods have been employed for determining molecular 

weights. Classical methods based on osmotic pressure, viscosity, light 

scattering and streaming biofringance measurements are not used appreciably at 

present. More recently new tecniques based in partition chromatography on 

cell ulose or ion-exchange resins, separation of saccharides in the form of borate 

complexes on anion exchangers, gel filtration on cation exchangers or 

polyacrylamide gels and chromatography on silica with chemically bonded 

amino phases have been lIsed (4), but only if the molecular weight of the 

polysaccharides are reasonably large can be effectively carried out (5,6). 

The use of refractive index (IR) detectors (7,8) and UV detectors (4) are 

widely employed. In this study a reversed-phase HPLC in combination with 

Diode Array detection has been used for the separation and quantitative 
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detennination of the different hydrolyzed oligomers fonning agar polymers. The 

simplest and ideal methods of detection are those, that require none chemical 

reaction of the sugars, being detection of separated sugars without previous 

derivatization. 

MATERIALS AND METHODS 

Reagents 

The oligosaccharides have been separated using water distilled and 

deionized water, filtered through GS MiIIipore membranes (0.22 Jim pore size; 

Molshem, FRANCE). Samples were filtered through GY-Millex 013 Millipore 

membranes (0.22 jim pore size; Bedford, MA. USA). 

Galactose, sucrose and maltooligosaccharides were purchased by Sigma. 

Agarose and Agar of Gelidium used as black control have been furnished by 

Hispanagar S.A. as aditional material for this research. 

Apparatus 

A 1090 HP Hewlett-Packard Liquid Chromatograph system (Waldbroon, 

Germany) equipped with a Diode Array Detector System. a Rheodyne loop 

injector of 20 fll and a Supelcosil LC-IS column. 15 cm x 4.6 mm (5 flm 

packing) and a W/guard (Supelguard LC-IS, 2 cm x 4.6 mm. 5 flm packing; 

Supelco, Inc., Bellefonte, PA, USA) columns were used.for the 

chromatographic separation of the derivatives. A Hewlett-Packard System 
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consisting 1U a Workstation plus a Operation Software was employed to 

continuous on-line quantification of chromatographic peaks. UV wavelength for 

detection was of 190 ± 4 nm. 

Biological samples 

Gelidium sesquipedale (Clem.) Born et Thur., a red algae, has been the 

biological material for the extraction of the cell-wall polysaccharides. Algal 

treatment and cell-wall polysaccharides extraction was carried out as reported 

previously by Santos and Doty (9) modified by Torres et al. ( 10). 

Sample preparation 

Polysaccharides (0.015 g) were hydrolysed with hydrochloric acid (0.01 

M, 1 ml) for 10 and 24 hours in a water bath (lOO°C). The resulting solution 

was keep to reach room temperature and then filtered through GV -Millex 0.13 

Millipore membranes. 

Chromatographic conditions were described by Vratny, P., et al. (4) with 

minor modifications, omitting the following addition of absolute ethanol to allow 

precipitation of polisaccharides. The flow rate was 1.2 mllmin. Analysis were 

carried out with 20 pI of sample. 

Chromatographic conditions (Vratny. P.. 1983): 

Equipment for liquid chromatography manufactured by Laboratornf 
Prfstroje (Prague, Rep. Czech) was used in the experiments. The instrument 
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consisted of a high-pressure HPP 4001 linear pump, an LCI-02 septum injection 
valve and an LCI-20 stop-flow valve with and RIDK 101 refractometric 
detector. A SupeIcosil LC-IS column, 25 cm x 4.6 mm (5 J-lm packing) and a 
W/guard (Supelguard LC-IS, 2 cm x 4.6 mm, 5 J-lm packing) columns were 
used. 

To preparate the sample, add 1 g or starch to 10 ml of 0.2 M 

trifluoroacetic acid. Heat at 100 °C for one hour. Cool, then add 90 ml or 

absolute ethanol and store at -70 °c to allow precipitaded saccharides to settle. 
Decant the supernatant and remove all remaining traces of ethanol by evaporation 

under nitrogen (ethanol interferes with retention of the larger, DP5, oligomers). 

Redisolve the dried residue in 10 ml of deionized water and filter through a 0.45 

J-lm filter. Store frozen samples until analysis. Glucose oligomers were obtain 

from com syrup by precipitating them with ethanol as described above. 

RESULTS 

Oligosaccharides have been separated by a reversed-phase liquid 

chromatography method, in a very easy, rapid and reproducible manner, 

resolving the different compounds according to the respective DP (I 1,12). After 

injection of a polysaccharide-free sample there is disturbance of the detection 

baseline a which has been identified agreeing with Vratny as a peak of solvent. 

The monomeric compounds of galactose are detected from the second peak. 

The separation of oligo saccharides has been achieved by optimizing the 

col umn temperature at 30°C, at this temperature the rate of interconversion 

between the 0(- and ~-anomers of polysaccharides increase the presence of 

double peaks. 

The standard calibration curve of galactose and sucrose units is showed in 

figure 1. Sugars showed a linear response in the concentration range 20 pmol-

12000 nmol. The detection limit obtained by this method was about 5 pmol. 
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FIGURE I: Standard calibration curve of galactose and sucrose units. Both of 
them are very similar, and showed a linear response in the concentration range 
20 pmol-1200 nmol. 

In table I appears the calculated concentration of degrees of polymerization 

corresponding to samples hydrolysed for 10 hours, from thallus, apical tips, 

unpurified agar from Gelidium, Bacto agar, agar and agarose from Gelidiwn. 

High concentrations of monomers and DPI2 are observed. and couple 

monomers but no odd chain oligomers are detected. 

Figure 2 shows a typical chromatogram obtained from 

maltooligosaccharides. The chromatographic retention times for the oligomers 

DP 4 to DP 9 were from 1.5 until 7 minutes. 

Chemical hydrolysis for b-C J-C4 link is easier than a-C J-C3 (2), by this 

reason oligosaccharides are detected. In figure 3. appears the concentration at 
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double peaks for each respective degree of polymerization (DP). Retention times 
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FIGURE 3: Concentration of the different DP after IO and 24 hours of acid 
hydrolysis. Larger oligosaccharides are present at the minor hydrolysis time. 
Mainly oligosaccharides couples monomers are obtained in both of them, 10 and 
24 hours. 
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different degree of polimerization after !O and 24 hours of acidic hydrolysis. 

The appearance of that larger oligosaccharides is formed early in the analisis. 

Each oligomer elution time has been calculated using five different 

samples. The variation coefficient (C.V.) was less than 5%. The sensitivity of 

the technique was similar than those reported by other authors (4). 

DISCUSSION 

The main effort was directed towards an exhaustive study of separation 

and quantification of agar by HPLC technique. Using the HPLC procedure 

described, we resolved DPI to DP12 galactose oligomers without pre- or post

derivation. The used column provides several advantages, greater efficiency, 

faster separations and better resolution of the larger oligomers than other 

methods ( I I). 

Agarose links are very resistant to enzymatic hydrolysis by bacteriane 0(

and ~-agarases, so, acidic hydrolysis has been used to obtain the structural 

monomerics. To avoid interferences with retention times of oligomers larger 

than DP5 the latter addition of ethanol, was eliminated. UV detectors are very 

sensitive at low wavelengths (190 nm) and remain unaffected by temperature 

and pressure variations. In this method two additional important advantages are 

the use of a pressure-stable stationary phase, and a neutral and non-toxic cheap 

aqueous eluent. 

In summary, our method allows the separation and the quantitative 

determination of the DPI-DPI2 oligomers from galactose agar-type 

polysacharides. Thus, molecular size can be deduce and subsequent rheological 

properties could be established. 
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ABSTRACT 

Monosized nonporous resin particles were prepared in aqueous 
medium by polymerisation of urea with formaldehyde in the presence of 
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soluble Fe(lIl) hydrolysis polymers. Measurements of the geometrical 
parameters showed that the material particle size distribution was in the 
range 2.5-3.5 11m (average particle diameter 2.99 11m with standard 
deviation 0.49), and had a sphericity index of 0.851. Particle pore-size 
was determined by gel permeation chromatography. The microspheres 
exhibited exceptional mechanical strength, chemical stability in the pH 
range between 1-13, and low tendency toward swelling in the solvents 
commonly used in liquid chromatography. The synthesis of a chiral urea
formaldehyde based resin for the enantiomer separation of underivatized 
phenylalanine by ligand exchange chromatography is reported. 

INTRODUCTION 

Silica-bonded packings are widely used in high performance liquid 

chromatography (HPLC), although these materials have certain disad_ 

vantages, which limit their use and shorten column lifetimes. These 

restrictions are mainly related to the Si-O-Si-C bonds, which are unstable 

in acidic and basic aqueous solvents, and to irreversible adsorption of 

basic solutes due to the residual surface silanol groups (1). Attempts to 

overcome such drawbacks were made by developing silica particles 

coated with a polymeric layer (2-4). These sorbents, which exploit a 

combination of mechanical rigidity and chemical stability, show low 

efficiency and loading capacity due to the difficulty of obtaining uniformly 

distributed layers inside the porous structure of the particles. Recent 

improvements in polymer technology have led to the production of highly 

cross-linked polymeric packings, that match rigidity and low swelling 

properties, and allow high eluent flow rates and possess excellent mass 

transfer properties (5-9). Procedures for the production of monodispersed 

polymer particles have been described in detail (10,11). Most of these 

stationary phases are formed from cross-linked polystyrene-
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divinylbenzene. They can easily be functionalized by introducing them 

into network reactive groups (12), or using them without functionalization 

for reversed-phase chromatography. Other polymer packings currently 

available are the poly(acrylate)-based ones. Because of the presence in 

their matrix of labile ester linkages, polyacrylic sorbents can be useful 

over a restricted pH range; however, these materials exhibit higher 

chemical stability than silica gel. Polymeric sorbents have been designed 

to solve specific problems in liquid chromatography, i.e. the separation of 

underivatised amino acids, amines, biopolymers, carbohydrates and 

inorganic ions, as well in steric exclusion chromatography. Another field of 

great interest is the development of chemically stable chiral stationary 

phases (CSPs). Owing to the high cost of most of the chiral selectors, the 

potential of virtually indestructible resin-type CSPs appears to be 

enormous, even in view of their use for preparative scale separations. 

Therefore, as an alternative to silica gel packings, a number of CSPs 

made of synthetic and natural polymers are suitable for low pressure 

chromatography (13-18). However, very few chiral polymeric sorbents for 

HPLC have so far been designed (19-21), even though a number of chiral 

selectors, such as cyclodextrins, proteins, ion-pairing agents, etc. may 

exhibit high enantiodiscrimination when used in the presence of alkaline 

aqueous eluents (22). 

Recently we reported the synthesis and chromatographic evaluation 

of a new kind of CSP conSisting of non porous (NP) and rigid polyamide 

particles, obtained by copolymerization of urea (U), formaldehyde (F) and 

a chirally selective monomer, L-Ieucinamide (23). This packing showed 

excellent chemical stability and specific enantioselectivity toward a series 
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of carboxylic acid racemates, but low column efficiency, due to the poor 

size uniformity of the particles. In the present work we deals with an 

improved procedure for the production of U-F based CSPs. Firstly, NP 

microbeads with narrow particle size distribution were prepared by adding 

to the reaction mixture of water soluble Fe(lIl) hydrolysis polymers. The 

synthesis was then extended to the preparation of a chiral sorbent 

containing (+) L-2-amino-5-ureidopentanoic acid moieties bonded to the 

polyamide matrix. The resolution of underivatized phenylalanine by 

ligand-exchange chromatography is reported. 

EXPERIMENTAL 

Chemicals 

Fe(N03h9H20, sodium bicarbonate, propylene glycol, urea, 

formaldehyde (40 % m/v) and copper (II) acetate were purchased from 

Carlo Erba (Milan, Italy). Other chemicals and solvents of reagent grade 

were obtained from Merck (Darmstadt, Germany). DL-, D- and L

phenylalanine, and (+) L-2-amino-5-ureidopentanoic acid were from 

Sigma (St. Louis, MO, USA). n-Alkanes, ~nd tetrahydrofuran (THF) and 

methanol of HPLC grade were purchased from Fluka (Buchs, 

Switzerland). Water was filtered through Millipore (Bedford, MA, USA) 

type GS (0.22 IJ.m) filter-disks. 

Synthesis of monosized particles 

Two spherical microparticulate materials were synthesised 

according to the following procedures. 

Packing I. To 10.7 g of Fe (N03b . 9H20 (26.5 mmol), dissolved in 50 

ml of bidistilled water, were added under stirring small aliquots (300 mg) 
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of sodium bicarbonate for a total of 5 g, the final pH of the red solution 

was 2.20. Then to the solution were added propylene glycol (150 ml), 

urea (13.5 g, 0.225 mol) and 40% mlv formaldehyde (40 ml, 1.06 mOl). 

Viscosity measurements of the mixture at 25°C gave 15 = 1.072 glcm3 

and 11 = 8.22 cP (dynamic viscosity). The solution was transferred to a 

round bottomed glass flask connected to a rotary flash evaporator, 

without applying vacuum, and aI/owed to react at room temperature 

overnight. The material was col/ected on a filter, washed with water, and 

then treated under stirring with 50 ml of 3 N HCI for 20 min, filtered and 

washed successively with water, water-methanol (1:1), methanol and 

acetone. After drying under vacuum at 40°C, 5.30 g of resin were 

obtained. Elemental analysis gave: N = 30.83; C = 29.34; H = 5.48. 

Packing II. Spherical particles containing a chiral monomer were 

prepared according to the procedure described above using 14.8 g (0.08 

moles) of (+) L-2-amino-5-ureidopentanoic acid, 5.1 g (0.084 moles) of 

urea and 30 ml (0.8 moles) of 40% (vIm) formaldehyde. Elemental 

analysis gave: N = 16.17; C = 52.28; H = 6.88. Acid-base titration (24) 

showed that the resin contained 1.7 mequiv. of COOH groups per gram. 

Column packing 

Column packing was obtained by the high performance slurry 

technique, commonly used for silica-based sorbents. A suspension of 

resin (3.5 gin 25 ml methanol) was forced at 6000 p.s.i. through stainless

steel tubes (150 x 0.46 cm 1.0.) using methanol as pressurising solvent. 

Particle and pore size measurements of packing I 

Particle geometric parameters were measured on a Model VIDS IV 

(Analytical Measuring Systems, Cambridge, UK) image analyser, 

equipped with a 286 Unibit IBM computer and a VI OS IV software, and 
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with a Model TK-870E camera. The analyser was connected to a Model 

MP 3502M (Swift & Son, London, UK) trinocular polarising microscope, 

with a 500 x magnification lens. Data obtained on 51 randomly selected 

beads were elaborated using STAT graphic software. A sphericity index 

value of 0.851 and an average diameter of 2.99 I-lm (with standard 

deviation of 0.49) were obtained. 

Scanning electron micrographs (SEM) were performed on a 

Cambridge 100 scanning secondary electron microscope using the gold

sputtered procedure. 

Pore-size properties were investigated by gel permeation 

chromatography (GPC) (25). The following procedure was used: the 

column was connected to the solvent delivery pump and to a refractive 

index (RI) detector (Water Associates, Model R401) and then conditioned 

with anhydrous tetrahydrofuran. Solute standards included n-alkanes (n

pentane, n-hexane, n-decane, n-dodecane and n-pentadecane), and a 

poly(styrene) standard with narrow molecular weight range of 20.000 

(Aldrich). Duplicate injections of each aliphatic hydrocarbon gave 

retention volumes similar to Vo obtained for poly(styrene) standard. 

Chromatography 

The liquid chromatographic system consisted of a Perkin Elmer 

(Norwalk, CT, USA) Model Series 400 solvent delivery pump equipped 

with a Rheodyne 7125 injection valve, and connected to a Varian (Walnut 

Creek, CA, USA) Model 2550 variable wavelength detector. 

Chromatographic data were acquired using a PE Nelson Model 1020 Plus 

PC-based integrator (Perkin Elmer) or recorded on a Shimadzu (Kyoto, 

Japan) Chromatopac CR3A integrator. 
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The mobile phase used for the enantiomer separations consisted 

of 0.05 M acetate buffer prepared from acetic acid solutions, the pH was 

adjusted to 8.5 with potassium hydroxide, and to the eluent a small 

amount of copper (II) acetate was added (0.1 mM). Before use the eluent 

was filtered through a Millipore MF filter (0.45 j.Lm) and degassed with 

helium. After washing with water, the column was loaded with copper (II) 

ions by flushing with a 0.05 M copper (II) acetate aqueous solution. 

Samples were prepared by dissolving suitable amounts of 0-, L

and DL-phenylalanine in the eluent in order to obtain a concentration of 

approximately 5 mg/ml. Sample volumes of about 2-4 j.L1 were injected 

for the experiments. 

RESUL TS AND DISCUSSION 

Two main steps are known to occur in the polymerisation between 

formaldehyde and urea to form resins (26). The first is an addition 

reaction of formaldehyde to introduce the hydroxymethyl group and is 

illustrated in the equation below: 

R-NH2 + HCHO - R-NHCH 20H 

The second step involves the linking together of monomer units 

with the formation of linear polymer chains. This condensation reaction is 

catalysed by acids. 

nNH-CH 2 OH + nH 2 NR - (1) -
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Acidic groups contained on the surface of inorganic polymer 

materials (for example silanols in silica gel) are known to favour reaction 

(1) with the formation of spherical shaped agglomerates coarceving the 

solid particles. According to this reaction, lIer (27) developed a method for 

the production of porous silica gel particles for HPLC, and, using a similar 

procedure, Stout at a/. (28) reported the preparation of macro porous 

microspheres for SEC, the porogenic sol silica being subsequently 

removed from the agglomerates with hydrofluoric acid. In the present 

work we used water soluble Fe(lIl) hydrolysis polymers as the catalysing 

hydroxides. 

Several metal ions are known to yield soluble polymers as 

intermediates in the precipitation of insoluble hydroxide (29). Hydrolysis 

polymers have been extensively studied by gel filtration chromatography 

and identified as polydispersed products with high molecular weight (30-

33). Owing to the acidic character of such inorganic compounds, urea

formaldehyde polymers were expected to grow around the Fe(lIl) 

hydrolysis species, giving rise to monosized particles with high mass 

compactness. Data related to the geometric parameters of 51 randomly 

chosen particles (Packing I) were statistically processed and are reported 

as a frequency histogram in Figure 1. Scanning electron micrography 

(SEM) of the particles are shown in Figure 2. Figure 2b shows the 

microporous surface structure of beads at 24- K magnification. 

Microporosity was confirmed by gel chromatography of a series of 

different molecular weight hydrocarbons and poly(styrene) standards. As 

expected, the compactness of linear polymer agglomerates gives the 

sorbent excellent mechanical strength. Figure 3 shows the back 
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FIGURE 1: Particle size diameter distribution of the urea-formaldehyde resin 
represented as frequency histogram. 
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FIGURE 2: Scanning electron micrography (SEM) of the (a) spherical polyamide 
gel particles; (b) surface structure, performed at 24 K magnification. 
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FIGURE 3: Pressure plot for a column packed with urea-formaldehyde resin 
vs. linear flow-rate. Eluent, water-methanol (1: 1 v/v). 

pressures of a packed column as a function of the linear velocity using a 

water-methanol mixture (1:1 v/v) as eluent. This plot is comparable to 

that found when using silica based packings. 

Two procedures can be used for the functionalisation of the 

sorbent : a) grafting the superficial matrix by acylation and conversion of 

polyamide moieties to the corresponding iminium salts (34) or b) direct 

copolymerization of urea and formaldehyde in the presence of an urea

derivative selector. The second method appears of greater applicability 

and reproducibility of yield because it avoids a multi-step modification of 

the original structure and insures an uniform distribution of the bonded 

species. In both cases modified sorbents may exhibit selectivity only by 
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the superficial bonded ligands, the inner ones being masked from the 

gel's non porous morphology. 

The copolymerization procedure was used to prepare a packing 

containing an amino acid derivative, (+) L 2-amino-5-ureidopentanoic 

acid as the chirally selective monomer (packing II). According to reaction 

(1) monomers are assumed to copolymerise as in the reaction below: 

900H 
n!2 H2NCONH2 + nf2 H2NCONH(CH2h-yH + n HCHO --

NH HOOCr~H, 
(2) 

,-CH'~:rH'NHCONHCH'NHCONCH'-) "I< 

H2N" COOH 

-

Elemental analysis and acid-basic titration measurements showed 

that only a part of the chiral selector reacts in accordance with equation 

(2), and is available for the enantiodiscriminative process. However, 

ligand coverage was far higher then that commonly obtained by grafting 

reactions on silica gel (35), and appears comparable to the high yield of 

surface modification of poly(styrene) beads (12). 

Figure 4 shows the resolution of free DL-phenylalanine on packing 

II, and the enantiomer elution sequence, L > D. Owing to the lack of 

hydrophobic interaction on the polyamide matrix (data not reported), the 

complexation interaction between the enantiomer analytes and the 

bonded Cu(II)-ligand complexes seems to be the dominant one, and the 

chiral recognition similar to that proposed by Davankov to explain the 
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FIGURE 4: Enantioseparation of underivatized phenylalanine. Column (150 x 
4,6 mm 1.0.) packed with (+) L-2-amino-5-ureidopentanoic acid-urea
formaldehyde resin. Eluent, 0.05 M potassium and 0.1 mM copper (II) acetate 
buffer at pH 8.5; flow-rate, 0.8 ml/min; detection, UV at 254 nm; room 
temperature. 

resolution of underivatized amino acids on grafted polyacrylamide-type 

resins (36). According to this model, the =C=O carbonyl group present in 

the selector moiety probably occupies the lower axial site of the Cu(lI) 

coordination sphere, hindering the rotation of the D-amino acid and side 

chain, and, thus decreasing its retention in comparison with the L

enantiomer. Chromatographic data are summarised in Table I. A 

resolution (Rs) value of 1.32 appears reasonably high as in the 

separation of free amino acid enantiomers. 

Concluding, urea and formaldehyde were found to copolymerize in 

monosized microspheres that exhibited excellent properties as packing 
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TABLE 1 
Chromatographic data for the separation of underivatized phenylalanine 

enantiomers. Column, 150 x 0.46 cm I.D.; eluent, 0.05 M potassium and 0.1 mM 
copper (II) acetate buffer at pH 8.5; flow-rate, 0.8 mllmin; UV detector, 254 nm; 

room temperature. 

k'O 

20.1 22.1 1.1 3691 1.32 

a ex = k'L / k'D; b N = 5.545 ( tR / Wh )2, refereed for the second eluted peak; 
c RS, calculated from the fundamental resolution equation. 

for high-performance liquid chromatography. Because a large number of 

mono- and polyfunctional amides are commercially available or can easily 

be synthesised, several new stationary phases with a wide range of 

selectivity could be produced. Owing to the low cost of the starting 

compounds, the procedure described in the present work appears of 

considerable interest in the development of new CSPs to be used for 

preparative scale separations. 

ACKNOWLEDGEMENTS 

This work was supported by the Project "Chimica Fine" (Consiglio 

Nazionale delle Ricerche, Rome). The authors are greatly indebted to Dr. 

D. Ferro, CNR-Centro di Studio per Is Termodinamica Chimica aile Alte 

Temperature, for SEM measurements, and to Mr A. Pichini for his 

technical help. Thanks are also due to Mr F. Dianetti and Mr l. Petrilli for 

the elemental analyses. 



NEW ORGANIC MONOSIZED MICROSPHERES 3201 

REFERENCES 

1. K K Unger, Porous Silica, Elsevier, Amsterdam, 1979. 

2. G. Schomburg, A Deege, J. Kohler, U. Bien-Vogelsang, J. 
Chromatogr., 282: 27-39 (1983). 

3. M.N. Schmuck, M.P. Nowlan, KM. Gooding, J. Chromatogr., 371: 
55-62 (1986). 

4. H. Engelhardt, H. Low, W. Eberhardt, M. MauB, Chromatographia, 
27: 535-543 (1989). 

5. J.R. Benson, D.J. Woo, J. Chromatogr. Sci., 22: 386-399 (1984). 

6. N. Tanaka, M. Araki, in Advances in Chromatography, J.C. 
Giddings, E. Gruska and P.R. Brown, eds., vol.30, 1989, pp. 81-122. 

7. H. Hatano, J. Chromatogr., 332: 227-236 (1985). 

8. Y.B. Yang, F. Nevejans, M. Verzele, Chromatographia, 20: 735-738 
(1985). 

9. D.P. Lee, J. Chromatogr., 443: 143-153 (1988). 

10. J. Ugelstad, L. Soderberg, A Berge, J. Bergstrom, Nature, 303: 95-
96 (1983). 

11. L.1. Kulin, P. Flodin, T. Ellingsen, J. Ugelstad, J. Chromatogr., 514: 
1-9 (1990). 

12. M.J. Farrall, J.M. Frechet, J. Org. Chem., 41 : 3877-3882 (1976). 

13. SV Rogozhin, VA Davankov, Chem. Commun., 409-412 (1971). 

14. V. A Davankov, AA Kurganov, AS. Bochkov, in Advances in 
Chromatography, J.C. Giddings, E. Gruska and P.R. Brown, eds., 
vol. 22, 1983, pp. 71-116 

15. G. Hesse, R. Hagel, Chromatographia, §.: 277-280 (1973). 

16. G. Blaschke, Angew. Chem., Int. Ed. Engl., 19: 13 -24 (1980). 

17. Y. Okamoto, S. Honda, I. Okamoto, H. Yuri, S. Murata, R.Noyori, H. 
Takaya, J. Am. Chem. Soc., 103: 6971-6973 (1981). 



3202 SINmAlDI ET AL. 

18. A.G. Kuhn, M. Lederer, M. Sinibaldi, J. Chromatogr., 469: 253-260 
(1989). 

19. G. Wulff, M. Minarik, J. Liq. Chromatogr., 13: 2987-3000 (1990). 

20. M. Kempe, K. Mosbach, Anal. Lett., 24: 1137-1146 (1991). 

21. T. Hargitai, P. Reinholdsson, B. Tornell, R Isaksson, J. 
Chromatogr., 540:145-155 (1991). 

22. W.J. Lough (ed), Chiral Liquid Chromatography, Blackie, New York, 
1989. 

23. L. Castellani, F. Federici, M. Sinibaldi, A. Messina, J. Chromatogr., 
602: 21-25 (1992). 

24. J.M. Frechet, C. Schuerch, J. Am. Chem. Soc., 93: 492-496 (1971). 

25. D.H. Freeman, S.B. Schram, Anal. Chem., 53: 1235-1238 (1981). 

26. I.H. Updegraff, in Encyclopedia of Polymer Sciences and 
Engineering, H.F. Mark, N.M. Bikales, C.G. Overberger and G. 
Menges, eds., Wiley, New York, 1985, v011, pp. 752-789. 

27. RK. Iler, U.S. Pat., 4, 010,242 (1977). 

28. RW. Stout, H.J. Leibu, AT Rousak, RC. Wright, J. Chromatogr., 
476: 21-35 (1989). 

29. A. Michel, in Nouveau Traite de Chemie Minerale, P. Pascal, ed., 
Masson Editeurs, Paris, 1967, vol. XVII, pp. 683-688. 

30. R.H. Henry, L.B. Rogers, Separ. Sci., ~:11-25 (1968). 

31. I. Kitayevitch, M Rona, G. Schmuckler, Anal. Chim. Acta, 61: 277-
283 (1972). 

32. J.S. Johnson, KA Kraus, J. Amer. Chem. Soc., Z§.: 3937-3943 
(1956). 

33. M. Sinibaldi, J. Chromatogr., 76: 280-284 (1973). 

34. W. Kantlehner, in Comprehensive OrganiC Synthesis, B.M. Trost 
and I. Fleming, eds., Pergamon Press, Oxford, 1991, vol 6, pp. 504-
505. 



NEW ORGANIC MONOSIZED MICROSPHERES 3203 

35. R.E. Majors, in High Performance Liquid Chromatography. 
Advances and Perspectives, Cs. Horvath, ed., Academy Press, New 
York, 1980, vol 1, pp. 75-111. 

36. VA Davankov, AA Kurganov, Chromatographia, 11: 686-690 
(1983). 

Received: April 1, 1995 
Accepted: April 17, 1995 





JOURNAL OF LIQUID CHROMATOGRAPHY, 18(16), 3205-3217 (1995) 

UNUSUAL ANALYTE ADSORPTION EFFECTS 
ON INERT LC COMPONENTS 

PAUL HAMBLETON!, W. JOHN LOUGH!, 
JOHN MALTAS2, AND MALCOLM J. MILLSl 

lSchool of Health Sciences 
University of Sunderland 

Sunderland SR2 3PZ, United Kingdom 
2 Drug Metabolism Department 

Glaxo Research and Development Ltd. 
Greenford UB6 OHE, United Kingdom 

Abstract 

The use of injector loops made of the inert polymer PEEKTM was studied for the 
analysis of non-steroidal anti-inflammatory drugs (NSAID) using microbore LC 
with peak compression. Surprisingly it was found that the use of PEEK not only 
failed to prevent adsorption of analyte in the loop but, in this instance, actually 
exacerbated the problem. The effect ofloop overfill volume, competing NSAID in 
the sample solution and percentage organic component in the mobile phase on 
this phenomenon was investigated. Comparison was also made between PEEKTM 
and other materials used for injector loops. 

INTRODUCTION 

There is increasing awareness that loss of analyte through adsorption in the LC 

injection system is a possible problem when the solvent used to dissolve the 

sample is weaker in elution strength than the LC mobile phase. (1-4) In particular 
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this is an issue in the use of low dispersion forms of LC, where often it is 

necessary to use a "weak" solvent to bring about peak compression (5). 

Injection of samples in solutions of low eluting strength in comparison with 

the mobile phase may be carried out in order to induce on-column focusing or 

"peak compression" of the sample band on injection of the sample onto the 

analytical column. By use of this technique the sample band is concentrated on the 

top of the analytical column before subsequent elution by the mobile phase. In this 

way peak dispersion is reduced thus allowing the injection of larger sample 

volumes than would be the case with the injection of samples in mobile phase 

solution (6-8). Peak compression is of particular importance when using narrow

bore columns, since in its absence, very small injection volumes are necessary to 

avoid the problem of volume overload of the column. 

In view of the adsorption problems experienced when using peak 

compression using sample injectors fitted with conventional VespeJTM valve rotor 

seals and stainless steel sample loops (5), it follows that when working in this 

area, efforts should be made to use inert, non-absorbing materials. In this respect 

the use of a TEFZELTM (ETFE) valve rotor seal had already been adopted (5). It 

was also decided that the use of injector loops made from PEEKTM should be 

investigated for microbore LC ofNSAlD 

MATERIALS 

Apparatus 

The chromatographic system consisted of a Shimadzu LC-lOAD pump, SPD-

6AV UV/visible detector fitted with an 8 ~11 flow cell and C-R5A integrator (all 

Dyson Instruments, Houghton-Ie-Spring, U.K.). Stainless steel connecting tubing 

was 0.007" x 9 cm pre-column and 0.007" x 9 cm post-column. A Rheodyne 

7125 injection valve was used and fitted with a TefzeFM (ETFE) rotor seal 

(Anachem, Luton, u.K.). External sample loops of 20 ~tl volume were used. The 

stainless steel and fused silica loops were Cllt to required lengths in - house. Fused 

silica tubing (uncoated) 0.25 mm i.d. x 0.4 mm o.d. was supplied by Chrompack 

(U.K.) Ltd., London, UK and the 20 ~li PEEKTM loop was supplied by Whatman 

(Millipore (UK) Ltd.) Watford, UK Spherisorb ODS2 (5 ~lm), 12 cm x 2.1 mm 
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i.d. and Spherisorb ODS2 (5 ~lm), 12 cm x 4.6 mm i.d. stainless steel columns 

were supplied by Capital HPLC, Bathgate, V.K. and were used with a Spherisorb 

(10 ~lm), 10 cm x 4.6 mm i.d. silica pre-column in line before the injector. The 

column temperature was maintained at 25°C with a water jacket and Tecam TE-

7 Tempette pump/heater supplied by B.D.H, Poole, UK. 

Chemicals 

Water was glass distilled and de-ionised (MilliQ purification system, Millipore 

(UK) Ltd. Watford, UK). Methanol was supplied by Rhone-Poulenc Ltd., 

Manchester, UK. Nitric acid GPR, 69-72% v/v, Di-sodium hydrogen 

orthophosphate, AR grade and orthophosphoric acid (85%), GPR, were supplied 

by B.D.H., Poole, UK. Indomethacin, flufenamic acid and naproxen were 

supplied by Sigma, Poole, UK. 

METHODS 

Mobile phase and sample solution preparation 

The mobile phase, methanol - 0.02 M phosphate buffer (pH 7.0) (58:42, v/v), was 

filtered and degassed in an ultra-sonic bath before use. The flow rate used 

throughout when using the 2.1 mm i.d. column was 0.378 ml min-I, the flow rate 

used with the experiment conducted on a 4.6 mm column was 1.0 ml min-I. 

Indomethacin and flufenamic acid solutions, 250 ng ml-l, were prepared in 0.02 

M phosphate buffer (pH 7.0), mobile phase and a range of other methanol

aqueous buffer solutions indicated later in the text. Various volumes of these 

solutions were injected into the chromatographic system described above and 

peak area data were obtained. 

Investigation of the effect of increasing the loop fill volume on the resulting peak 

areas of indomethacin 

A Rheodyne injection valve was fitted with a TefzeJTM rotor seal and 20 III PEEK 

™ loop. A series of 20 ~Ll injections were made using increasing volumes of 

indomethacin solution, 250 ng ml-1 in aqueous phosphate buffer 0.02 M, (pH 7.0) 
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to flush through the loop and injector during loading prior to injection. At least 

two injections were made for each loop f1ush volume. This was followed by a 

similar series of injections of indomethacin solution 250 ng ml-1 in mobile phase. 

The same experiments were carried out with a 20 ~tl stainless steel loop, a 20 III 

fused silica loop and a commercially obtained (Whatman) 20 III PEEKTM loop. 

The stainless steel loop had previously been connected to a Rheodyne valve and 

flushed with 20% aqueous nitric acid for 20 minutes with a flow rate of 1.0 m1 

min-I. The experiments using the PEEKTM loop were repeated using flufenarnic 

acid instead of indomethacin. The effect of the presence of naproxen on the peak 

areas of indomethacin was investigated by passing increasing loop flush volumes 

of a combined solution of naproxen 500 ng ml- 1 and indomethacin 250 ng ml-1 in 

aqueous phosphate buffer through the PEEKTM loop. 

Further studies of indomethacin interaction with valve components 

A 20 ~Li PEEKTM loop was fitted to another injection valve and increasing loop 

flush volumes of indomethacin 250 ng ml- i in aqueous phosphate buffer passed 

through the injection valve and sample loop . The loop was then washed free of 

indomethacin solution by passing I 00 ~tl of blank aqueous buffer through the 

loop. The loop was then fitted onto the original valve, and flushed with a further 

100 ~Li of buffer before injection. 

Loop flush volumes of 100 ~tl, 250 ~ll and 500 III of indomethacin, 250 ng 

ml-1 in a range of methanol - aqueous buffer ratios from 0% to 58% methanol 

were passed through the 20 ~L1 PEEKTM loop prior to injection. A similar 

experiment was also conducted with a 20 ~L1 stainless steel loop but in this 

instance a 4.6 mm i.d. analytical column was used. 

RESULTS AND DISCUSSION 

It is common when operating valve injectors to flush a volume of sample solution 

through the valve in excess of the loop volume to ensure that the sample loop is 

completely filled. It is recommended that at least five times the loop volume is 

used for this purpose to give an RSD of 0.1 % on replicate injections (9). 

However if analyte adsorption was taking place in the injection system, then 

the amount of analyte swept onto the column by the mobile phase would increase 
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Flufenamic Acid Indomethacin 

NaproKen 

FIGURE I. Structures ofNSAID. 

with increasing loop flush volume. This has already been clearly illustrated (5). 

The purpose of this study was to attempt to minimise adsorption in the injector 

sample loop in microbore LC ofNSAID (Figure I) by substituting a PEEKTM loop 

for a stainless steel loop. However it was found (Figure 2) that the peak areas of 

indomethacin obtained on injection of solutions of indomethacin in aqueous 

phosphate buffer using the PEEKTM loop increased more rapidly with increasing 

loop flush volume than occurred when using a stainless steel injection loop. 

Furthermore, this increase in area did not reach an upper limit followed by a 

plateau as would be expected if available adsorption sites were being 

progressively filled. In fact, on increasing the loop flush volume a maximum peak 

area was reached whereafter the peak areas were reduced. This effect was also 

noted using a commercially obtained PEEKTM sample loop (Figure 3) believed to 

be from a different batch of PEEKTM 

Using a stainless steel loop of the same volume and i.d., a 13% rise in area 

for a l QQ \\llOO~ t\\l~h volume wa'!! a'o'!!erveu an chang\ng the in)ection ':oo\ution 

fr 
obile phase to aqueous buffer. As has been demonstrated (5), this rise may 

omm . I Th 
be attributed to adsorption in the valve and sample injectIOn oop. e 
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FIGURE 2. The effect on peak areas of indomethacin of increasing the loop 
flush volumes. • injections of aqueous buffer solution with PEEKTM loop. • 
injections of aqueous buffer solution with stainless steel loop. 0 injections of 
mobile phase solution with stainless steel loop. X injections with PEEKTM loop 
following blank aqueous buffer wash. Spherisorb ODS2 (5 ~Lm), 12 cm x 2.1 mm 
Ld.column, mobile phase, methanol - 0.02 M phosphate buffer (pH 7.0) (58:42, 
v/v), flow rate 0.378 ml min-I Loop size 20 ~Li. 

corresponding rise for the PEEKTM loop was +81 % and this rose to a maximum of 

+137% when the loop flush volume was increased to 250 ~L1. The subsequent 

decrease in areas with higher loop flush volumes was unexpected. It is possible 

that this unusual behaviour may be due to some kind of aggregation phenomenon. 

There is a precedent that such a phenomenon may give rise to a sharp change in 

behaviour in that, for example, the formation of micelles does not take place until 

a critical concentration has been reached. 

Subsequently an experiment was conducted whereby the PEEKTM loop 

was flushed with increasing quantities of indomethacin solution in aqueous buffer 
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FIGURE. 3. The effect of the addition of naproxen on the peak areas of 
indomethacin with increasing loop flush volume.. injections of indomethacin 
solution in aqueous buffer, + injections of indomethacin and naproxen solution in 
aqueous buffer, 0 injections of indomethacin solution in mobile phase. A 
Whatman 20 J..ll PEEKTM sample loop was used, all other chromatographic 
conditions as Figure. 2. 

when fitted to another injection valve. The solution was then flushed from the 

loop with a 1 00 ~L1 blank aqueous buffer wash and then transferred back to the 

original valve, washed again with 1 00 ~L1 of blank aqueous buffer and then an 

injection made. The results Figure 2 show that although some indomethacin had 

remained adsorbed in the loop after the blank aqueous buffer wash, the quantity 

was much reduced and did not increase as the loop flush volume was increased up 

to 250 ~tl as had been found previously when the loop was filled in a conventional 

manner. 

The areas obtained on the injection of I 00 ~ll flufenamic acid solution in 

aqueous buffer were 48% greater than a 1 00 ~L1 injection in mobile phase when 
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FIGURE 4. The effect on the peak areas of flufenamic acid of increasing loop 
flush volumes through PEEKTM loop .• injections of flufenamic acid solution in 
aqueous buffer, 0 injections of flufenamic acid solution in mobile phase. 
Chromatographic conditions as Figure 2. 

using the PEEKTM loop but the areas did not show the same percentage rise with 

increasing loop flush volume as had been noted for indomethacin (Figure 4). This 

shows that whatever the mechanism of this anomalous effect, flufenamic acid is 

not affected to the same degree as indomethacin. However the areas obtained 

using loop flush volumes of solutions in aqueous buffer of more than 500 III were 

less than those obtained for 1 00 ~tl loop flush volumes as had been noted with 

indomethacin. Again this is not consistent with what would be expected from an 

adsorption process eventually reaching a saturation limit as had been noted in 

previous work using stainless steel loops (5). The lower absolute values for 

flufenamic acid peak areas compared to indomethacin are due to the lower molar 

absorptivity offlufenamic acid at 254 nl11. 
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If an absorption or aggregation process was occurring in the injector then 

the presence of a similar solute may be expected to alter the observed effects due 

to either interaction with the analyte or competition with the analyte for adsorbing 

surfaces within the loop. This was investigated by adding naproxen to a solution 

of indomethacin in aqueous buffer. On injection of this solution it was found that 

the rise in peak areas of indomethacin with increasing loop flush volume was 

much less than when naproxen was absent. This suggested that either naproxen 

interacts with indomethacin preventing the complete interaction of the 

indomethacin with PEEKTM or that naproxen competitively interacts with PEEK 

™ to prevent complete interaction of the PEEK™ with indomethacin. The 

indomethacin peak areas were still 72% greater for the buffer solution than the 

solution in mobile phase for 100 ~Llloop flush volumes but this may be dependant 

on the concentration of naproxen or other competitive species in the injection 

solution. 

In the experiments described above NSAID injection solutions had been 

prepared in aqueous buffer i.e. the extreme conditions for obtaining peak 

compression. Further work was therefore carried out to determine whether 

similar behaviour took place in the presence of an organic modifier (methanol) in 

the injection solution, given that it would still be possible to obtain peak 

compression when using such methanol containing solutions. Varying the 

percentage of methanol in the injection solution followed by sample loading 

through the PEEKTM loop showed that even small reductions in the methanol 

concentration relative to that in the mobile phase produced a considerable rise in 

the observed indomethacin peak areas, indicating that adsorption was occurring 

(Figure 5). However, it was found that the unusual rise and fall in peak areas 

previously observed with increasing loop flush volumes did not occur for 

solutions of greater than 10% methanol concentration. This suggested that the 

interactions taking place in the aqueous buffer / PEEKTM system were probably 

hydrophobic in nature. 

This study was completed by looking at other possible inert loop materials. 

It was found that, in part, the amount of sample adsorption which takes place 

within a sample loop depends on the condition of the internal surfaces of the loop. 

For example, a stainless steel loop which had been pre-flushed with 20% aqueous 

nitric acid gave negligible sample adsorption compared to that found when it was 
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FIGURE 5. The effect on the peak areas of indomethacin on changing methanol 
concentration of the injection solvent and increasing loop flush volume through 
PEEK loop. • sample solvent, aqueous buffer, D sample sovent, methanol
buffer, 10:90, [R\ sample solvent, methanol -buffer 20:80, • sample solvent, 
methanol-buffer 30:70, D. sample solvent, mobile phase. Chromatographic 
conditions as Figure 2. 

untreated. A previously un-used fused silica loop also gave minimal adsorption of 

indomethacin. However, the degree of sample adsorption in both cases was not 

zero due to the contributing factors of the other internal valve surfaces. Also, 

although the percentage adsorption was reduced with the pre-treated stainless 

steel loops compared with that obtained with PEEKTM, again adsorption occurred 

with only small reductions of the quantity of methanol present in the injection 

solvent (Figure 6). Furthermore the increase in peak area on increasing the loop 

flush volume from 100 ~Li to 500 ~Li became increasingly significant as the 

methanol concentration was reduced. This result highlighted the potential source 
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FIGURE 6. The effect on the peak areas of indomethacin on changing the 
methanol concentration of the injection solvent and increasing loop flush volume 
through a stainless steel loop. • 500 ~Li injections, 0 I 00 ~L1 injections, 
Spherisorb ODS2 (5 pm), 12 em x 4.6 I11Ill i.d column, mobile phase, methanol-
0.02 M phosphate buffer (pH 70) (58 42, v/v), I 5 1111 min- I Loop size 20 ~d. 

of bias and imprecision which could be introduced into an analytical procedure if 

loop flush volumes were not consistent between one injection and another and an 

adsorption process was occurring 

CONCLUSIONS 

Relative success in avoiding the adsorption of NSArD when injecting samples of 

low solvent strength was obtained by using fused silica and acid washed stainless 

steel sample loops. However the main conclusion from this study was that 

although steps may be taken to minimise sample adsorption, it may occur when it 
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is least expected. In addition, minimal adsorption or absence of absorption may be 

related to factors such as (i) the nature of components present in the sample other 

than the analyte - this may change and therefore the degree of adsorption may 

change from sample to sample; (ii) the regularity of acid treatment of stainless 

steel loops - this is inconvenient, may not always be effective and may have a long 

term adverse effect on the accuracy of the loops and the condition of other 

components in the injector. It is therefore recommended that, since analyte 

adsorption is very difficult to avoid with certainty when using weakly eluting 

solvents for sample solutions, it is best to proceed as though adsorption will 

occur. Consequently, in our ongoing work in the area of microbore LC with peak 

compression, the commonly used loop overfill method is being avoided and a half 

loop fill procedure is being used. 

ACKNOWLEDG EMENTS 

The authors wish to thank the School of Health Sciences of the University of 

Sunderland, and Glaxo Research and Development Ltd., Greenford, Middlesex, 

for their financial support of this work. 

REFERENCES 

1. Inman E.L., Maloney A. M. and Rickard E. c., Inaccuracies Due to Sample -
Solvent Interactions in High Pertormance Liquid Chromatography. 1. 
Chromatogr., 465, 236, 1989. 

2. Macleod S. K., Fagen D. T. and Scholl 1. P., Comments on Solute-Solvent 
Interactions in Quantitative High Performance Liquid chromatography. 1. 
Chromatogr., 502, 236, 1990. 

3. Dolan 1. W., Sample Adsorption in Liquid Chromatography Injection Valves. 
LC.GC. IntI. 1,16,1991. 

4. Otero F. G. c., Lucanglio S. E. and Carducci C. N., Adsorption of Drugs in 
High Performance Liquid Chromatography Injector Loops. 1. Chromatogr. A, 
654,87, 1993. 



UNUSUAL ANAL YTE ADSORPTION EFFECfS 3217 

5. Lough W. 1., Mills M. 1. and Maltas 1., Analyte Adsorption in LC Valve 
Injectors for Samples in Non-Eluting Solvents. Submitted for publication. 

6. Slais K., Kourilova D. and Kreji M., Trace analysis by Peak Compression 
Sampling of a Large Sample Volume on Microbore Columns in Liquid 
Chromatography. J.Chromatogr., 282, 363, J 983. 

7. Hoffman N. E. and Chang J. H. Y. Injection Solvent Enhancement of Peak 
Height in Reversed Phase Liquid Chromatography. J. Liq. Chromatogr. H.. 4,65, 
1991. 

8. Claessens H. A. and Kuyken M. A, A Comparitive Study of Large Injection 
Techniques for Microbore Columns in HPLC. Chromatographia, 2l" 331, 1987. 

9. Spruce B. and Bakalyar S. R., Trouble Shooting Guide for HPLC Injection 
Problems, 2nd. Ed., Rheodyne Inc. Cotati, Ca., U.S.A. 12, 1992. 

Received: April 11, 1995 
Accepted: June 8,1995 





JOURNAL OF LIQUID CHROMATOGRAPHY, 18(16), 3219-3232 (1995) 

DETERMINATION OF GLYPHOSATE 
AND SOME RELATED COMPOUNDS BY 
ION-EXCHANGE HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY 

GYORGY MOROVJAN1., JENO FEKETE1 •• , AND JANOS REPAsI2 

1 Technical University, Budapest 
Institute for General and Analytical Chemistry 

ABSTRACT 

H-1521 Budapest 
Gellert ter 4, Hungary 

2A ll«doida Ltd. 
P.O. Box 1 

H-4440 Tiszavasvdri 
Tiszavasvdri, Hungary 

Anion exchange liquid chromatographic methods are described for the determination ofN

phosphonomethyl-glycine (PMG), which is known also as glyphosate, its monomethyl

ester (PMG-Met), N,N-bis(phosphonomethyl)-glycine (bis-PMG), N-methyl, N

phosphonomethyl-glycine (PMG-NMet) and glycine (Gly). Five different anion exchange 

columns were tested for the separation of the above mentioned compounds. Effects of the 

eluent pH, ionic strength and organic solvent composition were studied. It was found that 

only some of the tested columns were applicable for the separation of the PMG and PMG

NMet critical pair, which may be due to the different structure, the ratio of the 

hydrophobic and hydrophilic surface area of the ion exchanger. Analytical performance of 

the methods was investigated. Some examples are also shown for the application of these 

described methods. 
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INTRODUCTION 

N-phosphomonethyl glycine is widely used in herbicide formulations (e.g. Roundup or 

Rodeo from Monsanto or Glialka from Alkaloida Ltd) as a weedkiIler. Different analytical 

methods were applied for the determination of PMG in a wide range of matrices. In 

herbicide formulations or as technical samples, g1yphosate can be analyzed by ion 

exchange chromatography due to its ionic and polar character (1,2) and ultraviolet and 

refractive index detectors were used. However, analysis of glyphosate in biological (3) or 

environmental samples (4) requires pre- or post-column derivatization and fluorescence 

detection for the more sensitive and specific determination. For this purpose 

fluorenylmethyl chloroformate (FMOC), orto-phtaldialdehyde (OP A) or 

phenylisothiocyanate (PITC) has been successfully applied. Metabolism of PMG in water 

and soil was followed by thin-layer chromatography and metabolites, mainly aminomethyl

phosphonic acid (AMP A) were analyzed by gas chromatography-mass spectroscopy after 

derivatization (5,6). The sample preparation was carried out by column chromatography 

on ion exchanger columns. For the analysis of technical glyphosate and bis-PMG, 

complexometric determinations were also developed (7,8). Solid phase analysis of PMG 

and its salts has been carried out by Fourier-Infrared spectroscopy (9,10). NMR 

spectroscopy has also been applied to the analysis ofPMG (1). 

In our present work anion exchange liquid chromatographic method was developed for 

the analysis of technical PMG and formulations and for its impurities. We also evaluated 

the data obtained using different anion exchanger stationary phases and eluents, which will 

be discussed later. 

EXPERIMENTAL 

Chemicals and liquid chromatographic instrumentation 

All chemicals were of analytical or chromatographic grade. Acetonitrile was obtained from 

Romil Chemicals (Shepsed, United Kingdom). Water was purified using a MiIIi-Q 

instrument (Millipore, Milford, USA). Potassium dihydrogen ortophosphate and 

ortophosphoric acid were obtained from Reanal (Budapest, Hungary). PMG reference 

standard and technical samples, Bis-PMG, PMG-Met, PMG-NMet and Gly were obtained 

from Alkaloida Ltd., (Tiszavasvari, Hungary). The liquid chromatographic system 

consisted of the following instruments: a Waters 600E pump with 3000A system 

controller, a Rheodyne 7010 injection valve (equipped with 20 J..lI sample loop), and a 

Biotronik BT 3030 variable wavelength ultraviolet detector operated at 195 nm 
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wavelength. Data acquisition was carried out using a Waters Maxima 820 data station 

running on NEC APC IV. Eluent (eluent A) for the routine determination of Oly, PMO

Met and PMG contained 5(v/v)% acetonitrile in 3 mM potassium dihydrogenphosphate 

solution, pH 3.15. Eluent (eluent B) for the determination ofbis-PMG contained 5 (v/v)% 

acetonitrile in 50 mM potassium dihydrogenphosphate solution pH 2.40. In both case, pH 

of the eluent was adjusted to the desired value using 1 M phosphoric acid solution using a 

Jenway 3020 pH meter (Jenway Ltd., Felsted, Dunway, Essex, United Kingdom). For 

these routine determination a Dionex Omnipac PAX-500, 250x 4mm ID column was used. 

Other columns used for comparison are listed in Table 1. together with their main 

characteristics. 

Sample preparation 

Approximately 15-20 mg of the glyphosate sample was weighed with analytical precision 

and was dissolved in 10 ml ofthe mobile phase and was homogenized. Reference solutions 

were prepared by weighing of 2-3 mg of the reference materials with analytical precision 

and were dissolved in the mobile phase and it was homogenized. These samples were 

stable at least for 96 hours from the preparation. Both reference and sample solutions 

were prepared with the freshly prepared mobile phase. During the preparation of the 

eluent, the transmittance of the solvent was regularly checked and pH adjustments were 

made with a precision of 0.1 pH unit. 

Evaluation of the method 

Linearity 

Linearity was tested by injecting solutions containing the target compounds in different, 

known concentrations. Two or three replicate injections were performed. We found that 

peak response-solute concentration functions were linear for all compounds between the 

concentrations of about 100 J-lglml and 1500 J-lglml. 

Reproducibility 

The reproducibility of injection was tested by injecting the same reference solution 

containing the analytes at 100 J-lglml. RSD of the injection reproducibility was found to be 

0.90 % (n=5). Reproducibility of retention times was also calculated and RSDs of the 

retention times were better than 5 % except bis-PMG, where the reproducibility of the 

retention times was ca 9%. Retention times of the different compounds are given in Table 

2. 
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Table 1. Stationary phases and columns used in the experiments 

Stationary phase Column dimensions Functionality Manufacturer 
Dionex PAX-SOO 250x4mm ID agglomerated type Dionex, Sunnyvale, 

anion exchanger, California, USA 
oolvmer 

Chrompack Ionosphere IOOx3 mm ID glass anion exchanger on Chrompack, Raritan 
SA cartrid!!e silica USA 
Waters IC Pale A HC l50x4 mm ID quaternary amine Waters, Milford, USA 

anion exchanger on 
methacrylate polymer 

Merck Polyspherc AA 120x4.6 mm ID Merck, Darmstadt, 
NA Germanv 
Hamilton PRP X-IOO 150x4.6 mm ID quaternary amine Hamilton, Bonaduz, 

anion exchanger on Switzerland 
polystyrene-
divinylbenzene 
polvmer 

Table 2. Retention times of the solutes 

Solute Eluent Retention time, min 

!!lvcine A 1.82 

e;lvphosate-monomethvlester A 2.59 

!!lvphosate A 5.72 

!!liohosate B 2.05 

bis-ohosnhonomethvl !!Ivcine B 5.38 

Detection limit. limit of guantitation 

Detection limits were determined by injecting reference solutions at different 

concentrations. Detection limit for Gly was found to be 5 ~g/ml, for PMG and PMG-Met 

1 0 ~g/m1, and for bis-PMG 25 ~m1. 

Recovery 

Recoveries were tested in the concentration range of 0.11-2.81 percent of the main 

component PMG by the addition of the impurities to the reference PMG solution. The 

solutions were analyzed and recoveries were calculated from the found amount of the 

compound in question and the added amount of the same compound. Values of recovery 

varied between 91 % and 122 %, the average was 106 % (n=10). 
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Analysis o/technical PMG 

Using the methods described above, glyphosate batches obtained from the Alkaloida Ltd, 

were analyzed. Chromatogram of the reference solution containing PMG, PMG-Met and 

Gly is shown on Fig. 1. Comparing the chromatogram of th reference solution to the 

chromatogram of technical PMG, we concluded that unknown impurities are present in 

the technical PMG in low concentration (Fig.2.). Fig. 3. shows the typical impurity profile 

of the technical glyphosate. In order to identifY the unknown compounds in the samples, 

PMG-NMet and aminonomethyl phosphonic acid were included in the tests. 

Unfortunately, using the described system and conditions, aminomethyl phosphonic acid 

was not detectable even at greater concentration. PMG- NMet gave similar retention as 

PMG, so the separation and determination was not possible. This fact will be discussed in 

more detail later. Solution of On Fig 4 separation of PMG and bis-PMG using eluent B is 

demonstrated. 

Attempts were made to analyze the bis-PMG content ofPMG together with the other two 

impurities using gradient elution by changing the eluent pH or ionic strength. 

Unfortunately, the high baseline drift did not allow the sensitive detection of the analytes. 

Using more selective detection system, e.g. post column derivatization and fluorescence 

detection, gradient elution of the compounds either by pH or ionic strength gradient seems 

to be possible. 

DISCUSSION 

Comparison 0/ different stationary phases/or the separation 0/ PMG and its derivatives 

The analytical methods described in the previous part employed a Dionex P AX500 

column, which is special, multifunctional stationary phase with anion exchanger groups 

and hydrophobic surface, which enables the separation of the analyte both in ion exchange 

and reversed phase mode. The packing material in this column is a so-called agglomerated 

type anion exchanger (11). To evaluate the effect of ionic strength and pH of the eluent, 

the separation was tested at different pH and buffer concentration. Fig. 5 shows the 

dependence of the logarithm of the capacity factors of the solutes on the reciprocal of the 

buffer concentration at constant pH of 3 . 15. This correlation was found to be linear except 

the highest and lowest buffer concentrations. Logarithm of the capacity factors showed 

linear dependence using the least square method on the logarithm of the buffer 

concentration. Slopes of these functions are equal to the ratio of the charge on the analyte 

and the counterion of the ion exchanger. These data together with the correlation 

coefficients are given in Table 3. However, using the initial chromatographic system, 
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separation of PMG and PMG-NMet was not achieved. Thus, capacity factors were 

measured as a function of pH (Fig. 6b). We found that by using the Dionex column, 

separation ofPMG and PMG-NMet is possible only at higher pH. 

The retention of the solutes was not influenced significantly by varying the acetonitrile 

concentration in the eluent between 1 and 20 (v/v)%. However, the peak response 

decreased gradually as the acetonitrile content of the eluent was increased according to the 

poor solubility of the anaIytes in acetonitrile-water mixtures with higher acetonitrile 

content. 

For the other columns, the dependence of the logarithm of the capacity factor on pH was 

also studied (Fig. 6a,c,d,e). The five column can be roughly divided into three groups: (1) 

Dionex PAX-SOO and Chrompack Ionosphere A; (2) Waters IC-Pak A and Hamilton PRP 

X-IOO; (3) Merck Polysphere AA NA. Using the columns in the second group, separation 

ofPMG and PMG-NMet is not possible in the pH and ionic strength range studied. These 
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Table 3. Slopes and regression coefficients for the linear regression of log k vs. 

logarithm of potassium-dihydrogenphosphate concentration (expressed in mM) in the 

eluent at pH 3.15 

Compound Slope r Concentration 

range 

PMG-Met -0,486 -0,987 1-100 mM 

bis-PMG -1,957 -0,999 10-100 mM 

PMG -0,8315 -0,997 1-100 mM 

columns have quaternary alkylammonium groups bound to polymer surface (in case ofIC

Pak A this polymer is polymethacrylate, in case of PRP X-100 the polymer skeleton is 

polystyrene-divinylbenzene copolymer). Columns in the first group are applicable for the 

separation of PMG and PMG-NMet One of these columns, namely the Chrompack 

Ionosphere A is based on silica gel, where secondary interaction may occur between the 

silanol groups and the secondary and tertiary amino groups of PMG and PMG-NMet, 

respectively. In the case of the PAX-500 column, differentiation between PMG and PMG
NMet can not be explained easily. This column - as it was mentioned before - is of 

agglomerated type based on a highly crosslinked core and a functionalized latex layer 
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bound by electrostatic forces on the surface of the cores. The latex on the surface of the 

cores has quaternary ammonium groups but the alkyl groups attached to the quaternary 

ammonium contain hydroxy functions as well (11). Separation of PMG and PMG-NMet 

may be due to the residual sulphonated groups of the core which are not covered by the 

aminated latex, or, by a secondary interaction of the weakly acidic (pKa ca. 10) hydroxy 

functions on the latex-coated hydroxy groups by secondary equilibria. However, the 

experimental data show that separation of the two compounds depends on the pH in the 

pH range 2.2-3.0 but remains approximately constant between pH 3.0-3.6. In this pH 

range the ionization of strongly acidic sui phonic acid groups become complete and these 

dissociated groups can retain PMG and PMG-NMet by their different basicity. However, 

concentration of such uncovered groups must be low because the peak shape was not 

distorted due to secondary equilibria. 

Polysphere AA NA exhibited unique retention of the tested solutes. The retention was 

relatively small compared to the other column but good efficiency and fair good separation 

of the analytes was provided. This column was originally offered for the analysis of amino 
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acids. Unfortunately, information are not available on the structure of functional group 

structure ofthis column except that this is an anion exchanger on polymer skeleton. 

Summarizing, we can conclude that columns from the first group are the best choice for 

the detailed analysis of PMG including PMG-NMet. Silica based packing materials can be 

used in the pH range where this separation is made, and show very good mechanical 

stability over polymer based columns. 

SUMMARY 

Liquid chromatographic methods using anion exchanger columns were developed for the 

determination of the herbicide glyphosate and some related compounds. These methods 

were applied to the analysis of technical glyphosate batches. Anion exchanger columns 

obtained from different vendors were tested and compared. Further development of these 

methods has to be made mainly by improving the detection of the compounds and 

application of gradient-compatible detection methods. 
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PHARMACEUTICAL FORMULATIONS BY 
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ABSTRACT 

A simple,rapid, and accurate method for the determination 
of naphazoline, oxymetazoline, xylometazoline, and 
ephedrine in rinological solutions using reversed-phase 
HPLC was developed. It involves the use of alumina 
coated with polybutad~~ne as the stationary phase, 
acetonitrile-aqueous 10 M NaOH (10:90) as the initial 
mobile phase with a linear gradient from 10 to 80% 
acetonitrile in 25 min, and detection at 224 nm. The only 
sample preparation is its dilution with water. Linearity 
and precision of the method have been assessed. The assay 
results obtained for various formulations were in 
agreement with the declared amounts. 
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INTRODUCTION 

Some 2-imidazoline derived drugs have a potent 

vasoconstrictor action. Among them naphazoline (I), 

oxymetazoline (II) and xylometazoline (III) display 

a rapid and prolonged effect in reducing swelling and 

congestion when applied to mucous membranes. They 

represent the active principle of many commercially 

available nasal solutions. 

Also ephedrine (IV) salts have been used alone or 

in combination with other agents, especially 2-

imidazolines, for the symptomatic relief of nasal 

congestion associated with the common cold, hay-fever, or 

rhinitis or sinusitis. 

The determination of the above compounds has been 

essentially performed by gas liquid chromatography (1,2) 

or reversed-phase high performance liquid chromatography 

(RP-HPLC) (1, 3-5). The major problem associated with the 

analysis of basic drugs by RP-HPLC is peak tailing caused 

by ionic interactions between the analytes and free 

silanol groups of the packing material. Mobile phase 

additives (6) represent the first form of in situ column 

modifications to reduce peak asymmetry and to effect 

selectivity changes. 

Alkylamines and alkylsulfonated ion-pairing 

reagents are the most common ones. Alkylamines act as 

silanol-masking agents, primarily by hydrogen bonds, 

thereby reducing ion-exchange and/or adsorption effects 

(7). The addition of counter ions and/or basic modifiers 

to the eluent may cause deterioration of the column 

packing and usually shortens column life. Therefore there 

is a growing interest in developing reversed phase 

sorbents from alkaline-stable support materials such as 

alumina. 

A different approach to the analysis of basic drugs 

has been the use of base-deactivated columns (8) in which 
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free silanol groups are masked through various 

procedures. Kountourellis and Raptouli proposed the use 

of a basic alumina column and non-aqueous mobile phase 

containing very small amounts of ammonia for determining 

some 2-imidazolines in pharmaceutical preparations. 

We describe here the simultaneous analysis of 

compounds I-IV by RP-HPLC performing the separation with 

an alkaline-stable stationary phase, namely AluspherR RP

select B. Validation data are presented for the 

determination of the drugs in commercial samples of 

rinological formulations. 

EXPERIMENTAL 

Chemicals 

All reagents used were of analytical-reagent grade 

(Merck, Darmstadt, Germany) and were used as obtained. 

The pure pharmacologically acti ve ingredients were 

naphazoline nitrate (I), ephedrine hydrochloride (IV) 

(Lepetit SpA, Milan, Italy), oxymetazoline hydrochloride 

(II) (Procter&Gamble, Milan, Italy), and xylometazoline 

hydrochloride (III) (Zyma SpA, Varese, Italy) . 

Acetonitrile was of HPLC grade (J.T.Baker, Deventer, 

Holland). Water was deionized and doubly distilled from 

glass apparatus. All solvents and solutions for HPLC 

analysis were filtered through a nylon Milllipore filter 

(pore size 5 ~m). 

HPLC Equipment 

Chromatography was performed on a Varian 9000 

liquid chromatograph equipped with a 10 ~L sample loop, a 

Varian Polychrom 9065 photodiode-array detector, serially 

connected with a 2550 Varian variable-wavelength detector 
and a personal computer IBM PS/2. The analytical column 

was a LichroCART (125 mm x 4.0 mm I.D.) packed with 5 ~m 
R Aluspher RP-select B (Merck, Darmstadt, Germany). 
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HPLC Conditions 
The operating conditions were as follows: initial 

mobile phase, acetonitrile-water containing 10-3 M sodium 

hydroxide (10:90, v/v), then a linear gradient up to 80% 

acetonitrile in 25 min;flow-rate, 1.2 mL min-I; injection 

volume, 10 ~L; column temperature 25°C detection 

wavelength, 224 nm. 

Calibration standards 

stock solutions were prepared by dissolving 100 mg 

of compounds 11,111, and IV and 50 mg of compound I in 

100 mL of water. They were kept refrigerated at 4°C. 

working standard solutions were prepared by diluting 

aliquots of the stock solutions to give concentrations 

ranging from 10 to 800 ~g mL-l for (II), (III), and (IV), 

and from 2 to 160 ~g mL-l for (I). The calibration graphs 

were constructed by plotting the peak areas obtained at 

the wavelength of 224 nm versus the amounts (~g) 

injected. 

Sample Preparation 

An accurately measured volume (1-2 mL) of each 

commercial nasal solutions was transferred into a 

volumetric flask and diluted to volume with water. 

Usually the dilution factor was 10. After filtration 

through a nylon filter (pore size, 0.45 ~m) the solution 

was injected into the liquid chromatograph. 

RESULTS AND DISCUSSION 

As mentioned in the introduction, the separation of 

organic bases on silica-based reversed phase materials is 

usually very problematic. This is due to the presence of 

active sites which complicate the retention mechanism and 

lead to peak tailing with polar solutes. AluspherR RP-
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Figure 1 Typical chromatogram obtained at 224 nm for a 
standard solution contain}pg 0.25 mg mL-1 of (II), (III), 
and (IV), and 0.125 mg mL of (I). 

select B is a new alkaline-stable stationary phase based 

on porous aluminium oxide coated with polybutadiene, 

which displays characteristic hydrophobic properties 

which are comparable to those shown by silica-based RP

phases (10). 

Figure 1 shows the chromatogram of a standard 

solution of compounds I-IV, obtained with this stationary 
phase. As can be seen, a very good separation 

peak tailing was achieved. 

without 
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The detection wavelength of 224 nm was chosen since 
this value allowed the simUltaneous analysis of the 

compounds investigated with a good sensitivity. In case 

the drugs are to be analyzed alone the following 

wavelengths can be selected to obtain the maximum 

sensitivity: 259 nm for ephedrine, 283 nm for naphazoline 

and oxymetazoline, and 224 nm for xylometazoline. 

The photodiode-array detector allowed the 

estimation of the purity parameter format values (11). 

These values represent an absorbance-weighted mean 

wevelength of a spectrum and are very useful in the 

preparation both in analysis of a pharmaceutical 

confirming peak purity and peak identification, since 

these values provide an absorbance-weighed mean 

wavelength of a spectrum. The purity parameters were 

calculated for the compounds of interest over the range 

220-367 nm and are reported on Table 1. 

The capacity factors (reported in Table 1) were 

reproducible under the experimental conditions used, the 

coefficient of variation (CV) ranging from 1.0 to 1.5 for 

within-day and from 1.8 to 2.7% for between-day studies. 

The average analysis time was about 20 min. 

The linearity was evaluated over the range of 

concentrations reported in the experimental section. The 

equations obtained by the least square regression fit are 

reported in Table 2. 

The limits of detection, defined as the lowest 

concentration of each compound resulting in a signal-to

noise ratio of 3:1, are reported in Table 1. 

The procedure was applied to the determination of 

active ingredients in six commercially available 
formulations. The results obtained are shown in Table 3. 

The quantities found were in conformity with the values 

claimed by the manufacturers. 
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TABLE 1 
Analytical Parameters for Compounds I-IVa 

Compound 

I 
II 
III 
IV 

Capacity 
factor 

8.3 
12.3 
13.3 

2.0 

a Each value is the 

Purity 
parameter 
mean (nm) ± SD 

223.82 ± 0.09 
226.23 ± 0.11 
223.58 ± 0.09 
221. 59 ± 0.10 

Ideal detection 
wavelength 

(nro) 

283 
283 
224 
259 

mean of five determinations 

TABLE 2 

Detection 
limit at 224nm 
(ng injected) 

0.5 
1.0 
1.0 
5.0 

Calibration curves for Compounds I-IV: Linear Regression of the 
amount injected (x) versus the peak area (y); mean value ± standard 
deviation at 95% confidence interval (t=3.18; n=5) 

Compound Intercept Slope R2 

I (-30.0 ± 0.6)E3 (95.4 ± 0.9)E4 0.999 
II (-5.2 ± 0.3)E3 (14.4 ± O.2)E4 0.999 
III (-3.5 ± 0.1)E3 (12.4 ± 0.1)E4 0.999 
IV (-2.3 ± O.2)E3 (2.11 ± 0.04) E4 0.998 

TABLE 3 
Analysis of Pharmaceutical Formulations* 

Commercial Naphazoline 
preparation Recovery(%) cv 

Oxymetazoline 
Recovery(%) cv 

Xylometazoline 
Recovery(%) CV 

Ephedrine 
Recovery(%) CV 

A 98.7 0.2 

B 92.2 0.3 

c 98.9 0.2 

D 99.1 0.2 96.7 0.1 

E 99.8 0.3 

F 98.7 0.3 

* mean of five determinations. 
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Figure 2 Chromatogram obtained after injecting the 
pharmaceutical formulation D, containing naphazoline 
nitrate and ephedrine hydrochloride as active 
ingredients. 
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Figure 3 Chromatogram obtained after injecting the 
pharmaceutical formulation A, containing xylometazoline 
hydrochloride as active ingredient. 
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Figures 2 and 3 show the chromatograms obtained 

from the analysis of the commercial preparations D and A, 

respectively. No interference was observed from the 

excipients. In the case of sample D where both active 

compounds naphazoline and ephedrine are present, no 

problem was encountered with the possible interfering 

paraben, added as preservative to the preparation, since 

its peak eluted as the last one. 

The analytical results obtained lead to the 

conclusion that the developed method is simple, rapid, 

and precise and therefore it can be successfully adopted 

for the routine analysis of I-IV in liquid pharmaceutical 

formulations. 

ACKNOWLEDGEMENTS 

The author D. Tonelli is grateful to MURST for the 

financial support. 

REFERENCES 

1 T. Daldrup, F. susanto, P. Michalke, Fresenius Z. Anal. 
Chem., 308: 413-427 (1981). 

2 M. Massacesi, Pharm. Acta Helv., 62: 302-305 (1987). 

3 J.A. De Schutter, W. Van Den Bossche, P. De Moerloose, 
J. Chromatogr., 391: 303-308 (1987). 

4 C. Imaz, D. Carreras, R. Navajas, C. Rodriguez, A.F. 
Rodriguez, J. Maynar, R. Cortes, J. Chromatogr. 631:201-
205 (1993). 

5 S.I. Sa'Sa', I.F. Al-Momani, Anal. Letters, ~: 953-971 
(1990) 

6 B.A. Bidlingmeyer, J. Chromatogr. sci., 18: 525-530 
(1980). 

7 R.W. Roos, C.A. Lau-Cam, J. Chromatogr., 370: 403-418 
(1986) . 



3242 DE ORSI ET AL. 

8 M. Longo, C. Martines, L. Rolandi, A. Cavallaro, J. 
Liquid Chromatogr., 17: 649-658 (1994). 

9 J .E. Kountourellis, A. Raptouli, Anal Letters, 21: 
1361-1370 (1988). 

10 K. Cabrera, D. Lubda, G. Jung, Kontakte (Darmstadt) ~: 
32-35 (1992). 

11 T. Alfredson, T. Sheehan, T. Lenert, S. Aamodt and L. 
Correia, J. Chromatogr. 385: 213-219 (1987). 

Received: March 1, 1995 
Accepted: June 23, 1995 



JOURNAL OF LIQUID CHROMATOGRAPHY, 18(16), 3243-3256 (1995) 

DETERMINATION OF NEMATICIDE ALDICARB 
AND ITS METABOLITES ALDICARB SULFOXIDE 
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ABSTRACT 

Solid phase extraction has been combined with High Perfomance Liquid 
Chromatography using a Photodiode Array Detector to isolate, determine, quantify 
and recover trace concentrations of aldicarb and its toxic metabolites, aldicarb 
sulfoxide and aldicarb sulfone, in soils and potatoes. A method is proposed which 
eliminates matrix interferences. The procedure involved extracting with acetonitrile 
or dichloromethane, initial separation and clean-up with a Sep-Pack Florisil or 
Silica cartridges. The extract can be successfully analyzed by HPLC-DAD and 
recoveries for pesticides were not influence by the use of this extraction method. 
The results have been applied to the systematic study of these compounds in 
growns of patatoes. The lowest detectable concentration for each pesticide is 40 
Ilg kg-l in soil and 15 Ilg kg-l in potatoes . 
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INTRODUCTION 

Al d ic arb, [2 -me thyl- 2 - (me tylthio) propionaldehyde- 0-

(methylcarbamoyl)oxime;Temik®] is a systemic insecticide widely used for the 

protection of the potatoes cultures. The aldicarb (A) is degraded by oxidation to 

aldicarb sulfoxide (AX) and sulfone (AN) , although these two metabolites can 

undergo subsequent hydrolysis to their respective non toxic oximes (1). However, 

aldicarb, its sulfoxide and its sulfone are know to be the most toxic of these 

compounds. aldicarb sulfoxide is the most important compound, accounting for the 

high systemic activity and the long-term persistence of the insecticidal activity in 

soil (2, 3). 

Previous methods for determining residues of aldicarb, aldicarb sulfoxide and 

aldicarb sulfone involved gas chromatography (4, 5). However, the increasing 

availability of liquid chromatographic methods is mainly due to the result of their 

sensibility for thermally labile and polar pesticides, which require derivatization 

prior to gas chromatographic analysis (6). 

UV absorbance has been the most commonly used detection method in HPLC 

determination of N-methylcarbamate pesticides (7-9). UV detection is subject to 

interferences of other co-extractives taken from the sample and also to the lack of 

sensitivity for some compounds. The most serious drawbacks of UV detectors 

arise from matrix interferences and from working below 205 nm (10). 

The development of diode-array detectors has been the most important 

advance in HPLC for the quantitative identification of compounds (11, 12). It 

provides an opportunity to explore all wavelengths in the UV and choose the 

monitoring wavelength which maximizes instrumental sensitivity. With the multi

signal capability of a diode-array detector, all the compounds can be analyzed at, 

or close to, their maximum wavelengths. 
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Most environmental sample extracts will require a preliminary clean-up 

procedure before determination by HPLC (13-15). The extent of clean-up required 

depends upon the type of sample being analyzed, the detection limit required and 

the detection technique used. Combining solid phase extraction with HPLC-DAD, 

the above-mentioned limitation can be overcome. 

This paper describes a method for the high pressure liquid chromatographic 

using a Photodiode Array Detector in order to determine the quantity of aldicarb, 

aldicarb sulfoxide and aldicarb sulfone. A valid alternative method must also 

provide for elimination of possible interferences in soil and potatoes without 

increasing the analysis time. 

MATERIALS 

Instrumentation 

A Hewlett-Packard (palo Alto, CA, USA) model 1050 HPLC equipped with 

a HP 1040 M Diode Array detector has been utilized. A Hewlett-Packard data 

station has been used for data storage, comparison and mathematical manipulation 

of the acquired spectra. 

The column was a cyanopropyl of 25 cm length and 4 mm ID., with a paking 

type Spherisorb of 5 J.Illl ( Tracer, Barcelona, Spain). 

A centrifuge (Selecta, Barcelona, Spain) Model Centronic and a Selecta 

Model Vibromatic-384 have been used in the extraction procedure. 

A Vac-Elut sample preconcentration system (Varian, Harbor City, CA., USA) 

for solid-phase extraction has been used ill the purification procedure. 

In the solid phase extraction two types of cartridges (Waters Associates, 

Milford, MA., USA) have been used. The Sep-Pack Florisil containing 500 mg of 
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sorbent to stage of extraction in soil and the Sep-Pack 50 mg of Silica for 

extraction in potatoes. 

Chemicals and Solvents 

The pesticide standards were supplide by the Laboratory of Dr. Ehrenstorfer 

GmbH (Angsburg, Germany) with a purity of 99.9%. 

Standard stock solutions were obtained by the dissolution of 10 mg of 

aldicarb, its sulfoxide and sulfone in 100 ml of acetonitrile. These solutions were 

diluted to final working solution in acetonitrile-water (30:70). 

HPLC-gradf: solvents were used. The acetonitrile (LiChrosolv, Merck, 

Darmstadt, Germany) used in the mobile phase has a transmitance of 50% at 195 

nm and 80% at 200 nm. Mobile phase was desgassed with helium prior to use. 

Distilled water was obtained from a Millipore (Milford, MA., USA) Milli-Q water 

purification system. 

All solvent and samples were filtered through 0.22 ~ Millipore membrane 

filters before injection. 

METHODS 

Chromatographic Conditions 

In preliminary studies we tested the chromatographic behaviour of aldicarb 

and its metabolites using as mobile phase solvents which generally are used in 

liquid chromatography with UV detection: water, methanol, acetonitrile or mixture 

of them. The best result for those three compounds is obtained when it is used a 

mixture acetonitrile-water. Figure 1 shows the influence of acetonitrile content in 

the mobile phase on the capacity ratio k'. With increasing acetonitrile content, the 
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FIGURE 1. Influence of acetonitrile content in the mobile phase on the capacity 
ratios (k') of aldicarb ( • ), aldicarb sulfoxide ( ... ) and aldicarb sulfone (.). 
Flow rate: 1.2 ml min·\ injection volumen: 50 Ill, A. analytic: 202 nm 

capacity ratio k'of aldicarb decreased, whereas those of aldicarb sulfoxide and 

aldicarb sulfone were influenced only slightly. As a result, the acetonitrile content 

was fixed at 30% V/V for experiments, and good separations were obtained in 4 

minutes. 

The separation of pesticides was carried out using isocratic elution at a flow 

rate of 1.2 mllmin with injection volume of 50 Ill. 

The UV absorbance of the elution profile of analytes was recorded at 202 nm 

for all measurements. 
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Extraction and Clean-up Procedures 

The extraction and clean-up procedures are simple and can be adapted to 

plants and soils. 

Extraction and Clean-up in Soil: A 25 g sample of homogeneized soil sieved 

to 2 mm was extracted with 25 ml of acetonitrile and shaken in a capped 

centrifuge tube for 30 min, centrifuged for 5 min at 3000 rpm (1000 g) and 

filtered by suction. 

A Florisil cartridge was washed with 10 ml of acetonitrile for activation of 

the sorbent The sample extract was passed through the cartridge by negative 

pressure of 7 in of Hg by station Vac-Elut. 

3 ml was taken from the liquid which passes through the cartridge and 

contains aldicarb, aldicarb sulfoxide and aldicarb sulfone. The volume was made 

up to 10 ml with water and was injected into the HPLC system. 

Extraction and Clean-up in Potatoes: A total of 20 g of the homogeneous 

sample of potatoes was extracted in a capped centrifuge tube with 10 g anhydrous 

sodium sulfate and 20 ml of dichloromethane shaken for 30 min. This mixture was 

centrifuged at 3000 rpm (1000 g) for 5 min and the supernatant collected over 

anhydrous sodium sulfate. 

Silica cartridge was washed with 5 ml of anhydrous dichloromethane for 

activation of the sorbent. The extract was passed through the cartridge by negative 

presure of 7 in of Hg. The remaining solvent in the cartridge was evapored under 

a nitrogen purge at 5 psi for a period of 10 min. 

The concentrated sample was eluted with 2 ml of acetonitrile. The extract 

was diluted with water at ratio 1:2 acetonitrile-water and injected into the HPLC. 
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RESULT AND DISCUSSION 

The use of DAD detection has allowed the selection of the wavelength which 

determinate each pesticide in the analytical procedure in order to get improvement 

in sensitivity and selectivity. aldicarb and its metabolites exhibit strong UV 

absorbance characteristics at the shorter wavelength of 202 nm, in addition to 

secondary maximum at 248 nm for aldicarb and 236 nm aldicarb sulfoxide. In 

FIGURE 2 spectrum in optimal conditions is shown. 

The linear dynamic range of the detector response was checked for the 

pesticides at a wavelength of 202 nm between 0.25 and 500 ng. A typical 

chromatogram of pesticide mixture under the best conditions is shown in Figure 

3. 

Linearity of response using area peak at 202 nm vs. quantity injected, was 

studied by sucessive injections of 50 J.ll of working solutions. The linear 

calibration corresponds to the equations: 

A, = 1.747+1.838 [A] 

A, = 0.504+1.641 [AX] 

A, = 1.773+1.859 [AN] 

r = 0.9998 

r = 0.9999 

r = 0.9998 

where ~ is in mUA per second and concentration in ng. 

The limits of detection are 0.06 ng of aldicarb, 0.05 ng of aldicarb sulfoxide 

and 0.1 ng of aldicarb sulfone for a relation signaVnoise ratio SIN = 3. 

Ten replicate injections of the standard solution containing 5 ng each to 

aldicarb, aldicarb sulfoxide and aldicarb sulfone were carried out to determine the 

precision of the method. The coefficients of variation were 1.72%, 2.45% and 

2.92% for aldicarb, aldicarb sulfoxide and aldicarb sulfone respectively. 
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FIGURE 2. Evolution of the absorption spectra for the mixture of pesticides. 
Range A: 190 350, Step: 2 nm, Threshold: 0.1 mUA, Total Spectra number: 
1043, [A] = [AX] = [AN] = 500 ng injected 
Other parameters in Figurel. 



NEMATICIDE ALDlCARB AND METABOliTES 3251 

mAU 

10 

6 

2 

FIGURE 3. Liquid chromatogram for aldicarb and its metabolites. 
Flow rate: 1.2 ml min· l

, injection volumen: 50 J,Il, A analytic: 202 nm, [A] = 
[AX] = [AN] = 35 ng injected 
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The validity of the proposed method was proven by spiking with aldicarb 

and its metabolites in potato and soil samples over the range of 5 to 1000 ~g kg-! 

and subjecting the samples to the described analytical procedure_ Average 

recoveries from fortified samples were 80-1()()% for aldicarb, aldicarb sulfoxide 

and aldicarb sulfone in soil and 60-100% for aldicarb and 80-100% for aldicarb 

sulfoxide and aldicarb sulfone in potatoes. 

The proposed analytical method allows to reach the detection limits of 40 

~g kg-! in each pesticide in soil and 15 ~ kg-! in potatoes. 

The proposed method is so quick and efficient that permits the systematic use 

to determine these compounds in soils and plants. It has been used to study the 

degradation of aldicarb in soils from Alava plain in the Basque Country (North of 

Spain). 

The field treatments have taken place in grounds destined to be used for 

farming of sow and consume potatoes. The selection of grounds for this study was 

carried out taking account edaphologic criteria and that the area is representative 

as for surface, production and agricultural yields in the culture of potatoes. 

In order to prove the possible change of behaviour that the metabolism can 

have for the plaguicide aldicarb depending on nature of the soils, were selected 

two grounds of diferent texture: clayey and sandy. The characteristics of soils 

selected for study can be observed in Table 1. 

In these grounds, the Temik@, granule at 10% aldicarb, at rates of 20 kg/Ha 

was applied on April 1994_ The samples of soil were collected in the course of the 

culture cycle of in periods of: 7, 15, 60 and 120 days from different depths: 

surface, 15 cm and 30 cm. 

The samples of potatoes were taken randomly at the time of the harvest 

(October 1994). 
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TABLE 1 

Characteristics of Soils Selected for Study 

SOIL 1 

SURFACE 15 CM DEPTH 30 CM DEPTH 

TEXTURE LOAM LOAM-SAND LOAM-SAND 

HUMIDITY (%) 2.80 3.07 3.57 

CONDUCTIVITY 60.0 65.8 76.0 
( ~S/cm) 

ORGANIC 
MATTER TOTAL 1.27 1.40 1.30 
(%) 

pH (H2O) 7.10 7.05 7.07 

pH (KCl) 6.39 6.36 6.40 

SOIL 2 

SURFACE 15 CMDEPTH 30 CMDEPTH 

TEXTURE LOAM-CLAY LOAM-CLAY LOAM-CLAY 

HUMIDITY (%) 3.72 3.90 4.01 

CONDUCTIVITY 100.6 108.8 94.7 
( ~Slcm) 

ORGANIC 
MATIER TOTAL 1.84 1.84 l.80 
(%) 

pH (H,O) 7.91 7.82 7.85 

pH ( KCl) 7.35 7.27 7.36 
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FIGURE 4. Persistence of nematicide aldicarb (A) and its metabolites aldicarb 
sulfoxide (AX) and aldicarb sulfone (AN) in the whole culture cycle in both 
selectionated soils. 
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With regard to the studies carried out with samples of soil one might 

consider that the maximum quantity of aldicarb has been observed during the first 

week after the treatment and at 15 cm depth. 

The first product which is observed in the degradation process of the aldicarb 

in soils is the aldicarb sulfoxide, increasing its concentration progressively up to 

15 days after the application; at this time, aldicarb sulfoxide and its respective 

aldicarb sulfone appear together. 

120 days after the application were observed neither aldicarb nor its 

metabolites. 

The Figure 4 shows the result obtained. It can be seen that the degradation 

of the aldicarb is favoured in those soils with clay-like texture (soil 2) compared 

to those of sandy texture or loamy (soil 1). This is so because the oxidation 

reaction is catalized by the components of clay. 

The result obtained from potatoes samples allows us to conclude that none 

of the plaguicides are present in this vegetable at consumption moment for 

concentrations up to the detection limits. 
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ABSTRACT 

A reversed-phase high-performance liquid 
chromatographic (RP-HPLC) method employing UV-detection 
(248 nm), 5 ~m Resolve C18 as stationary phase (in a 
8 x 100 mm Waters Radial-Pak cartridge) and 0.1 M 
potassium phosphate monobasic/methanol/glacial acetic 
acid (95:4:1, v/v/v) as mobile phase was developed for 
the rapid and simultaneous determination of paracetamol 
and its major metabolites (its glucuronide and sulphate 
conjugates) in urine. The method requires only minimal 
sample preparation and chromatographic run time is only 
6 min. For determination of paracetamol, the precision 
(inter-assay RSD ranged from 1.60-0.66% between 5 and 
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100 }..kg mL -1) and limits of detection (2 ng mL- 1 ) were 
satisfactory, as were these parameters for determination 
of the major metabolites. In the course of studies on 
paracetamol bioavailability and metabolism, over 1500 
samples have been assayed using this method. Herein we 
report its use for monitoring of the levels of 
paracetamol and its major metabolites in the urine of 
fifteen normal healthy volunteers given a single oral 
dose of 500 mg. 

INTRODUCTION 

Paracetamol or acetaminophen (N-acetyl-p-aminophenol) 

is a mild analgesic-antipyretic used in the treatment of 

somatic pain 

often where 

(e.g. myalgia, arthralgia, 

aspirin (acetylsalicylic 

neuralgia) , 

acid) is 

contraindicated (for example, in cases where there is 

gastrointestinal intolerance, hyperuricaemia, gastritis, 

asthma or von Willebrand disease) or when the analgesic 

is to be administered in conjunction with other drugs, 

such as non-steroidal inflammatory agents or oral 

anticoagulants [1]. 

Following oral administration of a therapeutic dose 

of paracetamol, it is rapidly absorbed from the 

gastrointestinal tract. Peak plasma levels are reached 

within 30 to 120 min, and the therapeutic half life is 

about 3 h, the bulk (ca. 98%) of the drug being 

metabolized in the hepatic system, primarily to its 

glucuronide and sulphate conjugates [2-4J. The incidence 

of the first pass effect on drug bioavailability depends 

on the dose, dosage interval and route of administration 

[5-7 J • 

Many analytical techniques have been used to 

determine paracetamol in biological fluids, among them 

colorimetry [8,9J, gas-liquid chromatography [10-15], 
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thin layer chromatography [16], high performance liquid 

chromatography [17-22] and immuno-assay techniques 

[23,24]. Nonetheless, since these assays were largely 

developed for use in clinical toxicology, they are not 

necessarily suitable for pharmacokinetic studies, which 

require precise measurement of very low levels of 

paracetamol and its metabolites and often involve 

analysis of large numbers of samples in short periods 

[25-28]. 

In this work we aimed to develop a paracetamol assay 

suitable for use in studies of its bioavailability and 

metabolism. In order to minimize sample preparation, a 

highly specific technique was called for. The technique 

chosen was HPLC with UV detection, which as well as 

specificity offered high sensitivity, and the 

possibility of semi-automation. The chromatographic run 

time was minimized by employing a Waters Radial-Pak 

cartridge and optimizing chromatographic efficiency, 

selectivity and resolution. The assay developed allows 

simultaneous determination of paracetamol and its major 

metabolites (its glucuronide and sulphate conjugates) in 

urine. The limits of detection and precision of the 

assay are reported, and also a specimen set of data for 

paracetamol levels in the urine of fifteen normal 

healthy volunteers over a 12 h period. 

EXPERIMENTAL 

Materials 

Paracetamol was obtained from C. Barcia (Barcelona, 

Spain) • Paracetamol sulphate and paracetamol glucuronide 
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were synthetized according to the methods of Burkhardt 

[30] and Shibasaki [31] , respecti vely , in the 

Pharmaceutical Chemistry Laboratory, Pharmacy Faculty, 

University of santiago de Compostela (Spain). HPLC grade 

methanol and glacial acetic acid were obtained from E. 

Merck (Darmstadt, Germany). Analytical grade monobasic 

potassium phosphate was obtained from Probus (Barcelona, 

Spain). Water for HPLC was purified using the Milli Q 

Water Purification system (Millipore, Bedford, MA, USA). 

Sample collection 

Follo\'ling administration of a 500 mg dose of 

paracetamol, urine samples were collected after set time 

intervals. Urine volume was recorded and a 20 mL aliquot 

was stored at -20°C (at this temperature paracetamol and 

its conjugates are stable in plasma and urine) [32]. A 

urine blank, Le. urine free of paracetamol and its 

metabolites, was also procured. 

Preparation of standards and test samples 

Stock solutions of 1 mg mL -1 paracetamol, paracetamol 

glucuronide and paracetamol sulphate in deionized water 

were prepared. Aliquots of each solution were then 

diluted with the urine blank to give standards having 

analyte concentrations of 5, 10, 15, 20, 25, 50 and 

100 JJ.g mL -1. 

The test samples were prepared by diluting each 

thawed 20 mL urine sample (including the urine blank) 

with a suitable volume of deionized water and filtering 
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this solution through a 0.45 j.J.m hydrophilic membrane 

(Millex HV filter unit, Millipore, Bedford, USA). A 

sample of the filtrate was transferred to an injection 

in preparation for chromatography. 

Chromatography 

The HPLC system comprised a Waters 510 pump, a Waters 

Intelligent Sample Processor 712 automatic injection 

module, and a Waters Guard-Pak precolumn and Radial-Pak 

cartridge (8 mm i.d. x 100 mm) - the latter housed in a 

Waters Radial compression Module (RCM8X10) - both packed 

with 5 m particle-size Resolve C18. The pressure of the 

system was maintained at 1200 p.s.i. UV-detection was by 

a Waters Lambda Max 490 (set at 248 nm) and data 

handling by a Waters 745 B Data Module. The mobile phase 

was 0.1 M potassium phosphate monobasic/methanol/glacial 

acetic acid (95:4:1, v/v/v), degassed by sonication; the 

flow rate was 2.5 mL -1 min. In all cases, 20 j.J.L of 

sample/standard was injected onto the column. 

Calibration 

Calibration curves for each analyte were constructed 

by least-squares regression of peak area (mean of three 

replicates) on analyte concentration in the standard 

solutions. The peak areas for the test samples were 

converted to concentrations (in j.J.g mL-1) by multiplying 

them by the reciprocal slope of the corresponding 

calibration curve. 
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Precision 

For evaluation of the precision, the paracetamol and 

the paracetamol glucuronide and sulphate standards were 

assayed as described four times and the relative 

standard deviation (RSD) for each of the seven 

concentrations (5 to 100 Mg mL-1 ) was calculated. 

Application 

Fifteen normal healthy volunteers were given a single 

oral dose of 500 mg paracetamol. Urine samples were 

collected after 1, 2, 3, 4, 5, 6, 8, 10 and 12 hand 

processed and assayed (three replicates) as described. 

RESULTS AND DISCUSSION 

Table 1 shows the parameters for the calibration 

curves. All three were linear with correlation 

coefficients> 0.998 over the range of concentrations 

studied. 

Typical chromatograms for a diluted, filtered urine 

sample and the correspondingly processed urine blank are 

shown in Figs. l(a) and l(b) respectively. Figure l(a) 

corresponds to urine obtained from a subject 3 h after 

a single oral dose of 500 mg of paracetamol. The overall 

sample run time was 6 min, and the retention times for 

paracetamol glucuronide, paracetamol sulphate and 

unchanged paracetamo I were 2 . 15, 3 . 48 and 4. 47 min, 

respectively. Fig. l(b), showing the chromatogram of the 

urine blank, confirms that there were no signals due to 
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TABLE 1 

Parameters of the Calibration Curves for the 
Determination of Paracetamol and its Glucuronide and 
Sulphate Metabolites in Urine (using peak area counts) • 

Glucuronide Sulphate Paracetamol 

Slope 1539543 1602243 124298 
Intercept 6343569 2310349 54499 
RSD of slope (%) 1. 67 3.29 1.10 
Conc. range ().J.g mL-1 ) 5-100 5-100 5-100 
Number of standards 7 7 7 
Correlation coeficient 0.9993 0.9987 0.9997 

endogenous compounds at the retention times of the 

analytes. When endogenous compounds in the urine gave 

peaks close to these retention times, limits of 

detection were slightly affected. Notwithstanding, as 

little as 2 ng mL- 1 of paracetamol and 5 ng mL- 1 of its 

glucuronide and sulphate conjugates (in paracetamol 

equivalents) could be detected as a distinct peak, which 

is more than satisfactory since, even 12 h after 

therapeutic doses, urine concentrations of paracetamol 

are generally measured in terms of milligrams. 

The precision is shown for paracetamol in Table 2. 

The relative standard deviation ranged from 1.60-0.66% 

between 5 and 100 ).J.g mL-1 paracetamol, indicating that 

precision was satisfactory in the concentration range 

studied. For paracetamol glucuronide and sulphate, the 

RSDs ranged from 0.4-1.5% and 0.7-2.4%, respectively, in 

the same concentration range. 

The method described here has been successfully used 

to assay paracetamol in over 1,500 urine samples in the 

course of studies on paracetamol bioavailability and 
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FIGURE 1. (a) Chromatogram of paracetamol (P) and its 
glucuronide (G) and sulphate (8) metabolites in urine. 
Concentrations P = 3.04 ~g mL-1i 8 = 27.72 ~g mL-1i G = 
49. 33 ~g mL-1 . (b) Chromatogram of a processed urine 
blank. 



TABLE 2 

Precision (RSD) of the HPLC Assay for Paracetamol (5-100 
~g mL- 1 ) in Urine (using peak area counts). 

Paracetamol conc. 
(~g mL -1) 
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Peak area counts. Mean 
of four runs ± SD 

R.S.D 
(%) 

640302±10250 
1369182±19237 
1916115±23723 
2435508±32270 
3133128±45283 
6424224±54275 

12430191±83242 

Total 

1. 60 
1.40 
1. 23 
1. 32 
1. 44 
0.84 
0.66 

(75.66 ± 9.91) % 

Glucuronide 
(46.75 ± 9.07) % 

Sulphate 
(25.50 ± 5.47) % 

Unchanged 
paracetamol 

~~~~~~~~::;::;;:====:~~(3.65 ± 1.87) % 
2 3 .. 5 6 8 9 10 11 12 13 

T (hours) 

FIGURE 2. Cumulative curves of % dose excreted vs time 
for unchanged paracetamol, its glucuronide and sulphate 
conjugates, and the sum of these, after oral 
administration of a 500 mg dose to fifteen normal 
healthy volunteers. 
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metabolism [29]. Figure 2 shows the urinary profiles 

obtained for paracetamol and its glucuronide and 

sulphate conjugates in the short study described here. 

After 12 h, 3.65 ± 1. 87% of the ingested paracetamol was 

excreted unchanged, and 25.50 ± 5.47% and 46.75 ± 9.07% 

was excreted as the sulphate and glucuronide conjugates, 

respectively (total, 75.66 ± 9.91%). These results are 

in keeping with those of HPLC assays for paracetamol 

employing conventional columns [17, 19, 21, 33]. 

CONCLUSIONS 

An HPLC method was developed for the determination of 

paracetamol and its major metabolites, its glucuronide 

and sulphate conjugates, in urine. This method requires 

only minimal sample preparation and has a short 

chromatographic run time. The calibration curves are 

highly linear, and precision and limits of detection are 

satisfactory. This rapid method is especially suited to 

pharmacokinetic studies involving analysis of large 

numbers of samples, and has already been used to assay 

over 1500 samples in the course of studies on 

paracetamol bioavailability and metabolism. 
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Kalamazoo, Michigan 

ABSTRACT 

A high performance liquid chromatographic (HPLC) method 
quantitating degradation products of a 21-aminosteroid (tirilazad 
mesylate) in acidic solutions is described. Mobile phase elution consists of a 
58 minute gradient from 5 to 95% mobile phase A, where mobile phases A 
and B are (81:9:10:0 v/v) and (5.4:0.6:10:84 v/v) acetonitrile, 
tetrahydrofuran, 0.2 M ammonium formatel formic acid buffer (pH 3.5) and 
water. A base deactivated octadecyl silane column thermostatted at 42°C, 
and fixed wavelength detection at 254 nm are used for this method. The 
assay is compatible with thermospray mass spectrometry, offering several 
advantages for the identification of impurities. Validation of the method, 
along with the use of mass spectrometry for peak identity and purity is 
discussed. 

INTRODUCTION 

Tirilazad mesylate (U-74,000F), a 21-amino substituted steroid 

[16-cx-methyl- 17-cx-hydrogenpregna-1,4,9(11)-triene-3,20-dione-21-[2,4-bi8-(1-
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pyrrolidinyl)-6-piperazinylpyrimidine] methane sulfonate], inhibits lipid 

peroxidation (1,2). Activity in experimental models of head, spinal injury 

(3,4), and hemorrhagic shock (5) were found. Because the solubility of 

tirilazad decreases with increasing pH, administration in-vivo uses acidic 

aqueous solutions (pH 3). Tirilazad degrades in solution and quantitative 

methods were needed to determine the amounts of these degradation 

products. Secondarily, the method was used to determine the amounts of 

process and degradation related impurities in the bulk tirilazad mesylate. 

In acidic solutions, tirilazad degrades from four reactions: hydrolysis of the 

piperazine-pyrimidine bond, oxidation of the C-20 ketone, dienone-phenol 

rearrangement of the steroid A ring and oxidation to produce the amine 

side-chain (6). Figure 1 shows the major degradation pathways. 

Development of a HPLC method that is compatible with thermospray 

mass spectrometry generally entails the use of volatile buffers and offers 

several advantages. Information regarding peak identity and purity is 

obtained. Isolation of unknowns is easier as thermospray mass 

spectrometry compatible systems use volatile buffers that can be removed 

via freeze-drying. Compounds with low UV absorbance are detected 

(assuming sufficient ionization efficiency). Thermospray mass spectrometry 

compatible systems do have some disadvantages. Peak shape may be 

compromised because competing amines are not typically used because of 

their lack of volatility and their affect on sensitivity (compete for protons). 

In the absence of post-column mixing, mobile phase pH is usually restricted 

either to acidic pH's or to the use of unbuffered systems. To achieve 

ionization, acidic pH's are preferred for basic analytes. The buffers may 

compromise UV detectability as carboxylic acids absorb significantly below 

230 nm. 

None of the above restrictions significantly affected developing a 

method for tirilazad. The newer base-deactivated columns made possible 

the development of high efficiency separations for basic analytes without 

using competing amines. This report discusses the development of a 

thermospray mass spectrometry compatible method for degradation 
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Figure 1. Degradation of Tirilazad mesylate (compounds are 
numbered to conform with Reference 6). 

products in tirilazad, including improvements over the methods used in the 

identification of the degradation products (6). 

MATERIALS AND METHODS 

Reagents/Compounds 

3271 

All solvents were HPLC grade (Burdick and Jackson, Muskegon, MI). 

Other reagents were analytical reagent grade. Tirilazad mesylate (VIII) and 

compounds I, II, III, V and VI were prepared in the research labs of The 

Upjohn Company (6). 
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Equipment 

The gradient pump was a low-pressure, mixing system (Model 2249, 

LKB, Bromma, Sweden). A line-source detector at 254 nm (IN Monitor III, 

LDC, Rivera Beach, Fl) was used in the validation experil .. lents. A photo

diode array HPLC detector (Model 990, Waters Assoc., Milford, MA) was 

used to obtain IN spectra of the degradation products and peak 

homogeneity of the tirilazad. The column was a 4.6 X 250 mm, 5 pm, 

octadecylsilane column (Inertsil®, GL Sciences, Tokyo, Japan). Other 

columns that were evaluated included: YMC-BasiC® (YMC, Morris Plains, 

NJ, USA), Develosil® (DyChrom, Sunnyvale, CA, USA), Rexchrom® (Regis, 

Morton Grove, IL, USA) and Asahipak ODP-50®, an ODS modified 

polymeric column (Asahi Chem. Co., Kawasaki-ski, Japan). 

An octadecylsilane TLC plate (RP-18, WF254s, EM Science, Cherry 

Hill, NJ, USA) was used with mobile phase A to evaluate the elution of all 

peaks from the solvent front. The plates were scanned at 254 nm (Camag, 

Muttenz, Switzerland) and developed using a starch-iodine mixture (dried at 

50 ·C for 30 minutes). 

Mass spectra were acquired with either a quadrapole MS with 

thermospray interface (Model 4600, Finnigan, San Jose, CA) or a triple 

quadrapole system (Model 70, Finnigan, San Jose, CA). The instrument 

was operated in the discharge mode with a vaporizer temperature of 100°C, 

a jet temperature of 250 °C and a repeller voltage of 80 V. To maintain 

uniform response, a cross-gradient was operated post-column thus 

maintaining a consistent solvent composition into the interface. 

Methods 

Column temperature was maintained at 42 • C. A linear gradient 

began at 2 minutes and increased from 5% to 95% mobile phase A over a 58 

minute period. Mobile phases A and B were (81:9:10:0) and (5.4:0.6:10:84) 

acetonitrile, tetrahydrofuran, 0.2 M ammonium formate! formic acid buffer 
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(pH 3.5), and water. A flow rate of 1.0 mVmin was used. Blank peaks were 

reduced by passing the aqueous buffer solution through a octadecylsilane 

cartridge (Sep-pak, Water's Associates, Milford, MA). 

Tirilazad mesylate solutions at 1.5 mglml were diluted 1:4 with a 

solution ofmethanol:water: ammonium formate buffer (used in mobile 

phase preparation) 50:45:5. A 10 pL injection volume was used. 

RESULTS AND DISCUSSION 

Method Development 

HPLC systems for tirilazad and degradation products of tirilazad 

(Figure 1) were previously reported using isocratic reversed-phase (7,8) and 

gradient methods (6). Problems with these methods include insufficient 

retention of the more polar impurities, inadequate resolution of all known 

impurities from the tirilazad mesylate, and poor peak shape for tirilazad . 

Over the past few years, a large number of columns were claimed to give 

high efficiency for basic analytes. After comparing several of these columns 

for peak efficiency (Table 1), an Inertsil column was selected for further 

evaluation. Using the Inertsil column provided a highly efficient 

chromatographic system without using competing amines. 

Using an acetonitrile gradient with pH controlled at 4.0 with 

ammonium formate as a starting point (6), modifications were made to 

improve both peak shape and resolution. Adding tetrahydrofuran to the 

mobile phase improved the separation of the more polar compounds, peaks 

I, III and V, and reduced peak tailing. The ratio of 

acetonitrile:tetrahydrofuran was optimized at a ratio of 9:1 and was 

maintained at that ratio throughout the gradient. The gradient slope, 

mobile phase pH, and column temperature were then optimized. The 

resulting chromatography is shown in Figure 2. Table 2 shows the relative 

retention times, response factors (254 mn), observed UV maximum and 

molecular ions from LCIMS. 
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Table 1 
Columns Evaluated for use in Method (Parameters measured for 
tirilazad ) 

Column Description Theoretical Retention Time 
Plates (min) 

YMC-Basic mixed alkyl chain 3000 25 
length (4.6 x 150 mm) 

Develosil, C18 (4.6 x 250 mm) 3100 35 

Asahipak ODP-50, C18 modified 6500 23 
polymeric column (4.6 x 250 mm) 

Dupont C8 RX (4.6 x 150 mm) 1400 36 

lnertsil C18 (4.6 x 250 mm) 14000 38 

I I 
9391. 'I 

V I I I V I I I 

7349. 0 VI 
V I I 

5306. 7 

9264.3 

1222.0 

-620.4 

B.oo 13. 25 1 B. 50 23. 75 29. 00 3'1. 25 39. 50 '1'1. 75 50. 00 

Figure 2. 

U i nul • s 

Chromatogram of Degraded Tirilazad mesylate (see 
Figure 1 for identity of peaks) 
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Table 2 
Chromatographic and Mass Spectroscopic Data on Compounds 
(compounds are numbered to conform with Reference 6.) 
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Compound UV Relative Relative Molecular LCIMS 
Absorption Response Retention Weight Ion 

Maxima Factor Time (M+H) 
(254 nm) 

I 245,295 1.23 0.23 302.43 303 

II 248,296 1.76 0.44 330.40 331 

III 242 0.48 0.63 408.6 409 

IV 242 not 0.73 339 
known 

V 238,278 0.81 0.58 234.3 235 

VI 244 0.73 0.92 326.43 327 

VII 251,293 LOb 1.12 624.87 625 

VIII 244,295 1.0 1.0 624.87 625 
(Tirilazad) 

IX 246,294 LOb 1.03 624.87 625 
Hesponse tactors were assumed to be 1.0. 

Thermospray Mass Spectrometry 

Using the newly developed method, thermospray mass spectrometry 

was performed on a sterile solution sample (1 month at 47°C, total 

impurities approximately 8%), an acid-degraded sterile solution 

(approximately 30%-40% total impurities), and a severely degraded bulk 

tiriIazad mesylate sample (55 months at room temperature, approximately 

20%-30% total impurities). Figure 3 shows the UV chromatogram and 

corresponding thermospray total ion current chromatogram for the degraded 

sterile solution. 

Masses were obtained for significant unidentified impurities (Table 

3). From this information, the unidentified impurity at 1'= 0.81 is the 
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Aqueous Degradation Sample 

Table 3 
Mass Spectral Information for Unidentified Peaks 

Relative retention label MH+ possible structural 
characteristics 

0.81 IV 339 steroid 

0.94 A 640 unknown 

0.97 B 642 oxidation product 

0.98 C 657 oxidation product 

1.03 IX 626 tirilazad isomer 
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unknown steroid (MIZ = 339) previously discussed in reference 6. Based on 

the mass (MIZ=625) and the conditions in which the impurity is formed (low 

pH, high temperature) ,the peak was identified as the para isomer of the 

dienone-phenol rearrangement product of tirilazad. Previous studies 

ch..:':.ussed the possible presence of this impurity, but it was never found (6). 

The resolution of this impurity is a significant improvement over previous 

work. 

Mass spectrometry data also confirmed the identity and purity of the 

known degradation peaks (Table 2) and the absence of significant uv 
transparent peaks. Analysis of the edges of the tirilazad peak in all 

samples revealed that no extraneous ions were found. This confirms that 

no impurities with masses differing from the tirilazad were eluting on the 

front or tail of the tirila7.ad peak. 

Validation 

All known process and degradation related impurities were resolved 

from the tirilazad peak. As previously discussed, MS was used to confirm 

the absence of extraneous ions eluting under the tirilazad peak. TLC was 

used to evaluate whether all peaks elute in the chromatogram. No UV 

transparent peaks were found to be retained at the origin. UV scans of the 

plates at 254 nm confirmed that all peaks eluted from the solvent front in 

the bulk tirilazad mesylate sample. For the sterile solution samples, less 

than 0.2% of the degraded material remained at the origin for a sample that 

was degraded about 20%. 

Chromatographic ruggedness was evaluated by slightly changing 

mobile phase pH, gradient slope and intercept and column temperature. 

Changes in pH over the range of 3.4 to 3.7 only cause minor changes in the 

resolution of the most significant impurities. Decreasing pH increases the 

resolution of peaks V and III. The effect of pH is more important for 

several minor peaks (A-D) that elute near tirilazad (see Figure 4). Peaks A

D were of little importance for assessing degradation but were important in 
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Effect of pH on Retention and Resolution 
(peaks eluting near tirilazad) 

bulk tirilazad mesylate purity. The resolution of these impurities 

determined the final selection of mobile phase pH. Table 4 shows the effect 

of gradient slope, initial organic concentration, gradient delay, and 

temperature on the separation of the most critical peak pairs (tirilazadlIX) 

and (I1UV). The resolution oftirilazadlIX varies from 2.6 to 3.1 over the 

parameter ranges studied. Only increases in gradient slope cause 

substantial decreases in resolution of peaks V and III. Other peak pairs 

were only moderately affected by these changes. 

During the course of validation, some columns were found to cause a 

substantial increase in an unknown impurity at relative retention 0.97. 
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Table 4 
Effects of Modifying Chromatographic Conditions on Resolution 
Factors (other variables held constant as specified in Experimental 
section) 
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Chromatographic Variable Resolution Factor for Peak Pair 

IIIIV TirilazadIIX 

Gradient Slope 
(%/min change in A) 

1.11 10.6 3.1 

1.38 7.7 2.9 

1.64 5.7 2.8 

Column Temperature ("C) 

38 5.1 2.6 

40 5.3 2.8 

42 5.4 2.8 

Initial Percent A 

5 6.6 2.8 

10 6.8 2.9 

Gradient Delay (min) 

0 6.5 2.8 

5 6.8 2.9 

When only the column was switched, the same sample would show as much 

as a 300% increase in the impurity at 0.97 (total amount still less than 

0.3%). Other experiments demonstrated that the increased degradation was 

not caused by the column &its or by instability in the mobile phase. The 

peak was concluded to be caused by on-column degradation. 

Tirilazad peak area response was linear (R = 1.000) over the range of 

0.0045 to 4.95 pg (amount injected). The residual relative standard 
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deviation from the regression was 0.45%. Linearity data provided response 

factors for peaks I, II, III and V. Correlation coefficients were >0.999 for all 

impurities. Repeated analysis of an impurity mix determined the precision 

for the quantitation of impurities. The relative standard deviations 

typically varied from 0.3% to 6% for impurities present at 5% to 0.2% (as a 

percentage oftirilazad plus other impurities). All impurities present at 

0.1% or greater in samples stored under nominal conditions were resolved 

from other impurities. 

Sample stability was evaluated over a 48 hr time-frame. The 

amount of the primary degradation impurity, III, increased over time, 

particularly in the bulk tirilazad mesylate sample. However, total impurity 

levels did not rise over the same time frame. A limit of 24 hours in a light 

protected environment ensures sample preparation stability. 

For regulatory purposes a limit of quantitation of not more than 

0.1% was needed. Root mean square (RMS) noise for seven blank injections 

was determined at six different 1 minute intervals. From these data, the 

worst case noise occurs after the onset of the gradient, near the elution of 

peak I (approximately 11 minutes). As compound I has the smallest peak 

height to peak area ratio, the worst case detection limits were calculated for 

this peak. Using a SIN ratio of 3, the detection limit was 0.007% (as a 

percentage of tirilazad). The quantitation limit, defined for a SIN ratio of 

10, was 0.03%, meeting regulatory requirements. 

Batch Analysis and Mass Balance Assessment 

Several sterile solution lots stored at temperatures from 4 to 47°C 

under various conditions were evaluated for impurities using the new 

method. The amounts of the degradation products in these lots ranged 

from 1.2 to 19% and are shown in Table 5. The average mass balance for 

these solutions was 99.2% with a relative standard deviation of 1. 7%. The 

effect of heat, pH and oxygen on the formation of these degradation 
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Table 5 
Degradation Product Data on Representative Samples (NQ = not 
quantitated, <0.05%; ND = not detected, approximately <0.02%) 

Lot Conditions I III V VI VII IX Total 

3281 

Impurities 

1 6 months, 8 ·C NQ 0.82 0.27 NQ ND ND 1.2 

3 6 months, 25 ·C 0.11 3.1 1.2 0.10 0.06 ND 4.9 
3 

4 3 months, 47 ·C 1.4 9.9 4.2 0.17 0.62 0.19 19 

6 9 months, 25 ·C 0.64 4.5 1.9 NQ 0.07 ND 7.8 
4 

7 36 months, 4 ·C 0.23 1.6 0.59 NQ NQ ND 3.3 

8 6 months, 4 ·C 0.11 0.75 0.24 NQ NQ NQ 1.9 

products was previously discussed (6). The newly identified degradation 

product ( IX, para isomer of dienone-phenol rearrangement) was only found 

in the sample stored at 47 ·C. 

CONCLUSIONS 

A LCIMS compatible HPLC method for quantifying all significant 

degradation products in acidic solutions of tiriIazad mesylate was 

developed. The success of this method was evidenced by a mass balance of 

99.2%. Development of a method compatible with thermospray mass 

spectrometry proved advantageous in that molecular-ion information was 

obtained for nine compound, tiriIazad peak homogeneity was evaluated 

and a significant unknown degradation impurity was identified. Use of an 

Inertsil column, designed for use with basic molecules, made the 

development of an efficient method easier as no competing amines were 

necessary to achieve satisfactory peak shape. 
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EVALUATION OF ELECTROCHEMICAL AND 
FLUORESCENCE DETECTION IN LIQUID 

CHROMATOGRAPHY FOR THE ASSAY OF 
INDOMETHACIN IN AQUEOUS HUMOUR 

SAMPLES 
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F-34060 Montpellier Cedex 1, France 

ABSTRACT 

The perfonnance of amperometric and fluorescence detection vs 
UV detection in high perfonnance liquid chromatography (HPLC) have 
been evaluated for monitoring indomethacin at trace levels in rabbit 
aqueous humour. Amperometric detection at a potential of +L20V (vs 
Ag/AgCl) did not present any advantage over UV detection. However, 
fluorescence detection after liquid-liquid extraction with ethyl acetate and 
pre-column hydrolysis yielded limits of detection (2 ~g 1-1) and 
quantitation (5 ~g 1-1), lowered by a factor of 2 by comparison with UV 
detection. Validation results for a fluorescence method in aqueous 
humour are presented concerning specificity, linearity, accuracy, 
precision, analytical recovery, limits of detection and quantitation. 

*On leave from Faculty of Pharmacy, University of Costa Rica 
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INTRODUCTION 

The aim of this study was to develop sensitive and selective methods 

In HPLC to study the pharmacokinetics of indomethacin in rabbit 
aqueous humour (AR), following the administration of eye drops. The 

major problem in developing sensitive methods for this biological medium 
is related to the very small volumes of samples available (ca 50-100-lll). 

The performance of electrochemical (EC) and fluorescence (FL) detection 

were investigated with the objective of improving the limit of quantitation 
(LOQ) of 10 Ilg 1-1 which can be attained in AH, using UV absorption 

detection (1). 

BACKGROUND 

Numerous HPLC methods have been proposed in the literature for the 
determination of indomethacin in biological samples; most of them deal 

with plasma, serum or urine (2-17), and some with AR (18-19). UV 

absorption is by far the most commonly used detection mode (1-11,19) 

with a LOQ which can be as low as 10-20 Ilg 1-1 in plasma and about 50-

200 Ilg 1-1 in urine. In AR, the LOQ is not mentionned by ROVIRA (19), 

but a 10 Ilg 1-1 LOQ is feasible with ACN deproteinisation and UV 

detection at 266 nm (1). A few authors have used fluorimetric detection 

after pre (13, 15, 18) or post-column (12, 14, 16) hydrolysis of 
indomethacin into fluorescent dechlorobenzoylindomethacin (DBI) in 
plasma and urine (Figure 1). However, when DB! is present as a 

metabolite in these media, it is necessary to use a difference method with 
a pre-column reaction (13). In plasma, the best LOQ (and LOQ) for 
indomethacin is as low as 1 Ilg 1-1 (signal-to-noise ratio=2) (15). In urine, 

the lowest concentration used for calibration was about 250 Ilg 1-1 (12, 

13). In aqueous humour, the LOD is 50 Ilg 1-1 with fluorescence 

detection after pre-column derivatization (18). The absence of DB! as 

metabolite in this medium has been mentionned by this author. 

Electrochemical detection (coulometric detection) has also been used 
by KAZEMIF ARD for indomethacin assay in plasma (17). A LOD of 
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DB! 

~" 
CI 

4-ch1orobenzoic acid, 

sodium salt 

Figure 1. Structure of indomethacin and its hydrolysis products. 

20 ~g 1-1 was obtained which was claimed to be at least five-fold lower 
than UV detection at 254 nm. Since electrochemical and fluorescence 
detection were shown in a few papers (15, 17) to be significantly more 
sensitive than UV for the HPLC analysis of indomethacin, both these 
detection modes were investigated for the routine detennination of 
indomethacin in aqueous humour. 

MATERIALS AND METHODS 

CHEMICALS 

Indomethacin was received as a gift from Chauvin (Montpellier, 
France). 

Methanol from Carlo Erba, Milano, Italy and acetonitrile from 
Merck, Darmstadt, Germany were of HPLC grade. Milli Q water was used 
throughout. All other chemicals were of analytical grade. 

SOLUTIONS 

Stock solutions of indomethacin (500 mg 1-1 in methanol) for FL 
and EC detection were prepared and stored up to one month at 4°C. They 

were suitably diluted in a methanol-water mixture (65:35, v/v) for EC 
detection and in water for FL detection. These dilutions were stored at 
4°C and used within 7 days. 
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ELECTROCHEMICAL DETECTION 

A Hewlett Packard (Walbronn, Gennany) Model 1050 isocratic 
pump and a Rheodyne injector Model 7125 fitted with a 20 Ill-loop were 
used. A UV detector (Hewlett Packard Model10S0) was placed in series 
with an amperometric detector (Shimadzu L-ECD-6A, Touzart et 
Matignon, Vitry-sur Seine, France) which was equipped with a glassy 
carbon working electrode (WE) and a Ag/ AgCl reference electrode (RE). 
The UV detector was set at 266 nm and the detection potential of the WE 
was set at 1.20V vs. Ag/AgCl, unless otherwise stated. This potential was 
selected from the hydrodynamic voltammogram obtained by successive 
injections of a standard solution of indomethacin (5 mg 1-1) at variable 
potentials of the WE (from +{).30 V to +1.20 V, vs. Ag/ AgCI). Injection 
was carried out using a Unicam (Cambridge, UK) Model PU 4247 
autosampler . The signals were recorded on a dual channel Unicam 
Model PU 4880 integrator. Separation was carried out on a 125 x 4 mm i. 
d. Lichrospher (Merck, Dannstadt, Gennany) 100 C18 column (S Ilm). A 
disposable guard column (Merck, 4 x 4 mm, i. d.) packed with the same 
material was used to protect the analytical column. The guard column 
was replaced after 100 injections. The eluent was a methanol-SO mM 
sodium phosphate buffer pH 3 (6S:35, v/v) mixture, at a flow rate of 1 m1 
min-I. 

FLUORESCENCE DETECTION 

Preliminary studies were carried out to follow the fonnation of DBI 
together with disappearance of indomethacin in an alkaline medium. For 
this purpose, a Merck LMC System UV detector set at 266 nm (maximal 
absorbance wavelength of indomethacin in the mobile phase) was placed 
in series with a Shimadzu RF-SS1 fluorescence detector with excitation 
and emission wavelengths set at 305 and 380 nm, respectively. A Gilson 
(Villiers-Ie Bel, France) Model 307 pump fitted with a Rheodyne valve 
containing a 20-1l11oop was used to deliver the mobile phase. The mobile 
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and stationary phases were the same as those used for EC detection. 

Signals were recorded on a Shimadzu C-4A dual channel integrator. Off
line derivatization and manual irtiection were used at this stage. For 
further experiments and method validation automated derivatization and 
injection with a Gilson Model 401C dilutor coupled to a Gilson Model 
232 XL autosampler with a variable capacity loop were used. The 
extraction and derivatization procedures were carried out in 800-~1 

polypropylene minivials. The sample rack for derivatization was 
themostatted at 40°C ± 0.5°C. The pump and integrator were the same as 
those described for the preliminary studies. 

EXTRACTION PROCEDURE FOR ELECTROCHEMICAL 
DETECTION 

The blank AH matrix used to assess the specificity of Ee detection 
vs endogeneous components was treated as follows : an aliquot (200-"u) 
of drug-free pooled rabbit AH was mixed with an equal volume of 
acetonitrile. The mixture was vortexed for 15 sec, then centrifuged at 
2000 rpm for 10 min. A 20-"u aliquot of supernatant was irUected onto 
the column. 

EXTRACTION PROCEDURE FOR FLUORESCENCE DETECTION 

To a 50-~1 aliquot of AH, 1O-,.u of 0.1 M acetate buffer pH 5 and 
400-,.u of ethyl acetate were added. The mixture was vortexed for 2 min, 
then centrifuged at 2000 rpm for 10 min. The lower aqueous phase was 
removed by aspiration and discarded. The organic phase was evaporated 
at 30°C under a stream of nitrogen. The walls of the microvial were 
washed four times with 50-~1 aliquots of ethyl acetate and the combined 
washings were evaporated again under the same conditions. The 
microvials were placed in the thermostatted rack of the autosampler for 
reaction and injection. A 50-~1 aliquot of a 50 roM phosphate buffer pH 
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11.6 was automatically added to each vial and mixed by aspiration with 
the diluter; the solution was subjected to hydrolysis for 1 hr at 40°C and 
then 15-1.11 of a mixture 50 mM phosphate buffer pH 4-ACN (90:10, v/v) 
was added and mixed A 50-Ill aliquot of this solution was injected onto 
the chromatographic system. The separation was carried out with a 
mobile phase 25 mM phosphate buffer pH 6.6-acetonitrile (90:10, v/v) 
at a flow rate of 1 m1 min-I. Peak areas were used for quantitation. 

Different criteria for method validation were evaluated. The 
absence ofDBI as metabolite was established by applying the method to 
four different samples of AH withdrawn 45 min and 2 hr after 
administration of eye drops to four rabbits. The specificity of the 
method vs the endogeneous components of the matrix was assessed 
using ten independent sources of AH. Other criteria were assessed on 
pooled AH. The linearity was assessed on a same day from three 
calibration curves, each one prepared from matrices spiked between 5 
and 50 Ilg 1-1 (n= 6 concentrations) of indomethacin. Intra-day precision 
and accuracy were tested by applying the procedure twelve times on 
matrices spiked at three concentration levels (5, 20 and 50 Ilg 1-1). Inter
day precision and accuracy were tested on five days from a pool of 
matrices spiked at the same three concentrations. One aliquot at each 
concentration was assayed on each of five days with reference to a 
standard curve daily prepared in the matrix. Analytical recovery was 
calculated by comparing the peak areas from extracted spiked matrices 
and non-extracted drug dissolved in the reconstitution solvent at six 
concentrations (from 5 to 50 Ilg 1-1) of indomethacin on each of five 

days. Stability studies were carried out on a pool of AH spiked at 5 and 
20 Ilg 1-1 indomethacin under different conditions: at ambient 
temperature for 3 hr and 24 hr, after 3 freeze-thaw cycles at -18°C. The 
stability of the dry residue stored after extraction for 24 hr at -18°C was 
also tested to cover experimental delays. For each conditions, 6 
determinations were carried out by comparison with a calibration curve 
prepared for each experiment. The results of the assays were compared 
to those obtained from samples freshly prepared 
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RESULTS AND DISCUSSION 

ELECTROCHEMICAL DETECTION 

Figure 2 shows the plot of the hydrodynamic voltammogram for 

indomethacin. This compound is oxidised from a potential of +0.70 V 

(vs. Ag/AgCI) with a diffusion plateau observed from a +1.15 V 

potential. This potential value is higher than that of 0.95 V reported by 
KAZEMIF ARD et al. (17) with a coulometric detector. This difference 

can be explained by the fact that the coulometric detector has a PdlH2 
RE which has a higher potential than that of the amperometric detector 
we used. Figure 3 shows chromatograms recorded at 266 nm (UV) and 
+1.20V (Ee) from drug-free AH and of a standard solution of 
indomethacin at 50 Ilg 1-1. The LOD in aqueous solutions for EC and 
UV detection are respectively 20 Ilg 1-1 and 50 Ilg 1-1. The repeatability 
of successive injections (n=8) of a 5 mg 1-1 aqueous solution of 

indomethacin was 0.41% and 1.89% for UV and EC detection, 

respectively. The lower repeatability in EC detection is related to a 

progressive decrease in the response which is probably due to adsorption 
problems at the electrode. This observation together with the low gain in 
sensitivity shows that EC detection cannot be used routinely for the 
assay of indomethacin. 

FLUORESCENCE DETECTION 

PRELIMINARY EXPERIMENTS 

Optimisation of the hydrolysis pH and reaction time 

Since the hydrolysis of indomethacin is a base catalysed reaction 

(20-23) a buffer pH 11.6 was selected in our study. A phosphate buffer 
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Figure 2. Hydrodynamic voltammogram for indomethacin with amperometric 
detection. For experimental conditions, see text 

was preferred to a sodium hydroxide solution (15) as it gave us less 
fluorescent interferences on the chromatogram. The hydrolysis kinetics 
of indomethacin in a phosphate buffer pH 11.6 (24) was confirmed using 

both UV and fluorescence detection. Figure 4 shows the formation of the 
non fluorescent p-chlorobenzoic acid and the fluorescent derivative DB! 
(13,20,25). 
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Figure 3. Comparison ofUV (A) and electrochemical (B) responses for indomethacin: 
(a) blank aqueous humour. 
(b) aqueous standard solution (50 f.Lg 1-1). 
For experimental conditions, see text. 
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Figure 4. Hydrolysis kinetics of indomethacin followed by UV and fluorescence 
detection: UV response refers to the left axis (indomethacin, DBI and p-chlorobenzoic 
acid); fluorescence response (DBI) refers to the right axis. For experimental 
conditions, see text. 

Optimisation of the mobile phase composition 

The mobile phase composition was optimized with respect to pH 
and organic solvent. The influence of pH on the fluorescence response 
was studied off-line with a spectrofluorimeter, over a pH range 
compatible with the silica-based CIS column (from pH 3 to 7), keeping 
a proportion of methanol (65%) identical to that of the mobile phase 
previously used for chromatography. Increasing the pH resulted in a 

progressive increase in the fluorescence. A pH of 6.6 gave an increase 

by 300 % by comparison to a pH of 3. The replacement of methanol by 

acetonitrile did not produced any significant change in the fluorescence 
intensity. However, acetonitrile was preferred to methanol for 
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chromatography as it gave a higher efficiency. A 25 roM phosphate 
buffer pH 6.6-acetonitrile (90: 10, v/v) was finally selected as mobile 
phase, which gave a typical retention time of 5.15 min (Figure 5) on 
three different batches of stationary phases. 

Optimisation of the extraction procedure 

Different solvents proposed in the literature for indomethacin 
extraction from plasma were used (2,5,9,10,13,15,18). Ethyl acetate 
with an acetate buffer pH 5 (13,18) was selected as it gave a "clean" 

blank AH chromatogram and a satisfactory recovery. 

Search of DB I as metabolite 

Samples withdrawn at different time intervals after administration 
of indomethacin eye drops to rabbits did not reveal the presence of DBI 
as metabolite under the operating conditions used. This confinns the 
observation of SANDERS et al. (18) and previous results of TLC using 

14C labelled indomethacin (1). 

METHOD V ALIDA nON 

Specificity 

Ten individual sources of AH did not glVe any significant 
interference at the retention time of indomethacin (Figure 5). 

Linearity 

The relashionship between the peak areas and concentration of 
indomethacin was linear between 5 and 50 !-1g I-I with a determination 
coefficient (r2) of 0.9904. 
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Figure 5. Typical chromatograms using HPLC with fluorescence detection. 
(a) blank aqueous humour. 
(b) aqueous humour sp!ked at the LOS (5 ~gl-l). 
(c) aqueous humour spIked at 50 ~g 1- . 

The linear regression equation was : 

area = 7943 (± 414) * conc. (ILg 1-1) - 12507 (± 12561), with the 

confidence intervals calculated at p=0.05. 

The accuracy was evaluated at each concentration by calculating 

the relative error (%) between the mean calculated value and the actual 

value. The results are given in Table 1. A concentration of 5 ILg 1-1 with 
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TABLE 1. Evaluation of accuracy from linearity data. 

Concentration (J..lg 1- 1) Mean bias (%)* 
5 18.72 
10 -5.53 
20 -3.21 
30 -0.66 
40 -4.91 
50 3.83 

* n= 3 Imeanty graphs 

TABLE 2. Intra-day and inter-day precision and accuracy 

Intra-day precision and Inter-day precision and 
accuracy* accuracy** 

Concentration (J..lg 1- U RSD (%) Bias (%) RSD (%) Bias_(o/ol 
5 8.05 -1.40 

20 7.25 -9.95 
50 4.89 -2.14 

* 12 assays at each concentratIon, on a same day 
** 1 assay at each concentration on each of 5 days 

15.15 -1.40 
5.27 7.25 
12.03 0.02 

a relative error lower than 20% complies with the guidelines for 
accuracy of the Washington Conference (26) with respect to the LOQ. 
This concentration was further tested for both accuracy and precision 
using samples spiked at this level, independently from the calibration 
curve and from runs performed on different days. 

Precision and accuracy 

The results of intra-day (12 determinations per day) and inter-day 
(1 assay on each of 5 days) precision and accuracy at three 
concentration levels are given in Table 2. A two-way ANOVA showed 
that there was no day influence on the inter-day results. 
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TABLE 3. Analytical recovery ofindometbacin from aqueous humour (n=5 days). 

Concentration (~g I-I) Mean Recovery (%) RSD(%) 
5 65.16 9.32 

10 75.14 10.97 
20 67.63 2.35 
30 67.56 12.05 
40 72.48 3.92 
50 71.24 4.98 

Mean 69.87 5.31 

LOQ andLOD 

Based on accuracy and precision results (lower than 20 %), a 
concentration of 5 ~g 1-1 can be considered as the LOQ (26) in AH. 
The LOD was determined to be 2 ~g 1-1 (SIN =3) and confirmed by 
analyzing ten different matrices spiked at this concentration. 

Analytical recovery 

Table 3 gives the results of recoveries over the concentration range 
studied. The mean recovery is approximately 70% with a RSD of 
5.31%. 

Stability of indomethacin in AH 

The confidence intervals calculated on the results showed that the 
results were not affected by storage at 24 hr at ambient temperature or 
three freeze-thaw cycles. Moreover, dry extracts can be kept at 18°C for 
12 hr should this be necessary. 

CONCLUSION 

The present study showed that ECD coupled with HPLC does not 
present any advantage over UV detection for indomethacin monitoring 
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in AH. However, liquid-liquid extraction of indomethacin from this 

matrix followed by automated pre-column hydrolysis and fluorescence 

detection yields a LOD and a LOQ lowered by a factor of two compared 

with to the UV detection method presently in use (1). Validation results 

with fluorescence detection showed that the proposed procedure 
complies with the validation guidelines for biological assays (26). It is 

well suited to the determination of indomethacin in AH, as the 

fluorescent derivative fonned (DBI) is not present as metabolite in this 

matrix. However, this detection mode should be used only when a high 
sensitivity is required, as it is more time consuming and difficult to 

implement when compared with the HPLC-UV technique. 
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ABSTRACT 

A simple, sensitive, and reproducible HPLC method has been developed for 
the determination of theophylline and zidovudine (AZT) employing reverse phase 
high performance liquid chromatography with UV detection at 270 nm. The 
separation was performed on a Novapak C18, 5 /lm (3.9 x 150 mm) column. 
Acetonitrile (7.5%) in 0.2% acetic acid was used as the mobile phase and the run 
time was 8 min. Each drug was used as an internal standard for the other. The 
mean retention times of theophylline and zidovudine were 3.4 and 6.0 min, 
respectively. Linear response (r> 0.998) was observed over the range of 0.02 - 10 
/lg/ml for both drugs. There was no significant difference (p < 0.05) between 
inter- and intra-day studies for theophylline and zidovudine. The mean relative 
standard deviations (RSD%) of the results of within-day precision and accuracy of 
the two drugs were < 7%. The applicability of the assay was demonstrated in 
determining each drug concentrations in different groups of rats. 

INTRODUCTION 

Theophylline is widely employed as a bronchodilatant for the treatment of 
chronic obstructive airways diseases despite its low therapeutic index. 1-4 
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Zidovudine (azidothymidine; AZT) is one of three approved drugs that are 
effective for treatment of neurological insult produced by HIV infection. 5-8 
However, AZT remains the first-line agent in the treatment of patients with human 
immunodeficiency virus (HIV) infection. 9 It delays disease progression to 
acquired immunodeficiency syndrome (AIDS) and AIDS-related complex (ARC) 
disease. 10 

Several HPLC methods have been reported for theophylline and AZT .11-18 
However, these often consume more organic solvents, have longer run time, or use 
protein precipitation that resulted in many interfering peaks when tested in our 
laboratory. Some assays utilized solid-phase extraction which is time consuming 
and may lead to a lower drug recovery. Others have benefited of expensive 
detectors or equipment which are not on hand. The present study describes a 
sensitive, specific and rapid sample preparation assay for determining theophylline 
and zidovudine in rat serum with no interference from their metabolites. The assay 
was applied successfully to two different pilot studies for theophylline and AZT in 
three different groups ofrats. 

MATERIALS 

Chemicals 

Zidovudine (Lot number 85I0567-177-W) was donated courtesy of M. 
Maguire, Burroughs Wellcome, Research Triangle Park, NC. Theophylline (Lot 
number I08F-0352) was purchased from Sigma Chemical Company, ST. Louis, 
MO. All other reagents and chemicals were analytical grade, and used as received. 

Stock solutions of theophylline and AZT, 50 ~g/m1, were prepared in 
methanol and stored in 15 m1 amber glass vials at -40C until used. Each drug was 
used as the assay internal standard (IS) for the other. Weekly dilutions were made 
in HPLC quality water to give AZT or theophylline concentrations of 0.02-10 
~g/m1 in rat serum, and a constant concentration of 0.5 ~g/m1 of the IS. 

Instruments 

Waters HPLC system was equipped with a Water 484 variable UV 
absorbance detector (set at 270 nm), and a Waters 717 autosampler. Waters 501 
solvent delivery system was used to operate the gradient flow through a Novapak 
C 18 column (3.9 x 150 mm) packed with 5 ~m spherical particles. Flow rate was 
monitored by Waters automated gradient controller. The initial flow rate was 0.8 
mllmin for 4 min and it was increased to 1.8 mllmin within 1 min. After 7 min 
flow rate was reduced to its initial value. Sample run time was 8 min. 
Chromatograms were recorded on a Waters 746 Data Module integrator chart. 
The HPLC system was operated at ambient temperature. Acetonitrile (7.5%) in 
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0.2% acetic acid solution was used as the mobile phase. Degassing was achieved 
by filtration through 0.22 /Jm filter. The injection volume was 50 /JL. 

METHODS 

Drug Analysis 

Two hundred microliters of blank rat serum was spiked with one ofthe two 
drugs and 10 J..LL of its IS (500 ng/ml) in 10 mI screw-capped test tube fitted with 
polyteflon-lined cap. Fifty microliter of isoamyl alcohol was added and the tube 
was vortexed for 30 seconds. The solution was mixed with 2 ml of chloroform, 
vortexed at high speed for 1 min, and centrifuged at 1000 rpm for 5 min. The 
aqueous layer was aspirated to a waste and the organic layer was transferred to a 
clean tube. The tube containing the organic layer was placed in a water bath 
(500 C) and evaporated to dryness under a stream of nitrogen. The residue was 
reconstituted in 100 J..LL of mobile phase prior to injection into the chromatograph 
for analysis. 

To assess the accuracy and precision of the within-day assay, six extraction 
of serum sample of AZT or theophylline, at the following concentrations 0.05, 0.5 
and 5 I-lg/mI, were performed on a single day. The reproducibility of the assay 
(within-day and between-day) was evaluated by comparing the linear regression 
analysis of three standard plots obtained from spiked rat serum samples at three 
different days over a two month period for each drug. The recovery of each drug 
was assessed by extracting plasma specimens spiked to contain each drug 
concentrations from 0.02 to 10 mg/mI. The peak area ratio (AZT/theophylline or 
theophylline! AZT) was then compared with the peak area ratio for aqueous 
standards containing equivalent amounts of the drug and IS without extraction. 

Animals 

Eighteen male Sprague- Dawe1y rats (262 - 3 14 g) were used in the pilot 
studies of both drugs. For AZT, 12 rats were divided into 2 groups (6 rats /group) 
and each group was housed in one cage. One group was used as a control and the 
other group was subjected to acute liver damage which was induced by a single 
oral dose of CCl4 solution in paraffin oil. AZT (3 mg/kg) was IP injected after 24 
hr of CCl4 applications to both groups. Theophylline was given to 6 rats as 4 
mg/kg IP doses. Food and water were available at Libitum at all times during the 
experiment. Rats were lightly anesthetized with ether only during blood sampling. 
Blood samples were collected from the orbital venous plexus 30 min, 1, and 2 hr 
after each drug administrations. Therefore, each data point is the mean of 6 
replicates and only three blood samples were collected from each rat per day to 
avoid any damage to the eye. Serum samples were separated by centrifugation at 
6,000 rpm for 15 min and stored at -40 C till assayed as described above. 
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Statistical Analysis 19 

All results are expressed as mean ± SD. The relative standard deviation 
RSD% was calculated for all values. The t-test was used to examine the 
concentration difference at each day, and one-way analysis of variance (ANOVA) 
was employed to evaluate the reproducibility of the assay. The level of confidence 
was 95%. 

RESULTS and DISCUSSION 

Figure 1 shows representative chromatograms of extracted drug-free serum 
(IA), serum samples taken from rats after IP administration on mg/kg AZT (lB), 
and semm samples withdrawn from rats after IP administration of 4 mg/kg 
theophylline (IC). A comparison of Figure lA with IB and lC indicates that 
theophylline and AZT peaks are free from matrix interference. Using the 
chromatographic conditions described, AZT and theophylline were well resolved 
with mean retention times of 6.0 and 3.4 min, respectively. 

Least-squares regression calibration curves were found to be linear at serum 
concentrations between 0.02 to 10 Ilg/ml for AZT and theophylline. The mean 

A B c 
IS (Theophylline) 

Theophylline 

IS (AZT) 

iii iii ( j j i 

a 2 4 6 60 2 4 6 60 2 4 6 B 
Time, min 

FIGURE 1 

Chromatograms of extracted drug-free serum (A), serum samples (spiked with 
0.51lg/ml of theophylline) taken from rat after IP administration 00 mg/kg AZT 
(B), and serum samples (spiked with 0.51lg/ml of AZT) withdrawn from rat after 
IP administration of 4 mg/kg theophylline (C). 
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linear regression equations of the peak area ratios (Y) vs. drug concentrations (X) 
of AZT and theophylline were typically of the form Y = 0.858 X - 0.014 and Y = 
1.55 X - 0.038, respectively. The mean correlation coefficients, r, were generally 
> 0.998. The detection limit of the assay, based on extraction of 0.2 ml of serum, 
was 20 ng/ml at a signal to noise ratio of>3. 

Within-day precision and accuracy of the method were determined from 
replicate analysis (n=6) of 3 spiked serum test standards at concentrations within 
the linear range of the assay for each drug (Table 1). The mean percentage 
recovery of 0.02 to 10 J..lg/ml (n = 6) of theophylline and AZT were 97 ± 5% 
(RSD% = 5.3) and 94 ± 3.5% (RSD% = 3.7), respectively. Table 1 shows the 
recoveries of3 different concentration of the tested drugs. Extraction efficacy was 
found not to significantly vary among different concentrations of AZT and 
theophylline. 

The reproducibility of the assay was evaluated by comparing the linear 
regressions of three standard plots prepared at three different days over a three 
month period for each drug. The results of this evaluation are summarized in 
Table 2. The mean correlation coefficient was> 0.998 for both drugs with RSD% 
of the slopes of the three lines were 8 % and 6% for AZT and theophylline, 
respectively. Analysis of variance (Table 3) of the data indicated no significant 

TABLE 1 

Within-day Precision and Accuracy of Theophylline and Zidovudine 
Recoveries From Spiked Rat Serum Samples 

Spiked Mean Measured Relative 
Concentration Concentration Standard Recovery Standard 

(J..lWml) (J..lg/ml), n = 6 Deviation % Deviation % 

Theo12hylline 
0.05 0.051 0.005 102 10.0 
0.50 0.490 0.030 98 6.0 
5.00 4.850 0.230 97 4.7 

Zidovudine 
0.05 0.046 0.0037 92.0 8.0 
0.50 0.458 0.0230 91.6 5.0 
5.00 4.750 0.3100 95.0 6.5 



TABLE 2 
Reproducibility of Data from Standard Plots In Rat serum 

n=6 

Standard Correlation 

Plota Slopeb Interceptb Coefficientb 

TheoQh~lline 

1 1.64 - 0.056 

2 1.57 - 0.034 

3 1.45 -0.023 

Zidovudine 

1 0.918 -0.0046 

2 0.870 -0.0020 

3 0.785 -0.0350 

a Obtained from assays on three different days. 
b The mean of six determinations. 

TABLE 3 

0.999 

0.999 

0.999 

0.999 

0.998 

0.999 

One-Way ANOV A for the Reproducibility ofthe Assay 
(Within-Day and Between-Day) 

Source of Sum of Degree of Mean 
Variation Squares Freedom Square F value 

TheoI2h~lline: 
Total 0.9065 17 

Between 0.0748 2 0.0371 0.27 
Within 0.8317 15 0.1386 

Zidovudine: 
Total 0.0466 17 

Between 0.0146 2 0.0073 1.37 
Within 0.0320 15 0.0053 

F(95%) tabulated = 3.68, No significant difference at p<0.05 
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FIGURE 2 

A plot of serum drug concentration - time profiles after IP administrations of AZT 
(3 mg/kg) given to 2 groups of rats (A); and theophylline (4 mg/kg) given to a 
group of rats (B). 



3308 RADWAN 

difference in the slopes, within-day and between-day, of the calibration curves of 
the two drugs. The results confirmed the reproducibility of the assay method. 

Figure 2A depicts a typical plot of AZT concentrations after IP 
administrations (3 mg/kg) to two groups of rats. Group I was the control and 
group II was with induced acute liver damage. While Figure 2B represents 
theophylline concentration time profile after 4 mg/kg IP dose to 6 rats. Figure 2 
demonstrates the usefulness of the method for analysis of theophylline and AZT in 
serum. Re-analysis of samples several weeks after the initial analysis showed no 
loss in both drugs. 

CONCLUSION 

The HPLC method described herein has sufficient sensitivity to determine 
the pharmacokinetics of theophylline and AZT following a single IP dose. The 
assay is simple, accurate, and reproducible, and has been employed on a routine 
basis over the last two years for the analysis of samples of both drugs in different 
studies. 

REFERENCES 

1. M. Burkowskyj, K. Nakatsu,P. W. Hunt, Ann. Int. Med., llQ:63-73 (1989) 

2. T. H. Rossing, Ann. Int. Med., llQ:502 - 504 (1989) 

3. A. Henderson, D. M.Wright, S. A Pond, Anaeth Intens Care, 20:56-62 
(1992) 

4. R. AUpton, Clin Pharmacokinet, 20:66-80 (1991) 

5. G. D. Morse, M. J. O'Donnell, ClinPharmacokinet, 24:101-23 (1993) 

6. K. M. Butler, R. N. Husson, F. M. Balis, N. Engl. J. Med., 324:137-44 
(1991) 

7. R. Yarchoan, H. Mitsuya, S. Broder, Immunology Today, 14:303-9 (I 993) 

8. E. Sandstorm, B. Oberg, (Part I) Drugs, 45:488 - 508 (1993) 

9. G. X. McLeod, S. M. Hammer, Ann Intern Med., 111:487-501 (1992) 

10. M. 1. Wilde, H. D. Lanetry, Drugs, 46:515 -78 (1993) 



THEOPHYLLINE AND ZIDOVUDlNE IN RAT SERUM 

11. C. E. Pickard, A. D. Stewart, R. Hartrly, M. D. Lucock, Ann. ofClin. 
Biochem., 23 (Pt4):440-6 (1986) 

12. 1. Blanchard, C. W. Weber, L. E. Shearer, J of Chromatographic Sci., 
28(12):640-2 (1990) 

13. T. E. Leakey, J. ofChromatogr 507:199-220 (1990) 

14. 1. F. Wilson, 1. Williams, L. M. Tsanaciis, 1. E. Tedstone, A. Richens, Ther. 
Drug Monit., 10(4) 438-45 (1988) 

15. 1. Borvak, 1. Kasanika, V. Mayer, Acta Virologica, 36(5):428-34 (1992) 

16. H. Kuster, M. Vogt, B. Joobs, V. Nadai, R. Luthy, J ofInfec Dis., 164(4): 
773-6 (1991) 

17. G. Molerna, R. W. Jansen, J. Visser, D. K. Meyer, J ofChromatogr., 
579(1):107-14 (1992) 

18. R. M. Ruprecht, A. H. Sharpe, R. Jaenisch, D. Trtes, J of Chroma to gr., 
528(2): 371-83 (1990) 

19. R. Tallarida, R. Murray, "Manual of Pharmacologic Calculations with 
Computer Programs". 2nd ed., Springer-Verlag, New York Berlin 
Heidelberg (1987) 

Received: April 2, 1995 
Accepted: April 18, 1995 

3309 





JOURNAL OF LIQUID CHROMATOGRAPHY, 18(16), 3311-3327 (1995) 

EVALUATION OF FOUR METHODS FOR 
CATECHOLAMINE ANALYSIS IN PLASMA 

OBTAINED FROM SUBJECTS DURING 
INCREMENTAL CYCLE ERGOMETRY 

DANIEL H. FISHER!"', L. MEGAN FISHER2 , AND MARC BROUDY! 
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2 Department of Biology 
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ABSTRACT 

Plasma was collected from a subject during incremental cycle ergometry in order 
to determine the anaerobic threshold. Norepinephrine and epinephrine were 
extracted using alumina, strong-cation exchange/alumina, or weak-cation 
exchange, and then separated using reversed-phase ion-pair chromatography. 
Amperometric detection was used following chromatography for all three types 
of extractions (Methods A, B and C), while coulometric detection was only used 
following chromatography and alumina extraction (Method D). The upper limit 
of linearity was the lowest for Method C. The extraction for Method B took about 
twice the amount of time as the other extractions. The standard curve for Methods 
A, Band D was linear to 5000 nglL. The lowest limit of quantification and 
relative standard deviation was obtained using Method D. In summary, Method 
D was the best method for this purpose. 

INT~ODUCTION 

The inflection in blood lactate concentration that occurs during increased 

work may be caused by muscle anaerobisis, fiber recruitment or hormonal control 

3311 
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via. catecholamines (l). Therefore, changes in plasma catecholamine 

concentrations are quantitated as part of the process of determining their influence 

on the lactate threshold during graded exercise. Initially, plasma catecholamine 

concentrations are low because the subject is at rest. By the time the subject 

reaches volitional exhaustion, plasma catecholamine concentrations are 

significantly above normal concentrations. 

Plasma catecholamine concentration can be determined by several 

methods as described in three excellent reviews (2 3 -4 ). "However, it is now very 

clear from the ever-growing volume of publications on the subject, that high 

performance liquid chromatography with amperometric or fluorometric detection 

is emerging as a pre-eminent tool for metabolic fingerprinting of these important 

biomolecules (2)." Besides amperometric detection, coulometric detection can be 

used (3). Sample pretreatment is required to remove endogenous interferences 

(2,3) Catecholamines have been extracted using alumina (5,6), weak-cation 

exchange (7 ), strong-cation exchange followed by alumina (8), boric acid gel (9) 

and organic solvents (10 , II). 

Our review of the literature revealed that none of the HPLC methods with 

electrochemical detection (ECD) meet all of our criteria for quantitating 

norepinephrine and epinephrine concentrations in plasma of subjects during 

incremental cycle ergometry (2-11). For this purpose, the limit of quantitation 

must be low enough to allow for the determination of basil norepinephrine and 

epinephrine levels. This is especially difficult for epinephrine because basil levels 

are frequently less than 100 ngIL (l 0, 11). The method must be accurate and have 

a relative standard deviation of less than 5% for norepinephrine and epinephrine. 

Accurate and precise concentrations are required to determine the onset of the 

anaerobic threshold. The range of linearity must be large, because the 

concentration of plasma norepinephrine and epinephrine in these subjects 

increases above basil values by a factor of about 10 to 20. This is especially 
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important for norepinephrine because the level of norepinephrine can be as high 

as 5000 nglL. Finally, the method must be practical because there are typically 

about 15 samples per subject. The most common shortcomings of previously 

reported methods was the limit of detection that was too high for epinephrine and 

upper limit of linearity for norepinephrine was not high enough. To the authors 

knowledge, this is the first direct comparison of these methods and should 

provide researchers or clinicians new to this field with a valuable comparison of 

electrochemical methods for catecholamine analysis. 

Therefore, the purpose of this research was to ascertain which of the four 

methods (Figure 1) described here, if any, meet all of the criteria, as described in 

the preceding paragraph, for determining the concentration of plasma 

norepinephrine and epinephrine in subjects who have exercised to volitional 

exhausting during incremental cycle ergometry. In all cases, separations were 

done using a reversed-phase ion-pair HPLC. Three types of extractions were 

used with amperometric detection: 1. aluminum oxide (Method A), 2. strong

cation in series with aluminum oxide (Method B) and 3. weak-cation (Method C). 

The fourth method was an aluminum oxide extraction followed by coulometric 

detection (Method D). We did not evaluate boric acid gel because this gel is 

relatively expensive when compared to aluminum oxide. We did not evaluate 

liquid-liquid extraction, because this extraction is limited due to relatively poor 

selectivity of this extraction compared to alumina, although the recovery is higher 

(10). 

EXPERIMENTAL 

Materials 

Reduced glutathione (96%), sodium l-octanesulfonate (98%), 3,4-

dihydroxybenzylamine hydrobromide (98%), and 70% (w/v) perchloric acid 
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Method A 

/ sample 7 

I alumina extraction I 
I 

I HPLC I 

Method C 

/ sample 7 

I 

I HP'LC I 
I 
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Method B 

/ sample 7 

I alumina ~xtracnon I 

Method D 

/ sample 7 

I alumina ~xtraction I 

FIGURE 1. Methods Evaluated for the Quantification of Plasma 
Catecholamine Concentrations During Incremental Cycle Ergometry. 

(99.999%) were purchased from Aldrich Chemical Company (Milwaukee, WI). 

HPLC grade monobasic potassium phosphate, water, methanol, and acetonitrile 

were obtained from Fisher Scientific (Pittsburgh, PA) as well as Gelman 0.20-l-lm 

x 45-mm Nylaflo membranes and 13- x 75-mm Vacutainer blood collection tube 

containing 0.048 mL of a 15% tripotasssium ethylenediaminetetreacetic aci'!. 

Ultrapure grade tris-(hydroxymethyl)aminomethane (TRlS) was supplied by 

Research Organics (Cleveland, OH). Ethylene glycol-bis(f3-aminoethylether) 

N,N,N'-tetraacetic acid (97%, EGT A) was obtained from Sigma Chemical 

Company (St. Louis, MO). Microfilters, RC58 membranes, a 

octadecyldimethylsilyl, 3-l-lm, 3.2-xlOO-mm cartridge column and holder, acid 
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washed aluminum oxide, norepinephrine bitartrate, epinephrine bitartrate, and an 

electrode polishing kit were obtained from Bioanalytical Systems (W. Lafayette, 

IN). An octadecyldimethylsilyl, 3-l-lm, 4-xI00-mm glass-lined column was 

obtained from Scientific Glass Engineering (Austin, TX). Strong-cation and 

weak-cation exchange solid-phase extraction columns, each containing 100 mg of 

sorbent, and a solid-phase extraction manifold were acquired from Supelco, Inc. 

(Bellefonte, P A). AlI other chemicals were reagent grade. 

Methods 

Sample collection. An indwelling catheter was placed in a vein of the 

subject's antecubital fossa the morning after an overnight fast. A mixture 

containing 2.5 g of glutathione, 3.0 g of EGTA, and 33.5 mL of distilled water 

was prepared in a 50-mL Erlenmeyer flask with a ground-glass stopper The 

mixture was continuously stirred during use. During exercise to volitional 

exhaustion on a cycle ergometer, 3 mL of whole blood was collected during the 

last 30 s of each 2-min work stage and immediately after maximal exercise for 

analysis. The blood was transferred to a 13-xI00-mm tube containing 100 USP 

units of lithium heparin. A 70-i-.LL aliquot of glutathione and EGTA mixture was 

added to the whole blood and gently rocked. The blood was centrifuged at 1000g 

for 5 min. The plasma was stored in 1.5-mL polyethylene Eppendorf micro test 

tubes at -700 C. 

Pooled Plasma Samples. Pooled plasma A was prepared from one subject 

at rest. Blood was collected in six 13- x 75-mm Vacutainer tubes via venipuncture 

of a vein in the subject's antecubital fossa. The Vacutainer tubes were centrifuged 

at 1000 g for 10 min and the resulting plasma was pooled. Aliquots (1.2 mL) of 

pooled plasma were stored in Eppendorf tubes at -700 C. Pooled plasma B was 

prepared by pooling all the plasma obtained while exercising a subject to 

volitional exhaustion. Pooled plasma C was prepared similarly but a different 

subject was used. 
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Aluminum Oxide Extraction. This extraction was performed as previously 

described (6) with the following exceptions: 1. A pH 7.4 phosphate buffer was 

prepared by dissolving 0.472 g of potassium monobasic phosphate, 1.72 g of 

sodium dibasic phosphate, 0.42 g of sodium bicarbonate, 1.46 g of sodium 

chloride, 0.95 g of sodium metabisulfite, 0.31 g of reduced glutathione, and 0.38 

g of EGT A in 150 mL of HPLC grade water. The pH was adjusted to a pH of 7.4 

with 1 M HCl or 1 M NaOH as required. The solution was transferred to a 200-

mL volumetric flask. The flask was filled to the mark with HPLC grade water. 2. 

A combined stock solution containing 1 mgIL of norepinephrine and 1 mgIL 

epinephrine in 0.1 M perchloric acid was prepared from the 100 mgIL solution of 

norepinephrine and 100 mglL solution of epinephrine (6) using 1.0-mL 

disposable plastic pipets and a 100-mL volumetric flask. This solution was stored 

at 40 C. 3. Polypropylene centrifugation tubes (15-mL) were used for the dilutions 

of the norepinephrine and epinephrine solution containing 1 mgIL of each 

catecholamine, and for the extractions. 4. The combined stock solution was 

diluted using disposable plastic pipets and 0.1 M perchloric acid. Standards were 

prepared from the resulting dilutions of combined stock solution by adding 10-1lL 

aliquots (using a micropipet with disposable plastic tips) of each dilution to 1.0 

mL of the pH 7.4 phosphate buffer. Standards were prepared before each use. 5. 

All plasma samples were centrifuged for 4 min in a Beckman Microfuge E. 6. 

The extraction was performed by rocking for eight minutes. 7. The aluminum 

oxide was washed three times with 5-mL of vacuum degassed HPLC grade water. 

Strong-Cation/Aluminum Oxide Extraction. This extraction was done as 

described elsewhere (8) with minor modifications: 1. Standards were prepared in 

accordance with the procedure described under Aluminum Oxide Extraction. 2. 

The samples or standards were extracted under a vacuum of 400 Pa (3 mm of Hg) 

at a rate of ~ 100 J..l.L every 5 seconds. 3. The catecholamines were eluted into 15-

mL polypropylene centrifugation tubes under a vacuum of 400 Pa at a rate of 

~ 1 00 J..l.L every 5 seconds. 4. An aluminum oxide extraction was then performed 
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as described under Aluminum Oxide Extraction except 2 mL of TRIS buffer was 

added to the eluate followed by 50 mg of aluminum oxide. 

Weak-Cation Extraction. Slight alterations were made to Supelco's 

extraction procedure (7): 1. Standards were prepared in accordance with the 

procedure described under Aluminum Oxide Extraction. 2. An aliquot of sample 

(0.75 mL) was diluted with an equal volume of HPLC grade water in a 1.5-mL 

polyethylene Eppendorf micro test tube. The internal standard was then added, 3. 

The samples or standards were extracted under a vacuum of 400 Pa (3 mm of 

Hg) at a rate of -1 00 !J.L every 15-20 seconds. 4. The catecholamines were eluted 

into a I ,5-mL polyethylene Eppendorfmicro test tube. 

Amperometric Detection. Chromatographic conditions were established as 

recommended by Bioanalytical Systems (6) using the 3.2-xIOO-mm column. The 

Bioanalytical Systems LC4A detector was set to I nAJY x I (B) and +0.65Y. The 

mobile phase flow was set to 1.2 mLimin. The mobile phase was conditioned by 

recirculation as required. The glassy carbon electrode was polished in accordance 

with the manufacturer's procedure. The mobile phase was continuously sparged 

with helium. The electrodes were connected in the dual series mode. 

Cou/ometric Detection. The mobile phase was a 50 mM, pH 2.6 phosphate 

buffer containing 2.0 mM sodium I-octanesulfonate, 60 mLIL of methanol, 40 

mLIL of acetonitrile and 0.25 mM Na2EDT A. The mobile phase was pumped 

through the 4-xIOO-mm column at a flow of 0.8 mLimin. The potentials of the 

ESA 5100A coulometric detector with a 50 I I analytical cell and a 502 I 

conditioning cell were set as follows: conditioning cell = +0.35Y, detector I = 

+0.05Y, and detector 2 = -0.30Y. 

Method Evaluation, The method evaluation protocol of reference 12 was 

followed. Recovery was determined by adding 500 pg of norepinephrine and 500 

pg of epinephrine to 1.0 mL of a pooled plasma sample. The slope (m), intercept 
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(b), and correlation coefficient (r) were determined using a linear regression. The 

limit of detection was determined as described elsewhere (12). The limit of 

quantification was determined by calculating the mean of phosphate buffer blanks 

and adding 10 times the standard deviation of the mean (13). The pooled relative 

standard deviation (13) for norepinephrine concentration determined using 

Method A was calculated from the relative standard deviation for pooled plasma

A-I, pooled plasma-A-II and the standards(Table 1) (14). The calculation was 

similar for determining the pooled relative standard deviation for epinephrine 

except the pooled plasma-A-I and A-II values were not available, because the 

values were below the limit of quantification. For Method B, the pooled relative 

standard deviation was calculated using pooled plasma-B and pooled plasma-C 

(Table 1). For Method C, only the 1000 ngIL standard was used so a pooled 

relative standard deviation was not calculated. For Method D, the pooled relative 

standard deviation was determined using the pooled plasma-A and the standards 

(Table 1). 

RESUL TS AND DISCUSSION 

Method A. 

The standard curve was linear to 5000 ngiL for both norepinephrine (r = 

0.996) and epinephrine (r = 0.999). The average concentration of the 100,500, or 

1000 ngIL norepinephrine and epinephrine STD-I (Table 1) was not statistically 

different from the expected value of 100, 500, and 1000 ngIL, respectively, at the 

0.01 significance level (15 ). The same was true for all three STD-Il's (Table 1). 

The average concentration of norepinephrine in pooled plasma-A (A-I of Table 1) 

using one standard curve was not statistically different from the concentration of 

norepinephrine found in a second extraction of pooled plasma-A (A-II of Table 1) 

using a different standard curve at the 0.01 significance level (15). The limit of 
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TABLE 1. 

Results for Methods A, B, C AND Dl 

Sample Nor2 ± RSD4 (n) Epi3 ± RSD4 (n) 

Method AI 100 nglL STD-I5 100 ± 5.0 (5) 108 ± 7.4 (5) 

100 ngIL STD-U5 103 ± 7.9 (2) 90 ± 9.0 (2) 

Average6 102 ± 1.9 (2) 99 ± 12.9 (2) 

500 nglL STD-I5 539 ± 5.4 (5) 498 ± 13.0 (5) 

500 nglL STD-U5 530 ± 1.5 (2) 462 ± 1.5 (2) 

Average6 534 ± 1.3 (2) 480 ± 5.3 (2) 

1000 ngIL STD-I5 1047 ± 6.7 (6) 1040 ± 5.6 (6) 

1000 nglL STD-U5 1033 ± 3.1 (2) 954 ± 5.3 (2) 

Average6 1040 ± 1.0 (2) 997 ± 6.1 (2) 

pooled plasma-A-I7 292 ± 2.8 (4) < LOQ8 (4) 

pooled plasma-A-U7 286 ± 3.2 (4) < LOQ8 (4) 

Method Bl pooled plasma-B 7 647 ± 5.4 (4) 255 ± 8.1 (4) 

pooled plasma-C7 397 ± 4.6 (4) 134 ± 5.7 (4) 

Method C 1 1000 nglL STD5 987 ± 9.6 (3) 887 ± 8.5 (3) 

Method Dl 25 nglL STD5 25 ± 6.2 (6) 25 ± 5.0 (5) 

100 ng/L STD5 106 ± 3.0 (4) 96 ± 3.2 (6) 

500 ngIL STD5 498 ± 1.6 (6) 494 ±2.1 (6) 

1000 nglL STD5 943 ±3.1 (5) 988 ± 4.6 (6) 

pooled plasma-A 7 253 ± 8.8 (4) 36 ± 7.9 (4) 

I c.f Figure I, 2norepinephrine concentration (ng/L), 3epinephrine 
concentration (ngIL), 4relative standard deviation, 5standard prepared as 
described in the section on methods, 6 Average of STD-I and STD-I1, 7pooled 
plasma prepared as described in the section on methods, and 8limit of 
quantification. 
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TABLE 2. 

Comparison of the Methods for Norepinephrine Quantification. 

L002 LOQ3 Lioearity4 RSOS (0) 

Method Al 14 29 SOOO S.1 (24) 

Method Bl 6 11 SOOO S.O (8) 

Method C 1 ND6 ND6 1000 9.6 (3) 

Method 0 1 6 8 SOOO 3.8 (21) 

lc.f. Figure 1, 21imit of detection, 3limit of quantification, 4upper limit of 
linearity, Srelative standard deviation, and 6not determined for this method. 

detection was 14 nglL (n=4) and the limit of quantification was 29 ngIL (n=4) for 

norepinephrine (Table 2). The limit of detection was 30 ngIL (n=4) and the limit 

of quantification was 43 ngIL (n=4) for epinephrine (Table 3). The pooled 

relative standard deviation was S.1 % (n=24) for norepinephrine concentrations 

(Table 2) and 9.0% (n=16) for epinephrine concentrations (Table 3). The 

recovery relative to dopamine is 98 ± 6% for norepinephrine (n=3) and 96 ± 4% 

(n=4) for epinephrine. We found that chromatographic conditions had to be 

optimized in order to prevent an endogenous compound from coeluting with 

norepinephrine and a different endogenous compoumd from coeluting with 

epinephrine (Figure 2). 

Method B. 

This standard curve was linear to SOOO ngIL for both norepinephrine (r = 

0.99S) and epinephrine (r = 0.999). The limit of detection was 6 ngIL (n=2) and 

the limit of quantification is 11 ngIL (n=2) for norepinephrine (Table 2). The 

limit of detection was 10 ngIL (n=2) and the limit of quantification is 21 ngIL 

(n=2) for epinephrine (Table 3) (13). Further evaluation was not done because we 

felt the method was too time consuming. A relatively large broad peak eluted 

before norepinephrine (Figure 3) 
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TABLE 3. 

Comparison of the Methods for Epinephrine Quantification. 

Method Al 

Method BI 

Method C l 

Method nl 

Lon2 LOQ3 Lioearity4 

30 43 5000 

10 21 5000 

ND6 ND6 1000 

5 7 5000 

3321 

Rsn5 (D) 

9.0 (16) 

7.0 (8) 

8. S (3) 

3.9 (21) 

Ic.f Figure 1, 2limit of detection, 3limit of quantification, 4upper limit of 
linearity, 5relative standard deviation, and 6not determined for this method. 

Method C. 

This standard curve is linear to about 1000 nglL for norepinephrine (r = 

0.999) and 1000 ngIL for epinephrine (r = 0.999). Typical chromatograms are 

shown in Figure 3. Further evaluation was not done because the method did not 

meet our criteria for the upper limit of linearity for norepinephrine. Compared to 

Method A and B, Method C did not provide a clean extraction as demonstrated by 

the noisy baseline (Figure 4). 

Method D. 

The standard curve was linear to 5000 ngIL for norepinephrine (r = 0.999) 

and epinephrine (r = 0.999). The average concentration of the 100, 500, or 1000 

ngIL norepinephrine and epinephrine standard (Table I) was not statistically 

different from the expected value at the 0.01 significance level. The limit of 

detection was 6 ngIL (n=5) and the limit of quantification is 8 nglL (n=5) for 

norepinephrine (Table 2). The limit of detection was 5 nglL (n=5) and the limit of 

quantification was 7 ng/L (n=5) for epinephrine (Table 3). The pooled relative 

standard deviation was 3.8% (n=21) for norepinephrine concentrations (Table 2) 
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A 

1 00 ~L x blank 

B 

1 00 ~L x 100 nglL standard 

c 

50 ~ x plasma sample 

o 2 3 4 5 6 7 8 9 10 

TIME (minutes) 

FIGURE 2. Method A Chromatograms: Samples were extracted using alumina 
and following HPLC separation the compounds were detected amperometrically 
as described in the methods section. Phosphate buffer blank with internal standard 
(IS) (A). Standard containing 100 ng/L of norepinephrine (Nor) and epinephrine 
(Epi) (B). Extracted plasma sample taken from a subject after 20 minutes of 
exercise on the ergometer (C). 
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A 
100 ,uL x blank 

100 ilL x 100 nglL standard 8 

80 ilL x pooled plasma c 

o 2 3 4 5 6 7 8 9 10 11 12 

TIME (minutes) 

FIGURE 3. Method B Chromatograms: Samples were extracted using strong
cation exchange and then alumina as described in the methods section. Following 
HPLC separation the compounds were detected amperometrically. Phosphate 
buffer blank with internal standard (IS) (A). Standard containing 100 ng/L of 
norepinephrine (Nor) and epinephrine (Epi) (B). Extracted pooled plasma-B 
(Table I )(C). 
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A 

100 ).lL x 50 nglL standard 

8 

100 ).lL x 100 nglL standard 

c 
100 ilL x 500 nglL standard 

n , I • I ! I 

o 2 3 4 5 5 7 8 9 10 

TIME (minutes) 

FIGURE 4. Method C Chromatograms: Samples were extracted using weak
cation exchange and following HPLC separation the compounds were detected 
amperometrically as described in the methods section. Standard containing 50 
ng/L of norepinephrine (Nor) and epinephrine (Epi) (A). Standard containing 100 
ng/L of norepinephrine (Nor) and epinephrine (Epi) (B). Standard containing 500 
nglL of norepinephrine (Nor) and epinephrine (Epi) (C). 
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A 

40 jJL x blank 

B 

40 JJl x 100 ngiL standard 

c 
80.uL x pooled plasma 

, ! ! ! ! ! ! ! ! ! ! ! ! , ! ! ! ! ! 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

TIME (minutes) 

FIGURE 5. Method D Chromatograms: Samples were extracted using alumina 
and following HPLC separation the compounds were detected coulometrically as 
described in the methods section. Phosphate buffer blank at twice the gain with 
internal standard (IS) (A). Standard containing 100 ngIL of norepinephrine (Nor) 
and epinephrine (£pi) (B). Extracted pooled plasma-A (Table 1) (C). 
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and 3.9% (n=23) for epinephrine concentrations (Table 3). The recovery for the 

aluminum oxide extraction was the same as for Method A. The chromatographic 

conditions were carefully optimized to prevent compounds from coeluting with 

norepinephrine and epinephrine (Figure 5). 

Summary. 

The aluminum oxide extraction required about 1 hour for six samples; 

however, the combined strong-cation exchange and aluminum oxide extraction 

required 2 hours to complete for the same number of samples. Given 

amperometric detection, the advantage to doing the strong-cation/aluminum oxide 

extraction was that the limit of quantification is lower for norepinephrine and 

epinephrine and the peak that elutes just before epinephrine was greatly 

minimized. However, Method B was not further evaluated, because it was too 

time consuming. Method C was not completely evaluated, because the standard 

curve was not linear over the required range. 

Method D was the best of the four methods described here (Table 2 and 3) 

for determining plasma norepinephrine and epinephrine concentrations in exercise 

research samples as well as clinical samples. The aluminum oxide extraction was 

completed in the shortest amount of time. The limit of quantification for 

norepinephrine and epinephrine was the lowest. The pooled relative standard 

deviation was the lowest for norepinephrine and epinephrine. The standard curve 

was linear over the required range. 
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ABSTRACT 

A simple and specific high performance liquid chromatographic 
(HPLC) method is described for the determination ofR-(+)- and S
(- )acebutolols. 

The method is ba~ed on the derivatization of the hydroxyl and 
amino functions ofacebutolol with N-benzyloxycarbonyl-L-phenyl
alanine and acetic anhydride, respectively. The resulting derivatives 
\vere separated on a reversed phase C' -18 column and monitored 
with a UV detector, leading to a base line resolution of the diastereo
meric derivatives of S-( -) and R-( +) acebutolols. 

#This work was presented in part at the annual meeting of the 
Pharmaceutical Society ofthe KO.C., Taipei, Dec. 17th, 1994. 
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INTRODUCTION 

It has been reported [1-4] that enantiomers of certain f)-adrenergic 

blockers have quite different biological activities and phannacokinetic 

profiles. Therefore, the stereospecific analysis of f)-adrenergic blockers 

has recently received widespread attention [2,5-6]. 

Acebutolol is one of f)-adrenergic blockers that are frequently used 

for the treatment of the diseases related to hypertension and ventricular 

arrhythmia [7]. Acebutolol is a chiral compound but its racemic form 

is used as a drug for clinical treatment. Several chiral reagents including 

(S)-H-N-trifluoroacetyl-L-prolyl chloride (TPC) [8], (R)-(+)-l-phenyl

ethyl isocyanate [9], (S)-(-)-l-phenylethyl isocyanate [6] and (S)-(+)-l-

( I-naphthyl) ethyl isocyanate [10] have been used for the enantiomeric 

analysis of acebutolol as diastereomers, but TPC is unstable and easily 

racemized in storage [8]. The isocyanate reagents are moisture sensitive 

and must be handled with care. 

In this study, a modification method based on our previous report 

[11] using commercially available N-benzyloxycarbonyl-L-phenylalanine 

(N-CBZ-L-Phe) and acetic anhydride was developed for the chiral sepa

ration of racemic acebutolols. Derivatization ofacebutolol with N-CBZ-
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L-Phe and acetic anhydride was conducted in mild and simple conditions. 

The resulting derivatives from racemic acebutolol can be easily sepa

rated as the diastereomers on a reversed phase C-IS column and moni

tored with a UV detector. 

METHODS 

Chemicals and Solutions 

N-Acetyl-O-(N-benzyloxycarbonyI)-L-phenylalanyI acebutolol (ACB-

D) was synthesized in our laboratory, and its structure was confinned 

by MS, NMR and elemental analysis. Acebutolol was simply prepared 

by neutralization of acebutolol hydrochloride (May & Baker, Dagenham, 

U.k.) with sodium bicarbonate solution and structurally identified by 

MS, NMR and elemental analysis. 9-Acetylanthracene (Aldrich, Mil

waukee, WI, U.S.A.), N-benzyloxycarbonyl-L-phenylalanine (N-CBZ-L

Phe) (Sigma, St. Louis, MO, U.S.A.), 4-N, N-dimethylaminopyrine 

(DMAP) (Tokyo Kasei, Tokyo, Japan), acetic anhydride (Ac20), tolu

ene, dicyc1ohexylcarbodiimide (DCC) and silica gel 60 for column 

chromatography (Merck, Dannstadt, Gennany), dichloromethane ( 

without ethanol as stabilizer), methanol, acetonitrile and tetrahydrofhran 
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(THF') ofHPLC grade (Fisher, Springfield, NJ, U.S.A.), ethyl acetate, 

n-hexane and acetone (Lab-Scan, Dublin, Ireland) were used without 

further purificiation. All other chemicals were of analytical reagent grade. 

Solutions of9-acetylanthrancene (internal standard, LS.), acebutolol, 

DMAP, DCT, N-CBZ-L-Phe and acetic anhydride at various concen

trations were prepared by dissolving the respective compound in dichlo

romethane. Deionized and distilled water was used to prepare related 

aqueous solutions. 

Liquid Chromatography 

Isocratic HPLC conditions consisting ofa Waters Millipore SOl LC 

pump, a U6K injector, a C-18 reversed phase column (Waters Milhpore, 

150 X 3.9 mm J.D., 4~) with a disposable Nova-Pak C-18 precolumn 

( 1 0 l..Im; bed volume < 100 ~L) and a Waters 486 tunable absorbance 

detector were applied. The mobile phase ofmethanollwater (60/40, v/v), 

degassed with vacuum filter through a 0.45-~ filter, was used at a flow 

rate of 1.3 mUmin and the column eluate was monitored at 254 nm. 

Mass Spectrometry 

Mass spectrum was obtained on a VG Biotech Quattro 5022 mass 

spectrometer with fast atom bombardment (F AB). 
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Derivatization Procedure 
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A 0.5-mL volume ofacebutolol solution was added to a 10-mL glass-

stoppered test tube pre-cooled in an ice bath, containing 0.1 mL ofN

CBZ-L-Phe solution (55 mM), 0.1 mL of DMAP solution (14 mM) and 

0.1 mL ofthe I.S. solution (95 nM). Then 0.1 mL of DCC solution (0.24 

M) was added and the reaction mixture was shaken mechanically at 

0 0 C for 0.5 h shaker. At the end of the reaction, 0.1 mL of acetic anhy

dride (1.06 M) was added and the resulting reaction mixture was shaken 

mechanically at 30 0 C for 15 minutes in a thermostated shaker. After 

the reaction, 1.0 mL of methanol was added and mixed. The resulting 

solution was used for HPLC analysis. 

RESULTS AND DISCUSSION 

In order to optimize the derivatization conditions for acebutolol, 

several parameters such as reaction solvent, the concentrations of 

DMAP and N-CBZ-L-Phe, the amounts of DCC and acetic anhydride, 

and reaction time were investigated. The amount of acebutolol used for 

study was 0.34 /-lIDol (in 0.5 mL of dichloromethane solution), unless 

otherwise indicated. The effects of the parameters 011 the derivatization 
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of acebutolol were evaluated by the peak-area ratios of the derivative to 

the I.S. 

Effect of Reaction Sohent 

TIle effects of various organic solvent (ex.cluding alcohols) on the 

derivatization of acebutolol were studied according to the Derivatization 

Procedure. The solvents tested included acetone, acetonitrile, dichloro

methane, ethyl acetate, THF and toluene. Dichloromethane was found to 

be the best solvent for the derivatization. 

Effect ofN-CBZ-L-Phe 

The concentration ofN-CB.l-L-Phe solution (0.1 mL) required for 

the derivatization of acebutolol to a plateau formation of the derivative 

i~ around 36 mM as shown in Figure 1, but a higher concentration of 

N-CBZ-I.-Phe solution at 55 mM was selected for the derivatization, 

equi\alent to a molar ratio (N-CBZ-L-Phe to acebutolol) of 16.6. 

Effect ofDMAP 

The effect of the DMAP solution (0.1 mL) at various concentra

tions on the formation of the acebutolol derivative is shown in Figure 2. 

The results indicate that the concentration range of DMAP is suitable 
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FIGURE I. Effect ofN-CBZ-L-Phe concentration on the formation of 
acebutolol derivatives. 0 : S-acebutolol derivative; L\ : R
acebutolol derivative. 
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FIGURE 2. Effect ofDMAP concentration on the formation of 
acebutolol derivatives. 0 : S-acebutolol derivative; 
ll. : R-acebutolol derivative. 
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over 6.85- 40.5 mM, and DMAP solution at the concentration of 14 mM 

was used for derivatization. 

Effect of Dee 

The effect of DCe solution (0.1 mL) at varied concentrations 

up to 0.5 M on the formation ofthe acebutolol derivative was studied. 

As shown in Figure 3, the optimal concentration of Dee for the deriva

tization of acebntolol is above 0.087 M and Dee at 0.24 M was used 

for derivatization. 

Effect of Acetic Anhydride 

The concentration of AC20 solution (0.1 mL) required for the 

derivati7ation of acebutolol to a plateau formation of the derivative is 

around 0.04 M as shown in Figure 4, but a higher concentration of 

this simple reagent at 1.06 M was used for the derivatization. 

Effect ofReactiol1 Time 

The reaction time required for the esterification of acebutolol with 

N-CBZ-L-Phe to give a constant fonnation of the acebutolol ester is 

about 10 minutes at 0 <> C as shown in Figure 5~ and that for the acety

lation of the acebutolol ester to give a constant formation ofthe final 
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FIGURE 3. Effect ofDCC concentration on the fonnation of 
acebutolol derivatives. 0 : S-acebutolol derivative; 
~ : R -acebutolol derivative. 

AczO(M) 

FIGURE 4. Effect of AC20 concentration on the fonnation of 

acebutolol derivatives. 0 : S-acebutolol derivative; 
~ : R-acebutolol derivative. 
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FIGURE 5. Effect of reaction time on esterification ofacebutolols. 
0: S-acebutolol derivative;.6.: R-acebutolol derivative. 

derivative is about 10 minutes at 30 0 C as shown in Figure 6. The 

reaction times for esterification and acetylation were set 30 min and 15 

min, respectively. 

Based on the optimum derivatization conditions obtained above, a 

derivatization procedure was formulated under the METHODS section. 

Deri'vatization of acebutolol only with N-CBZ-L-Phe resulted in an ester 

derivative which was unstable, reflecting on gradually decreasing the 

peak-area ratios of the derivative to the I.S. after derivatization, due 

probably to the intramolecular degradation as postulated in Figure 7. 

TIlerefore, derivatization of acebutolol successively with esterification 

and acetylation is essential. The resulting derivative is stable up to 4 

days tested as sho"Wn in Figure 8. 
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FIGURE 6. Effect of reaction time on acetylation of acebutolo1 esters. 
0: S-acebutolol derivative: ~ : R-acebutolol derivative. 

FIOURI--: 7. Assumed intramolecular degradation ofO-(N-benzylox}
carbonyl)-L-phenylalanyl acebuto1ol. 

Analytical Calibration and Typical Chromatograms 

To evaluate the quantitati\ e applicability of the method, six different 

concentrations of acebutolo1 over the range 0.01- 0.32 /-lIIlol, (each in 

0.5 mL of dichloromethane solution) were determined to construct a 

calibration graph. The results indicate good linearity for the determina-



3340 WEN, WU,ANDWU 

OL.-__ L.-__ '--_--:'-__ ------'---' 
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FIGURE 8. Stability of acebutolol derivatives after derivatization. 
o : S-acebutolol derivative; ~ : R-acebutolol derivative. 

tion of acebutolol over the range studied; linear regression equations, y = 

9.5497X - 0.0031 (for S-acebutolol) and y = 9.7451X - 0.0016 (for R-

acebutolol) ~ere obtained with correlation coefficients of 0.9997 and 

0.9998, respecti ... ely; ~here y is the peak-area ratios of the acebutolol 

derivative to the I.S., and X is the amount of acebutolol in ,.unoI. The 

derivati7ation yield of acebutolol is nearly quantitative ( > 94%) as pre-

sented in Table I, based on the calculation of the peak-area ratios of 

acebutolol tested to the I.S. in comparison with that of the acebutolol 

deri ... atives (AC'B-D) synthesized. The observed C.V. for the intra-assay 

(11=6) at two levels ofacebutolol is below 5% as shown in Table 2. 

A typical liquid chromatogram is presented in Figure 9, illustrating a 

good resolution ofthe acebutolol derivatives (Resolution> 1.5) and they 
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TABLE 1 

Derivatization Yield of Acebutolol 

Acebutolol 
tested(llIIloI) 

S 0.16 
R 0.16 
S 0.32 
R 0.32 
S 0.64 
R 0.64 

The derivative 
found(J.lmol)* 

0.15 ± 0.009 
0.16 ± 0.006 
0.32± 0.004 
0.34 ± 0.004 
0.65 ± 0.011 
0.69± 0.013 

Yield(%) 

94 
102 
99 

106 
102 
108 

------------------------------------------------------------
* Mean ± S. D. of three replicate analyses. 

TABLE 2 

Precision for the Detennination of Acebutolol 

Acebutolol 
tested(J.U1lol) 

S 0.06 
R 0.06 
S 0.44 
R 0.44 

The derivative 
found(J..lmol )* 

0.06 ± 0.003 
0.06 ± 0.001 
0.45 ± 0.004 
0.44 ± 0.008 

c.v. % 

4.8 
2.1 
1.0 
1.8 

* Mean ± S. D. of three replicate analyses. 
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(B) 

a 
~ b 

'" c 

FIGURE 9. HPLC chromatograms of (A) reagent blank (B)derivatives 
of enantiomeric acebutolol. Peaks: a, internal standard; b, 
S-acebutolol derivative; c, R-acebutolol derivative. HPLC 
conditions: column, Nova-Pak C18(l5cm x 3.9 mm LD.); 
mobile phase, 60%(v/v) methanol in water; flow rate 1.3 
mUmin; detector, UV 254 nm, O.02AUFS. 
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are eJuated in reasonable time (16 min). The structure ofthe acebutolol 

derivative isolated was determined by F AB-MS (Figure 10) with nitro-

benzyl alcohol as a matrix, giving a pseudomolecular ion at mlz=660 (M 

+H) and a diagnostic peak at mlz=361, equivalent to the fragment ofa 

substituted acetamide (CH3CONRR'). This indicates that the amino ni-

trogen of acebutolol is acetylated. Therefore, the derivative is tentatively 

assigned as N-acetyl-O-(N-benzyloxycarbony1)-L-pheny1alanyl acebu-

tolol (ACB-D). 

1n conclusion, a simple and specific HPLC method was developed 

for the chiral analysis of acebutolol, based on the derivatization of acebu-

tolol with N-CBZ-L-Phe and acetic anhydride in mild conditions. Further 

application of the method to the chiral analysis of related j3-blocker alco-

hols will be very attractive. 
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NORMAL-PHASE HIGH PERFORMANCE 
LIQUID CHROMATOGRAPHIC METHOD WITH 

DANSYLATION FOR THE ASSAY OF PIPERAZINE 
CITRATE IN DOSAGE FORMS 

C. A. LAU-CAM AND R. W. ROOS· 
College of Pharmacy and Allied Health Professions 

St. John's University 
Jamaica, New York 11439 

ABSTRACT 

The assay of the anthelmintic agent piperazine citrate in dosage forms has been accom
plished by normal-phase HPLC after converting the drug to a UV-absorbing dansyl 
(DNS) derivative. For this purpose, an aliquot of an aqueous extract or dilution from 
tablets, powders, effervescent granules or syrups was first mixed with a solution of 1-
benzylpiperazine, the internal standard, and next with solutions of DNS-chloride and 
sodium carbonate. Sonication of the reaction mixture led to the formation of the DNS
derivatives, with bis-DNS-piperazine separating as a crystalline product. After extraction 
into chloroform, and dilution of the extract with mobile phase, the DNS derivatives were 
separated on a cyanopropyl column with hexane-isopropanol (85:15) as the mobile 
phase. At a flow rate of 1.5 mUmin and a detection wavelength of 335 nm, DNS-1-
benzylpiperazine and bis-DNS piperazine eluted at 4.0 and 8.5 min, respectively. 
Detector responses were linearly related to on-column concentrations of piperazine 
citrate ranging from 8-50 ~g. The recovery of analyte from synthetic formulations 
simulating the various dosage forms was in all cases> 99.0% (range 99.7-102.0%). 
Assay results by the proposed method agreed closely with those obtained by the 
gravimetric method of USP 23. 

·Present address: Food and Drug Administration, Northeast Regional Laboratory, 850 
Third Ave., Brooklyn, NY 11232. 
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INTRODUCTION 

Piperazine, a cyclic ethylenediamine, is an anthelmintic agent used to treat 

human and animal infestations by roundworms and pinworms (1). Following oral ad

ministration, piperazine and its salts interact with susceptible intestinal worms to cause 

reversible muscle paralysis, presumably by blocking the response of muscles to ace

tylcholine (2,3). The paralyzed worm is eventually expelled in the stools by the normal 

peristaltic activity of the intestine (2). 

Piperazine citrate is the salt recognized as official in the United States (4); 

however, the hexahydrate form as well as the adipate, tartrate and phosphate salts are 

also considered to be therapeutically important in foreign markets (5,6). 

Piperazine and its salts have been analyzed by a variety of analytical methods 

that have included gravimetry (4,7), UV-Vis spectrophotometry (8-12), IR spectro

photometry (7,13), NMR spectroscopy (14), turbidimetry (15), fluorometry (16), polaro

graphy (17,18), titrimetry (4-6,19-21), and gas-chromatography (22,23). In the USP (4), 

the drug substance is assayed by a nonaqueous titration while a tedious gravimetric ap

proach is required for the dosage forms. More recently, piperazine has been assayed in 

dosage forms by HPLC methods, either on a cationic ion-exchange column with 

refractometric detection (24), or by the reversed-phase (RP)mode with photometric de

tection in the visible range after derivatization with 4-chloro-7-nitro-benzofurazane 

(NBD)-chloride (25). 

The purpose of this report is to describe a HPLC assay method for piperazine 

citrate which utilizes precolumn derivatization with DNS-chloride at room temperature, 

followed by normal-phase (NP)-HPLC with photometric detection in the UV range. This 

method was found suitable for the assay of the title drug in commercial tablets, powders, 

effervescent granules and syrups. 

EXPERIMENTAL 

Samples and Materials 

The piperazine citrate was a USP reference standard (U.S. Pharmacopeial 

Convention, Inc.). The dansyl chloride (DNS-CI), anhydrous sodium sulfate (Sigma 

Chemical Co.), and 1-benzylpiperazine (Aldrich Chemical Co.) were used as received. 

Tablets (275.75 mg), syrups (1.25 g/5 mL, 650 mg/5 mL, or 550 mg/5 mL), effervescent 

granules (0.2 g/5.71 g) and powders(1.65 g/envelope) were obtained from domestic and 

foreign commercial sources. The acetone, isopropanol and hexane were of HPLC grade 

(J.T. Baker); the anhydrous sodium carbonate was of analytical reagent grade (Fisher). 
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Reagents 

a. DNS-CI solution - Prepared by dissolving DNS-CI in HPLC grade acetone 

and filtering. This solution, containing 5mg/mL, was stored in an amber glass bottle and 

in the refrigerator. 

b. Basic solution - Prepared by dissolving 550 mg of anhydrous sodium carbon

ate in 300 mL of water, adding 300 mL of HPLC grade acetone, and mixing. This solu

tion was stored in an amber glass bottle at room temperature. 

c. Internal standard solution - Prepared by dissolving 1-benzylpiperazine in 

acetone-water (1+1) to a concentration of 4 mg/mL. 

Sample Preparations 

a. Piperazine citrate standard preparation - An accurately weighed quantity of 

piperazine citrate (about 200 mg) was transferred to a 100 mL volumetric flask, dis

solved in about 50 mL of water, brought to volume with water, and mixed. 

b. Tablet preparation - A group of 20 piperazine citrate tablets were weighed 

and reduced to a fine powder. A portion of powder, equivalent to about 200 mg of 

piperazine citrate, was transferred to a 100 mL volumetric flask, mixed with about 50 mL 

of water, and sonicated for about 15 min. After bringing to volume with water and 

mixing, the solution was filtered through a 0.45 Ilm membrane filter with the aid of 

pressure. 

c. Syrups - A 5.0 mL volume of syrup was transferred to a 100 mL volumetric 

flask, diluted to volume with water, and mixed. An aliquot of the solution, containing 

about 200 mg of piperazine citrate (15.0, 30.0 or 40.0 mL aliquots for syrups containing 

1.25 g/5 mL, 650 mg/5 mL, or 550 mg/5 mL, respectively), was transferred to a 100 mL 

volumetric flask, diluted to volume with water, and mixed. 

d. Effervescent granules and powders - An accurately weighed quantity of 

granules or powder, equivalent to about 200 mg of piperazine citrate, was transferred to 

a 100 mL volumetric flask, and dissolved in about 50 mL of water (added slowly and with 

gentle swirling). After sonication for 10 min, the solution was brought to volume with 

water, mixed, and filtered through a 0.45 Ilm membrane filter with the aid of pressure. 

e. Synthetic piperazine tablet preparation - To a 100 mL volumetric flask, an 

accurately weighed quantity of piperazine citrate (about 200 mg) and a starch-lactose 

(1 +1) mixture (about 100 mg) was added. After the addition of 50 mL of water, the mix

ture was sonicated for 15 min, diluted to volume with water, and mixed. A portion of the 

solution was filtered through a 0.45 Ilm membrane filter with the aid of pressure. 
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f. Synthetic piperazine citrate syrup preparation - An accurately weighed quan

tity of piperazine citrate (about 100, 130 or 250 mg) was transferred to a 100 mL volu

metric flask, mixed with 1 mL of simple syrup, diluted to volume with water, and mixed. 

g. Synthetic effervescent granules preparation - An accurately quantity of 

piperazine citrate (about 200 mg), together with sodium bicarbonate (2.46 g), tartaric 

acid (1.94 g), and citric acid (0.63 g) were transferred to a 100 mL volumetric flask, 

dissolved in about 50 mL of water (added slowly with gentle swirling), and sonicated for 

about 10 min. The solution was diluted to volume with water, mixed, and filtered through 

a 0.45 I-Lm membrane filter with the aid of pressure. 

Dansylation Method 

To a 125 mL glass-stoppered Erlenmeyer flask, 3.0 mL of sample preparation, 

2.0 mL of internal standard solution, 10 mL of DNS-CI, and 10 mL of basic solution, were 

added in succession and mixed with gentle swirling. The flask was loosely stoppered, 

placed in an ultrasonic bath, sonicated for 10 min, and allowed to stand in the dark for at 

least 30 min. The reaction mixture was diluted with water (20 mL), mixed with chloro

form (20 mL), and vigorously shaken for about 1 min. After allowing the phases to sepa

rate, the chloroform layer was carefully removed by aspiration with a pipet, and passed 

through a layer of anhydrous sodium sulfate, held on a funnel fitted with a glass wool 

pledget, into an amber glass vial. A 2.0 mL volume of the filtrate was transferred to a 5 

mL volumetric flask, diluted to volume with mobile phase, and a portion of the solution 

was immediately injected into the liquid chromatograph. 

HPLC Method 

a. Apparatus - Consisting of a Series 10 liquid chromatograph, LC 90 UV spec

trophotometric detector (Perkin-Elmer Corporation), and ChromJet electronic integrator 

(Spectra-Physics). Samples were introduced through a Model 7125 injection valve fitted 

with a 20 I-LL sample loop (Rheodyne). 

b. Chromatographic conditions - Separations were performed on a 25 cm x 4.6 

mm Ld., CN5 SG cyanopropyl, 5 I-Lm, column (Burdick & Jackson). Samples were eluted 

with a mobile phase composed of hexane-isopropanol (85:15). The flow rate was 1.5 

mUmin, and the detection wavelength was 335 nm. 

Calculations 

The quantity of piperazine citrate in the sample preparation was calculated from 

one of the following equations: 
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mg/tablet = (RsplRst> x C x (W1/S) x 100 

mg/g effervescent granules = (RsplRst> x C x (WfS) x 100 

mg/envelope = (Rsp1Rst> x C x W.yS) x 100 

mg/5 mL syrup = (RsplRst> x C x 100F 
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where Rsp and Rst = peak responses of sample/internal standard in the sample prepara

tion and standard/internal standard in the standard preparation, respectively; C = the 

amount of piperazine citrate in the standard preparation, mg/mL; W1 = the average 

tablet weight, mg; S = the amount of sample taken for the analysis, mg; W2 = 5,710 

mg; W3 = the weight of the contents of one envelope, mg; and F = 100/15 for 1.25 g/5 

mL syrup, 100/30 for 625 mg/5 mL syrup, and 100/40 for 550 mg/5mL syrup. 

To convert the value in piperazine citrate to that in piperazine hexahydrate, 

multiply the value by 0.8968 (obtained from [mol. wt. piperazine hexahydrate/mol. wt. 

piperazine] x [3 mol. wt. piperazine/mol. wt. piperazine citrate]). The reverse conversion 

can be accomplished by dividing by the same factor. 

RESULTS AND DISCUSSION 

DNS-CI is an electrophilic reagent that has been widely used for the precolumn 

derivatization of a number of drugs of therapeutic interest (26). The formation of the 

DNS-derivatives is usually carried out with an excess of DNS-CI in an aprotic solvent 

and under alkaline conditions, by leaving the reaction mixture to stand for several hours 

at room temperature or for shorter periods at elevated (30-50°C) temperatures (27). In 

this manner, primary and secondary amines with little or no UV absorbing properties are 

converted to stable sulfonamides that are analyzable by HPLC with either photometric or 

fluorometric detection (26,27). In the present study, formation of bis-DNS-piperazine 

occurred over several hours upon standing, and in less than 5 minutes upon sonication 

of the reaction mixture. In both instances, the derivative separated as a light yellow 

crystalline product, m.p. 258-260°C, whose mass spectrum exhibited abundant peaks at 

m/e 84,155, 171, 318, and 552, and a molecular ion peak corresponding to a molecular 

weight of 552.14. 

A sample preparation amenable to direct NP-HPLC analysis was obtained by 

extracting the aqueous reaction mixture with chloroform, drying the chloroform extract 

with anhydrous sodium sulfate and diluting the extract with the mobile phase. Alterna

tively one could use a RP-HPLC approach, but this course of action will complicate the 

analytical procedure because it will require to evaporate the chloroform extract to 
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Table 1 

Retention times relative to ONS-piperazine of ONS-derivatives of N-containing heterocy

clic compounds of potential utility as an intemal standard 

Columna 

ONS-derivative Ab Bb Cb Dc 

Piperazine 1.00 1.00 1.00 1.00 

2-Methylpiperazine 0.95 0.94 0.89 0.93 

1-Benzylpiperazine 0.50 0.36 0.31 0.48d 

1-Phenylpiperazine 0.46 0.41 0.45 0.47d 

1-(2-Aminoethyl)piperazine 2.41 2.05 -e 2.94 

Piperidine 0.42 0.32 0.36 0.41 d 

4-Benzylpiperidine 0.41 0.36 0.40 0.41 d 

4-Hydroxypiperidine 0.95 0.54 0.74 1.79 

'Column identification: A= CN5 SG cyanopropyl (Burdick & Jackson); B = Microsorb-
MV CN (Rainin); C = I-lBondapak CN (Waters); 0 = Econosphere CN (Alltech). 

bSolvent: hexane-isopropanol (85:15), 1.5 mUmin. 
cSolvent: hexane-isopropanol (97.5:2.5), 1.2 mUmin. 
dOnly partially resolved from the solvent front. 
"Derivative was retained on the column. 

dryness, and to reconstitute the residue in a suitable solvent. In comparison to other 

procedures for the precolumn derivatization of piperazine citrate (25), the use of ONS-CI 

offers advantages such as the possibility of conducting the reaction at ambient tempera

ture, of omitting the addition of an amine to the mobile phase, and of monitoring the 

elution within the UV spectral range. 

Several hydroxy- phenyl- and methyl-piperazine and piperidine compounds were 

evaluated for their suitability as an internal standard. Table 1 lists the retention times of 

the corresponding ONS-derivatives on various brands of cyano columns relative to that 

of piperazine. On the basis of its ready reaction with ONS-CI to form a ONS-derivative 

that was quantitatively coextracted with that of piperazine, and chromatographically well 

resolved from the peak of bis-ONS-piperazine (R >2.0), 1-benzylpiperazine was judged 

as appropriate. However, at the completion of this study, it was verified that ho

mopiperazine could serve as an attractive altemative to 1-benzylpiperazine by virtue of 
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Figure 1. Typical high-performance liquid chromatograms of 1, DNS-1-benzylpiperazine 

and 2, bis-DNS-piperazine in (A) a standard preparation and (8) a commercial syrup. 

Flow rate was 1.5 mUmin. 

its more convenient (ca. 6.5 min) retention time. In addition, it was verified that the elu

tion behavior of certain DNS-derivatives varied from column to column, notably on the 

~Bondapak cyano and Econosphere CN. For instance, the ~ondapak CN column was 

the least retentive of all the columns tested, with some DNS-derivatives eluting with the 

solvent front even when the concentration of isopropanol in the mobile phase was less 
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Table 2 

Results of recovery of piperazine citrate from spiked synthetic dosage forms 

by proposed HPLC method 

Piperazine citrate found, % of added 
Synthetic 

formulation Run 1 Run 2 Mean SD 

Tablet, 200 mg 99.5 99.8 99.7 0.15 

Syrup, 250 mg/mL 99.7 100.7 100.2 0.71 

Syrup, 130 mg/mL 99.9 99.5 99.7 0.28 

Syrup, 100 mg/mL 101.9 99.7 100.8 1.55 

Granules, 0.2 g/5.71 g 102.7 102.9 102.8 0.14 

than 5 parts per 100. In contrast, the Econosphere CN column retained certain DNS

derivatives (e.g. DNS- 1-(2-aminoethyl)piperazine) under the recommended experimen

tal conditions. Typical separations of the DNS derivatives of the analyte and intemal 

standard are presented in Figure 1. 

A linear relationship between detector responses (ratio of peak heights or areas 

of bis-DNS-drug to DNS-internal standard) and on column concentrations of piperazine 

citrate was observed over the concentration range of 8-50 J.L9 (line equation, y = 0.86x -

0.026; r = 0.999), with the curve passing through the origin. Based on these results, 

assays were routinely conducted using a sample preparation that contained about 2 

mg/mL of analyte. The reproducibility of the method was assessed on the basis of peak 

areas (RSD = 1.92%) and peak heights (RSD = 0.58%) for six consecutive injections of 

a standard mixture of bis-DNS-piperazine and DNS-1-benzylpiperazine. The accuracy 

of the proposed method was assessed by spiking synthetic formulations, prepared to 

simulate tablets, syrups and effervescent granules, with known amounts of piperazine 

citrate and subjecting the samples to the assay procedure described for commercial 

dosage forms. As presented in Table 2, the mean recovery (n = 2) of piperazine citrate 

by the proposed HPLC method was in all cases better than 99.5% (range 99.7-102.0%) 

of added. No recovery study was conducted on a synthetic powder dosage form owing 

to the fact that the formulation ingredients were not disclosed by the manufacturer. 
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Table 3 

Results of the assay of piperazine citrate in commercial dosage forms by proposed DNS-

HPLC method and USP 23 gravimetric method 

Piperazine citrate found, % of declared 

HPLC Gravimetry 
Lot 

No. Run 1 Run 2 Mean Run 1 Run 2 Mean 

Tablets, 275.5 mg/tablet8 

100.1 101.3 100.7 99.2 98.0 98.6 

Effervescent granules, 0.2 g/5.71 gb.C 

103.0 103.7 103.4 104.2 104.9 104.5 

2 103.7 103.8 103.8 104.8 104.7 104.8 

Powder, 1 .65 g/enveloped 

99.9 101.3 100.6 99.5 98.8 98.7 

Syrup A, 1.25 gl5 mLb 

1 85.9 87.2 86.6 85.4 85.5 85.5 

2 85.9 86.9 86.4 85.5 85.3 85.6 

3 87.4 87.6 87.5 85.8 85.8 85.8 

Syrup B, 625 mg/5 mLb 

93.3 91.8 92.6 90.9 91.7 91.8 

Syrup C, 550 mgl5 mLc 

85.2 84.0 84.6 83.3 82.2 82.8 

2 84.0 85.1 84.5 83.4 82.9 83.2 

3 83.1 84.3 83.7 82.7 83.3 83.0 

sManufactured in U.S.A. 
bManufactured in the Philippines. 
cOeclared as piperazine hexahydrate. 
dManufactured in Peru. 
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Assay values for commercial dosage forms of piperazine citrate by the proposed 

HPLC method are summarized in Table 3. These values agreed closely with those 

obtained by the gravimetric method of USP 23, which is based on the precipitation of 

piperazine as the picrate salt. Intermethod assay differences based on the labeled 

amount were about 2.1% for tablets, 0.7-1.9% for syrups, 1.9% for powders, and 1.1% 

for effervescent granules. Except for two brands of syrup (syrups A and C), all of the 

samples conformed to the compendial requirements for labeled amounts. No interfer

ences were noted from either excipients of tablets and effervescent granules or from 

ingredients of syrups. 

In summary, the analysis of piperazine citrate in commercial solid and liquid 

dosage forms can be accomplished in a Simple, specific and accurate manner by the 

NP-HPLC method presented here. This method will yield assay results that are com

parable to those obtained by the slower and more cumbersome gravimetric method of 

USP 23. 
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THE BOOK CORNER 

ANAL YSIS OF ADDICTIVE AND MISUSED DRUGS, edited by John A. 
Adamovics, Marcel Dekker, Inc., New York, New York, 1995, viii + 671 pp. , 
$ 195.00; ISBN: 0-82 47-9230-6. 

This book is a welcome addition in the field of the analysis of drugs 
abuse with the testing for banned substances in athletes. The book examines 
both the chromatographic and non chromatographic methods available to 
identify, analyze, screen for these controlled-use drugs. 

The book consists of two parts. The first part consists of ten chapters 
written by fifteen international contributors who are experts in the field. 
Chapter 1 discusses the use of enzyme immunoassays in the analysis of drugs of 
abuse. This is followed by a chapter describing the development of biosensors 
for the direct, sensivitive, and selective assay of misused drugs. The third 
chapter describes a paper chromatographic technique extensively used to screen 
for drugs in biological matrices. The next chapter is devoted to the uses of 
reversed--phase high-performance liquid chromatography in the analysis of 
drugs of forensic interest, which is followed by a chapter on the often 
overlooked use of underivatized silica gel with polar solvents. Chapter 6 
assesses the applicability of the relatively new and exciting technique of 
capillary electrophoresis for the separation of illicit drugs. Chapter 7 discusses 
a simple and sensitive identification system for the detection of a broad 
spectrum of drugs using thin-layer chromatography for screening and gas 
chromatography/mass spectrometry for confirmation. For analysts 
overwhelmed by a large number of samples, Chapter 8 presents the most 
current robotic technology. The next chapter presents a comprehensive sports 
drug testing program. Finally, Chapter 10 is devoted to the approaches to 
solving forensic problems in developing countries with limited resources. 

3359 
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The second part of the book consists of an appendix printed in 236 
pages. This appendix provides a comprehensive alphabetic listing of over 400 
drugs identified by either the U. S. Drug Enforcement Adminstration or the 
International Olympic Committee. This appendix is tabulated to include the 
drug name, sample matrix, handling procedure, testing procedure, mode of 
detection and references which render it a valuable quick reference source for 
forensic analysis. 

I congratulate the Editor for including this appendix, as it represents a 
compendium for all testing laboratories that analyze for abused and misused 
drugs. 

The book contains over 1700 bibliographic citations up to 1993, with 
over 1100 references present in the appendix alone. 

This book is highly recommended to own as it presents the state-of
the-art in this field and can be used as a practical daily reference for analytical, 
clinical, forensic, pharmaceutical chemists, pharmacologists, toxicologists, 
graduate students among other disciplines who are involved with abused and 
misused drug analysis. This book is also a must for analysts involved in drugs 
of abuse testing and athletic drug testing. 

HPLC: A PRACTICAL USER'S GUIDE, by Marvin C. McMaster, VCH 
Publishers, Weinheim, Germany, 1994, xii + 211 pp., DM 98.00; ISBN: 1-
56081-636-8 

This book is very useful manual for all scientists and technicians 
whose work involves the use of HPLC, either routinely, or in research 
applications. It focuses on setting up and running an HPLC system efficiently, 
cleaning and trouble shooting column and system problems, means for 
obtaining separations and maximizing information from a system. 

The book consists of three parts. Part I discusses the advantages and 
disadvantages of HPLC and basics in selecting and running an HPLC system. 
Part II, entitled HPLC optimization, and consists of six chapters as follows: 
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• Separation Models 
• Column Preparation 
• Column aging, diagnosis and healing 
• Modification of Partition Chromatography 
• "Non Partition" Chromatography 
• Hardware Specifics 
• Trouble Shooting and Optimization 

This part represents the basic core of information the chromatographers should 
be aquainted with. 

Part III discusses HPLC utilization and consists of five chapters. A 
chapter is dedicated to preparative chromatography and another to sample 
preparation and methods development. The other three chapters deal with 
automation, interfacing to computers and data acquisition devices, HPLC/mass 
spectrometry and with application logic. The author includes the following five 
appendices at the end of the book: (a) personal separation guide to point out 
starting points for chromatographic separations and trends in usage of columns, 
mobile phases and detectors, (b) a glossary of HPLC terms, (c) HPLC trouble 
shooting quick reference. This appendix is helpful to tackle quick problems 
which may arise; (d) laboratory experiments. This appendix consists of three 
experiments designed to familirize the student with several HPLC techniques 
used in HPLC systems such a as system start-up and column calibration, 
sample preparation and method development and column and solvent 
switching; (e) selected reference list to give a beginner starting point for 
literature in the field. 

The book is recommended for all undergraduate and graduate students 
using HPLC as a tool for separation and analysis. Also, analytical chemists in 
pharmaceutical. biotechnology, environmental industries and other related 
fields as well as academic professionals who will find this book of high 
practical value. 

HPLC DETECTION: NEWER METHODS, edited by G. Patonay, VCH 
Verlagsgesellschaft, Weinheim, Germany, 1993; xii + 236 pages, ISBN: 3-527-
78219X; DM 158 + £ 65.00 

This book provides an extremely valuable survey for the most powerful 
and less conventional detection methods used in HPLC. With the advancement 
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of several analytical methods, new detection methods have become available 
which have more advantages than the conventional detection methods, thus 
offering chromatographers new horizons in separation analysis techniques. 
Long-lived luminescence, fourier transform infrared spectroscopy (FTIR), 
HPLC-mass spectroscopy are among the topics discussed. The book consists of 
9 chapters written by several contributors who are experts in the field of HPLC. 
Each chapter concludes with a list of references up to 1991, and most of the 
chapters contain good illustrations and figures. 

In Chapter 1 measurement concepts are presented for detection in 
micro-HPLC separations using lasers. In Chapter 2, the advantages of using 
long-lived luminescence detection methods are discussed to illustrate its 
applications with trace concentrations. The utility of chemiluminescence in 
HPLC detection is presented in Chapter 3, Chapter 4 discusses near infrared 
semiconductor laser fluorescence, one of the latest emerging detection methods 
of ultra trace concentrations. The somewhat more conventional 
electrochemical detection method is discussed in Chapter 5, however, with a 
special emphasis on less conventional applications. Chapter 6 discusses 
powerful photothermal detection methods. The last three chapters focus on 
detection methods that are providing information about the structure and 
identification of the analyte molecule by the detector. 

The titles of these chapters are: 

• HPLC detection using fourier transform infrared 
spectroscopy 
• HPLC detection using mass spectrometry 
• HPLC chromatography proton nuclear magnetic 
resonance on-line coupling 

These methods could offer enough information to identify the 
solute(s), thus, improving the utility and application of HPLC. The authors of 
these chapters offered an overview for those modem detection techniques and 
updated status to the developments required to improve the potential of these 
techniques. 

This book is an excellent contribution to HPLC modality and is 
essential to be in any library in academia, industry, government and hospitals. 
It is also recommended for concerned chromatographers to have their own 
copy. 
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Reviewed by: 

Hassan Y. Aboul-Enein, PhD, FRSC 
Bioanalytical and Drug Development Laboratory 
Biological and Medical Research (MBC-03) 
King Paisa! Specialist Hospital and Research Centre 
P.O. Box 3354, Riyadh 11211 
Saudi Arabia 
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ANNOUNCEMENT 

BASIC PRINCIPLES OF HPLC 
and 

HPLC SYSTEM TROUBLESHOOTING 

One-Day & Two-Day 
In-House Training Courses 

The courses, which are offered for presentation at corporate laboratories, are 
aimed at chemists and technicians who work with HPLC. They cover HPLC 
fundamentals and method development, as well as systematic diagnosis and 
solution of HPLC module and system problems. 

The following topics are covered in depth: 

• Introduction to HPLC Theory 
• Modes of HPLC Separation 

• Developing and Controlling Resolution 
• Mobile Phase Selection & Optimization 

• Ion-Pairing Principles 
• Gradient Elution Techniques 

• Calibration & Quantitation 
• Logical HPLC Troubleshooting 

The instructor for the courses, Dr. Jack Cazes, is Editor-in-Chief of the Journal 
of Liquid Chromatography, of Instrumentation Science & Technology journal, 
and of the Chromatographic Science Book Series. He has been intimately 
involved with liquid chromatography for more than 30 years; he pioneered the 
development of modern HPLC technology. Dr. Cazes was also Professor-in
Charge of the ACS short course and the ACS audio course on Gel Permeation 
Chromatography for many years. 

Details of these in-house courses may be obtained from Dr. Jack Cazes, Post 
Office Box 2180, Cherry Hill, NJ 08034-0162, USA; Tel: (609) 424-3505; FAX: 
(609) 751-8724. 
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LIQUID CHROMATOGRAPHY CALENDAR 

1995 

OCTOBER 1: Ion Chromatography & Capillary Electrophoresis Short 
Course, Dallas, Texas. Contact: R. Cassidy via Email 
(Richard.Cassidy@chem.utas.edu.au) or Paul Haddad via Email 
(paul.Haddad@chem.utas.edu.au). 

OCTOBER 1 - 5: International Ion Chromatography Symposium 
(IICS'95), The Grand Kempinski, Dallas, Texas. Contact: IICS'95, Century 
International, Inc., P. O. Box 493, 25 Lee Road, Medfield, MA 02052, USA; 
(508) 359-8777; FAX: (508) 359-8778. 

OCTOBER 18 - 21: 31st Western Regional Meeting, ACS, San Diego, 
Calif. Contact: S Blackburn, General Dynamics, P. O. Box 179094, San 
Diego, CA 92177-2094, USA. 

OCTOBER 23 - 25: Bio-West'95 & Expo, San Jose, California. Contact: 
Bioconferences International, Inc., 4405 East-West Highway #501, Bethesda, 
MD 20814-4536, USA. Tel: (301) 652-3072; FAX: (301) 652-4951. 

OCTOBER 23 - 25: 6th Annual Frederick Conference on Capillary 
Electrophoresis, Hood College, Frederick, Maryland. Contact: Margaret L. 
Fanning, Conference Coordinator, PRI, NCI-FCRDC, P. O. Box B, Frederick, 
MD 21702-1201 

OCTOBER 22 - 25: 25th Northeastern Regional Meeting, ACS, Rochester, 
New York. Contact: T. Smith, Xerox Corp, Webster Res Center, MIS 0128-
28E, 800 Phillips Rd, Webster, NY 14580, USA. 
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NOVEMBER 1 - 3: 30th Midwestern Regional ACS Meeting, Joplin, 
Missouri. Contact: J. H. Adams, 1519 Washington Dr., Miami, OK 74354-
3854, USA. 

NOVEMBER 1 - 4: 31st Western Regional ACS Meeting, San Diego, 
California. Contact: T. LobI, Tanabe Research Labs, 4450 Town Center Ct., 
San Diego, CA 92121, USA 

NOVEMBER 2: Anachem Symposium, Dearborn, Michigan. Contact: 
Prof. C. Evans, University of Michigan, Chern Dept, 4807 Chemistry Bldg, 
Ann Arbor, MI 48109-1055, USA 

NOVEMBER 5 - 7: Midwestern Regional Meeting, ACS, Joplin, Missouri. 
Contact: J. H. Adams, 1519 Washington Dr, Miami, OK 74354, USA 

NOVEMBER 12 - 17: AIChE Annual Meeting, Fontainbleu Hotel, Miami 
Beach, Florida. Contact: AIChE, 345 East 47th Street, New York, NY 10017-
2395, USA 

NOVEMBER 14 - 16: Kemia'95: Finnish Chemical Congress, Helsinki 
Fair Center, Helsinki, Finland. Contact: The Associatioon of Finnish 
Chemical Societies, Hietaniemenkatu 2, FIN-00100 Helsinki, Finland. 

NOVEMBER 29 - DECEMBER 1: Joint 51st Southwestern/47th 
Southeastern Regional Meeting, ACS, Peabody Hotel, Memphis, Tenn. 
Contact: P.K. Bridson, Chern Dept, Memphis State Univ, Memphis, TN 38152, 
USA 

DECEMBER 17 - 22: 1995 International Chemical Congress of Pacific 
Basin Societies, Honolulu, Hawaii. Contact: ACS Meetings, 1155 16th 
Street, NW, Washington, DC 20036-4899, USA 

1996 

FEBRUARY 5 - 7: Prel)Tech'96, Sheraton Meadowlands Hotel, East 
Rutherford, New Jersey. Contact: Dr. R. Stevenson, 3338 Carlyle Terrace, 
Lafayette, CA 94549, USA 
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FEBRUARY 25 - 29: AIChE Sl)ring National Meeting. Sheraton Hotel, 
New Orleans, Louisiana. Contact: AIChE, 345 East 47th Street, New York, 
NY 10017-2395, USA. 

MARCH 3 - 8: PittCon'96: Pittsburgh Conference on Analytical 
Chemistry & Applied Spectroscopy, Chicago, Illinois. Contact: Pittsburgh 
Conference, Suite 332, 300 Penn Center Blvd., Pittsburgh, PA 15235-9962, 
USA. 

MARCH 24 - 29: 211th ACS National Meeting, New Orleans, LA. Contact: 
ACS Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

MARCH 31 - APRIL 4: 7th International Symposium on Supercritical 
Fluid Chromatography and Extraction, Indianapolis, Indiana. Contact: 
Janet Cunningham, Barr Enterprises, P. O. Box 279, Walkersville, MD 21793, 
USA. 

MARCH 31 - APRIL 4: 7th International Symposium on Supercritical 
Fluid Chromatography & Extraction, Indianpolis, Indiana. Contact: Janet 
Cunningham, Barr Enterprises, P. O. Box 279, Walkersville, MD 21793, USA. 

APRIL 17 - 19: VIIth International Symposium on Luminescence 
Spectrometry in Biomedical Analysis - Detection Techniques and 
Applications in Chromatography and Cal)iIIary Electrophoresis, Universite 
de Nice, Fracnce. Contact: Prof. W. R G. Baeyens, University of Ghent 
Pharmaceutical Institute, Lab or Drug Quality Control, Harelbekestraat 72, 
Ghent, Belgium. Email: willy.baeyens@rug.ac.be. 

MAY 7 - 9: VIIth International Symposium on Luminescence 
Spectrometry in Biomedical Analysis - Detection Techniques and 
Applications in Chromatogral)hy and Capillary Electrophoresis, Monte 
Carlo, Monaco. Contact: Prof. Willy R G. Baeyens, University of Ghent, 
Pharmaceutical Institute, Harelbekestraat 72, B-9000 Ghent, Belgium. 

JUNE 16 - 21: "HPLC '96: Twentieth International Symposium on High 
Performance Liquid Chromatography," San Francisco Marriott Hotel, San 
Francisco, California. Contact: Mrs. Janet Cunningham, Barr Enterprises, P. 
O. Box 279, Walkersville, :MD 21793, USA. 

JULY 14 - 18: 5th World Congress of Chemical Engineering, Marriott 
Hotel, San Diego, California. Contact: AIChE, 345 East 47th Street, New 
York, NY 10017-2395, USA. 
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AUGUST 9 - 14: 31st Intersociety Energy Conversion Engineering 
Conference (co-sponsored with IEEE), Omni Shoreham Hotel, 
Washington, DC. Contact: AIChE, 345 East 47th Street, New York, NY 
10017-2395, USA. 

AUGUST 17 - 20: 31st National Heat Trander Conference, Westin 
Galleria, Houston, Texas. Contact: AIChE, 345 East 47th Street, New York, 
NY 10017-2395, USA. 

AUGUST 18 - 23: 212th ACS National Meeting, Boston, Mass. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

SEPTEMBER 1 - 6: 11th Symposium on Quantitative Structure-Activity 
Relationships: Computer-Assisted Lead Finding and Ol)timization," 
Lausanne, Switzerland. Contact: Dr. Han van de Waterbeemd, F. HofImann
La Roche Ltd., Dept PRPC 65/314, CH-4002 Basle, Switzerland. 

SEPTEMBER 9 - 12: Saftey in Ammonia Plants & Related Facilities, 
Westin at Copley Place, Boston, Massachusetts. Contact AIChE, 345 East 
47th Street, New York, NY 10017-2395, USA. 

OCTOBER 16 - 19: 52nd Southwest Regional ACS Meeting, Houston, 
Texas. Contact: 1. W. Hightower, Dept. Chern. Eng., Rice University, 
Houston, TX 77251, USA. 

OCTOBER 24 - 26: 52nd Southwestern Regional Meeting, ACS, Houston, 
Texas. Contact 1. W. Hightower, Chern Eng Dept, Rice Univ, Houston, TX 
77251, USA. 

NOVEMBER 6 - 8: 31st Midwestern Regional Meeting, ACS, Sioux Falls, 
South Dakota. Contact: 1. Rice, Chern Dept, S. Dakota State Univ, Shepard 
Hall Box 2202, Brookings, SD 57007-2202, USA. 

NOVEMBER 9 - 12: 48th Southeast Regional ACS Meeting, Greenville, 
South Carolina. Contact: H. C. Ramsey, BASF Corp., P. O. Drawer 3025, 
Anderson, SC 29624-3025, USA. 

NOVEMBER 10 - 15: AIChE Annual Meeting, Palmer House, Chicago, 
llIinois. Contact: AIChE, 345 East 47th Street, New York, NY 10017-2395, 
USA. 
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1997 

APRIL 6 - 11: 213th ACS National Meeting, San Antonio, Texas. Contact: 
ACS Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

APRIL 14 - 19: Genes and Gen Families in Medical, Agricultural and 
Biological Research: 9th International Congress on Isozymes, sponsored by 
the Southwest Foundation for Biomedical Research, Hilton Palacio del Rio, San 
Antonio, Texas. Contact: Mrs. Janet Cunningham, Barr Enterprises, P. O. Box 
279, Walkersville, MD 21793, USA. 

SEPTEMBER 7 - 12: 214th ACS National Meeting, Las Vegas, Nevada. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

1998 

MARCH 29 - APRIL 3: 215th ACS National Meeting, St. Louis, Missouri. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 

USA. 

AUGUST 23 - 28: 216th ACS National Meeting, Orlando, Florida. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

1999 

MARCH 21 - 26: 217th ACS National Meeting, Anaheim, Calif. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 22 - 27: 218th ACS National Meeting, New Orleans, Louisiana. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

2000 

MARCH 26 - 31: 219th ACS National Meeting, Las Vegas, Nevada. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 
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AUGUST 20 - 25: 220th ACS National Meeting, Washington, DC. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA 

2001 

APRIL 1 - 6: 221st ACS National Meeting, San Francisco, Calif. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA 

AUGUST 19 - 24: 222nd ACS National Meeting, Chicago, Illinois. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA 

2002 

APRIL 7 - 12: 223rd ACS National Meeting, Orlando, Florida. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA 

SEPTEMBER 8 - 13: 224th ACS National Meeting, Boston, Mass. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA 

The Journal of Liquid Chromatography will publish, at no charge, 
announcements of interest to scientists in every issue of the journal. To be listed 
in the Liquid Chromatography Calendar, we will need to know: 

a) Name of the meeting or symposium, 

b) Sponsoring organization, 

c) When and where it will be held, and 

d) Whom to contact for additional details. 

Incomplete information will not be published. You are invited to send 
announcements to Dr. Jack Cazes, Editor, Journal of Liquid 
Chromatography, P.O. Box 2180, Cherry Hill, NJ 08034-0162, USA. 



ELECTRONIC MANUSCRIPT SUBMISSION 

Effective immediately, manuscripts will be accepted on computer diskettes. A 
printed manuscript must accompany the diskette. For approximately one year, 
the diskettes will be used, on an experimental basis, to produce typeset-quality 
papers for publication in the Journal of Liquid Chromatography. Diskettes must 
be in an IBM-compatible format with MS-DOS Version 3.0 or greater. The 
following word processing formats can be accommodated: 

ASCII 
EBCDIC 
Framework III 1.0, 1.1 
Microsoft Word 3.0, 3.1, 4.0, 5.0 
Multimate Advantage 3.6 
Navy DIF 
Peach Text 5000 2.12 
PFS:Write Ver C 
Q&A Write 3.0 
Samna Word IV & IV+ 1.0, 2.0 
Volkswriter 3, 4 
Wang PC Ver 3 
WordStar 3.3,3.31,3.45,4.0, 

5.0, 5.5, 6.0 

DisplayWrite Native 
Enable 1.0, 2.0, 2.15 
IBM Writing Assistant 
Multimate 3.3 
Multimate Advantage II 3.7 
Office Writer 4.0, 5.0, 6.0, 6.1 
PFS:First Choice 1.0, 2.0 
Professional Write 1.0, 2.0, 2.1 
RapidFile (Memo Writer) 1.2 
Total Word 1.2, 1.3 
Volkswriter Deluxe 2.2 
WordPerfect 4.1,4.2,5.0,5.1* 
XyWrite III 
XyWrite 111+ 

* The preferred word processor is WordPerfect 5.1. 

Manuscripts and diskettes should be prepared in accordance with the 
Instructions for Authors given at the back of this issue of the Journal. They 
should be sent to the Editor: 

Dr. Jack Cazes 
Journal of Liquid Chromatography 

P. O. Box 2180 
Cherry Hill, NJ 08034 



INSTRUCTIONS TO AUTHORS 

Joumal of Liquid Chromatography is published in the 
English language for the rapid communication of research 
in liquid chromatography and its related sciences and 
technologies. 

Directions for Submission 

One typewritten manuscript, suitable for direct 
reproduction, and two (2) clear copies with figures must 
be submitted. Since the journal is produced by direct 
photography of the manuscripts, typing and format 
instructions must be strictly followed. Non-compliance 
will result in return of the manuscript to the author and 
will delay its publication. To avoid creasing, manuscripts 
should be placed between heavy cardboards before 
mailing. 

Manuscripts may also be submitted on computer 
diskettes. A printed manuscript must also be submitted 
with diskettes because, at the present time, we are 
experimenting with manuscripts on diskettes. Diskettes 
must be readable with an I BM-compatible computer 
(Macintosh or other type not acceptable) and must be 
formatted with MS-DOS 3.1 or greater. Be sure to 
indicate the word processing software that was used to 
prepare the manuscript diskette. 

Manuscripts and computer diskettes should be mailed 
to the Editor: 

Reprints 

Dr_ Jack Cazes 
Journal of Liquid Chromatography 
P_ O. Box 2180 
Cherry Hill, NJ 08034 

Due to the short production time for papers in this 
journal, it is essential to order reprints immediately upon 
receiving notification of acceptance of the manuscript. A 
reprint order form will be sent to the author with the letter 
of acceptance for the manuscript. Reprints are available 
in quantities of 100 and multiples thereof. Twenty (20) 
free reprints will be included with orders of 100 or more 
reprints. 

Format of the Manuscript 

1. The general format of the manuscript should be: 
Title 
Author(s)' names and full addresses 
Abstract 
Text Discussion 
References 

2. Title & Authors: The entire title should be in capital 
letters and centered within the width of the typing area, 
located at least 2 inches (5.1 cm) from the top of the 
page. ThIS should be followed by 3 lines of space, then 
by the names and addresses of the authors, also centered, 
in the following manner: 

A SEMI-AUTOMATIC TECHNIQUE FOR THE 
SEPARATION AND DETERMINATION OF 

BARIUM AND STRONTIUM IN WATER 
BY ION EXCHANGE CHROMATOGRAPHY AND 

ATOMIC EMISSION SPECTROMETRY 

F. D. Pierce and H. R. Brown 
Utah Biomedical Test Laboratory 

520 Wakara Way 
Salt Lake City, Utah 84108 

3. Abstract: The title ABSTRACT should be typed, 
capitalized and centered, 3 lines below the addresses. 
This should be followed by a single-spaced, concise 
abstract. Allow 3 lines of space below the abstract before 
beginning the text of the manuscript. 

4. T eld Discussion: Whenever possible, the text 
discussion should be divided into major sections such as 

INTRODUCTION 
MATERIALS 
METHODS 
RESULTS 
DISCUSSION 
ACKNOWLEDGEMENTS 
REFERENCES 

These major headings should be separated from the text 
by two lines of space above and one line of space below. 
Each major heading should be typed in capital letters, 
centered and underlined. 

Secondary headings, if any, should be placed flush 
with the left margin, underlined and have the first letter of 
main words capitalized. Leave two lines of space above 
and one line of space below secondary headings. 

5. The first word of each paragraph within the body of 
the text should be indented five spaces. 

6. Acknowledgements, sources of research funds and 
address changes for authors should be listed in a separate 
section at the end of the manuscript, immediately 
preceding the references. 

7. References should be numbered consecutively and 
placed in a separate section at the end of the manuscript. 
They should be typed single-spaced, with one line space 
between each reference. Each reference should contain 
names of all authors (with initials of their first and middle 
names); do not use et at. for a list of authors. 
Abbreviations of journal titles will follow the American 
Chemical Society's Chemical Abstracts list of Periodicals. 
The word REFERENCES should be capitalized and 
centered above the reference list. 

Following are acceptable reference formats: 

journal: 

Book: 

1. D. K. Morgan, N. D. Danielson, j. E. Katon, 
Anal. Lett.,1Jl.: 1979-1998 (1985) 

1. L. R. Snyder, j. j. Kirkland, Introduction to 
Modern liquid Chromatography, john Wiley & 
Sons, Inc., New York, 1979. 

2. C. T. Mant, R. s. Hodges, 'HPLC of Peptides,' 
in HPLC of Biological Macromolecules, K. M. 



Gooding, F. E. Regnier, eds., Marcel Dekker, 
Inc., New York, 1990, pp. 301-332. 

8. Each page of manuscript should be numbered lightly, 
with a light blue pencil, at the bottom of the page. 

9. Only standard svmbols and nomenclature, approved by 
the I nternational Union of Pure and Applied Chemistry 
(lUPAC) should be used. 

10. Material that cannot be typed, such as Greek symbols. 
script letters and structural formulae, should be drawn 
carefully with dark black India ink. Do not use any other 
color ink. 

Additional Typing Instructions 

1. The manuscri pt must be prepared on good qual ity 
white bond paper, measuring apprOXimately 8Y, x 11 
inches 121.6 cm x 27.9 cm). The typing area of the first 
page, including the title and authors, should be 5% inches 
wide by 7 inches high 114 cm x 18 cm). The typing area 
of all other pages should be no more than 5 y, inches 
wide by 8 y, inches high 114 cm x 21.6 em). 

2. The title, abstract, tables and references are typed 
single-spaced. All other text should be typed 1 Y,-line 
spaced or double line spaced. 

3. It is essential to use dark black typewriter or printer 
ribbon so that clean, clear, solid characters are produced. 
Characters produced with a dot/matrix printer are not 
acceptable, even if they are "near letter quality' or 'letter 
quality.' Erasure marks, smudges, hand-drawn corrections 
and creases are not acceptable. 

4. Tables should be typed on separate pages, one table 
to a page. A table may not be longer than one page. If 
a table is larger than one page. it should be divided into 
more than one table The word TABLE (capitalized and 
followed by an Arabic number) should precede the table 
and should be centered above the table. The title of the 
table should have the first letters of all main words in 
capitals. Table titles should be typed single line spaced, 
across the full width of the table. 

5. Figures (drawings, graphs, etc_) should be 
professionally drawn in black I ndia ink on separate sheets 
of white paper. and should be placed at the end of the 
text. They should not be inserted in the body of the text. 
They should not be reduced to a small size. Preferred 
size for figures is from 5 inches x 7 inches 112.7 cm x 17.8 
cm) to 8Y, inches bv " Inches (21.6 cm x 27.9 cm). 
Photographs should be professionally prepared gossy 
prints. A typewriter or lettering set should be used for all 
labels on the figures or photographs; they may not be 
hand drawn. 

Captions for figures should be typed single-spaced on 
a separate sheet of white paper, along the full width of 
the type page, and should be preceded with the word 
FIGURE and an Arabic numeral. All figures and lettering 
must be of a size that will remain legible after a 20% 
reduction from the original size. Figure numbers, name of 
senior author and an arrow indicating itopH should be 
written in light blue pencil on the back of the figure. 
Indicate the approximate placement for each figure in the 
text with a note written with a light blue pencil in the 
margin of the manuscript page. 

6. The reference list should be typed Single-spaced. A 
single line space should be inserted after each reference. 
The format tor references should be as given above. 



Employ the latest analytical techniques in the solute 
partitioning between immiscible aqueous phases with ... 

Aqueous Two-Phase 
Provides 
over1SO 

phase diagrams 
for a variety Of 

aqueous polymer 
systems-more 

than 70 Of which 
have never 

before been 
published! partitioning BORIS Y. ZASLAVSKY 

KV Pharmaceutical Company 
St. Louis, Missouri 

November, 1994 /688 pages, illustrated / $195.00 

Physical Chemistry and Bioanalytical APplications 

This useful reference offers in-depth coverage of 
the fundamental principles of solute partitioning 
in aqueous two-phase systems, explains their 

important practical features, and furnishes methods 
of characterization. 

Examines-for the first time in a book of 
this klnd--the information provided by the 
partition behavior of a solute in an aqueous 
two-phase system! 

Integrating experimental results and theoretical 
concepts from a wide range of fields such as drug 
design, bioseparation, physical organic chemistry, 
and water soluble polymers, Aqueous Two-Phase 
Partitioning 

• describes the phase separation of two polymers 
in an aqueous medium and the role of the 
solvent in this phenomenon 

• compares the physicochemical properties of 
the aqueous polymer phases governing solute 
partitioning with those of water-<>rganic 
systems 

• supplies a definitive model for the partitioning 
of solutes in aqueous two-phase systems that 
accounts for all experimental data available 

• demonstrates the advantages of the partition 
technique over other methods for studying the 
hydrophobicity of synthetic and biological 
substances 

• delineates the role of hydrophobicity as a 
general structure descriptor in quantitative 
structure-activity relationship analyses for 
drugs and biopharmaceuticals 

• gives hands-<>n recommendations for the devel
opment of timesaving analytical and separation 
procedures using aqueous two-phase systems 

• illustrates new technical applications of the 
partition technique as a bioanalytical tool for 
quality control in recombinant products, 
medical diagnostics, toxicology, and other areas 

• and much more! 

With over 1000 literature citations, figures, and 
equations, Aqueous Two-Phase Partitioning is an 
incomparable resource for biochemists; biophysi
cists; chemical and biochemical engineers; physical, 
biophysical, analytical, medicinal, and clinical 
chemists; bioprocess technologists; pharmacologists 
and biopharmacologists; soil scientists; microbiolo
gists and virologists; pathologists; toxicologists; and 
graduate-level students In these disciplines. 

Contents 
Aqueous Polymer Systems and 
Phase separation 
Water in the Presence of Additives 
Aqueous Polymer Solutions 
Phase Separation in Aqueous Polymer Systems: 

Experimental Facts and Theoretical Models 

partitioning Of Solutes In Aqueous 
TWo·Phase Systems 
Physicochemical Properties of Phases In Aqueous 

Polymer Systems 
General Trends in Solute Partition Behavior 

Analytical Applications Of the Partition 
Technique 
Hydrophobicity of Biological Solutes 
Measurements of the Relative Hydrophobicity of 

Biological Solutes by the Aqueous Two-Phase 
Partition Technique 

Analysis of Individual Biopolymers and Their 
Mixtures 

Separation of Biomolecules 
Phase Diagrams 
ISBN: 6-8247-41461-3 

This book IS prinJed on acitJ.lree paper. 

Marcel Dekker, Inc. 
270 Madlaon Avenue, New York, NY 10016 
(212) 696-9000 
Hulg....., 4, P08Ifach 812, CH-4OO1 BueI, SwitzerlaDd 
Tel. 061-261-8482 



Of related interest ... 

Aqueous Solubility 
Methods of Estimation for Organic compounds 

SAMUEL H. YALKOWSKY 
The University of Arizona, Tucson 

SUJIT BANERJEE 
Institute of Paper Science and Technology 
Atlanta, Georgia 

304 pages, illustrated / $125.00 

" ... there is presently no other text which treats the 
subject with the same level of detail.. .. an essential 
reference for those who actively measure, correlate 
or use aqueous solubility data for organic 
substances." -Journal of Environmental Quality 

~ 
For Credit Card 

- - and Purchase Orders, 
and Customer Service 

CALL TOLL· FREE 1-800·228-1160 
Mon.-Fri., 8:30 a.m. to 5:45 p.m. (ESn 
or FAX your order to 914-796-1772 

r--
I 
I 
I 
I 
I 
I 
I 
I 

Mail to:Promotion Dept., MARCEL DEKKER, INC. 
270 Madison Avenue, New York, N. Y. 10016 

o Please send me ___ copy(les) of Aqueoua Tu»-
Pha&e Partitioning by Boris Y. Zaslavsky at 
$195.00 per volume. 

o Please send me ___ copy(ies) of Aqueoua Solu-
bility by Samuel H. Yalkowsky and Sujit Banerjee 
at $125.00 per volume. 

Contents 
Introduction: Significance of Solubility 
Factors Influencing Solubility 
Estimation of Aqueous Solubility 
Comparison of Methods 
Measurement, Evaluation, and Sources of Solubility 
Appendices 
A: Glossary of Abbreviations 
B: Computer Program for UNIFAC Calculations 
C: Solubilities of Some Superfund "Extremely 

Hazardous Substances" 
References 

ISBN: _247-8615-7 

--,. 
CardNo. _______________ __ 

Exp. Date ______________ __ 

Please bill my company: P.O. No. _______ _ 

Signature --'7.(_= .. "'."'_= .. ="""":::."'''''''=".,.,....,==,,------
Name ________________ _ 

Address _______________ _ 

I 
I 
I 
I 
I 
I 
I 
I 

City/State/Zip -------------- I I Ocheck Omoneyorder OVlsa '!.:;.~"":!-:::=::::.._c-.t __ ~_"'= I 
o MasterCard (+dIgit interbank no. ___ ) OAm.Exp. F_No._ ,-,-IDU.5.A. 

I I enclose payment In the amount of $ _____ by: 

L ______________________ ~ 



Stay at the forefront of your field by incorporating the latest 
applications and theoretical developments into your work with ... 

Advanoosin 
edited by 

PHYLLIS R. BROWN,UniversityofRhodelsland.Kingston 

ELI GRUSHKA, Hebrew University of Jerusalem, Israel 

January, 1995/448 pages, illustrated / $165.00 

I I Revil!r.w!r ,,","e for prtlviou editioll& ••• 
'I' " ... reflects the high standards expected from this respected 

series." -Clinical Chemi&1ry 

1 " ... the articles [are 1 of high scientific standard, up to date, very 

1 

well written, and interesting to read ... well presented and edited." 
-Journal o( ChromtJtography 

1 

" ... a valuable contribution to the Chromatography literature ... 
belongs in every library used by chromatographers." 

I -lJquid ChromtJtography 

" ... maintains the high quality that chromatographers have come 
to expect fiOm this invaluable series." 

-Journal o( Pluumaceutical Sciences 

The rapidly expandin!! growth of the literature on chromatography, capillary 
electrophoresis. field flow fractionation, and other separation techniques 
makes it difficult for any individual to maintain a coherent view of progress in 
the field Rather than attempt to read the avalanche of original research 
papers, investigators trying to preserve even a modest awareness of advances 
must rely upon authoriIlIlive surveys. 

Featuring reliable, up-to-the-minute reviews of major developments in 
chromatography and other separation techniques, this critically praised 
series separates the most important advances from an overabundance of 
supplementary materials. 

IlltenudiolUllly IU!luIowledged eJqIerl6 lUUIlyr.e 
tile mo# crrrellt innoVldioll& in their «rea of 
_pecWbatioII! 
Providiog more than 1000 bibliographic citations, allowing for further, in
depth study of rilcent trends in research, Volume 35 examines timely 
subjects such as 
• performance requirements, detection modes, and ancillary techniques 

for optical detectors in capillary electrophoresis 
• instrumentation, limitations, and applications of capillary electrophore

sis combined with mass spectrometry 

• experimental variables that influence the optimization of separation 
parameters in capillary electrophoresis 

• capillary electrophoresis in pharmaceutical analyses, including a com
parison with high performance liquid chromatography 

• methods for the chromatographic characterization of gasoline 
• and much more! 

AdDances In ChromiJtography is an indispensable resource for all 
researchers who need to use separation methods erfectiveiy-<!specially 
analytical, organic, inorganic, clinicaL and physical chemists; chromatogra
phers; biochemists and biological chemists; agrochemists; chemical, 
materials, pollution, and quality control engineers; biotechnologists; tOli
cologists; pharmacologists; pharmacists; physiologists; zoologists; 
botanists; food, cosmetic, polymer, and environmental scientists; microbi
ologists; virologists; oceanographers; research and quality control scien
tists in academia, governmen~ hospitals, and industry; and upper-level 
undergraduate and graduate students in these disciplines. 

Contents 
Optical Detectors for Capillary EJectropboresI. 

Edward S. Yeung 
Capillary EJectropboresI. Coupled with Mu. Spectrometry 

Kenneth B. Tomer, leesa 1. Deterding, and Carol E. Parker 
Approacbes for the Optimization of Experlmeutal Parameters 
In Capillary Zone EJectropboresI. 

Haleem J. Issaq, George M. Janini, King C Chan, and 
Ziad EI Rassi 

Crawling Out of the CbIral Pool: The Evolution of PIrlde-Type 
CbIral Stationary Phases 

Christopher 1. Welch 
Pbarmaceutlcal AnalysI. by Capillary EJectropboresI. 

Sam F. Y. Lt; Choon Lan Ng, and Chye Peng Ong 
Chromatograpbic Characterization of Guollnes 

Richard E. Prmls 
Reversed-Phase Ion-PaIr and Ion-Interaction Chromatograpby 
Me Gennoro 

Error Soun:es In the Determlnatlou of Chromatollrapbic Peak 
Size Ratioo 

Veronika R. Meyer 
ISBN. ~7-8361-7 

1hi$ tKd is priflUd on Qcid·htt fXlP« 

Marcel Dekker, Inc. 
210 Madl.on Avenue, New York, NY 10016 
(212) 696-9000 
Hulg .... 4, Poatfach 812, CH-4001 _1, Switzerland 
Tel. 061-261-8482 



Don't forget these companion volumes", 

VOLUME 34 
456 pages, illustrated / $165.00 

Volume 34 details high performance capillary electrophoresis, gas chro
matography, matrix isolation, infrared spectrometry, statistical theories of 
peak overlap in chromatography, capillary electrophoresis of carbohydrates 
and proteins, supercritical Huid chromatography, and more. 

(;ontents 
High-Performance Capillary Electrophoresis of Human Serum 
and Pluma Proteins 
Oscar W. Reif, RaJf Lausch, and Ruth Freitag 

Analysis of Natural Products by Gas ChromatographylMalril< 
Isolatloollnfl"ared Spectrometry 

W. M Coleman 11/ and Bert M Gordon 

Statistical theories of Peak Overlap In Chromatography 
JoeM Davis 

CapWary Electrophoresis of Carbohydrates 
Ziad El Rassi 

Environmental Applications of Supercrltlcal fluid 
Chromatography 
Leah 1 Mulcahey, Christine L. Rankin, and MaI)' Ellen P. McNally 

HPLC of HomoIogouI Series of Simple Organic Anions and Cations 
Norman E. Hoffman 

Uncertainty Structure, Information Theory, and Optimization 
of Quantitative Analysis In Separation Science 

YUZUl71 Hayashi and Rieko Matsuda 

.---

For Credit Card 

... 8.".1119 .. ~~~b~~~~~:r ~~~[~e 
CALL TOLL-FREE 1-800-228-1160 
Mon.-Fri., 8:30 a.m. to 5:45 p.m. (EST) 
or FAX your order to 914-796-1712 

304 pages, i~S:~d~$:: 33 
" ... provid[es] a range of topics which should help chromatographers to 
maintain awareness of developments on a broad fronl" -Talanla 

" ... well written, with a consider.ble amount of information, and supported 
by a good subject index." -AnaIytlc.a ChimiCll Acta 

(;ontents 
Planar Chips Technology of Separation Systems: A Developing 
Perspective In Chemical MonItoring 
Andreas Manz, D. Jed Hanison, Elizabeth Vetpoorte, and 
H Michael Widmer 

Molecular Blochromatography: An Approach to the Uquld 
Chromatographic Determination of Ugand-Blopolymer 
Interactions 
Irving W. Wainer and Terence A G. Noclor 

Expert Systems In Chromatography 
Thieny Hamoir and D. wc Massart 

Information Potential of Chromatographic Data for 
Pharmacological Claulilcatlon and Drug Design 
Roman Kaliszan 

Fusion Reaction Chromatography: A Powerful Analytical 
Technique for Condensation Polymers 
JohnK Haken 

The Role of Enantloselectlve Uquld Chromatographic 
Separations Using CbIral Stationary Phases In Pharmaceutical 
Analysis 
Shulamit Levin and Saleh Abu-Lafi 

ISBN: 0--8241-9064-2 

.. 1IiIII_iII.--, 

Mail to; Promotion DepL, MARCEL DEKKER, INC. 
270 Madison Avenue, New York, N. Y. 10016 

I enclose payment in the amount of $ ______ by: Q cbed: Q money order 

Please send me the foliowingAdD<Ulces In ChrollUltography 
books edited by Phyllis R. Brown and Eli Grushlca: 

___ copy(ies) of Volume 35 at $165.00 per volume. 

___ copy(ie,) of Volume 34 at 5165.00 per volume. 

___ copy(ies) of Volume 33 at $150.00 per volume. 

PiNS#!tMdSl.S(}fOrpos/4#lwJhandilngpuoolume: 
0I!{P't{JIJldordtIllQririr)llfyS.7S 
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Create polymer products that have an 
optimal molecular weight distribution with the ... 

Handbook of SiD 
~~~~on ChromQtography 

edited by CHI·SAN WU 
Intem.tional Spedalty Products. Wayne. New Jersey 

January, 1995 I 472 pages, illustrated 1$175.00 

This outstanding single-source reference details 
the prac:Ucal use of size exclusion chromatogra
phy (SEC) in characterizing the molecular weight 

distribution of important polymeric materials
addressing problems encountered in the SEC of 
specific substances, including copolymers, polyamides, 
polyvinyl alcohol and acetate, lignin derivatives, pro
teins, and starch. 

Written by more than 25 internationally renowned 
authorities in their respective fields, the H ... dbooJr or 
SJze &dusioa Cbromatolrapby 

• delineates the employment of semirigid polymer 
gels and modified silica-based packing materials 
for SEC 

• discusses recently developed molecular weight
sensitive detectors 

• examines column technology in SEC 
• covers materials seldom considered in SEC surveys 

such as rubber and asphalt 

• describes how to determine the absolute molecular 
distribution of polymers by SEC without calibration 

• and more! 

Furnishing over 1000 dtations to key sources in the 
literature as well as more than 275 useful tables, draw
ings, and equations, the H ... dbooJc or SJze EzdusiOD. 
Cbromatollrll.pby is an invaluable resource for chroma
tographers; analytical, polymer, organic, and physical 
chemists; biochemists; quality assurance managers; and 
upper-level undergraduate and graduate students in 
these disdplines. 

Morcel Dekker, Inc. I 

I 
270 Macn.oa A_, N_ YotIt, NY 100111 

(212) 696·9000 
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