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Scope. The Journa/ of Chromatography publishes papers on all aspects of chromatography, electro­
phoresis and related methods. Contributions consist mainly of research papers dealing with chro­
matographic theory, instrumental development and their applications. The section Biomedical
Applications, which is under separate editorship, deals with the following aspects: developments in
and applications of chromatographic and electrophoretic techniques related to clinical diagnosis
(including the publication of normal values); screening and profiling procedures with special refer­
ence to metabolic disorders; results from basic medical research with direct consequences in
clinical practice; combinations of chromatographic and electrophoretic methods with other physico­
chemical techniques such as mass spectrometry. In Chromatographic Reviews, reviews on all aspects
of chromatography, electrophoresis and related methods are published.

Submission of Papers. Papers in English, French and German may be submitted, if possible in three
copies. Manuscripts should be submitted to:
The Editor of Journal of Chromatography, P.O. Box 681,1000 AR Amsterdam .. The Netherlands
or to:
The Editor of Journal of Chromatography, Biomedical Applications, P.O. Box 681, 1000 AR Amsterdam,
The Netherlands.
Reviews are invited or proposed by letter to the Editors and will appear in Chromatographic Reviews
or Biomedical Applications. An outline of the proposed review should first be forwarded to the
Editors for preliminary discussion prior to preparation.

Subscription Orders. Subscription orders should be sent to: Elsevier Scientific Publishing Company.
P.O. Box 211, 1000 AE Amsterdam, The Netherlands. The Journal of Chromatography, Biomedical
Applications can be subscribed to separately.

Publication. The Journal of Chromatography (including Biomedical Applications and Chromatographic
Reviews) has 19 volumes in 1979. The subscription price for 1979 (Vols. 162-180) is Dfl. 2356.00
plus Dfl. 285.00 (postage) (total ca. US$1288.00). The subscription price for the Biomedical Applications
section only (Vols.162-164) is Dfl. 384.00 plus Dfl. 45.00 (postage) (total co. US$ 209.00). journals are
automatically sent by air mail to the U.S.A. and Canada at no extra costs, and to japan, Australia and
New Zealand with a small additional postal charge. Back volumes of the Journal of Chromatography
(Vols. 1 through 161) are available at Dfl. 140.00 (plus postage). Claims for issues not received
should be made within three months of publication of the issue. If not, they cannot be honoured
free of charge. For customers in the U.S.A. and Canada wishing additional bibliographic information
on this and other Elsevier journals, please contact Elsevier/North-Holland Inc., journal Information
Centre, 52 Vanderbilt Avenue, New York, N.Y. 10017. Tel: (212) 867-9040.
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Volume 18
ELECTROPHORESIS
A Survey of Techniques and
Applications. Part A: Techniques

edited by Z. Dey!
co-editors: F. M. Everaerts, Z. Prusik and P. J.
Svendsen

1979 xvi + 392 pages
Price: US $83.00/ Ofl. 170.00
ISBN 0-444-41721-4

This first volume in a two-part set, deals with
the principles, theory and instrumentation of
modern electromigration techniques. The
second part will be concerned with the de­
tailed applications of electromigration'
methods to all diverse categories of com­
pounds, although to a limited extent some
applications are discussed in Part A.

Electromigration methods have been so ex­
tensively used in the past for both analytical
and preparative separations that several of
these methods have become standard proce­
dures. These are discussed in the book to­
gether with newer developments in the field.
Hints are included to help the reader to over-.
come the difficulties which often arise fro
the lack of available equipment and adequal
theoretical background of the individual
techniques is also given. A theoretical
approach to the deteriorative processes is
presented in order to facilitate further devel­
opment of a particular technique and its
application to a special problem.

In each chapter practical realizations of
different techniques are discussed ani
examples are presented to demonstrate th
limits of each method. The mathematical ant
physicochemical background is arranged so
as to make it as coherent as possible for both
non-professionals, such as post-graduate
students, and experts using electromigration
techniques.

CONTENTS: Preface. Foreword. Introduction.
Chapters: 1. Theory of electromigration processes
(J. Vacik). 2. Classification of electromigration
methods (J. Vac/k). 3. Evaluation of the results of
electrophoretic separations (J. Vacik). 4. Mole­
cular size and shape in electrophoresis (Z. Dey/). 5.
Zone electrophoresis (except gel-type techniques
and immunoelectrophoresis (w. Ostrowski). 6.
Gel-type techniques (Z. Hrka/). 7. Quantitative
immunoelectrophoresis (P. J. Svendsen). 8.
Moving boundary electrophoresis in narrow-bore
tubes (F. M. Everaerts and J. L Beckers). 9. Iso­
electric focusing (N. Catsimpoo/as). 10. Analytical



isotachophoresis (J. Vacik and F. M. Everaerts) 11.
Continuous flow-through electrophoresis (Z.
Prusik). 12. Continuous flow deviation electropho­
resis (A. Kolin). 13. Preparative electrophoresis in
gel media (Z. Hrkal). 14. Preparative electropho­
resis in columns (P. J. Svendsen). 15. Preparative
isoelectric focusing (P. BlanickY). 16. Preparative
isotachophoresis (P. J. Svendsen). 17. Preparative
isotachophoresis on the micro scale (L. Arlinger).
List of frequently occurring symbols. Subject
Index.

Volume 17
75 YEARS OF CHROMATO­
GRAPHY - A HISTORICAL
DIALOGUE

edited by L. S. Ettre and A. Ziatkis

1979 xiv + 502 pages
Price: US $54.75 / Ofl. 112.00
ISBN 0-444-41754-0

On the occasion of the 75th anniversary of
the invention of chromatography, this book
compiles the personal stories of 59 pioneers
of the various chromatographic techniques
(including five Nobel Prize laureates).

In their contributions to this volume, these
.... ioneers review the events which influenced

'em to enter the field; explain the back­
-,'round of their inventions; summarize their
activities and results during their professio­
nal lives; and discuss their interactions with
other scientists and other disciplines. The
book is completed by a chapter devoted to
"Those who are no longer with us".

This book is more than a nostalgic recollec­
tion of the past for those who have been in
~hromatography for some time. It also pro-
ides, for the younger generation of chro­
latographers, a unique record of how
~resent-dayknowledge was accumulated as
well as an insight into the background of the
methods and techniques which they use in
their daily work.

CONTRIBUTORS; E. R. Adlard, H. Boer, E.
Cremer, D. H. Desty, G. Dijkstra, L. S. Ettre, P.
Flodin, C. W. Gehrke, J. C. Giddings, E. Glueckauf,
M. J. E. Golay, D. W. Grant, E. Heftmann, G. Hesse,
G. H. Higgins, E. C. Horning, M. G. Horning, Cs.
Horvath, J. F. K. Huber, A. T. James, J. Janak, R. E.
Kaiser, A. Karmen, J. G. Kirchner, J. J. Kirkland, A.
V. Kiselev, E.sz. Kovats, E. Lederer, M. Lederer, A.
Liberti, S. R. Lipsky, J. E. Lovelock, A. J. P. Martin,
S. Moore, H. W. Patton, C. S. G. Phillips, J. Porath.
V. Pretorius, G. R. Primavesi, N. H. Ray. L. Rohr­
schneider, K. I. Sakodynskii, G. Schomburg, G.-M.
Schwab, R. D. Schwartz, C. D. Scott, R. P. W. Scott,
G. T. Seaborg, M. S. Shraiber, L. R. Snyder, E.
Stahl, W. H. Stein, H. H. Strain, F. H. Stross, R. L. M.
Synge, R. Teranishi, J. J. van Deemter, A. A.
Zhukhovitskii, A. Ziatkis.

Volume 16
POROUS SILICA
Its Properties and Use as Support in
Column Liquid Chromatography

by K. K. Unger

1979 xii + 336 pages
Price: US $58.50 / Ofl. 120.00
ISBN 0-444-41683-8

Although an enormous amount of literature
exists about basic surface chemistry of silica
on the one hand, and about its use as packing
in high-performance liquid chromatography
on the other, no comprehensive and system­
atic survey has previously been published to
cover both subjects.

This book covers both treatments and pro­
vides the chromatographer with full infor­
mation on the properties of silica and its
chemically bonded derivatives in context
with its chromatographic behaviour. The text
is divided into two parts: the first deals with
the physical and chemical properties of silica
including pore structure, surface chemistry.
particle preparation and characterization,
while the second surveys the wide-spread
appl ication of untreated and chemically
modified silica as adsorbent, support and ion
exchanger in the four modes of HPLC, i.e.
adsorption, partition, ion exchange and size
exclusion chromatography. A separate
chapter is devoted to packing procedures
and performance of silica columns.

CONTENTS; 1. General Chemistry of Silica. 2.
Pore Structure of Silica. 3. Surface Chemistry of
Porous Silica. 4. Particle Characteristics. 5. Silica
Columns - Packing Procedures and Performance
Characteristics. 6. Silica and Its Chemically
Bonded Derivatives as Adsorbents in Liquid-Solid
Chromatography. 7. Silica as a Support in Liquid­
Liquid Chromatography. 8. Chemically Modified
Silica as Packing in lon-Exchange Chromato­
graphy. 9. Silica as Packing in Size-Exclusion
Chromatography. Appendix: Commercially Avail­
able Silica Packings. List of Symbols and Abbre­
viations. Subject Index.

Volume 15
ANTIBIOTICS
Isolation, Separation and Purification

edited by M. J. Weinstein and G. H. Wagman

1978 x + 772 pages
Price: US $95.00 / Ofl. 195.00
ISBN 0-444-41727-3

This book has been written in response to the
great interest currently being shown in modi­
fication of some of the older, and many newer



antibiotics to improve upon existing. natural­
ly produced compounds.

Twenty-four eminent scientists in the field of
antibiotic isolation have contributed
chapters on key chemical families of anti­
biotics, with emphasis placed on isolation,
separation and purification of these sub­
stances, many of which can be used as
starting materials for further modification. In
addition the authors have provided brief
summaries of the chemical, physical and bio­
logical properties. usage and structural for­
mulae of many of the compounds. Isolation
methods include solvent and resin extrac­
tions, counter-current distribution, gas­
liquid and high-pressure chromatography
and electrophoresis. Many of the recently
discovered naturally produced antibiotics
are also discussed.

CONTENTS: Actinomycins (A Mauger and E.
Katz). Ansamycins (A Ganguly). Cephalosporin
Antibiotics (A. L. Hamill and L. W. Crandall).
Coumarin-Glycoside Antibiotics (J. Berger and A
D. Batcho). 2-Deoxystreptamine-Containing Anti­
biotics (J. A Marquez and A Kershner). Griseo­
fulvins (G. H. Wagman and M. J. Weinstein). Linco­
mycin Related Antibiotics (T. E. Eble). Macrolide
Antibiotics (J. P. Majer). Marine-Derived Anti­
biotics (L. S. Shield and K. L. Rinehart, Jr,). Peni­
cillins and Related Antibiotics (B. B. Mukherjee
and B. K. Lee). Peptide Antibiotics (E. Gross).
Plant-Derived Antibiotics (L. A Mitscher). POly­
ether Antibiotics (R. L. Hamill and L. W. Crandall).
Siderochromes (H. Maehr). Streptamine-Contain­
ing Antibiotics (D. Perlman and Y. Ogawa). Strep­
tothricins and Related Antibiotics (A S. Khokh­
lov). Tetracyclines (S. Neidleman). SUbject Index.

Volume 14
RADIOCHROMATOGRAPHY
The Chromatography and Electropho­
resis of Radiolabelled Compounds

by T. R. Roberts

1978 x + 174 pages
Price: US $44.00 / Dfl. 90.00
ISBN 0-444-41656-0

The aim of this book is to describe and
discuss all of the various radiochromato­
graphy and radioelectrophoresis methods in
a single volume. For each technique. the
historical development is outlined and the
relative merits of the radiochemical de­
tection methods currently available are
assessed. This is followed by a discussion of
the method of choice for any particular appli­
cation. Each chapter also describes in detail
the practical aspects of the various tech­
niques and provides examples of appli­
r::ltinns t'lkpn frnm thp rprpnt litprature.

CONTENTS: Introduction. Radioactivity detectors
used in chromatography. Radio-paper chromato­
graphy. Radio-thin-Iayer chromatography. Radio­
electrophoresis. Radio-column chromatography.
Radio-gas-liquid chromatography. Miscellaneous
applications related to radiochromatography.
Appendix. Subject Index.

Volume 13
INSTRUMENTATION FOR
HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY
edited by J. F. K. Huber

1978 xii + 204 pages
Price: US $39.00 / Dfl. 80.00
ISBN 0-444-41648-X

A practical guide for all those involved in the
application of column liquid chromato­
graphy, this book provides a valuable, up-to­
date review of the large selection of instru­
mentation currently available, describing the
general design features and the specific
technical solutions in the instrumentation for
high-performance liquid chromatography.
For the purposes of this survey, the chroma­
tographic system has been divided into a
number of interacting sub-systems and these
are described in detail by experts in the field.
Special emphasis is given to discussion of
the general principles of design which will
remain relevant even if new technical solu­
tions are found in the future.

CONTENTS: The chromatographic apparatus
from the viewpoint of system theory (J. F. K.
Huber). Pump systems (M. Martin and G. Guio­
chon). Solvent gradient systems (M. Martin and G.
Guiochon). Sample introduction systems (J. C.
Kraak). Column design selection (J. C. Kraak).
Components and accessories for preparative
high-performance liquid chromatography (A
Wehrli). Detectors based on the measurement of
optical and electrical properties of the mobile
phase (H. Poppe). Electrochemical detectors (H.
Poppe). Radiometric detectors (P. Markl). Combi­
nation of liquid chromatography and mass
spectrometry (E. Kenndler and E. R. Schmid).
Specifications of commercial liquid chromato­
graphs (R. R. Becker). Subject index. Manu­
facturer index.

Volume 12
AFFINITY CHROMATOGRAPHY

by J. Turkova

1978 x + 406 pages
Price: US $81.50 / Dfl. 167.00
ISBN 0-444-41605-6

This book reviews the application of affinity
chromatoaraohv for the isolation of various



biologically active substances. The reviewing
table comprises almost 1,400 references and
is completed by data on use of solid supports
and spacers. Great attention is given to the
review of the most commonly used solid
supports and to the method of attachment,
together with the methods of characteriza­
tion of both the carriers and the immobilized
affinity ligands.

This extensive and up-to-date review is in­
tended mainly for biochemists and bio­
logists. It will be particularly useful to
clinicians engaged in human or veterinary
medicine, as well as to those dealing with
chromatography and industrial chemistry_

CONTENTS: Introduction. The principle, history
and use of affinity chromatography_ Theory of
affinity chromatography. Application of affinity
chromatography to the quantitative evaluation of
specific complexes. General considerations on
affinant-sorbent bonding. Choice of affinity
ligands for attachment. Hydrophobic chromato­
grg.phy, covalent affinity chromatography. affinity
elution and related methods. Solid matrix
supports and the most used methods of binding.
Characterization of supports and immobilized
affinity ligands. General considerations on
sorption, elution and non-specific binding.
Examples of the use of affinity chromatography.
Immobilized enzymes. Subject Index. List of
compounds chromatographed.

Volume 11
L1aUID CHROMATOGRAPHY
DETECTORS

by R. P. W. Scott

1977 x + 248 pages
Price: US $41.00 I Ofl. 84.00
ISBN 0-444-41580-7

The rapid development of liquid chromato­
graphy over the past decade has been due to
the introduction of highly sensitive linear
liquid chromatography detectors. This book
provides a comprehensive treatment of the
function and optimal working conditions of
liquid chromatography detectors. It is di­
vided into four parts.
Part 1 includes a detailed discussion of pro­
perties of the detecting system that can
impair column performance and how these
effects can be minimized. In Parts 2 and 3, the
various types of detectors that have been
developed are described and a detailed
treatment given of commercially available
detectors. Part 4 discusses the practical
operation of liquid chromatography, in­
clUding methods for quantitative analysis as
well as practical hints on detector operation
and special detector techniques. The final

chapter deals with spectroscopic detectors
and provides a detailed description of LC/UV
and LC/MS systems.
This work is particularly useful because of
the presentation of the necessary detector
specifications which enables readers to
make a rational comparison of the perfor­
mance of one detector with that of another.

CONTENTS: Introduction. General characteristics
of liquid chromatography detectors. Bulk property
detectors. Solute property detectors. The use of
detectors in liquid chromatography. SUbject
Index.

Volume 10
GAS CHROMATOGRAPHY OF
POLYMERS

by V. G. Berezkin, V. R. Alishoyev and I. B.
Nemirovski;Jya

1977 xiv + 226 pages
Price: US $50.25 I Ofl. 103.00
ISBN 0-444-41514-9

This book is devoted to the strategy of appli­
cation of gas chromatography in polymer
chemistry and discusses, in detail, the use of
gas chromatography in research work and
the polymeric compounds industry. It is the
second, revised and enlarged edition of the
original version published in the USSR in
1972.

Volume 9
HPTLC - HIGH PERFORMANCE
THIN-LAYER
CHROMATOGRAPHY

edited by A. Ziatkis and R. E. Kaiser

1977 240 pages
Price: US $53.75/ Ofl. 110.00
ISBN 0-444-41525-4

HPTLC is the advanced technology of thin­
layer chromatography and is defined as the
combined action of several variables which
include: an optimized coating material with a
separation power superior to the best high
performance liquid chromatographic se­
paration material; a new method of feeding
the mobile phase; a novel procedure for layer
conditioning; a considerably improved
dosage method and a competent data
acquisition and processing system. Thus a
complete system and procedure is discussed
here. This should be understood as a step­
wise improvement of an analytical method,



which has been a powerful tool since the
pioneering work of E. Stahl.

CONTENTS: Simplified theory of TLC (R. E.
Kaiser). The separation number in linear and
circular TLC (J. Blome). Advantages, limits and
disadvantages of the ring developing technique (J.
Blome). The U-chamber (R. E. Kaiser). Dosage
techniques in HPTLC (R. E. Kaiser). High perfor­
mance thin-layer chromatography: development,
data and results (H. Halpaap and J. Ripphahn).
Consideration on the reproducibility of TLC
separations (0. Jaenchen). Potential and ex­
perience in quantitative HPTLC (U. B. Hezel).
Application of a new high-performance layer in
quantitative TLC (J. Ripphahn and H. Halpaap).
Appendix. Index.

VolumeB
CHROMATOGRAPHY OF
STEROIDS

by E. Heftmann

1976 xiv + 204 pages
Price: US $44.00 / Ofl. 90.00
ISBN 0-444-41441-X

Although some theory is included, this is
mainly a laboratory handbook, arranged
according to the steroids analyzed as well as
according to the methods used. Currently
used techniques are described in detail.

CONTENTS: Introduction. Liquid column chro­
matography. Paper and thin-layer chromato­
graphy. Gas chromatography. Relations between
structure and chromatographic mobility. Sterols.
Bile acids and alcohols. Estrogens. Androstane
derivatives. Pregnane derivatives. Corticoste­
roids. Miscellaneous steroid hormones. Vitamins
D. Molting hormones. Steroid sapogenins and
alkaloids. Cardenolides and bufadienolides. List
of Abbreviations. References. Subject Index.

Volume 7
CHEMICAL DERIVATIZATION IN
LIQUID CHROMATOGRAPHY

by J. F. Lawrence and R. W. Frei

1976 viii + 214 pages
Price: US $44.00 / Ofl. 90.00
ISBN 0-444-41429-0

This book is intended for all investigators
concerned with the use of physical separa­
tion techniques for solving complex analyti­
cal problems. It provides a comprehensive
account of modern derivatization in liquid
chromatography with special emphasis on
the practical aspects.

Volume 6
ISOTACHOPHORESIS
Theory, Instrumentation and
Applications

by F. M. Everaerts, J. L. Beckers and
Th. P. E. M. Verheggen

1976 xiv + 418 pages
Price: US $78.00 / Ofl. 160.00
ISBN 0-444-41430-4

This book is the only text currently available
providing full information on the new separa­
tion technique known as Isotachophoresis.
The various chapters can be referred to more
or less independently by scientists interested
in fundamental aspects, by research groups
intending to construct an instrument and by
workers concerned mainly with the analytical
aspects.

VolumeS
INSTRUMENTAL LIQUID
CHROMATOGRAPHY
A Practical Manual on High-Perfor­
mance Liquid Chromatographic
Methods

by N. A. Parris

1976 second impression 1979
x + 330 pages
Price: US $48.75/ Ofl. 100.00
ISBN 0-444-41427-4

Available texts on liquid chromatography
have tended to emphasize the developments
in the theoretical understanding of the tech­
nique and methodology or to list numerous
applications, complete with experimental
details.
This work intends to bridge the gap between
these two treatments by providing, with the
minimum of theory, a practical guide to the
use of the technique for the development of
separations. The material is based largely on
practical experience and highlights details
which may have important operational value
for laboratory workers.

CONTENTS: Introduction and historical back­
ground. Basic principles and terminology.
Chromatographic support and column. Liquid
chromatographic instrumentation. Liquid chro­
matographic detection systems. Nature of the
mobile phase. Liquid-solid (adsorption) chroma­
tography. Liquid-liquid (partition) chromato-



graphy. Ion-exchange chromatography. Steric
exclusion chromatography. Qualitative analysis.
Quantitative analysis. Practical aspects of trace
analysis. Practical aspects of preparative liquid
chromatography. Published LC applications infor­
mation. The latest trends and a glimpse into the
future. Subject Index.

Volume 4
DETECTORS IN GAS
CHROMATOGRAPHY

by J. SevCik

1976 192 pages
Price: US $34.25 / Ofl. 70.00
ISBN 0-444-99857-8

The first systematic treatment of gas chroma­
tographic techniques, this publication de­
votes special attention to so-called specific
detectors and working conditions which
strongly influence results (e.g. gas flow,
effect of additives in gases, working tempe­
rature, detector form and dimensions).

, -. ,
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Volume 3
L1aUID COLUMN
CHROMATOGRAPHY
A Survey of Modern Techniques a d
Applications

edited by Z. Dey!, K. Macek and J. Janak

1975 xxiii + 1176 pages
Price: US $141.50 / Ofl. 290.00
ISBN 0-444-41156-9

The wide selection of applications in various
fields of chemistry and biochemistry, written
by specialists in the area, makes this volume
a necessary reference work for those in­
volved in chromatographic investigations.

Volume 2
EXTRACTION
CHROMATOGRAPHY

edited by T. Braun and G. Ghersini

1975 xviii + 566 pages
Price: US $68.25 / Ofl. 140.00
ISBN 0-444-99878-0

This volume is the result of the collective
work of many specialists, each responsible

for a chapter in which a definite aspect of
column extraction chromatography is
thoroughly presented and discussed.

Volume 1
CHROMATOGRAPHY OF
ANTIBIOTICS

by G. H. Wagman and M. J. Weinstein

1973 x + 238 pages
Price: US $46.25/ Ofl. 95.00
ISBN 0-444-41106-2

This book has been written to aid the identifi­
cation of very similar compounds by use of
specific chromatographic techniques.. It
contains detailed data on paper and thln­
layer chromatography, electrophoresis,
counter-current distribution and gas chro­
matographic systems for over 1,200 anti­
biotics and their derivatives, and provides in­
formation on chromatographic media.
solvents, detection methodology and mobil­
ity of the antibiotics.

Announcing a New Elsevier Series:

CHROMATOGRAPHY SYMPOSIA
SERIES

Volume 1

RECENT DEVELOPMENTS IN
CHROMATOGRAPHY AND
ELECTROPHORESIS

Proceedings of the 9th International
Symposium on Chromatography and Elec­
trophoresis, Riva del Garda, 15-17 May. 1978

edited by A. Frigerio and L. Renoz

1979 x + 358 pages
Price: US $58.50 / Ofl. 120.00
ISBN 0-444-41785-0
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irradiation and the brains were removed from the skull. Extraction of choline
and acetylcholine was carried out with 3 ml of 15% 1 N formic acid in ace­
tone, using 100 ,..11 of 0.3 mM butyrylcholine as the internal standard, in a cold
Polytron homogenizer at 6800 rpm for 20 sec. After standing in ice for 30 min,
the homogenates were centrifuged at 16,000 g at 0° for 15 min. The super­
natant solutions were washed twice with 1 ml of diethyl ether. After discarding
the ether the aqueous portion was dried. The residue was dissolved in 100 pI
of acetonitrile and 300 pI of propionyl chloride were added. This solution was
allowed to stand at 600 for 40 min for complete acylation. The solvent was
then evaporated with a nitrogen stream and the residue was dissolved in 200
pI of distilled water. Twenty microlitres of potassium peroxide solution (2 g of
K1 and 1.8 g 12 in 10 ml water) were added to the solution and mixed well on
the flushing mixer. After centrifugation by Beckman Microfuge for 3 min at
10,000 g the supernatants were removed and the precipitates were dissolved
in 50 pI of acetonitrile. To remove excess iodide approximately 5 mg of macro­
porous AG1-X8-Cr was added to the solution and the mixture was shaken
for 5 sec. For assaying endogenous acetylcholine and choline, 2 pI of the mix­
ture were put on the platinum ribbon of the pyrolyzer and pyrolyzed at 2 A
for 7.5 sec.

TISSUE
BUTYRYLCHOLINE IODIDE
15%-IN FORHIC ACID IIJ
ACETONE

HOHOGENIZE
CENTRIFUGE

RESIDUE
I

DISCARD

ETHER

I
DISCARD

UPPER LAYER

IvASH !;HTH
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AQUEOUS

! EVAPORATION

RESIDUE
+

ACETONITRILE
PROPIONYL CHLO~IDE

j 60°C, 40 BIN
EVAPO~ATION

RESIDUE

I
UPPER LAYER

I
DISCARD

I
PRECIPITATE

+
ACETONITORILE

GA.S CHROrv'iATOGRAPHY

Fig. 1. Extraction procedure for choline and acetylcholine from brain tissue.
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RESULTS AND DISCUSSION

Conditions for propionylation of choline
In order to determine the critical conditions for the unsuccessful propionyla­

tion of choline, standard samples in each tube were prepared as follows: 300 tIl
of propionyl chloride were poured into small tubes in which 100 tIl of 0.3 mM
acetylcholine iodide, 100 tIl of 0.3 mM choline and 100 tIl of 0.3 mM butyryl­
choline iodide,all in acetonitrile, had been placed. The tubes were then allowed
to stand at room temperature for 10, 20, 30,40 and 60 min, respectively, and
the percentage yield of the product in each sample was measured by GC after
treating the samples with potassium periodide solution to precipitate the
quaternary ammonium compounds. The results are shown in Fig. 2. The
reaction gradually increased with time and reached a maximum, 92.0%, after
40 min. Next, the samples prepared as above were used to test the effect of
temperature on maximum yield as shown in Table 1. From this experiment,
the reaction was complete after 40 min at 60°. The stability and reproducibili­
ty were confirmed by repeating the analysis on samples refrigerated at 4° for
two weeks.

100

50

N=3

o 10 20 30 40 50

TIME (MIN)

60

Fig. 2. Effect of reaction time on propionylation at room temperature (230
).

TABLE I

EFFECT OF TEMPERATURE ON PROPIONYLCHOLINE PRODUCTION

Values represent the percentage formation of propionyl ester, mean ± S.E. (n = 3).

Heating Temperature CC)
time
(min) 23 40 60

10 35 ± 5.3 45 ± 0.4 76 ± 1.9
40 56 ± 0.6 82 ± 1.1 102 ± 2.2
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Sensitivity and standard curves
Using this method, propionyl choline and acetylcholine were separated, and

their sharp peaks were observed within 15 min on the gas chromatogram as the
pyrolyzed products (Fig. 3). Peaks derived from biological samples were
compared with those from the standards by pyrolysis GC-MS analysis [12].

~ ACh
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~ PCh

_...::=. _ : --=1---1 ,-
-=l =--=±:::::1==J:-=--, =-:....--1~-+ 1-
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Fig. 3. Typical gas chromatogram of propionylcholine (PCh) and acetylcholine (ACh) as
pyrolized esters of dimethylaminoethanol. Peaks of standard compounds of PCh and ACh
are seen on the left and those derived from endogenous compounds are shown on the right.
Butyryl choline iodide (BCh) is used as internal standard.

The correlation between the ratio and amounts of the compounds was
excellent. The measurement for acetylcholine was more sensitive than
propionylcholine; however, propionylcholine could be determined down to the
30-240 picomole range.

Recovery from tissue
The efficiency of the assays described was tested by studying the recovery of

choline added to brain homogenate. The results of the experiment are shown in
Table II. The total recovery for choline represents the 38.0 ± 0.96 nmoles of
added standard plus the endogenous amount of the compound extracted from
1 ml of brain homogenate. With the procedure shown in Fig. 1, a normal level
of acetylcholine was also assayed without interference. When the added
standard was subtracted, endogenous choline was estimated at 8.1 ± 0.98
nmolesJml of homogenate. The total recovery of added choline by this method
was therefore 99.6 ± 4.2%. In order to confirm reproducibility, further experi­
ments assaying the endogenous compounds from rat brain after decapitation or
by microwave irradiation were carried out (Table III). Assayed levels after
microwave irradiation were 25.5 ± 3.76 for choline and 26.9 ± 1.30 nmolesJg
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TABLE II

RECOVERY OF CHOLINE ADDED TO BRAIN HOMOGENATE

Choline and butyrylcholine (30 nmoles) were added to 1 ml of brain homogenate and
extracted in the manner shown in Fig. 1. The values (nmoles/ml homogenate) represent the
mean ± S.E. from three determinations.

Amines

Choline
Acetylcholine

Normal Added
endogenous

8.1 ± 0.98 30
8.3 ± 0.00

Theoretical
total

38.2 ± 0.96

Assayed
total

38.0 ± 0.96
8.3 ± 0.29

Recovery (%)

99.6 ± 4.2

TABLE III

ACETYLCHOLINE AND CHOLINE LEVELS (nmoles/g WET WEIGHT) IN RAT WHOLE
BRAIN

The values represent the mean ± S.E. of five determinations. Choline as its propionyl ester
and acetylcholine were assayed by pyrolysis GC using butyrylcholine as an internal standard.

Acetylcholine Choline

Microwave
(5 kW for 1.6 sec)
Decapitation

26.9 ± 1.3
14.4 ± 1.3

25.5 ± 3.8
172.3 ± 30.7

tissue for acetylcholine, and those by decapitation were 172.3 ± 30.7 and
14.4 ± 1.29 nmoles/g tissue, respectively. The levels of the amines after mi­
crowave irradiation or decapitation were clearly in accord with those reported
by Stavinoha [2, 13] ; that is, levels of the amines were found in approximate­
ly equimolar amounts in rat whole brain, and the variations previously reported
[14-16] were not seen.

In summary, we have provided an improved method for the esterification of
choline in the presence of acetylcholine and demonstrated the usefulness of
pyrolysis gas chromatography for assaying both amines simultaneously in brain
tissue.
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC DETERMINATION
OF HYDROCORTISONE AND METHYLPREDNISOLONE AND THEIR
HEMISUCCINATE ESTERS IN HUMAN SERUM

MARILYN DIX SMITH*

Abbott Laboratories, 1400 Sheridan Road, North Chicago, Ill. 60064 (U.S.A.)

(First received March 19th, 1979; revised manuscript received June 6th, 1979)

SUMMARY

A high-performance liquid chromatographic method is described for the simultaneous
determination of methylprednisolone (MP) and methylprednisolone hemisuccinate (MPHS),
or hydrocortisone (HC) and hydrocortisone hemisuccinate (HCHS) in human serum.
Reversed-phase liquid chromatography was performed on a microparticulate C I8 column
(Spherisorb, 5 I'm) using a mobile phase of 2% glacial acetic acid, 30-35% acetonitrile,
70-65% water with ultraviolet detection (254 nm). The method uses 17C\'-hydroxy­
progesterone as the internal standard for the determination of methylprednisolone and its
hemisuccinate ester, or 11-deoxy-17-hydroxycorticosterone as the internal standard for the
determination of hydrocortisone and its hemisuccinate ester. The sensitivity is 0.03 ILg/ml
for HC, 0.07 ILg/ml for MP, 0.04 ILg/ml for MPHS, and 0.10 ILg/ml for HCHS, with a
detection limit of 0.02 ILg/ml for all four steroids. Calibration curves are linear up to 3 /-Lg/ml
for MP or MPHS (as equivalent MP) and up to 4 ILg/ml for HC and 7 ILg/ml (as equivalent
HC) for HCHS. The pooled relative standard deviation for replicate samples for each steroid
is <7%. Plasma concentration-time curves are reported for MP and MPHS or HC and HCHS
of two human subjects following intramuscular administration of 125 mg of methyl­
prednisolone sodium succinate for injection, U.S.P., or 250 mg of hydrocortisone sodium
succinate for injection, U.S.P.

INTRODUCTION

The sodium salts of methylprednisolone hemisuccinate (MPHS) and hydro­
cortisone hemisuccinate (HCHS) are water-soluble esters of the 21-hydroxy­
corticosteroids, methylprednisolone (MP) (11(3,17Q,21-trihydroxy-6Q-methyl­
1,4-pregnadiene-3,20-dione) and hydrocortisone (HC) (lb,17,21-trihYdroxy­
pregn-4-ene-3,20-dione). After parenteral administration of a solution of these
esters, they are hydrolyzed to their respective parent corticosteroids. Several
methods have been described to determine the parent 21-hydroxycortico-

*Present address: Arnar-Stone Laboratories, 1600 Waukegan Rd., McGaw Park, Ill. 60085,
U.S.A.
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steroids, such as the Silber-Porter photometric method [1] or radioimmuno­
assay [2-4]. However, these methods would require the prior separation of the
21-hydroxycorticosteroid from its hemisuccinate ester and subsequent hydro­
lysis of the hemiester to its parent steroid. Thin-layer chromatography, which
has also been used in the analysis of corticosteroids [5-8] , was considered as a
possible method for the simultaneous analysis of the hemiester and its parent
steroid. However, this method lacked the desired reproducibility.

High-performance liquid chromatography (HPLC) offered the advantage of
simultaneous analysis of hemiester and parent steroid [9]. HPLC has been used
extensively in the analysis of corticosteroids using either normal phase
[10--12] or reversed-phase chromatography [13-15] in biological fluids. This
paper reports a method using reversed-phase HPLC with ultraviolet detection
for the simultaneous determination of either MP and MPHS, or HC and HCHS,
in human serum or plasma.

EXPERIMENTAL

Reagents
Hydroxycortisone hemisuccinate and methylprednisolone hemisuccinate,

U.S.P. reference standards, and methylprednisolone and hydrocortisone, N.F.
reference standards, and pooled human serum were used to prepare spiked
serum samples. 17-a-Hydroxyprogesterone (Upjohn, Kalamazoo, Mich., U.S.A.)
and ll-desoxy-17-hydroxycorticosterone (Abbott, North Chicago, Ill., U.S.A.)
were used as internal standards. Distilled-in-glass spectroscopic grade ethyl
acetate, hexane, methyl alcohol, and acetonitrile (Burdick and Jackson,
Muskegon, Mich., U.S.A.) were used without further purification. Glacial
acetic acid (Mallinckrodt, St. Louis, Mo., U.S.A.) was used to prepare the 5%
acetic acid solution and the mobile phases.

Apparatus
The chromatographic apparatus consisted of a high-pressure liquid chromato­

graph (Spectra-Physics Chromatronix, Model 3500, Santa Clara, Calif., U.S.A.),
equipped with a 100 III value injection loop, a fixed wavelength detector
(Model 8200), and a strip chart recorder (Hewlett-Packard Model 7130A). The
column was an ODS reversed stationary phase (SperhiSorb 5 11m ODS, 3 X 250
mm, Spectra-Physics). Peak areas and retention times were determined with an
integrator (Autolab Minigrator, Spectra-Physics).

The apparatus used in the extraction procedure was a reciprocal shaker
(Eberbach, Ann Arbor, Mich., U.S.A.), a refrigerated centrifuge (Sorvall RC-3,
Norwalk, Conn., U.S.A.), and a drying block (Driblock DB-3, Techne,
Cambridge, Great Britain).

Mobile phase
The mobile phase was prepared by mixing exact volumes of acetonitrile,

filtered distilled water, and glacial acetic acid. The solution was stirred and
degassed. For the determination of MP and MPHS, the ratio of acetonitrile­
water--glacial acetic acid was 35:65:2. For the determination of HC and HCHS,
the ratio of acetonitrile-water-glacial acetic acid was 30:70:2.
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Chromatographic operation conditions
The ultraviolet detector was fixed at 254 nm. The sensitivity of the detector

was 0.04 a.u.f.s. (absorbance units full scale) for MP and MPHS and 0.08
a.u.f.s. for HC and HCHS. The flow rate was held constant at 1 ml/min. The
column pressure was 2000-2500 p.s.i. Chart speed was 0.5 em/min.

Extraction procedure
One-half milliliter of spiked serum or human sample, 1 ml of 5% acetic acid

solution containing 1 fJ.g per ml of internal standard, and 10 ml of hexane were
added to a 20 ml screw-cap test tube. The tubes were shaken for 15 min at
100 cycles/min and then centrifuged for 5 min at 1400 g at 10°.

The hexane (upper) layer was aspirated off. Six milliliters of ethyl acetate
were then added to the remaining aqueous layer. The tubes were shaken at
100 cycles/min for 20 min and centrifuged at 1400·g at 10° for 5 min. Five
milliliters of the ethyl acetate layer were transferred to a conical tube and
evaporated to dryness with filtered air at 40°. The residue was redissolved in
500 fJ.l of mobile phase and then injected on to the column.

Internal standard
17a-Hydroxyprogesterone was used as the internal standard in the procedure

for MP and MPHS. 11-Desoxy-17-hydroxycorticosterone was used as the
internal standard in the procedure for HC and HCHS. The internal standards
were prepared by diluting a methanol solution of each of the above (100
fJ.g/ml) with 5% acetic acid solution to a concentration of 1 fJ.g/ml.

Preparation of spiked serum samples
Methylprednisolone-methylprednisolone hemisuccinate. Methanolic

solutions of MP (500 fJ.g/ml) and MPHS (400 fJ.g/ml, equivalent MP) were
diluted (8:100) with water and then further diluted with pooled human serum
to concentrations from 0.10 to 2.95 fJ.g/ml for MP and 0.08 to 3.20 fJ.g/ml for
MPHS. Each spiked sample contained both MP and MPHS. MPHS concentra­
tions are reported as equivalent MP concentrations.

H'ydrocortisone-hydr.ocortisone hemisuccinate. Methanolic solutions of HC
(500 fJ.g/ml) and HCHS (800 tlg/ml, equivalent HC) were diluted (8:100) with
water and then further diluted with pooled human serum to concentrations
from 0.08 to 4.05 fJ.g/ml for HC and 0.12 to 6.97 fJ.g/ml for HCHS. Each spiked
sample contained both .HC and HCHS. HCHS concentrations are reported as
equivalent HC concentrations.

RESULTS AND DISCUSSION

In the analysis of MP and MPHS, the parent steroid and its hemiester were
resolved from endogenous hydrocortisone, the internal standard and other
endogenous components. The retention times were about 3.5, 5, and 7 min for
MP, MPHS and internal standard (17a-hydroxyprogesterone). The retention
time for HC was about 2.5 min. Chromatograms of extracted serum spiked
with MP and MPHS and a blank serum extract containing internal standard
only are given in Fig. 1.
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In the analysis of HC and HCHS, the parent steroid and its hemiester were
resolved from endogenous components and the internal standard (ll-desoxy­
17-hydroxycorticosterone). The retention times were about 3.5, 5.2, and 6.5
min for HC, HCHS and internal standard. Chromatograms of extracted serum
spiked with HC and HCHS and a blank serum extract containing internal
standard only are given in Fig. 2. Since all substances identified as true
metabolites of hydrocortisone retain the 11,B-hydroxyl function, either as such
or as a keto group [16], 11-desoxy-17-hydroxycorticosterone should not be a
metabolite of hydrocortisone.
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Fig.!. (A) Chromatogram of extracted human serum spiked with methylprednisolone 2.11
Ilg/ml (1), methylprednisolone hemisuccinate 1.59 Ilg/ml (2), and internal standard (3). (B)
Extracted "blank" serum containing only internal standard (3); 0.04 a.u.f.s.

Fig. 2. (A) Chromatogram of extracted human serum spiked with hydrocortisone 3.04 Ilg/ml
(1), hydrocortisone hemisuccinate 4.65 Ilg/ml (2), and internal standard (3). (B) Extracted
"blank" serum containing only internal standard (3); 0.08 a.u.f.s.

The peak heights of an extracted serum sample, adjusted for actual volumes,
were compared to peak heights of an unextracted aqueous solution of each
steroid at known concentrations to determine the percent recovery in the
extraction procedure. In the analysis of MP and MPHS, the average percentage
recovery was 80% for MP, 94% for MPHS, and 66% for 17o:-hydroxy­
progesterone. In the analysis of HC and HCHS, the average percentage recovery
was 80% for HC, 85% for HCHS and 83% for ll-desoxy-17-hydroxycorti­
costerone.

The percentage of each steroid partitioning into the hexane layer was also
determined. The hexane layer was transferred to a conical test tube, evaporated
to dryness, reconstituted with 0.5 ml of mobile phase and injected onto the
column. The peak heights were compared to that of an unextracted aqueous
solution. In the analysis of MP and MPHS, 16% of the 17o:-hydroxy-
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progesterone and <1% of MP and MPHS were found in the hexane layer. In
the analysis of HC and HCHS, 6% of 11-desoxy-17-hydroxycorticosterone and
<1% of HC and HCHS were found in the hexane layer.

Linearity of response and sensitivity
Pooled serum spiked with MP and MPHS from 0.10 to 2.95 J1g/ml and 0.8 to

3.20 J1g/ml, respectively, were extracted and injected onto the HPLC column.
Peak height ratio (peak height of MP or MPHS divided by peak height of
internal standard) was used as the response. Least-squares linear regression
analysis was used to determine the slope, y-intercept, and correlation
coefficient. Using peak height ratio, Y = 0.007 + 0.752X (r = 0.996). Using
peak area ratio, Y = 0.02 + 0.592X (r = 0.996).

Pooled serum spiked with HC and HCHS from 0.08 to 4.05 J1g/ml and 0.12
to 6.97 J1g/ml, respectively, was extracted and injected onto the HPLC column.
Peak heights of HC were corrected for blank serum response representing en­
dogenous HC. Peak heights of HCHS were also corrected for blank serum re­
sponse representing an endogenous serum component. The corrected peak height
ratio was used as the response. Least-squares linear regression analysis was used
to determine the slope, y-intercept and correlation coefficient. Using peak
height ratio, Y = 0.004 + 0.831X (r = 0.998). Using peak area ratio, Y = 0.04 +
0.587X (r = 0.998). The concentration of endogenous HC for the pooled serum
was calculated to be 0.10 J1g/ml.

In the analyses of either MP and MPHS or HC and HCHS, the relationship
between serum concentration and peak height ratio was linear up to at least
3 J1g/ml of MP and MPHS, 4 J1g/ml for HC and 7 J1g/ml for HCHS. Peak area
ratios were also linear in these ranges. Analysis of 13 standard curves over a
period of three weeks indicated that all correlation coefficients of peak height
ratio and serum concentration for MP, MPHS, HC and HCHS were 0.99 or
greater. The day-to-day coefficient of variation in the slope of the calibration
curves was 4.1% for MP, 4.2% for MPHS, 3.2% for HC and 3.5% for HCHS.

The sensitivity of this method was determined to be 0.07 J1g/ml for MP,
0.04 J1g/ml for MPHS, 0.03 J1g/mI for HC and 0.10 J1g/ml for HCHS (p = 0.05).
Sensitivitity is defined as the concentration calculated by linear regression to
give a y-response greater than zero 95% of the time. The detection limit was
empirically estimated to be 0.02 J1g/ml for both steroids and their hemiesters.

Since the serum standards were spiked with both MP and MPHS or HC and
HCHS, the effect of the parent steroid response on the hemiester response and
the effect of hemiester on the parent steroid response was studied. Serum was
spiked with different concentrations of parent steroid only and with hemiester
only. These results were compared to standards containing both parent steroid
and hemiester. The responses of parent steroid with hemiester were the same as
those without hemiester. The responses of hemiester with parent steroid were
the same as those without parent steroid. Spiked serum containing only MPHS
or HCHS showed no peak at the MP retention time or only endogenous levels
ofHC.

These results showed that the responses of parent steroid and hemiester were
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independent of one another and that MPHS and HCHS were not hydrolyzed to
MP and HC during the assay procedure.

Precision and accuracy
The reproducibility of this HPLC method for MP and MPHS and for HC and

HCHS was determined. The mean calculated concentration ± S.D. was
calculated at each concentration of MP and MPHS as well as HC and HCHS.
The results of these calculations are given in Tables I and II. The relative
standard deviation was also calculated. Above sensitivity limits, the pooled
relative standard deviation is 6.8% for MP, 5.8% for MPHS, 2.9% for HC and
6.1% for HCHS.

The accuracy of this method was determined by spiking serum with MP and

TABLE I

REPRODUCIBILITY IN THE DETERMINATION OF METHYLPREDNISOLONE AND
METHYLPREDNISOLONE HEMISUCCINATE IN HUMAN SERUM

Methylprednisolone (lLg/ml)

Theoretical Calculated *

Methylprednisolone hemisuccinate (lLg/ml)

Theoretical Calculated *

2.95
2.11
0.84
0.42
0.21
0.10

*Mean ± S.D.
**n = 5.
t n = 4.
tt n = 3.

2.92 ± 0.18**
2.15 ± 0.12**
0.89 ± 0.04 **
0.40 ± 0.03 **
0.20 ± 0.02t
0.10 ± 0.03t

3.20
2.23
1.59
0.64
0.32
0.16
0.08

3.12± 0.07tt
2.30 ± 0.19**
1.58 ± 0.06**
0.66 ± 0.05 **
0.32 ± 0.021"
0.15 ± O.Olt
0.08 ± ot

TABLE II

REPRODUCIBILITY IN THE DETERMINATION OF HYDROCORTISONE AND
HYDROCORTISONE HEMISUCCINATE IN HUMAN SERUM

Hydrocortisone (lLg/ml) Hydrocortisone hemisuccinate (lLg/ml)

Theoretical

4.05
3.04
2.43
1.22
0.61
0.30
0.15
0.08

* Mean ± S.D.
** n = 5.
t n = 4.

Calculated *

4.02 ± 0.16**
3.08 ± 0.16t
2.46 ± 0.04t
1.22 ± 0.02**
0.59 ± 0.01 **
0.30 ± 0.01 **
0.16 ± 0.01 t
0.06 ± 0.02t

Theoretical

6.97
4.65
3.72
1.86
0.93
0.47
0.24
0.12

Calculated *

6.99 ± 0.31**
4.66 ± 0.14t
3.69 ± 0.06t
1.86 ± 0.05 **
0.91 ± 0.02**
0.47 ± 0.01 **
0.24 ± 0.04t
0.12 ± 0.04t
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MPHS or HC and HCHS at random concentrations within the spiked standard
limits. These samples were treated as unknowns and randomly assayed by
HPLC. These results are given in Tables III and IV. The average % difference
was 3.3% for MP, 4.8% for MPHS, 3.6% for HC and 3.9% for HCHS. It should
be noted that spiked plasma samples gave the same response as spiked serum
samples.

TABLE III

ACCURACY IN THE DETERMINATION OF METHYLPREDNISOLONE AND
METHYLPREDNISOLONE HEMISUCCINATE IN HUMAN SERUM

Methylprednisolone Methylprednisolone hemisuccinate

Theoretical Calculated Difference Theoretical Calculated Difference
concentration concentration (%) concentration concentration (%)
().Lg/ml) ().Lg/ml) ().Lg/ml) ().Lg/ml)

3.17 3.10 2.2 0.80 0.83 3.8
0.79 0.84 6.3 0.20 0.20 0
0.40 0.42 5.0 0.10 0.11 10
1.06 1.09 2.8 2.41 2.50 3.7
0.53 0.50 5.7 1.20 1.23 2.5
0.13 0.13 0 0.30 0.33 10
3.17 3.24 2.2 2.41 2.57 6.6
1.58 1.55 1.9 1.20 1.18 1.7

TABLE IV

ACCURACY IN THE DETERMINATION OF HYDROCORTISONE AND HYDROCORTISONE
HEMISUCCINATE IN HUMAN SERUM

Hydrocortisone Hydrocortisone hemisuccinate

Theoretical Calculated Difference Theoretical Calculated Difference
concentration concentration (%) concentration concentration (%)
().Lg/ml) ().Lg{ml) ().Lg{ml) ().Lg/ml)

1.00 1.07 7 7.22 7.30 1
0.50 0.55 10 3.61 3.57 1
0.25 0.26 4 1.80 1.71 5
3.0 2.98 1 0.80 0.82 3
0.75 0.74 1 0.20 0.20 0
3.0 3.06 2 4.82 4.70 2
0.75 0.72 4 1.20 1.33 11
1.50 1.50 0 0.40 0.37 8

Human study
Plasma concentration-time curves for MP and MPHS for a single subject

following intramuscular administration of 125 mg of Methylprednisolone
Sodium Succinate for Injection, U.S.P. (A-methaPred, Abbott, Lot No. 79­
822-AR) were determined by the above procedure and are shown in Fig. 3.

Similarly, plasma concentration--time curves for HC and HCHS for a single
subject following intramuscular administration of 250 mg of Hydrocortisone
Sodium Succinate for Injection, U.S.P. (A-hydroCort, Abbott, Lot No. 79­
824-AR) were determined by the above procedure and are shown in Fig. 4.
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IDENTIFICATION DE LA 4-0-METHYL DOPAMINE DANS LES TISSUS
DE RAT PAR CHROMATOGRAPHIE LIQUIDE EN PHASE INVERSE
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Service de chimie biologique, Batiment 406, Institut National des Sciences AppliqUi?es,
F-69621 Villeurbanne Cedex (France)

(Re<;u Ie 12 mars 1979)

SUMMARY

Identification of 4-0-methyldopamine in rat tissues by reversed-phase liquid chromato­
graphy

4-0-Methyldopamine was identified and assayed in tissues from L-dopa treated rats by
reversed-phase high-performance liquid chromatography. The initial steps in the separation
of catecholamines were performed by alumine, a weak cation-exchange resin, and thin­
layer chromatographic techniques.

After L_[3 H] dopa administration, the radiochromatogram was superimposed on the
fluorochromatogram obtained with authentic marker 4-0-methyldopamine. This metabolite
was detected in kidney but not in brain.

The 4-0-methyldopamine:3-0-methyldopamine ratio was 0.032 in kidney. The influence
of various treatments on this ratio was investigated. A 160% increase was found after L-dopa
administration. This effect was potentiated by nialamide pretreatment (550% increase).

INTRODUCTION

Dans Ie traitement de la maladie de Parkinson par la L-dopa, il apparait
parfois un phenomene de dyskinesie. Dans ce cas, il y a une correlation entre'
ce symptome pathologique et la concentration plasmatique de la O-methyl­
dopa [1]. D'autre part, l'activite dopaminergique peripherique se reflete au
niveau urinaire par la presence de 3-0-methyldopamine (3 MD) [2J . Cepen­
dant, aucune etude sur les metabolites de la L-dopa ou de la dopamine ne
signale l'existence dans les tissus de la 4-0-methyldopamine (4 MD). Theori­
quement, cette molecule peut se former dans l'organisme puisque l'on retrouve
parmi les produits d'excretion urinaire un metabolite methyle en position 4,
l'acide isohomovanillique [3]. Dans l'urine des parkinsoniens, Ie rapport acide
isohomovanilliquejacide homovanillique est Ie meme que chez les sujets nor­
maux [4, 5] . Toutefois, Ie traitement par la L-dopa peut modifier ce rapport
[6, 7]. Chez Ie rat, il est plus eleve dans les corps stries que dans l'urine [3].
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L'interet pour la 4 MD provient du fait que cette substance, injectee it l'animal,
possede une action hypokinesique differente de celle de son isomere, la 3 MD
[8]. Cette akinesie presente une analogie avec celle observee au cours du syn­
drome parkinsonien [9].

En ce qui nous concerne, nous avons publie l'action de la S-adenosylmethio­
nine sur Ie metabolisme de la dopamine et de la L-dopa [10, 11]. Nous avons
aussi retrouve dans l'urine de rat traite par la L-dopa de la 4 MD que nous
avons purifiee par chromatographie sur colonne echangeuse d'ions et dosee
par fluorimetrie apres derivation [12]. La methode utilisee etait neanmoins
difficile it mettre en oeuvre et peu efficace. Vne separation par chromatogra­
phie liquide it haute performance (HPLC) des catecholamines formees dans des
cultures de tissus de mammiferes a ete proposee par Stout et al. [13 j . Ces
auteurs decrivent, entre autres, l'analyse de la MD par chromatographie en
phase inverse. Recemment, l'analyse des metabolites de la L-dopa a ete rea­
lisee par une methode impliquant la separation des catechols sur une colonne
d'alumine puis analyse HPLC [14].

Notre objectif dans Ie present travail est de rechercher, "in vivo" chez Ie
rat, la possibilite de formation de la 4 MD. Cette recherche sera faite dans les
reins et Ie cerveau dans une optique physiologique avec surcharge tres faible
de L-dopa[3Hj et, egalement sous l'angle pharmacologique par traitement de
l'animal avec une dose relativement elevee de L-dopa. Afin d'identifier la 4
MD tissulaire, nous utiliserons la methode HPLC avec appariemment d'ions
apres separation des catecholamines par chromatographie echangeuse d'ions
et chromatographie couche mince.

MATERIEL ET METHODES

Produits chimiques
Us sont achetes aux societes suivantes: L-dopa, serotonine creatinine sul­

fate (Fluka, Buchs, Suisse); dopamine-HCI (Serlabo, Paris, France) noradrena­
line-HCI, normetanephrine-HCI, octopamine-HCI, 3-methoxytyramine-HCI,
dimethoxy-3 ,4-phenyU~thylamine-HCI, acide dihydroxy-3,4-phenylacetique
(Sigma, St. Louis, Mo., It.V.); tyramine-HCI (Prolabo, Paris, France), 4-0­
methyldopamine-HCI; epinine-HCI (Regis, Morton Grove, Ill., E.V.). Tous les
produits ont une purete "pour analyse". L'eau est bidistillee. Le nialamide a
ete genereusement offert par Pfizer-Clin (Paris, France). La S-adenosylmethio­
nine (SAM) a ete preparee au laboratoire selon la technique de Schlenk et al.
[15]pour sa synthese et celle de Haid et Nelboeck-Hochstetter [16] pour sa
purification.

Nous avons utilise l'alumine Woelm N-super I neutre W 200-400 mesh, et
l'Amberlite CG 50, activee sous forme H+ et equilibree dans un tampon phos­
phate NaHzP04-KzHP04 0.1 M de pH 6.1 (1:1 en volume). La resine Dowex
50 W-X4, 200-400 mesh (Fluka), activee sous forme H+, est equilibree dans
un tampon phosphate de sodium 0.2 M pH 6.5 (1:1 en volume).

La dopa[3HJ ou L-3,4-dihydroxyphenyl 2,3-[3Hj alanine (2.5 Ci/mmole)
est fournie par Radiochemical Centre (Amersham, Angleterre). Elle est emplo­
yee dans les 15 jours apres sa reception (conversation a 4° et it l'obscurite). La
3 MD [3Hj ou 3-methoxy-4-hydroxy-~-phenylethylamine5-[3HJ 9.957 Ci/
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mmole (NET 321) provient de New England Nuclear (Boston, Mass., E.U.).
Le liquide scintillateur pour Ie comptage est Ie Picofluor 15 "Packard".

Traitement des animaux
Les experiences sont conduites sur des rats males Wistar, souche CF Gif,

poids 200 a 250 g. La temperature de la salle est controlee (21° ± 1°); l'alter­
nance jour (7 h-19 h)/nuit (19 h-7 h) est reglee. La nourriture et l'eau sont
ad libitum.

Les substances sont administrees par voie intraperitoneale, en general sous
un volume de 1 ml en milieu isotonique (NaCI 9 0

/ 00 ), Pour realiser de fortes
concentrations de L-dopa injectable (50-100 mg/kg), celle-ci (200 mg) est
solubilisee dans HCI 0.03 N (30 ml) par agitation a 50° et al'obscurite. Apres
dissolution, Ie pH est amene a 5.1 par 3 ml de CH3COONa 1 M. Les animaux
temoins re({coivent une quantite equivalente du milieu de dissolution.

Extraits tissulaires
Les reins et Ie cerveau d'un rat sont preleves rapidement apres decapitation.

Toutes les operations sont realisees a 4° . Les tissus sont homogeneises dans 10
ml d'acide perchlorique 0.4 N. Les standards internes sont introduits avant
cette homogeneisation. Apres centrifugation (17,000 g, 5 min) Ie surnageant
(fraction I) est conserve a 4°. L'anion perchlorique est alors elimine par neu­
tralisation apH 8.3 avec K2C03 6% puis centrifugation (2,000 g, 5 min).

Fractionnement sur alumine et amberlite
Le principe de la methode de fractionnement est celui de Karazawa et al.

[17]. On I prepare deux colonnes (diametre 0.6 cm); I'une contient 500 mg
d'alumine, la deuxieme 0.6 ml de resine amberlite. Elles sont lavees par 20 ml
d 'eau distillee, puis la colonne d'amberlite est placee au-dessous de la colonne
d'alumine. La fraction I precedemment neutralisee a pH 8.3 est alors versee
sur la colonne d'alumine. Apres ecoulement a travers les deux colonnes, on
verse 10 ml d'eau. Les colonnes sont separees, et lavees individuellement par
10 ml d'eau. L'alumine retient les catechols. Ils sont elues par 3 ml d'HCI
0.2 N. La dopamine est ensuite purifiee sur Dowex 50 W X-4 et dosee selon
un protocole precedemment decrit [11]. Il est egalement possible d'analyser
cet eluat d'alumine par HPLC selon la technique utilisee ci-apres pour la 3 MD
et la 4 MD. L'amberlite est traite par 1 ml d'HCI 0.5 N; puis une deuxieme
elution par 2 ml d'HCI 0.5 N permet de recueillir la 3 MD et la 4 MD (fraction
II).

Concentration
La fraction II est lyophilisee, Ie residu repris par 1 ml de methanol puis 2

ml d'acetate d'ethyle avec agitation a l'aide d'un cyclomixer a temperature
ambiante. Apres centrifugation (5,000 g, 5 min) Ie surnageant est debarrasse
des sels mineraux. On verse 30 til d'HCI 0.1 N dans la solution methanol­
acetate d'ethyle. L'extrait est evapore sous pression reduite, a temperature du
laboratoire puis Ie residu sec est repris par 200 til de methanol-HCI 0.01 N
(4:1) (fraction III). Cette derniere fraction est suffisamment concentree et
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purifiee pour l'analyse HPLC ou pour l'analyse par chromatographie en couche
mince suivie de la HPLC.

Chromatographie liquide d haute performance
La separation de la 3 MD et de la 4 MD est realisee sur un appareil Waters

Associates Modele 204 U avec pompe 6000A, injecteur a septum, detecteur
UVM 440 avec filtre a 280 nm et enregistreur Omniscribe. La phase station­
naire est une silice greffee IlBondapak Clll (diametre 0.39 cm, longueur 30
cm).

La phase mobile est preparee de la maniere suivante: l'eau bidistillee et Ie
methanol contenant chacun 5.10-3 M d 'acide heptane sulfonique dissout
dans l'acide acetique (PIC B 7) sont filtres sur leurs filtres Millipore respectifs
(HAWP 04700 et FHUP 04700). Les deux solutions sont ensuite melangees
afin d'obtenir la proportion methanol-eau (35:65 en volume). Le pH final
est de 3.3. L'elution est de type isocratique avec un debit de 1 ml/min. L'ana­
lyse est faite par enregistrement continu d'l cm/min de la densite optique a
280 nm. La determination quantitative s'obtient par mesure de la surface des
pies par rapport a des standards. Cette analyse est parfois completee par une
detection fluorimetrique et radiochimique. Dans ce cas, a la sortie de l'appa­
reil on collecte des fractions de 0.33 ml (20 sec) qui apres addition d'l ml
d'eau sont analysees fluorimetriquement et comptees. Apres injection de 5
a 25 III de la fraction lIlIes pies correspondants a la 3 MD et a la 4 MD sont
respectivement appeles fraction IV3 MD et IV4 MD.

Chromatographie en couche mince puis HPLC
Les plaques de silicagel 60 F 254, sur support plastique 20 X 20 cm (Merck,

Darmstadt, R.F .A.) sont developpees avec Ie melange n-butanol-acetate d'ethy­
Ie-ammoniac 32% (60:20:20). Apres 4 h de developpement, les plaques sont
sechees et les spots de 3 MD et 4 MD sont visualises avec la lumiere UV a254
nm (RF = 0.39 pour 4 MD et 0.53 pour 3 MD). Les zones correspondantes
sont decoupees et placees dans 2.5 ml d'HCl 0.01 N. Apres une nuit a4° , cen­
trifugation et filtration sur millipore AA WP 02500 0.80 11m, on lyophilise.
Les resiqus (fraction VA pour la 4 MD et VB pour la 3 MD) sont repris par
100 III d'HCl 0.01 N. L'analyse par HPLC est faite sur 25 III de VA. Pour les
mesures de fluorescence et de radioactivite, on collecte des volumes de 0.33
ml. Le pic correspondant ala 4 MD est la fraction VI4 MD.

II est possible de detecter qualitativement la 3 MD et la 4 MD sur couche
mince, par vaporisation d'une solution aqueuse de p-nitrobenzene diazonium
tetrafluoroborate a 0.1% puis une solution aqueuse de K2C03 10% (sensibilite:
1 nmole pour la 4 MD, coloration violette).

Analyse fluorimetrique
Le spectrofluorimetre est un appareil Farrand MK 1. La relation entre la

quantite de produit en fonction de l'intensite de fluorescence est toujours
calculee en tenant compte d'un blanc et d'un standard interne. Les diverses
fractions sont dosees directement aux longueurs d'ondes: Ae = 270 nm, Af = 315
nm. Cette analyse est non destructive, les fractions sont recuperees pour une
purification ulterieure.
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Certaines analyses fluorimetriques sont realisees, apres derivation, selon un
dosage specifique de la 3 MD ou de la 4 MD [12].

Analyse radiochimique
La mesure radiochimique est faite apres addition de 10 ml de Picofluor 15

(Packard, Downers Grove, Ill., E.U.) sur un spectrometre ascintillation liquide
Packard. L'efficacite du comptage est pour la L-dopa[3H] ou la 3 MD[3H] de
37 a 43% selon les fractions considerees. Les resultats sont corriges par rapport
a un standard interne de L-dopa[3H] pour les fractions I et l'eluat d'alumine, et
de 3 MD[3H] pour les autres fractions.

Etude du rendement des standards internes
Les standards internes sont introduits au niveau de l'homogeneisation des

tissus. Dans les cas d'echantillon radioactif (L-dopaeH]) on additonnne aux
homogenats 400 nmoles de 4 MD inerte. Lorsque l'etude est realisee avec
injection de L-dopa inerte, on ajoute des surcharges de 4 et 40 nmoles soit de
3 MD, soit de 4 MD ades echantillons provenant de rats temoins.

La comparaison de ces standards internes aux essais correspondants nous
permet d 'apprecier Ie rendement de chaque etape de fractionnement. Les
analyses sont faites par dosage fluorimetrique ou spectrophotometrique direct
par HPLC.

RESULTATS

Chromatographie liquide ci haute performance
Un chromatogramme caracteristique de plusieurs catecholamines obtenu

par HPLC en phase inverse est represente Fig. 1. II est anoter la bonne separa­
tion de la 4 MD des autres amines, notamment de la 3 MD, de la tyramine, de la
dopamine ou de la normetanephrine. Afin de ne pas surcharger la figure, nous
avons limite Ie nombre des catecholamines dans Ie melange injecte. Les facteurs
de capacite obtenus sont donnes dans Ie Tableau I. II est evident que les
metabolites amines de la L-dopa sont tous bien separes de la 4 MD.

Les temps de retention (tR) par analyse HPLC ne dependent pratiquement
pas de la surcharge ni de la nature de l'extrait de depart: pour la 4 MD tR =

10.2 ± 0.2 min et pour la 3 MD tR = 8.8 ± 0.1 min. Cependant, la resolution
entre la 3 MD et la 4 MD est d 'autant meilleure que Ie volume de la fraction III
injecte est plus faible.

Sensibilite de la methode
Detection spectrophotometrique. On estime qu'une hauteur de 1 cm, pour

la sensibilite maximum de l'appareil, correspond au seuil de detection. En ce
cas, l'analyse HPLC etant effectuee sur 1j8ieme de la fraction III, la sensibili­
te de la detection est de 2.9 nmoles de 4 MD ou de 2.2 nmoles de 3 MD dans
l'extrait renal. Pour les blancs (reins de rats controles non surcharges en ami­
nes), dans la zone de retention de la 3 MD, la hauteur du pic chromatographi­
que est inferieure au seuil de detection tandis que dans la zone de retention
de la 4 MD l'enregistrement se confond avec la ligne de base.

Detection radiochimique. On estime significative toute radioactivite su­
perieure a dix fois la racine carree du mouvement propre. En tenant compte
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TABLEAU I

STRUCTURE ET FACTEUR DE CAPACITE DES METABOLITES DE LA DOPA

Le facteur de capacite k' est calcule par la relation k' : (tR - tM )/tM. tR : temps de retention du solute,
tM : temps de retention d'un produit non retenu (eau). La formule generale n'est pas applicable a la
serotonine.

X2

Symbole Nom -@- Facteur de
x, 40, CH-R capacite

5 6 I (k')
X3

X, X, X, R

DOPA Dihydroxyphenylalanine OH OH H CH(NH,)COOH 1
DOPAC Ac dihydroxyphenylacetique OH OH H COOH 1.14
NE Noradrenaline OH OH OH CH,NH, 1.73
OCT Octopamine OH H OH CH,NH, 2.05
NM Normetanephrine OH OCH, OH CH,NH, 2.09
DA Dopamine OH OH H CH,NH, 2.23
EP Epinine OH OH H CH,NHCH, 2.36
TYR Tyramin'e OH H H CH,NH, 2.86
3MD 3-0-Methyldopamine OH OCH, H CH,NH, 3.09
MET Metanephrine OH OCH, OH CH,NHCH, 3.14
5 HT Serotonine 3.27
4MD 4-0-Methyldopamine OCH, OH H CH,NH, 3.77
DMPEA Dimethoxy-3,4 phenyl-

ethylamine OCH, OCH, H CH,NH, 5.50

A2BOnm
DA

NE
.015

4MD

.010

.005

3MD

TVR

DOPA

DMPEA

o 5
Temps. min.

10 15

Fig. 1. Representation d'un chromatogramme HPLC de catecholamines.Colonne: J.tBondapak
Ct., '30 X 0.39 cm. Phase mobile: methanol-eau (35:65,en volume), pic B7 , pH: 3.3, debit:
1 ml/min, pression: 2000 p.s.i. Temperature ambiante. Echantillon: 25 J.tl d'un melange de
catecholamines solubilisees dans HCl 0.01 N. Les quantites injectees sout les suivantes (en
nmoles): dopa: 1.8; NE: 2.11; DA: 2.33; TYR: 2.6; 3 MD: 1.43; 4 MD: 2.14; DMPEA: 1.97.
Detection UV a 280 nm; sensibilite DO = 0.02 (pleine echeIle).
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TABLEAU II

RENDEMENTS (% ) DES DIVERSES ETAPES DE PURIFICATION DE LA 4 MD

Les rendements en % representent la moyenne ± SEM de quatre determinations (n = 4), une
determination par rat. Une surcharge de 400 nmoles de 4 MD est ajoutee a chaque homo­
genat tissulaire. Les determinations sont fluorimetriques. Signification des fractions: I =
homogenat; II = eluat amberlite; III = lyophilisat; IV. MD = HPLC (4 MD); V A = eluat chro­
matographie sur couche mince (4 MD); VI. MD = chromatographie sur couche mince-HPLC
(4 MD).

Tissus Fractions

I II " ----. IV.MD
III

LI---------_. V A

Cerveau
Reins

100
100

95 ± 0.9
87.5 ± 1.8

80.3 ± 1.7
73.5 ± 3.5

73 ± 2
69.5 ± 3.3

50.4 ± 2.9
49.3 ± 2.0

39.8 ± 2.5
40.2 ± 2.2

des rendements et de l'efficacite du comptage de la fraction VI4 MD, la radio­
activite initiale de la 4 MDeH] dans la fraction I devra etre au minimum de
819 dpm/g pour les reins ou de 935 dpm/g pour Ie cerveau. Ces valeurs corres­
pondent a des pourcentages minima de 4 MD[3H]: 3 MD[3H] detectabIes de
0.31% dans les reins temoins, 30% dans Ie cerveau temoin, 0.16% et 0.93%
respectivement dans les reins et Ie cerveau de rats traites au nialamide.

Rendements de la purification de la 4 MD
A titre d'exemple; Ie Tableau II montre l'evolution du rendement a chaque

etape de la purification de la 4 MD. Precisons que l'etape de chromatographie
en couche mince a ete realisee avec les 3/4 de la fraction III. Le rendement
de la fraction VA par rapport a III est voisin de 70% . Tous les autres rende­
ments sont superieurs et se situent entre 80 et 95% . Les differences liees aux
tissus, reins ou cerveau, sont negligeables; cependant, Ie rendement de l'etape I
4 II est meilleur dans Ie cas du cerveau. La reproductibilite du rendement
(SEM/moyenne) obtenue pour 4 determinations de 4 MD, respectivement a
partir des reins et du cerveau, est de 4.7% et 2.8% avec la fraction IV, et de
5.4% et 6.5% avec la fraction VI.

En ce qui concerne les standards internes (4 ou 40 nmoles de 3 MD ou de 4
MD) introduits au niveau de Ibomogenat de reins de rats temoins, les rende­
merits pour la fraction IV sont de 79 ± 2 pour la 3 MD et de 75 ± 2 pour la
4 MD. Ils sont legerement superieurs aceux obtenus pour les echantillons radio­
actifs etant donne les prelevements effectuees en vue des mesures, dans ce
dernier cas. La detection sur chromatographie sur couche mince avec des sur­
charges initiales de 4 ou 40 nmoles de 3 ou de 4 MD est ala limite de l'appre­
ciation visuelle. La determination quantitative n'est plus possible sur les frac­
tions V et VI.

Formation de 4 MD[3H] apres administration de L-dopa[3H] (Tableau IV)
Apres administration de L-dopa[3H] a des rats, pretraites ou non par un in­

hibiteur de la monoamine oxydase, la formation possible de 4 MD[3H] et de
3 MD[3H] est etudiee dans les reins et dans Ie cerveau.
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TABLEAU V

EFFET DE L'ADMINISTRATION DE L-DOPA ET DE NIALAMIDE SUR LE TAUX DE DA, 3 MD ET
4 MD DANS LE REIN DE RAT

Les rats sont traites par Ie nialamide 100 mg/kg intraperitoneal, 5 h avant l'injection de L-dopa. Le
sacrifice est effectue 30 min apres administration de L-dopa. Les resultats sont exprimes sous la forme
de moyenne ± SEM de quatre determinations, une determination par animal. Les dosages sont realises
par analyse HPLC. Pour 3 MD et 4 MD on utilise l'eluat amberlite lyophilise (fraction III) et pour DA
l'eluat alumine. Comparaison des moyennes avec Ie lot: L-dopa 100 mg/kg.

Traitement DA 3 MD 4 MD 4 MD:3 MD
(nmoles/g) (nmoles/g) (nmoles/g) (% )

Pretraitement L-dopa

non
non
Nialamide
100 mg/kg

50 mg/kg 123.4 ± 11.3*
100 mg/kg 299.4 ± 24.3

100 mg/kg 1044 ± 39*

5.0 ± 0.6
6.5 ± 0.4

56.9 ± 2.9 *

N.D.** N.D.**
0.6 ± 0.1 8.3 ± 1.0

12.0 ± 1.2* 21.0 ± 1.2*

*p<O.OOl (test t de signification).
**N.D. = non detectable.

par chromatographie sur couche mince et par HPLC, de meme que les analyses
spectrales,l'identifient ala 4 MD.

Dans Ie Tableau V, Peffet de la L-dopa et du nialamide est etudie sur Ie taux
de 3 MD et de 4 MD dans les reins de rat. L'administration de L-dopa provoque
la formation de 3 MD. Le taux de 4 MD dans les reins est tres faible, meme
par traitement avec 100 mg/kg de L-dopa. Dans ce cas, Ie rapport 4 MD:3 MD
est de 8.3% . Lorsque les animaux sont pretraites avec Ie nialamide, Ie taux de
3 MD est multiplie par 9. Cette augmentation etait moins forte (X 2) par traite­
ment des rats avec de petites quantites de L-dopa[3H] (0.126 mg/kg) (cf.
Tableau IV). Mais Ie phenomene remarquable est la modification du rapport
4 MD:3 MD qui atteint 21% .

DISCUSSION

La separation de deux phenylethylamines substituees 3 MD et 4 MD par
chromatographie liquide en phase inverse, avec une elution par un solvant
hydromethanolique contenant un contre-ion, depend de la lipophilie du
complexe amine-acide heptane sulfonique. Cependant ces deux amines ont un
caractere lipophile identique puisque la substitution d'un hydroxyle par un
groupement methoxyle en meta ou en para ne modifie pas la constante frag­
mentale hydrophobe [19]. Par contre, la constante a de Hammett du substitu­
ant hydroxyle est plus faible que celle du substituant methoxyh~ en position
para, tandis qu'elle est la meme pour ces deux substituants en position meta sur
Ie noyau aromatique des phenylethylamines [20]. La constante ax de Hammett
correspond a la variation de pK provoquee par Ie remplacement, sur Ie noyau,
d'un H par Ie substituant X. Ie pK de la 4 MD sera superieur a celui de la 3 MD,
la dissociation du complexe 4 MD-contre-ion sera plus faible; en consequence
Ie temps de retention de la 4 MD est plus important que celui de la 3 MD.

La resolution entre ces deux amines peut etre amelioree en reduisant la con­
centration de methanol dans la phase mobile (methanol-eau, 20:80). Toutefois
les volumes de retention augmentent, et la sensibilite de la detection diminue.
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Une detection fluorimetrique en continu apres derivation selon la technique
precedemment decrite [12], a la sortie de la colonne de J.LBondapak ameliorerait
la sensibilite de la detection.

La presence de 4 MD[3H] in vivo dans les reins et son absence dans Ie cerveau
permet de penser a un metabolisme different dans ces deux organes. Les hypo­
theses suivantes peuvent etre formulees:

(1) L'activite catechol-O-methyltransferase n'est pas la meme du point de vue
de la specificite de l'O-methylation en position 3 ou 4 de la dopamine, in situ,
dans Ie cerveau ou dans les reins. Cette differentiation n'est pas surprenante si
l'on compare nos resultats avec l'etude de ce type d'activite, realisee par Bade
et al. [21], sur Ie cerveau, les erythrocytes et Ie foie de rat. Utilisant comme
substrat Ie dihydroxy-3,4 benzaldehyde, ces auteurs ont montre que Ie rapport
meta:para d'O-methylation et la constante de Michaelis etaient differentes
entre d'une part l'enzyme du cerveau et d'autre part l'enzyme du foie.

(2) Le metabolisme de la 4 MD dans Ie cerveau ou les reins n'est pas Ie
meme. Cette difference ne provient pas de la desamination oxydative puisque Ie
traitement par un inhibiteur de la monoamine oxydase ne provoque pas l'ap­
parition de 4 MD dans Ie cerveau. Dans cet organe, l'absence de 4 MD pourrait
resulter d'une elimination rapide de ce metabolite neurotoxique par une voie
differente de celie de la 3 MD.

Le traitement des rats par des quantites importantes de L-dopa, apres
administration de nialamide, provoque une augmentation considerable de la
4-0-methylation et du rapport 4 MD sur 3 MD dans les reins. Deux hypotheses
peuvent etre emises sur cette elevation:

(1) L'inhibition de l'activite monoamine oxydase par Ie nialamide est plus
forte vis-a-vis de la 4 MD que pour la 3 MD. Dans la litterature, des differences
d'affinite ont ete relevees entre les substrats de la monoamine oxydase: atitre
d'exemple, la 4 MD est un meilleur substrat que la dimethoxy-3,4 phenylethyl­
amine pour l'enzyme du cerveau de rat [22]. Dans notre experimentation, Ie
nialamide agirait plus efficacement sur la desamination de l'isomere 4 et
conduirait ainsi a un rapport 4 MD:3 MD plus eleve. Cependant, lorsque la
L-dopa est administree a faible dose, la presence de nialamide n'influe pas sur
Ie rapport 4 MD[3H]:3 MD[3H] (cf. Tableau IV). Ce resultat rend assez fragile
cette premiere hypothese.

(2) L'inhibiteur de la monoamine oxydase provoque une accumulation de
dopamine (X 3.5) dans les reins. La catechol-O-methyltransferase, probable­
ment saturee par ce sUbstrat, accelere alors Ie mecanisme de 4-0-methylation.
Les resultats obtenus par administration de L-dopaeH] sont en faveur de cette
hypothese.

En definitive, il apparait que la voie de 3-0-methylation de la dopamine est
preponderante. D'autre part, Ie rapport 4 MD:3 MD est relativement constant
(environ 3.2% ) dans des conditions physiologiques. Enfin, par traitement par
la L-dopa, ce rapport est modifie au profit de la 4-0-methylation. Ce
phenomene est a rapprocher des travaux de Mathieu et al. [6] qui observent
une augmentation du rapport acide isohomovanillique:acide homovanillique
dans l'urine de rat. Un hyperfonctionnement de la voie dopaminergique n'est
donc pas sans consequence quant a I'orientation de la r.lethylation.

La 4 MD ne semble pas provenir de la 4-0-methyldopa car cette derni€~re
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substance n'est pas detectee dans l'urine humaine ou de rat apres traitement
par la L-dopa [23]. La dopamine pourrait etre son precurseur direct. QueUes
que soient les conditions pharmacologiques etudiees, il ne nous a pas ete
possible de mettre en evidence, la dimethoxy-3,4 phenylethylamine qui serait
formee in vitro sous l'influence de la gaiacol-O-methyltransferase[24].

Le rapport acide isohomovanillique:acide homovanillique trouve dans les
tissus est beaucoup plus eleve que celui de 4 MD:3 MD determine dans Ie
present travail. Ceci suggere l'hypothese de la formation d'acide isohomovanil­
lique par methylation en 4 de l'acide dihydroxy-3,4 phenylacetique et non pas
a partir de la 4 MD par desamination oxydative. Les travaux de Creveling et al.
[25] confortent cette hypothese: in vitro a pH physiologique, l'O-methylation
para/meta de l'acide dihydroxy-3,4 phenylacetique est superieure a ceUe de la
dopamine.

L'etude de la formation de 4 MD dans Ie cerveau, apres administration de
L-dopa inerte, n'a pas ete envisagee par suite du manque de sensibilite de la
detection spectrophotometrique. Par contre, notre methodologie devrait
permettre d'etudier la formation de 4 MD[3H] dans Ie cerveau, si toutefois
eUe existe, en administrant a I'animal de Ia L-dopa avec une dose traceuse de
L-dopa[3H].

Le probleme de I'existence de ce metabolite 4-0-methyle chez l'homme n'est
pas encore resolu. Neanmoins, une partie de ce travail pourra etre adaptee au
depistage de la 4 MD, en particulier, chez les parkinsoniens traites par la
L-dopa.
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RESUME

La 4-0-methyldopamine est identifiee et dosee dans les tissus de rats traites
par la L-dopa en utilisant la chromatographie liquide a haute performance en
phase inverse. Prealablement, les catecholamines sont separees sur alumine et
resine echangeuse de cation, puis chromatographie sur couche mince.

Apres administration de L-dopa[3H], Ie radiochromatogramme est superpose
au chromatogramme obtenu par detection fluorimetrique d'un standard interne
de 4-0-methyldopamine. Ce metabolite est present dans les reins mais
indetectable dans Ie cerveau.

Le rapport 4-0-methyldopamine:3-0-methyldopamine est egal a0.032 dans
les reins. L'effet de differents traitements sur ce rapport est etudie. Une aug­
mentation de 160% est determinee apres administration de L-dopa. Cet effet
est potentialise par un pretraitement au nialamide (550% d'augmentation).
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SUMMARY

A method is described for the determination of pmol quantities of monoacetylputrescine,
Nl-acetylspermidine, N8 -acetylspermidine and related compounds. The method is based on
the derivatization of these compounds with 5-dimethylaminonaphthalene-1-sulphonyl­
chloride, followed by thin-layer chromatographic separation. Cleanup steps allow the
application of the method to urine analyses. From the repeated determination of acetylated
polyamines in the urine of healthy individuals it can be concluded that these conjugates are
the major excretory form of di- and polyamines.

The cleanup steps used in this procedure and the method described for the stabilization
of 5-dimethylaminonaphthalene-1-sulphonyl derivatives on thin-layer plates are
advantageous also for the analyses of total polyamines in urine hydrolysates, and in related
applications of the dansylation method.

INTRODUCTION

Urinary polyamine analyses have been employed for the early detection of
cancer, or for the evaluation of the efficacy of anticancer treatment [1--18]. In
all these studies and in related work in which serum [19 -21] or cerebrospinal
fluid [22-24] polyamines were measured, the samples were hydrolysed with
6 N HCI prior to analysis, in order to liberate polyamines from their conjugates.
It is known from previous work that acetylputrescine, acetylcadaverine and
acetylspermidines are normal urinary constituents [25-31]. Structural
formulae and chemical nomenclature of the acetylated polyamines are shown
in Fig. 1.

Abdel-Monem and Ohno [30--32] suggested the measurement of these
acetylated polyamines as a more specific method than total polyamine deter­
mination for the detection of cancer. They were able to show significantly
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Fig. 1. Structural formulae of acetylated di- and polyamines.

increased excretion of N1-monoacetylspermidine in comparison with NS-mono­
acetylspermidine in about half of fifteen cancer patients.

A great variety of methods are presently available for the determination of
polyamines [33, 34]. In principle several approaches are feasible for the
analysis of both free polyamines and their acetylation products. Ion-exchange
column chromatography [25, 26, 35] and coupled gas-liquid chromato­
graphy--mass spectrometry [28, 36] can give adequate separations. However,
the only method which has been actually used for the quantitative estimation
of monoacetylputrescine and the acetylspermidines in urine consists of the
following steps [37, 38]: (a) reaction of the urine samples with 5-dimethyl­
aminonaphthalene-1-sulphonyl chloride (Dns-Cl) [39-41]; (b) thin-layer
chromatographic (TLC) separation of the Dns derivatives; (c) extraction of the
(partially) separated compounds from the thin layer; (d) separation and
quantitation of the different compounds by high-performance liquid chroma­
tography, using a silica gel column and a fluorescence flow detector.

In the present paper a method is presented which also relies on the
dansylation reaction. Derivatization is followed by TLC and by in situ
fluorescence measurement of the separated Dns derivatives. In order to obtain
"clean" chromatograms, pre-separation and purification steps have been
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worked out. These are applicable to the analysis of free polyamines in hydro­
lyzed urine samples as well.

MATERIALS AND METHODS

Chemicals
Laboratory chemicals were usually of A-grade. They were purchased from

Baker Chemicals (Deventer, The Netherlands) or from Merck (Darmstadt,
G.F.R.). Putrescine dihydrochloride, spermidine phosphate ((C 7H 19N3h'
3H3P04 ' 6H20) and spermine phosphate (C IOH 26N4 '2H3P04 • 6H20) for
standardization purposes as well as the corresponding (less pure) hydro­
chlorides of spermidine and spermine were from Fluka (Buchs, Switzerland).

The acetylated polyamine hydrochlorides and 5-dimethylaminonaphthalene­
1-sulphonyl chloride were prepared in our laboratory according to published
procedures [39,42]. .

Thin-layer chromatography
20 X 20 cm silica gel plates (silica gel 60; Merck,) were used throughout.

The plates were developed by ascending chromatography in filter paper lined
tanks (Camag, Muttenz, Switzerland).

Quantitative evaluation of the plates
This was achieved by in situ fluorescence scanning, using the TLC scanner of

Camag. Fluorescence was activated at 320 nm and total emission was measured,
using a 400 nm cut-off filter for the elimination of the UV light. Slit: 6 X G.8
mm.

Collection of urine samples
Urine samples were collected for 24-h periods from healthy adult drug-free

males and females. 50 ml of acetic acid plus 1 g sodium metabisulphite, or 100
ml of 3 N HCI were placed in the collection flasks in order to avoid bacterial
contamination. Immediately after the collection period, 25-ml aliquots of the
urine,samples were stored at -20° until they were analyzed.

Pre-separation of urine on Dowex 50W-X8 columns
Purification of the ion-exchange resin (Dowex 50W-X8, 200-400 mesh;

Serva, Heidelberg, G.F.R.) was achieved by washings with large volumes of 1 N
NaOH, water and 6 N HCl. It was stored at +3° suspended in 6 N HCl. Columns
were prepared from 5-ml polypropylene pipettor tips (Gilson, Villier-Le-Bel,
Arnouville-Les-Gouesse, France) by adjusting a cotton wool plug into the
constricted end of the tip and application of a total of 5 ml of resin, suspended
in 6 N HCl. The resin columns, usually 12 at a time, were connected by
polyethylene tubes with the silicon pumping tubes (1 mm J.D.) of a peristaltic
pump (mp 13 or mp 13 GJ-4; Ismatec, ZUrich, Switzerland) and washed with
distilled water to neutral pH. Aliquots (2 ml) of the urine samples were mixed
with 2 ml of ethanol and allowed to stand for 1 h at 3° after which the
precipitate was removed by centrifugation. The clear supernatants were applied
to the columns by pumping at a rate of about 0.8 ml/min. Subsequently the
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columns were washed at the same pumping rate with 25 ml of 2.0 N HCl. The
polyamine fractions (containing both conjugated and non-conjugated
derivatives) were eluted with 25 ml of 6 N HCl. They were evaporated to
dryness at a pressure of about 15 mm Hg, using a Rotavapor (BUchi, Flawil,
Switzerland) .

Hydrolysis of urine samples
Mixtures of 5 ml of urine with 5 ml of 12 N HCl were sealed in Pyrex glass

tubes (15 X 160 mm) and heated for 18 h at 1200
• The content of the tubes

was evaporated in vacuo,· and the residues were dissolved in 5 ml of water.
Two millilitres of these solutions were mixed with the same volume of ethanol
and subjected to chromatography on Dowex 50 columns, as described for the
non-hydrolyzed samples.

Derivatization with 5-dimethylaminonaphthalene-l-sulphonyl chloride
(Dns-Cl)

The dried residues of the column eluates were dissolved in 0.4 ml of 0.2 N
perchloric acid and 0.8 ml of acetone. (This amount of solvent was used to
quantitatively transfer the residues of the eluates from a 100-ml round bottom
flask into glass tubes (12 X 100 mm).) A solution of 20 mg of Dns-Cl in 0.4 ml
of acetone was added; the solutions were saturated with sodium carbonate and
reacted overnight at room temperature, as described previously [39--41]. After
reaction of the excessive Dns-Cl with proline, the samples were extracted with
4 ml of toluene, and the toluene extracts were evaporated in a stream of air to
dryness. Subsequently a solution of 150 ~l of 5 M KOH in methanol was
added, and the samples were heated for 30 min at 500 in a water bath in order
to remove easily hydrolyzable Dns derivatives [43]. By addition of 1.5 ml of
water and 100 mg of a 1:1 mixture of KH2P04 and Na2HP04, the Dns
derivatives were extracted with 4 ml of toluene from the aqueous phase.
Usually 20-~l aliquots of these extracts were separated by TLC.

Thin-layer chromatography
Samples were applied manually, using a 20-~l "Pipetman" pipettor (Gilson).

The rapid application of 20-~l volumes of the toluene solutions of Dns
derivatives does not produce starting zones on silica gel thin layers with a
diameter exceeding 2 mm. Only some rapidly migrating side products of the
reaction tend to move further, but have no significant influence on the quality
of the subsequent chromatographic separations. Normally the spots are applied
at a distance of 20 mm from one plate edge and at a distance of 10 mm from
each other, i.e. 20 samples can be separated on each plate. Three standards,
prepared from authentic, pure compounds and run through the entire
procedure, including chromatography on the Dowex columns were normally
applied on each plate.

Separation of the acetylated polyamines. The non-polar Dns derivatives,
including Dns-ammonia are moved near the solvent front by developing the
plates with ethyl acetate (1 run). For the actual separation of the relatively
non-polar acetyl derivatives the following solvent was used in a solvent-vapor­
saturated tank: chloroform-tetrachloromethane-methanol (70:30:5) (2 runs).
Between each run, the plates are dried at room temperature for 5 min. It
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should be pointed out that the ethanol usually present in the commercial
chloroform has to be removed by distillation.

Free polyamines and total polyamines. The previously described solvents
[39-41] for the separation of Dns-polyamine derivatives were used for the
separation of both free polyamines and total polyamines, as obtained by
hydrolysis of the urine samples with 6 N HCl. Chromatography with cyclo­
hexane- -ethyl acetate (1: 1) (2 runs) followed by cyclohexane-ethyl acetate
(3:2) (1 run) was most appropriate in our hands. This solvent separates bis­
Dns-cadaverine from bis-Dns-putrescine, however it does not allow one to
determine the former compound because it is too close to the large spot of
Dns-ammonia. If bis-Dns-cadaverine is to be determined, chloroform-triethyl­
amine (5:1) is preferable. [39-41,44,45] In this case, however, the spermine
spot is close to side products of the dansylation reaction.

Stabilization of the Dns derivatives
Spraying with a solution of triethanolamine in propanol-2 enhances

fluorescence intensity and stabilizes the Dns derivatives on thin layers
[39-41]. Recently, spraying with solutions of viscous organic solvents
(paraffin oil in cyclohexane or toluene, among others) was suggested for the
same purpose [46]. We have tried to avoid this technically difficult process.
The following practical solution for this problem was found: the plates are
immersed twice for 1 min into a 10% solution of Rhodorsil oil SI 710 (a silicon
oil available from Prolabo, Paris, France) in cyclohexane. Between the
immersions they are dried for 5 min at room temperature. Fluorescence is
stable at least for 1 week if the plates are stored in the darkness. No significant
diffusion of the Dns-polyamine spots is observed. One can imagine that paraffin
oil similarly applied would be equally useful.

RESULTS

Separation of the monoacetyl polyamines
The solvent mixture consisting of chloroform-tetrachloromethane­

methanol (70:30:5) is capable of separating the Dns derivatives of putrescine,
cadaverine, spermidine, spermine, monoacetylputrescine, monoacetyl­
cadaverine, N1

- and N8-monoacetylspermidine and NI-monoacetylspermine
either on the usual 20 X 20 cm silica gel plate or on a 10 X 10 cm high-per­
formance thin-layer plate. This solvent was therefore previously used for the
separation of labelled polyamines in metabolic studies, with subsequent
preparation of autoradiographs [47]. For the quantitative evaluation of the
plates by fluorometry this separation has some disadvantages. (a) Spermine
moves close to the solvent front and by-products of the dansylation reaction
can interfere with its quantitative evaluation. In this respect the solvent is
similar to chloroform -triethylamine (5:1) [39-41] which has been repeatedly
used for the analysis of total polyamines in urine [44, 45] . (b) Since the thin­
layer scanner has only a limited resolution capacity, one would like to achieve a
better separation of the two monoacetylspermidines, and of monoacetyl­
putrescine from monoacetylcadaverine. (c) The two monoacetyl-spermidines
move closely behind Dns-ammonia. If the latter is present in large amounts, it
interferes with the estimation of the acetylspermidines.



160

In the case of urine analyses there is normally no restriction in the
availability of material. It was decided, therefore, to separate free polyamines
(and total polyamines, as obtained by acid hydrolysis of urine) and acetylated
polyamines on two plates using two different solvents. Chromatograms showing
separations of various sample types in the two solvent systems are shown in
Figs. 2 and 3. Typical fluorescence scans of acetylated polyamines and of the
amines of a urine hydrolysate are shown in Figs. 4 and 5.

The above-mentioned separation problems with acetylated polyamines were
solved by moving all non-polar Dns derivatives, including those of the
polyamines and ammonia near the solvent front, by developing the plate first
with ethyl acetate. Two successive runs with chloroform-tetrachloromethane­
methanol (70:30:5) then adequately separated the acetylated polyamines
(Fig. 2). Samples separated by cyclohexane-ethyl acetate (1:1) result in
separations shown in Fig. 3. It should be pointed out here that the low
background fluorescence achieved in these chromatographic separations is due
to the pre-separation of the urine samples on Dowex 50W-X8 columns, and
especially due to the exposure of the Dns derivatives to alkaline conditions
before separation, as is described in detail in the Methods section.

Urine contains a large number of compounds with primary amino groups. It
is therefore difficult to establish the specificity of the method. The criteria for
the uniformity of the spots of the Dns derivatives of monoacetylputrescine,
and of N l

_ and N8 -monoacetylspermidines were: (a) elution of the non­
derivatized amines from Dowex 50W-X8 columns with 4 N HCI and 6 N HCI,

Bis-Dns­
cadaverine

- Dos-Ammonia

- Sis-Dns-putrescine

- Tri-Ons-spermidine

- Tetro-Dns-spermi ne

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19

Fig. 2. Thin-layer chromatogram of Dns derivatives, standard samples and dansylated urine
fractions. Solvent: 1st run: ethyl acetate; 2nd and 3rd run: chloroform-tetrachloro­
methane-methanol (70:30:5). 1 = Blank; 2 = tri-Dns-monoacetylspermine; 3-5, 10, 11, 19 =
standard mixture containing 50 pmol of mono-Dns-monoacetylputrescine, bis-Dns-N'-mono­
acetylspermidine, bis-Dns-N° -monoacetylspermidine, bis-Dns-pu trescine, tri-Dns-spermidine
and tetra-Dns-spermine; 6-8 = Dns derivatives of urine samples (equivalent to 10 III of
urine); 12-15 = urine samples corresponding to 6-8, however, with added standard mixture
(corresponding to 3-5); 16-18 = urine samples, hydrolyzed prior to derivatization with 6 N
He!. The Dns derivatives of the free polyamines move under these chromatographic
conditions faster than Dns-ammonia. They cannot be detected on this chromatogram.
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Sis-Ons-N'­
monoacetyl­
spermidine

Sis-Ons-Ne­
monoacetyl­
spermidine

Dns-monoocetyl­
putrescine

Fig. 3. Thin-layer chromatogram of Dns derivatives, standard samples and dansylated urine
fractions. Solvent: cyclohexane-----ethyl acetate (1:1) (2 runs) and cyclohexane-----ethyl acetate
(3 :2) (1 run). 1 = Blank; 2 = bis-Dns-cadaverine; 3, 12, 19 = standard mixture (containing
50 pmol of mono-Dns-acetylputrescine, bis-Dns-N'-acetylspermidine, bis-Dns-N8 -acetyl
spermidine, bis-Dns-putrescine, tri-Dns-spermidine and tretra-Dns-spermine); 4~ =
standards with 50 pmol monoacetylputrescine, N'·monoacetylspermidine and N8 -mono­
acetyl spermidine, hydrolyzed with 6 N HCI prior to derivatization; 7, 8 = non-hydrolyzed
urine (corresponding to 10 ILl); 9-11 = urine with added standard mixture; 13-15 = urine
hydrolyzed with 6 N HCI; 16-18 = urine with added monoacetylputrescine, N'-acetyl­
spermidine and N8 -acetylspermidine, hydrolyzed with 6 N HCI prior to derivatization.

respectively; (b) identical mobility of the non-derivatized amines on thin­
layer electrophoretograms using pyridine-acetic acid buffer pH 4.8 [47] ; (c)
identical mobility of the Dns derivatives of these compounds in various sol­
vents, and (d) upon hydrolysis of the urine samples prior to ion-exchange
column chromatography with 6 N HCl (120°; 12 h) and dansylation, spots did
not appear on the chromatograms corresponding with the Dns-acetyl-poly­
amines (Fig. 2), but rather in zones corresponding to the Dns derivatives of the
free polyamines (Fig. 3).

Sensitivity, recovery, reproducibility
As might be expected, the method has the usual sensitivity of procedures

using dansylation. With the stabilization of the Dns derivatives by silicon oil,
and using the Camag TLC-scanning equipment, it was possible to routinely
measure picomole amounts of the various acetylated and free polyamines on
normal (20 X 20 cm) thin-layer plates. For the measurement of urine samples
the aliquot of the Dns derivatives normally applied on the plates, corresponded
to 10 tIl of urine and 50 pmol of polyamine.

It is known from previous work [41] that recovery of Dns-polyamines
during the derivatization reaction is high. No attempt was made, therefore, to
determine the total recovery. However, the recovery of the free and acetylated
polyamines from the ion-exchange column chromatographic procedure has
been determined. Standard samples, containing 2, 5, 7.5 and 10 nmol
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Fig. 4. In situ fluorescence scans of the Dns derivatives of urine constituents. (A) Scan of
track 12; (B) scan of track 16 of Fig. 2. 1 = Dns-monoacetylputrescine; 2 = bis-Dns-N8­
acetyl-spermidine; 3 = bis-Dns-N'-acetylspermidine; 4 = Dns-ammonia. For details see legend
to Fig. 2.

Fig. 5. In situ fluorescence scans of the Dns derivatives of urine constituents. (A) Scan of
track 13; (B) scan of track 7 of Fig. 3. 1 = Tetra-Dns-spermine; 2= tri-Dns-spermidine; 3 =
bis-Dns-putrescine; 4 = bis-Dns-cadaverine; 5 = Dns-ammonia. For details see legend to Fig.
3.

respectively of each amine were applied on the columns; the columns were
washed with 25 ml of 2.0 N HCl and the amines were then eluted with 25 ml
of 6 N HCl. After evaporation the samples were dansylated, and similar samples
not run through the ion-exchange columns were dansylated in parallel. From
the 4 ml of toluene extracts, containing the mixture of Dns-derivatives, 20-/11
aliquots were separated by TLC and measured by fluorescence scanning. The
standard deviation of the determinations was ± 7% within the range of 10 to
50 pmol. There was no significant difference between the amounts of amines
recovered from the ion-exchange columns and those subjected to dansylation
directly. This shows that recovery of the acetylated amines from the ion­
exchange column was over 90%. The same is true for the free polyamines.

The high recovery of the acetylated polyamines indicates their stability
against acid hydrolysis. Indeed, free polyamines were never detected on the
chromatograms when the acetylated products were run through the procedure.
This can also be seen from Fig. 3 and Fig. 5B which show separations and a
scan of a non-hydrolyzed urine sample, respectively. Virtually no free
polyamines are detectable in this sample, prior to acidic hydrolysis. In order to
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test the capacity of the 5-ml Dowex 50W-X8 columns, increasing volumes of
the same urine sample were separated, and polyamines were determined sub­
sequently. Fig. 6 shows the results. It appears from this figure that a linear
relationship exists between the volume of the urine sample and the amount of
the monoacetylspermidines, at least up to 10 ml of urine. In other words, the
5-ml Dowex 50W-X8 columns quantitatively retain the monoacetylspermidines
even of 10 ml of urine. In contrast, monoacetylputrescine is lost from the
column if more than 2 ml of urine are applied. This finding is in agreement
with the fact that monoacetylputrescine and putrescine are eluted from Dowex
50W-X8 columns with 4 N HCI already whereas monoacetylspermidines and
the free polyamines (spermidine and spermine) come off the column only with
6 N HCI [47].
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Fig. 6. Relationship between urine sample volume and recovery of monoacetylputrescine,
N1-acetylspermidine and N8 -acetylspermidine, from a 5-ml Dowex 5QW-X8 column. In
contrast with the acetylspermidines, significant losses of monoacetylputrescine are observed
if the sample volume exceeds 2 ml. For details of the washing and elution procedure see
Methods section.

In practice the urine sample volume was kept constant at 2 ml. When only
the monoacetylspermidines (or non-conjugated spermidine and spermine) are
to be analyzed, the column volume can be decreased to 1 ml, with a
concomitant decrease of the eluent volumes (10 ml of 2.0 N HCI for washing,
and 6 ml of 6 N HCI for elution).

Recovery of polyamines after hydrolysis with 6 N HCI (120°, 18 h) of their
acetyl derivatives was estimated by hydrolysis of standard mixtures and by
hydrolysis of urine samples to which known amounts of the acetyl derivatives
were added. Recoveries in these two types of samples were identical within the
precision of the method. The mean recovery for putrescine from acetyl­
putrescine was 94%, for spermidine from N'- and N 8-monoacetylspermidine,
63%.
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Acetylated polyamines in human urine
Five adult healthy males and five adult healthy females participated in this

exploratory study. No restrictions were imposed on food or fluid intake.
Urine was collected for 24-h periods at two different times, and the urine
samples were analyzed as described above.

The results of the acetylpolyamine measurements are shown in Table 1.
From a further male, 24-h urine was collected on six consecutive days. Again
there was no restriction with regard to food or fluid intake. The results of the
analyses of this experiment are shown in Table II. It appears from the values of
the tables that the daily variation of excretion of acetylated polyamines is of
the order of 10-20% of the mean, and that the inter-individual variation is
much greater. High excretors may excrete as much as 12-16 J.Lmol/day of the
acetylated spermidines, and low excretors only about 50% of this value. In

TABLE I

EXCRETION OF ACETYLATED POLYAMINES IN THE URINE (/lmol/24 h) OF MALE
AND FEMALE ADULT VOLUNTEERS

Monoacetylputrescine: AcPut; N'-monoacetylspermidine: N'-AcSpd; N8-monoacetylsper-
midine: N8_AcSpd. (a) urine collection January 25; (b) urine collection February 13. Mean
values of duplicate determinations.

Subject no. AcPut N'-AcSpd N8_AcSpd N'-AcSpd N'-AcSpd
+

N8-AcSPd N8_AcSPd

Male
1 a 20.28 6.91 5.75 12.66 1.20

b 19.05 6.61 5.72 12.33 1.16
2 a 16.70 3.99 3.45 7.34 1.16

b 13.79 5.50 4.54 10.04 1.21
3 a 27.38 6.35 6.10 12.45 1.04

b 18.20 7.66 5.22 12.88 1.47
4 a 23.11 10.35 6.30 16.65 1.64

b 13.23 6.26 6.08 12.34 1.03
5 a 22.65 5.13 4.99 10.12 1.03

b 16.38 4.57 4.62 9.19 0.99
mean ± S.D. a 22.0 ± 3.9 6.6 ± 2.4 5.3 ± 1.2 11.8 ± 3.4 1.21 ± 0.25
mean ± S.D. b 16.1 ± 2.6 6.1 ± 1.2 5.2 ± 0.7 11.4 ± 1.6 1.17 ± 0.19
Female
6 a 14.49 4.45 2.59 7.04 1.72

b 12.54 3.34 2.11 5.45 1.58
7 a 22.09 4.52 3.48 8.00 1.30

b 20.24 3.88 3.27 7.15 1.19
8 a 22.39 3.00 5.93 8.93 0.51

b 16.45 2.60 4.41 7.01 0.59
9 a 28.97 6.77 4.95 11.72 1.37

b 18.46 5.31 3.44 8.75 1.54
10 a 17.00 4.71 3.76 8.47 1.25

b 13.04 4.81 4.23 9.04 1.14
mean ± S.D. a 21.0 ± 5.6 4.7 ± 1.4 4.1 ± 1.3 8.8 ± 1.8 1.23 ± 0.4
mean ± S.D. b 16.2 ± 3.4 4.0 ± 1.1 3.5 ± 0.9 7.5 ± 1.5 1.21 ± 0.4
mean of all
measurements
± S.D. 18.8 ± 4.6 5.3 ± 1.8 4.4 ± 1.2 9.9 ± 2.8 1.21 ± 0.3
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TABLE II

EXCRETION OF ACETYLATED POLYAMINES IN THE URINE (/lmol/24 h) OF AN
ADULT MALE VOLUNTEER* DURING SIX CONSECUTIVE DAYS

Monoacetylputrescine: AcPut; N1-monoacetylspermidine: N1-AcSpd; N8 ·monoacetyl­
spermidine: N8 -AcSpd. Mean values of duplicate determinations.

Day AcPut NI-AcSpd N8 ·AcSpd N1-AcSpd Nl-AcSpd
+

1
2
3
4
5
6
Mean ± S.D.

15.14
15.97
14.39
15.33
15.22
15.48
15.26 ± 0.52

3.65
3.96
4.08
4.76
5.70
5.69
4.64 ± 0.89

2.84
3.18
3.54
3.82
3.74
3.91
3.51 ± 0.42

N 8 -AcSpd

6.49
7.14
7.62
8.58
9.44
9.60
8.15± 1.3

N"-AcSpd

1.29
1.25
1.15
1.25
1.52
1.46
1.32 ± 0.14

*Subject No. 11.

repeated urine collections the pattern of excreted polyamine conjugates
remaines practically the same, indicating that the method gives consistent
results.

Free and total polyamines in human urine
The amounts of non-conjugated putrescine and spermidine were less than

10% of the total amines. In contrast, most of the spermine excreted in human
urine seems to be non-conjugated. Total spermine found in the two urine col­
lections from five males was: 2.2 ± 0.9 J.Lmol/24 hand 1.3 ± 0.6 J.Lmol/24 h.
The free amine was only 10% less than the total. Interestingly, females excreted
significantly less spermine. 0.7 ± 0,4 J.Lmol/24 h were found in the average in
the two collections, with only one excretor above 1 J.Lml/24 h.

The values for total spermidine and putrescine (means of five males and five
females) after correction for losses during hydrolysis were: putrescine 18.7 ± 6;
spermidine 10.2 ± 2. These values are in excellent agreement with the average
amounts of acetylputrescine and acetylspermidines, found in the same urine
samples (Table I). It can be concluded from this finding that acetylputrescine
and the two acetylspermidines are the major excretory forms of putrescine and
spermidine, respectively.

DISCUSSION

The method described in this paper is sufficiently rapid and accurate to be
routinely applied to the analysis of acetylputrescine, the acetylspermidines and
free polyamines in human urine. Monoacetylspermine and monoacetyl­
cadaverine are also sufficiently separated from the other spots to be detected,
if present in significant amounts.

The cleanup procedure, using Dowex X8 columns was based on the work of
Shimizu et al. [48], who suggested a comparable procedure for the determina­
tion of free polyamines from nervous tissue. Another procedure also employing
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6 N HCl for the elution of free polyamines from Dowex 50W columns has been
devised by Fujitaet al. [49]. As was shown in the present work, the thin-layer
chromatograms of dansylated polyamines can be considerably improved by the
cleanup steps. Other methods of polyamine analyses might also profit from this
procedure. The impregnation of the plates with a viscous oil by dipping is
technically easier than the hitherto used spraying.

The analyses of acetylated polyamines in the urine of only ten adult healthy
volunteers (five males and five females) can only be considered as being
preliminary. However, these analyses together with the repeated determinations
of the 24-h output of a single individual show already that the inter-individual
variation is only about ±30% of the mean. They also show that the individual
pattern of urinary acetylpolyamines is relatively constant, and not influenced
too greatly by food and fluid intake. Abdel-Monem and Ohno [32] reported
the following "normal" values for acetylputrescine and the acetylspermidines,
based on the analyses of urines from nine individuals: monoacetylputrescine:
11.7 ± 1.5 t-tmol/24 h; W-monoacetylspermidine: 2.9 ± 0.6 t-tmol/24 h; N 8

_

monoacetylspermidine: 2.8 ± 0.5 t-tmol/24 h. These values are at the lower end
of the range of reported total urinary excretion of putrescine and spermidine
[16]. The values found in this work (Table I) are somewhat higher than these
reported values [32], but are in agreement with them, in so far as the ratio of
N l

_ and N 8 -monoacetylspermidine is close to one in both cases.
Hydrolysis of the urine samples showed that total putrescine and spermidine

values are close to the value of acetylputrescine and the sum of the acetyl­
spermidines. If more extended experience confinris the impression of the
present finding, that virtually all conjugated putrescine and spermidine is
represented by the monoacetylderivatives, hydrolysis of the urine samples may
become dispensable. This step is one of the major sources for the limited
precision of the method. Since detailed information of the polyamine pattern
of urine can be obtained by the separation of the dansyl derivatives of non­
hydrolyzed samples, if run in two different solvents, our method should be
a useful tool in the exploration of the diagnostic value of urinary polyamine
analysis in diseased states.
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SIMULTANEOUS GAS CHROMATOGRAPHIC DETERMINATION OF
LORCAINIDE HYDROCHLORIDE AND THREE OF ITS PRINCIPAL
METABOLITES IN BIOLOGICAL SAMPLES
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Department of Drug Metabolism, Janssen Pharmaceutica, 2340 Beerse (Belgium)
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SUMMARY

A method is described for the determination of the antiarrhythmic drug lorcainide hydro­
chloride and its three main metabolites in plasma, urine, faeces and tissues from man and
animals. The procedure involves the extraction of the parent drug, its metabolites and the
internal standard from the biological materials at different alkaline pH values, back-extrac­
tion into sulphuric acid and re-extraction into the organic phase (heptane-isoamyl alcohol).
After silylation of the different phenolic and the N-dealkylated metabolites, analyses were
carried out by automated gas-liquid chromatography with electron-capture detection. The
method has a sensitivity limit of 5 ng for lorcainide, and 10-20 ng for the various
metabolites, per millilitre of plasma.

The method was applied to urine, faeces, plasma and tissue samples from man and
animals. It was also suitable for automatic sample analysis.

INTRODUCTION

Lorcainide hydrochloride, N-(4-chlorophenyl)-N-[1-(1-methylethyl)-4-
piperidinyl] benzeneacetamide monohydrochloride (1; Fig. 1), is a promising
new antiarrhythmic agent, effective against ventricular arrhythmias and atrial
fibrillation [1-4]. Studies concerned with its metabolic fate have identified
the N-dealkylated and three phenolic metabolites in human plasma [5, 6].

This paper describes a sensitive procedure for the simultaneous determina­
tion of both lorcainide and the main metabolites in plasma, urine, faeces and
tissue samples. The method was used to obtain more detailed information
about the pharmacokinetics of the drug in man and animals [7, 8] .

*1'0 whom correspondence should be addressed.
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EXPERIMENTAL

Standards and reagents
Lorcainide hydrochloride, nor-Iorcainide or N-(4-chlorophenyl)-N-(4­

piperidinyl)benzeneacetamide (II), N-( 4-chlorophenyl)-4-hydroxy-N-[1-(1­
methylethyl)-4-piperidinyl] benzeneacetamide (III), N-( 4-chlorophenyl)-4-hy­
droxy-3-methoxy-N-[1-(1-methylethyl)-4-piperidinyl [benzeneacetamide (IV),
and the internal standard, N-(4-chlorophenyl)-N-[1-(3-methylbutyl)-4-piperid­
inyl] benzeneacetamide hydrochloride (V), were all originally synthesized in
our research laboratories and were of analytical grade. Chemical structures are
shown in Fig. l.

Spectrophotometric grade n-heptane and acetonitrile were used; methanol
and isoamyl alcohol were of analytical grade. The silylating reagent consisted of
N,O-bis(trimethylsilyl)acetamide (BSA), to which 1% of trimethylchlorosilane
(TMCS) had been added as a catalyst (Aldrich-Europe, Beerse, Belgium).

The inorganic reagents were prepared in double-distilled water. A borate
buffer (pH 8.5) was prepared by adding 15.2 ml of 0.1 M hydrochloric acid to
50 ml of 0.025 M sodium borate decahydrate (borax). A final volume of 100
ml was prepared.

ex R
2R-N 0

, 0-"'°"/"1
~

CI

Compound R, R2 R3

R15889 (I) ?H-CH 3 H H

CH 3

R ;5665 (II) H H H

R 39611 1m) ~H-CH3 H OH

CH 3

R418531Il[) ~H-CH3 OCH 3
OH

CH 3

R 17251(:l[) CH-CH-CH-CH H H
2 2 I 3

CH 3

Fig. 1. Chemical structures of lorcainide (R 15889), its principal metabolites (R 15665, R
39611 and R 41853) and· the internal standard (R 17251).

Standard solutions
A combined standard solution containing 25 mg of all synthesized drugs (I,

II, III and IV) as the free bases was prepared in 25 ml of methanol.
A 10-ml volume of the internal standard solution was also prepared at a
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concentration of 1 mg/ml. To spike the samples with the internal standard, an
aliquot of this stock solution was further diluted to 2 }.Lg/ml.

All the solutions were stored in a refrigerator at 4° prior to use.

Extraction procedure
Plasma. Plasma samples (1 ml) were pipetted into 15-ml glass centrifuge

tubes and spiked with 0.2 }.Lg of the internal standard. The solution was
buffered with 2.5 ml of the borate buffer solution (pH 8.5) and 4 ml of
heptane-isoamyl alcohol (95:5, v/v) were added. The tubes were carefully
rotated for 10 min (35 rpm, Cenco rotary mixer) and then centrifuged (5 min,
1000 g). The upper organic layer was transferred to a second centrifuge tube,
containing 2 ml of 0.05 M sulphuric acid. The organic layer was removed
and discarded after shaking and centrifugation. After repetition of this step, the
plasma in the first tube was made more alkaline by adding a few drops of 1 M
sodium hydroxide (pH 11) and extracted twice with 4 ml of the organic solvent
mixture. Both upper organic layers were transferred to the second tube and
discarded after extraction with the sulphuric acid. The remaining acidic phase
was made basic with concentrated ammonia (pH 10) and extracted twice with
2 ml of the heptane-isoamyl alcohol mixture. The combined organic layers
were evaporated to dryness under a stream of nitrogen in a water bath at 60° .

Other samples. Human urine and faeces as well as different animal tissues
were similarly processed.

Urine samples of 0.1 ml were processed by the present extraction procedure.
Faeces were homogenized (1:5, w/v) in methanol, using an Ultra-turrax TP

18/2 homogenizer. After centrifugation, the precipitates were washed twice
with methanol and centrifuged again. The various supernatants of each faeces
sample were mixed and the volume was measured. One millilitre of each of
these faeces extracts was then submitted to the extraction procedure.

Tissue samples of 2 g were homogenized in 100-ml centrifuge tubes,
containing 7.5 ml of distilled water and 2.5 ml of the borate buffer solution.
The homogenates were processed as described above.

The extraction procedure is outlined in Fig. 2.

Calibration procedure
Samples of control plasma (1 ml) were spiked with lorcainide and its

metabolites at concentrations ranging from 0.01 to 3 }.Lg/ml, and with the
internal standard at a fixed concentration of 0.2 }.Lg/ml. The samples were taken
through the extraction procedure described previously.

Apparatus
All the analyses were performed on a Varian Model 3700 gas chromatograph

equipped with a Varian Model 8000 automatic sample injector and a pulse­
modulated constant-current 63Ni electron-capture detector.

The glass column (200 X 0.2 cm) was packed with 3% OV-22 on 80-100
mesh Supelcoport (Supelco, Bellefonte, Pa., U.S.A.). The column temperature
was 260° and the injector and detector temperatures were 290° and 320°,
respectively. Nitrogen was used as a carrier gas at a flow-rate of 40 ml/min.

Area integrations, calculations and plotting of the chromatograms as well as
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Fig. 2. Extraction scheme for lorcainide and its principal metabolites from plasma, urine,
faeces and tissues.

the control of the autosampler functions were carried out by a Spectra-Physics
Model 4000 data system.

Derivatization
The extraction residues were dissolved in 10 tIl of BSA, containing 1%

trimethylchlorosilane, and 100 tIl of acetonitrile. The tubes were capped
tightly, vortex-mixed, and allowed to stand for 10 min in an oil bath at 90°.
After <iooling, the samples were transferred to 200-tIl microvolume vials and
placed in the autosampler. Sample volumes of 1 tIl were injected and cleaning
of the injection system was achieved by alternating sample vials and vials of
pure solvent.

Calculations
Results were calculated by determining the peak area ratios of the different

compounds, related to the internal standard and comparing these ratios with
the appropriate standard curves.

RESULTS

The recoveries of the extraction procedure, the detection limits and the
retention times of lorcainide, its metabolites and the internal standard are sum­
marized in Table 1. The plots of the standard curves all passed through zero
and were linear over the concentration range 0.01-3.0 tIg/ml plasma, having
correlation coefficients of 0.999 (Table II).
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TABLE I

ANALYTICAL DATA FOR THE REPORTED PROCEDURE

Compound tR (min) RRT** Percentage recovery*** Detection limit
(mean ± S.D., n = 5) (ng/ml plasma)

R 15665* (II) 1.88 0.57 85 ± 3 10
Lorcainide (I) 2.53 0.77 81 ± 4 5
R 17251 (V) 3.28 1.00 88 ± 6
R 39611 * (III) 4.28 1.30 78 ± 4 10
R 41853* (IV) 5.87 1.79 69 ± 8 15

* Analyzed as the trimethylsilyl derivatives.
**RRT = relative retention time of the compounds (relative to the internal standard, R
17251).
***Percentage recovery = recovery of the extraction procedure, obtained after analysis of
1 /lg of the appropriate compound added to 1 ml of control plasma.

TABLE II

CORRELATION COEFFICIENTS AND MATHEMATICAL EXPRESSIONS OF THE
STANDARD CURVES OF LORCAINIDE AND ITS METABOLITES

R 15889 (I)
R 15665 (II)
R 39611 (III)
R 41853 (IV)

DISCUSSION

y = 5.097x + 0.039
y = 4,455x - 0.085
y = 4.336x - 0.004
y = 4,413x - 0.094

r = 0.9997
r = 0.9996
r = 0.9998
r = 0.9996

Although the extraction of the unaltered drug and its internal standard was
rather simple, an additional extraction step at pH 8.5 was necessary for the
optimum recovery of the hydroxylated metabolites III and IV. The formerly
used extraction step at pH 11, however, was maintained because it led to a
higher recovery for the dealkylated metabolite II. Its recovery was further
improved by taking a ratio of 95:5 for the heptane-isoamyl mixture instead of
the more commonly used mixture ratio of 98.5:1.5. This improvement was also
achieved using hexane-diethyl ether (50:50) and toluene-butanol (90:10)
mixtures although both these latter mixtures gave a few more extraneous
peaks. No interfering peaks were observed using the heptane-isoamyl alcohol
(95:5) mixture.

It is clear that for the determination of lorcainide alone, as, for example,
after intravenous administration, the extraction method can be simplified as
has been described by Jiihnchen et al. [9].

As the metabolites examined are rather polar, they are not very suitable for
direct gas-liquid chromatographic analysis and therefore they have to be
derivatized to obtain reliable results. Both the N-dealkylated and the
hydroxylated metabolites were easily derivatized with dimethylformamide
dimethylacetal, but the resulting derivatives still showed some adsorption and
yielded larger retention times. Trimethylsilyl (TMS) derivatives were chosen
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Fig. 4. Chromatogram of a heart (ventriculus cordis) tissue extract from a dog chronically
treated with daily oral doses of 10 mg/kg body weight. GLC conditions were as indicated in
the text.



175

because they reacted rapidly, yielding derivatives with much improved column
characteristics under the chromatographic conditions described. The
O-silylation with BSA occurred instantaneously and quantitatively, the N­
silylation yielded at least about 95% after heating the reaction mixture at
90° for 10 min and adding 1% TMCS to the derivatization reagent to catalyze
the reaction. Structure identification of the various TMS derivatives was
recently confirmed by combined gas chromatography-mass spectrometry and
nuclear magnetic resonance spectroscopy [6]. Mass spectra and structures are
shown in Fig. 3.

The application of the method to the assay of several hundred specimens
of biological origin demonstrated its suitability; other metabolites were easily
detected when present and did not interfere with lorcainide or its most
important metabolites. The gas chromatographic column has proved to be
extremely stable under the conditions used.

APPLICATIONS

The method described has been used successfully for over one year in
pharmacokinetic studies on the fate of lorcainide in healthy volunteers and
patients as well as in animals [8] . Typical plasma levels from a patient receiving
chronic oral administration are presented in Table III. The patient received five
consecutive doses of 100 mg at 0, 12, 24, 36 and 48 h and the time course of
the plasma levels was then followed up to 32 h after the last dose. After ten
days, the same schedule was repeated with doses of 150 mg of lorcainide
hydrochloride.

The method has also proved to be valuable in tissue distribution studies of
dogs receiving 0.625,2.5 and 10 mg/kg body weight [7]. A chromatogram of a
heart tissue extract, showing all three metabolites, is represented in Fig. 4.

TABLE III

PLASMA LEVELS FOLLOWING CHRONIC ADMINISTRATION OF 100 mg (A) AND 150
mg (B) OF LORCAINIDE HYDROCHLORIDE

Time Lorcainide hydrochloride
(h) (~,g/ml plasma)

A B

0 0.214 0.481
2 0.234 0.627
4 0.406 0.873
6 0.285 0.602
8 0.285 0.562

10 0.296 0.437
12 0.215 0.429
24 0.161 0.393
26 0.192 0.421
28 0.171 0.321
30 0.125 0.380
32 0.155 0.294



176

REFERENCES

1 H. Kesteloot and R. Stroobandt, Arch. Int. Pharmacodyn., 230 (1977) 225.
2 E. Carmeliet, P.A.J. Janssen, R. Marsboom, J.M. Van Nueten and R. Xhonneux, Arch.

Int. Pharmacodyn., 231 (1978) 104.
3 F. De Clerck, L. Van Gorp and R. Xhonneux, Arch. Int. Pharmacodyn., 231 (1978) 222.
4 U. Klotz, P. Miiller-Seydlitz and P. Heimburg, Clin. Pharmacokin., 3 (1978) 407.
5 W. Meuldermans, R. Hurkmans, E. Swijsen, J. Hendrickx, W. Lauwers and J. Heykants,

Janssen Clinical Research Reports, R 15889 (1977-1978).
6 W. Lauwers, personal communication.
7 M. Michiels, R. Woestenborghs, R. Xhonneux, R. Marsboom and J. Heykants, Arzneim.­

Forsch., submitted for publication.
8 J. Heykants, M. Michiels, W. Meuldermans, R. Woestenborghs and R. Xhonneux,

Arzneim.-Forsch., submitted for publication.
9 E. Jahnchen, H. Bechtold, W. Kasper, F. Kersting, H. Just, J. Heykants and T. Meinertz,

Clin. Pharmacol. Ther., in press.



177

Journal of Chromatography, 164 (1979) 177-185
Biomedical Applications
© Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

CHROMBIO.377

DYNAMIC CATION-EXCHANGE SYSTEMS FOR THE SEPARATION OF
DRUGS DERIVED FROM BUTYROPHENONE AND
DIPHENYLPIPERIDINE BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY AND APPLIED IN THE DETERMINATION OF
HALOPEMIDE IN PLASMA

RH. VAN ROOIJ*, R.L. WATERMAN and J.C. KRAAK

Laboratory for Analytical Chemistry, University of Amsterdam, Nieuwe Achtergracht 166,
Amsterdam (The Netherlands)

(Received March 2nd, 1979)

SUMMARY

Dynamic (solvent generated) cation-exchange systems for the separation of drugs and
main metabolites derived from butyrophenone and diphenylpiperidine (haloperidol,
pimozide, halopemide) were investigated.

The effect of organic modifier, detergent, counter-ion concentration and of the pH on the
retention has been determined. The results show that variation of these parameters permits
adjustment of the retention of these drugs over a wide range.

The dynamic cation-exchange system developed was applied to the determination of
halope~ide and its main metabolite in plasma. The precision and detection limit of the
method and the extraction efficiency were established. The time course of halopemide and
plasma levels of patients chronically receiving halopemide are reported.

INTRODUCTION

The necessity of determining drugs and their metabolites in body fluids has
been generally accepted for different reasons (for example, pharmacokinetics,
bioavailability, biotransformation studies, patient compliance) [1-3]. Among
the variety of analytical methods applied for this purpose, high-performance
liquid chromatography (HPLC) has proved to be pre-eminently suited for this
problem [4 -6]. In most instances reversed-phase systems with alkyl-modified
silicas were applied. Recently, however, the so-called solvent generated ion­
exchange systems were found to be very suitable for the chromatography

*Present address: Department of Pharmaceutical Chemistry, Subfaculty of Pharmacy,
University of Amsterdam,Plantage Muidergracht 24, Amsterdam, The Netherlands.
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of basic compounds in particular [7-10]. The selectivity and column perfor­
mance of these dynamic ion-exchange systems is sometimes significantly better
than those obtained with the normal reversed-phase systems [9, 10] .

In the present study we report the results of an investigation into the use of
solvent generated cation-exchange systems with sodium dodecyl sulfate for the
analysis of drugs and their metabolites derived from the butyrophenones and
from the diphenylbutylpiperidines, of which haloperidol and pimozide are
well known prototypes.

The ability of the solvent generated cation-exchange system developed for
the analysis of a new psychotropic drug halopemide [N-{2-[4-(5-chloro-2,3­
dihydro-2-oxo-1H-benzimidazol-1-yl)-1-piperidinyl] ethyl} -4-fluorobenzamide]
(Fig. 1,1) in plasma of volunteers, and of patients chronically receiving this
new drug, is demonstrated.

°
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I '\
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Fig. 1. Structural formulae of the selected compounds. I, Halopemide; la, main metabolite
of halopemide; II, haloperidol; I1a main metabolite of haloperidol; III, pimozide; IlIa and
IIIb, main metabolites of pimozide.

EXPERIMENTAL

Apparatus
The liquid chromatograph consisted of a reciprocating pump (Orlita, Type

AE-10-4.4), a Bourdon type manometer, a high-pressure injection valve
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(Rheodyne 7105) equipped with a sample loop of 150 pI, an UV spectro­
photometer (Perkin Elmer LC-55), a linear potentiometric recorder (Goerz,
Servogor RE542) and an electronic integrator (Autolab I). In all of the experi­
ments stainless-steel columns of LD. 3 mm and length 125 or 150 mm were
used. The wavelength of the UV detector was set at 210 nm.

Materials
In all experiments double-distilled water was used. All solvents and chemicals

were of analytical grade and used without any further pre-treatment. Sodium
dodecyl sulfate (SDS) was obtained from Merck (Darmstadt, G.F.R.). The
octyl-modified silica used as column support was RP-8, mean particle size
5 pm (Merck). The drugs and their metabolites were obtained from Janssen
Pharmaceutica (Beerse, Belgium). Their structures are given in Fig. 1.

Procedures
Chromatography. The HPLC columns were packed by a pressurized balanced

slurry technique [11] (the slurry liquid consisted of a mixture of chloroform
and tetrabromoethane of specific gravity of 1.82); they were washed with 100
ml of methanol and then equilibrated with the eluent until constant retention
of the compounds under investigation was obtained. Standard solutions of the
drug and its metabolites were prepared from stock solutions of the compounds
in methanol (5.7 mg/100 ml) and were stored in a refrigerator at 4 0

•

Sample preparation. Blank pooled plasma and plasma samples containing
halopemide were stored at -200

• After thawing, all samples were ultrasonicated
for 3 min. To extract halopemide and its metabolite 0.2 ml of 2 M NaOH and
10.0 ml of CHCh were added to 1 ml of plasma in a glass stoppered centrifuge
tube. The tube was shaken for 1 min and centrifuged (5 min at 1730 g). The
aqueous phase was removed by aspiration and 9 ml of the organic layer were
transferred, using a Hamilton syringe (type 1005), to another tube containing
1 ml of 2.1 M perchloric acid. The tube was shaken and centrifuged (for 1 min
at 1730 g). A 500-pl portion of the aqueous phase was transferred to another
tube which contained 250 pI of 4 M NaOH and 250 pI of this final solution
were used to fill the sample loop.

RESULTS AND DISCUSSION

Chromatography
Dynamic (solvent generated) cation-exchange chromatography with sodium

dodecyl sulfate (SDS) was chosen as the separation method for the selected
drugs and their respective metabolites (Fig. 1). These dynamic cation-exchange
systems were found to be very useful for the separation of amino acids [7] and
basic substances such as tricyclic antidepressants [9] and catecholamines [10].
Compared to normal reversed-phase systems, dynamic cation-exchange systems
exhibit more flexibility for adjusting selectivity and show significantly better
column efficiency (for example, symmetrical peak shapes) [9,10].

In order to find optimal chromatographic conditions for the separation of
the selected drugs and possible metabolites, the influence of a number of param-
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eters such as the methanol, SDS and counter-ion concentrations and the pH
of the mobile phase on the capacity ratio was investigated.

Fig. 2 shows the influence of the methanol content of the mobile phase. The
capacity ratio of basic solutes decreases with increasing methanol content, as
is commonly found in reversed-phase systems. However, the decrease of the
capacity ratio is mainly due to a decrease of the amount of SDS adsorbed at
the hydrophobic support (comparable with the ion-exchange capacity) with
increasing methanol content [8] .

The influence of the SDS content of the mobile phase is shown in Fig. 3.
The capacity ratio of the basic compounds increases with increasing SDS con­
tent of the mobile phase and levels off at larger amounts because of the shape
of the adsorption isotherm of SDS [8]. For compound lIIb only physical
adsorption occurs. Dynamic cation-exchange systems behave in a way similar to
conventional ion-exchange systems [7, 8, 10]. This means that the capacity
ratio can be adjusted in a predictable way by varying the counter-ion
concentration (in this study Na+) as shown in Fig. 4.
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Fig. 2. Influence of the methanol concentration on the capacity ratio (k i). Stationary phase:
Cs,modified silica. Mobile phase: 0.005 M NaH2 PO. + 0.1 % (w/v) SDS + 0.2 M NaClO. (pH
6.5). Roman numerals as in Fig. 1.
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Fig. 3. Influence of the SDS concentration on the capacity ratio. Stationary phase: Cs'
modified silica. Mobile phase: 0.005 M NaH 2PO. + 0.1 M NaCIO. + 64.8% (w/w) methanol
(pH 6.5). Roman numerals as in Fig. 1.
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Fig. 4. Influence of the sodium (NaCIO.) concentration on the capacity ratio. Stationary
phase: C.-modified silica. Mobile phase: 0.005 M NaHzPO. + 0.1 % (w/v) SDS + 64.8% (w/w)
methanol (pH 6.5). Roman numerals as in Fig. 1.
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Fig. 5. Separation of test mixtures of selected compounds. Roman numerals are explained in
Fig. 1. Stationary phase: C.-modified silica. Mobile phase: 0.005 M NaH,PO. + 0.3% (w/v)
SDS + 2 M NaClO. + 59.4% (w/w) methanol (pH 3.00). Flow-rate, 0.60 ml/min.
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The influence of the pH of the mobile phase on the capacity ratio was
investigated usin,g phosphate-buffered mobile phases of different pH values
(range 2.0-u.5). No significant change in capacity ratio could be observed.
At pH > 6.5 a significant decrease of the column stability was found. In.
agreement with previous observations [10] we found a better peak shape
and column stability when relatively high sodium perchlorate concentrations
were used in the mobile phase.

The results of the influence of methanol, SDS and Na + concentration on the
capacity ratio as reflected in Figs. 2-4 demonstrate the great flexibility of
dynamic cation-exchange systems for the separation of the selected drugs and
metabolites. Optimal separation conditions for each of the drugs and its main
metabolites can easily be derived from these figures as is demonstrated in
Fig. 5.

DETERMINATION OF HALOPEMIDE IN PLASMA

The developed phase system was applied to the analysis of a new psycho­
tropic agent called halopemide, a chemical congener of the neuroleptic
benperidol, but with a totally different pharmaceutical and clinical profile [12].
According to the manufacturer this new drug lacks extrapyrimidal side-effects
and looks promising as an effective drug for the treatment of psychosis,
characterized by autism, emotional withdrawal or apathy.

The metabolism of halopemide has been studied in rats [13]. This study
indicates that halopemide is most probably metabolized via an oxidative
N-desalkylation into p-fluorohippuric acid and compound la.

Until now no data about the plasma time course of halopemide in man after
a single dose and of plasma levels of patients chronically administered
halopemide are known.

The suitability of the dynamic cation-exchange system and of the extraction
procedure for the analysis of halopemide in plasma is demonstrated in Fig. 6,
which shows chromatograms of extracts of blank and spiked (112 ng
halopemide per ml) plasma.

o 10 time min 0 10 time min

Fig. 6. Chromatogram obtained of an extract of a pooled blank plasma sample and of a
plasma sample spiked with 112 ng of halopemide (I). For conditions see Fig. 5.
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Quantitative aspects
The precision and linearity of the method were determined by injecting 150

,ul of solutions of compounds I and la at different concentrations and
measuring peak height or peak area. The regression of peak area or peak height
vs. injected amount was found to be linear for halopemide up to 540 ng/ml,
and up to 400 ng/ml for compound la, with a correlation coefficient for both
compounds of 0.9988, indicating a high degree of linearity. The precision of
the method was estimated from repeated injections (n = 10) of solutions of the
compounds at high and low concentration levels. For both compounds the
standard deviation, using peak height measurements, was 1.7% when 108 ng were
injected and 3.0% with 5.0 ng injected. The peak-to-peak value of the baseline
noise was 15 X 10 -4 a.u. This led to a calculated limit of detection, for a
signal-to-noise ratio of 3, of 1 ng for halopemide and 0.75 ng for compound
la. This corresponds to a detection limit of 7.4 ng/ml plasma for halopemide
and 12.9 ng/ml plasma for compound la for a given injection volume of 150 ,ul.

Recovery of the extraction
The recovery and reproducibility of the extraction were determined by

spiking blank plasma samples with different amounts of halopemide and com­
pound la and extracting as described under procedures. The recovery of
halopemide was 98 ± 3% (n = 4) for halopemide and 43 ± 6% (n = 4) for la.

The recovery of compound la could be increased to 80% by using a more
polar extraction liquid composed of diethyl ether and ethyl acetate (10:2, v/v).
However, the greater recovery of compound la was accompanied by a much

concf
ng/
ml

100

inj

50

\,

~H -"'-' 10

0 I 10 0 5 time h

Fig. 7. Chromatogram of an extract of plasma of a patient who chronically received 20 mg
of halopemide daily. Comedication was promethazine. For conditions see Fig. 5. Flow-rate
0.48 ml/min.

Fig. 8. Time course of halopemide in plasma of a volunteer after ingestion of a 20-mg dose.
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larger background which seriously affects the quantitative determination of
both substances. For this reason a milder extraction liquid, despite the low
recovery of la, was found to be advantageous.

Time course and plasma level of halopemide in volunteers and patients
The developed method for the analysis of halopemide was applied to plasma

samples of volunteers and patients. A typical chromatogram of an extract of
plasma of a patient is given in Fig. 7.. Fig. 8 shows the plasma time course of
halopernide in a volunteer after an oral dose of 20 mg. From the data obtained
a plasma half-life of 3.5 h could be calculated. The apparent volume of
distribution in this case was calculated to be 145 1.

Plasma samples obtained from patients who were chronically treated with
halopemide were also determined by HPLC. Promethazine, used as comedica­
tion, did not interfere in the analysis. The results of these analyses are given in
Table I. In order to determine the main metabolite la, a phase system with a
5% lower methanol content was chosen, which guarantees the elution of this
compound free from coextracted endogenous plasma constituents.

TABLE I

PLASMA LEVELS DETERMINED BY HPLC OF MALE PATIENTS CHRONICALLY
TREATED WITH HALOPEMIDE

Patient Daily dose of Plasma concentration
No. haIopemide (ng/ml)

(mg)

1 20 87
2 60 360
3 60 243
4 20 118
5 20 99

In none of the plasma samples of these patients was compound la present at
levels greater than 12.9 ng/ml (detection limit). This result might indicate a fast
elimination rate of this metabolite and/or a slow metabolism of the parent
drug.

Analysis of halopemide and this metabolite in urine might give more
information about the fate of halopemide in man.

CONCLUSION

Dynamic cation-exchange chromatography was found to be eminently useful
for the analysis of the butyrophenon and diphenylalkyl piperidine type
psychotropic drugs and their metabolites in plasma.

Plasma levels of halopemide in patients receiving halopemide (20-ti0 mg
daily) chronically, ranged from 87 to 360 ng/m1. Until now no metabolites
were found in the plasma at concentrations greater than 12 ng/m1. Future
work will therefore be devoted to the analysis of halopemide and its
metabolite (Ia) in urine.
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SUMMARY

A high-performance liquid chromatographic method for the analysis of sulpiride, N-ethyl­
2-(2-methoxy-5-sulphonamido-benzamido-methyl)-pyrrolidine, in body fluids is described.
A structurally related compound, N-ethyl-2-(2,4-dimethoxy-benzamido-methyl)-pyrrolidine,
was used as internal standard.

A fluorescence detector with excitation maximum at 299 nm and emission maximum at
342 nm was used for the quantitation. The detection limit was about 10 ng/ml in serum and
cerebrospinal fluid and about 200 ng/ml in urine. The experimental error was 5-10% in the
concentration range 25-100 ng/ml. Some preliminary data from a pharmacokinetic study in
healthy volunteers are presented. The half-life for sulpiride in serum was about 8 h. Sulpiride
was also measured in cerebrospinal fluid from five drug-treated psychotic patients.

INTRODUCTION

Sulpiride, N-ethy1-2-(2-methoxy-5-sulphonamido-benzamido-methyl)-pyr-
rolidine (Fig. 1), is a neuroleptic drug with a structure that is different from
other antipsychotic agents [1]. Like neuroleptics, phenothiazines and
butyrophenones it markedly accelerates dopamine synthesis and metabolism
in the brain but it has only a weak effect on dopamine stimulated adenylate
cyclase. The frequency of extrapyramidal side effects is reported to be low
compared to other neuroleptics [2,3]. This makes sulpiride a theoretically and
clinically interesting drug. The pharmacokinetics of sulpiride in man has not
previously been systematically studied.

All the available analytical methods for sulpiride have some disadvantages for
pharmacokinetic studies. A very specific mass fragmentographic method has

*To whom correspondence should be addressed.
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been developed [4], but it is not sensitive enough. A spectrophotofluorometric
method with high sensitivity has been described [5], but interference from
other fluorescent compounds with similar extraction qualities cannot be
excluded. A high-performance liquid chromatography (HPLC) separation
method has also been developed [6], but this technique has not been used for
the quantitative analysis of sulpiride.

To make pharmacokinetic studies of sulpiride possible, we have developed a
sensitive and specific analytical method for sulpiride in body fluids using HPLC
with fluorescence detection. To compensate for erraticalloss of the compound
during the extraction procedure an internal standard with a chemical structure
and fluorescence qualities very similar to those of sulpiride was used (Fig. 1).

Sulpiride Internal standard

Fig. 1. Chemical structures of sulpiride and the internal standard.

EXPERIMENTAL

Materials
Acetonitrile for liquid chromatography was HPLC grade obtained from

Rathburn Chemicals (Walkerburn, Great Britain). Other solvents and chemicals
were of p.a. quality. Sulpiride was a gift from Delagrange (Paris, France). The
internal 'standard, N-ethy1-2-(2 ,4-dimethoxy-benzamido-methyl)-pyrrolidfue
(Fig. 1), was a gift from Astra (SodertaIje, Sweden).

HPLC was performed with a Spectra Physics System 3500B consisting of
two solvent delivery pumps, a solvent programmer and a rotary valve injector
with a 10-1l11oop for syringe injection.

The fluorescence detector was a SFM 22 Model from Kontron (Stockholm,
Sweden), equipped with a 10-1l1 flow-through cell. The recorder was a W+W
600 Tarkan.

A 15 cm X 4 mm reversed-phase column packed with 5 lIm CIS Nucleosil
(Macherey, Nagel & Co., Duren, G.F.R.) was used..The packing of the column
was performed principally according to Bristow et al. [7].

Sample preparation
Serum and cerebrospinal fluid samples. The extraction was performed partly

according to Kleimola et al. [5]. The internal standard (1 Ilg in 100 III metha­
nol) was added to 4.0 ml serum or cerebrospinal fluid (CSF) (or when high



189

levels were expected 2.0 ml serum) followed by 240 ,111 or 120,1110.5 N sodium
hydroxide. The sample was mixed and 10.0 ml of chloroform was added. The
test-tube was gently turned 10 times manually and centrifuged at 2000 g for
about 5 min. A 9.0-ml aliquot of the chloroform layer was transferred to
another test-tube. The water phase was extracted once more with 5.0 ml
chloroform, 4.0 ml of which was combined with the first chloroform phase.

. If the test-tube with chloroform was contaminated by the water layer, the
chloroform was transferred to a clean test-tube. The chloroform was evapora­
ted nearly to dryness in a stream of nitrogen. During the evaporation the test­
tube was heated with a hair drier. The residue in the tube was dissolved in
about 1 ml methanol and transferred to a small conical tube. The methanol
was evaporated to dryness and the residue was dissolved in 50,111 methanol and
stored at -200 pending analysis.

Urine samples. To 1.0 ml urine about 1 g sodium chloride was added. The
internal standard (5.0 ,ug in 50 ,111 methanol) was added and the pH was
adjusted to 9.5-10.0 with 0.5 M sodium hydroxide (about 100 ,111). The sample
was extracted twice with 5.0 ml chloroform in the same manner as with the
serum. The residue was dissolved in 100 ,111 methanol.

Preparation of standard curves
Standard curves were prepared by adding internal standard and known

amounts of sulpiride in methanol to pool samples of the body fluid to be
analysed. Several dilutions of sulpiride were made to keep the volume of
methanol added to each sample small, between 25 and 100 ,111. The range of the
standard concentrations of sulpiride in serum were 10 ngjml to 2500 ngjml and
for the corresponding urine samples 0.5 ,ugjml to 100 ,ugjml.

Liquid chromatography
The solvent in pump A consisted of water-acetic acid (99:1) and in pump B

of acetonitrile-acetic acid--water (50:1:49). A linear program from 12--60%
B was run in 10 min. The flow-rate was adjusted so that the pressure over the
column should not exceed 400 p.s.i. (1.2-1.6 mljmin). Ten microliters of the
sample were injected and the program was started. When the internal standard
had been eluted (10-16 min) the composition of the solvent was changed to
12% B in 1 min. After 5 min equilibration, the next sample could be injected.
The detector settings were: excitation at 299 nm and emission at 342 nm.

Sampling of serum
Serum was collected by venipuncture from three healthy male volunteers

who had received 100 mg sulpiride by intravenous (Lv.) injection and 4-6 weeks
later an oral (p.o.) dose. The compound was given at 9 a.m. with the subjects
fasting. The time schedule for sampling is indicated in Fig. 2.

Sampling of cerebrospinal fluid
CSF was collected from psychotic patients by lumbar puncture. Samples

were taken before the morning dose after the patients had been treated for 4
weeks with sulpiride, 800 mgjday. All samples were frozen to-20° within an
hour.
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Fig. 2. Drug concentrations in serum from 3 male volunteers after Lv. and p.o. administra­
tion of 100 mg of sulpiride.

The experiments were approved by the Ethics Committee of the Karolinska
Institute, Stockholm, Sweden.

RESULTS AND DISCUSSION

The recovery of sulpiride added to human serum was almost quantitative
(Table I). The chromatographic procedure is very reproducible as the sampling
valve delivers exactly 10 J.LI at each injection and the compound did not seem to
be destroyed in the column. These circumstances make it possible to measure
sulpiride also without the use of an internal standard.

TABLE I

RECOVERY OF SULPIRIDE AFTER EXTRACTION FROM SERUM

Amount of sulpiride
added to 4 rnl serum
(ng)

Peak height
(mm)

Sulpiride* peak height
without extraction
(mm)

Recovery
(%)

200
400

1000

13
32
67

13
31
79

100
103

85
mean X 96

*Sulpiride dissolved in methanol to a concentration corresponding to 100% recovery.
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The advantage of using an internal standard is that accidental loss of the
drug during the extraction and vaporization of the final methanol solutions
during storage would then be compensated for. The disadvantage of using the
standard is noticeable in the chromatographic part of the analytical procedure.
An ideal internal standard should have about the same elution qualities as
sulpiride and also have its fluorescence maximum at about the same wave­
length. The methoxy analogue used fulfills the fluorescence criterium having an
excitation maximum of 293 nm and an emission maximum of 338 nm, values
from the uncalibrated Kontron detector (sulpiride: excitation max. 300 nm,
emission max. 342 nm). However, it is not as polar as sulpiride, which makes
the retention time longer and consequently fewer samples can be run during a
day. The experimental error, with and without the standard, was of about the
same magnitude (5--10% for 25--100 mg sulpiride added to serum).

The standard curves were linear from the limit of detection (ca. 10 ngjml) to
at least 2 t.tgjml (Fig. 3). The correlation coefficients were greater than 0.99.
From several experiments we have noticed a tendency to somewhat higher
correlation coefficient with the use of the internal standard.
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Fig. 3. Standard curves for the analysis of sulpiride in serum with and without the use of
internal standard.

Fig. 4 demonstrates a typical chromatogram from the analysis of sulpiride in
serum from a subject given 100 mg of sulpiride orally. A small unknown peak is
usually seen after the sulpiride peak. In some serum samples there are also
peaks just before sulpiride. This is not a problem when analysing samples from
sulpiride-treated patients as their serum levels are usually high. However, when
the concentration is low, as in the late phase of excretion, after single-dose
administration, gradient elution, starting with a low percentage acetonitrile is
necessary to get a good separation of the peaks.

The detection limit for sulpiride in CSF was the same as in serum, about 10
ngjml in a 4-ml sample. In the CSF samples no interfering peaks were observed.
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Fig. 4. Chromatogram of a serum sample from a volunteer. The sample was taken 2 h after
p.o. administration of sulpiride, 100 mg. The drug concentration in serum was 51 ng/ml.

The chromatograms of urine samples showed several large unknown peaks.
The detection limit for sulpiride in urine was about 200 ng/ml due to such
interference. It is possible that an improved extraction procedure could lower
this limit. However, we have not found it necessary to develop such a
procedure as the amounts of sulpiride in urine from drug-treated subjects are
very high. The addition of sodium chloride to the urine samples before the
extraction is important, as the recovery otherwise could be very variable.

The precision of the method was high as demonstrated from duplicate
analyses of 2-ml serum samples from a healthy volunteer after an Lv. injection
of 100 mg sulpiride (Table II). The mean percent deviation was 3.3 ± 3.3%.

A pharmacokinetic study of sulpiride in healthy volunteers has recently been
initiated. Some preliminary results are shown in Fig. 2. The interindividual
variations in serum sulpiride levels were greater after p.o. than after Lv.
administration probably due to differences in the absorption and first pass
effect. The concentration in serum reached a maximum between 3 to 6 h after

TABLE II

CONCENTRATIONS OF SULPIRIDE IN SERUM FROM A HEALTHY VOLUNTEER
AFTER AN LV. INJECTION OF 100 mg SULPIRIDE

Time from injection Sulpiride Deviation from mean
duplicate analysis (%)

min h
ng/ml ng/ml

10 2662 2744 1.5
20 1332 1444 4.0
30 1178 966 9.5

1 713 703 0.7
2 548 546 0.2
6 271 294 4.2
9 159 141 6.0

12 90 90 0
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the intake of tablets. The serum levels found after p.o. administration were in
the same range as those found by Kleimola et al. [5]. The half-life of sulpiride
in plasma after Lv. administration was about 8 h, which is also in agreement
with earlier findings [6].

Drug levels in CSF from a few schizophrenic patients treated with sulpiride
have also been analysed (Table III). It is clear that sulpiride passes into the
central nervous system and that quite high drug levels are present in the CSF
during drug treatment.

The present method will be used in pharmacokinetic and clinical studies on
sulpiride in healthy volunteers and schizophrenic patients. The correlation
between serum and CSF levels of the drug and the relationships to biochemical
and clinical variables will also be investigated.

TABLE III

DRUG LEVELS IN CSF FROM 5 FEMALE SCHIZOPHRENIC PATIENTS TREATED
WITH SULPIRIDE (800 mg!DAY) FOR 4 WEEKS

Samples were taken at 8 a.m. before the first daily dose of sulpiride.

Patient Sulpiride in CSF
No. (ng!ml)

1 83
2 88
3 57
4 48
5 50
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SUMMARY

High-pressure liquid chromatographic determination of benfurodil hemisuc­
cinate in blood and urine

A sensitive and reliable method for quantitative determination of benfurodil hemi­
succinate and benfurodil in plasma by high-pressure liquid chromatography on a Zorbax SIL
column with a mean particle size of 7 /.lm and UV detection at 254 nm is described.

Benfurodil hemisuccinate is stable in plasma but not in aqueous solutions. This is
explained by its great fixation to plasma proteins which has been shown by equilibrium
dialysis.

INTRODUCTION

L'hemisuccinate de benfurodil est un medicament commercialise en France
sous Ie nom d'Eucilat* comme vasodilatateur peripherique. En l'absence de
methode specifique de dosage dans les liquides biologiques, aucun controle du
taux sanguin n'a pu etre fait au cours des traitements.

Nous nous proposons de decrire, dans cette note, la technique de dosage de
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Hemisuccinate de benfurodiJ Benfurodil

Fig. 1. Formules chimiques de I 'hemisuccinate de benfurodil et du benfurodil.

l'hemisuccinate de benfurodil et du benfurodil (Fig. 1), que nous avons mis au
point par chromatographie en phase liquide haute pression.

MATERIEL ET METHODES

Appareils
Chromatographe en phase liquide Dupont modele 841 avec detecteur UV a

longueur d'onde fixe (254 nm), equipe d'une colonne de silice Zorbax SIL
(Dupont, Wilmington, Del., E.U.) de longueur 25 cm et de diametre interieur
4.6 mm. Les microparticules de silice. de forme reguliere sont totalement
poreuses et de diametre 6 a 8 Mm. Pression 14 MPa (140 bars), vanne d'injec­
tion a six voies avec une boucle de 20 Ml. Enregistreur Sefram Servotrace (de­
roulement 5 mm/min). Spectrometre de masse Riber (GCMS R 10-10) equipe
d'une sonde d'introduction directe et d'une source a double ionisation (im­
pact electronique et ionisation chimique) couple aun chromatographe en phase
gazeuse (Girdel serie 30) equipe d'une colonne de verre SE30 (four 240').

Dialyseur a 1'equilibre Dianorm equipe de cellules de 1 ml et de membranes
de cellulose "Spectrapor" (barriere moleculaire 12,000 a 14,000). Vitesse de
rotation 16 tours/minute et temperature de dialyse a37° .

Reactifs
Phase mobile: hexane, dichloromethane, chloroforme, alcool isopropylique

(Merck, Darmstadt, R.F.A., qualite pour analyses), acide acetique (Prolabo,
Paris, France, Normapur) 64, 20, 10, 5, 1. Debit 0.6 ml/min atemperature
ordinaire.

Tampon acetate 0.5 M (pH 4.8). Tampon phosphate 0.5 M (pH 6.4). Sulfate
de sodium. Le N-butyryl p-aminophenol a 50 mg/l dans l'acetone est utilise
comme etalon interne.

Technique
Les dosages sont effectues par chromatographie en phase liquide haute

pression.
Dosage dans le plasma. On melange 500 Ml de plasma obtenu par centrifuga­

tion et 100 Ml de solution etalon, puis on ajoute 500 Ml de tampon acetate
0.5 M (pH 4.8), 10 ml de chloroforme et on agite pendant 1 min. La phase
aqueuse est eliminee et la phase organique est sechee sui sulfate de sodium
anhydre puis evaporee. Le residu est repris par 200 Ml de melange d'elution et
20 Ml de cette solution sont alors injectes sur la colonne du chromatographe.
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Dosage dans l'eau et les urines. Le dosage est effectue selon un protocole
tres voisin en remplat;ant Ie tampon acetate par un tampon phosphate 0.5 M
(pH 6.4) afin d'eliminer des pics urinaires interferants avec les produits doses.

Etude de la stabilite. Au cours des essais preliminaires, nous avons remarque
que l'hemisuccinate de benfurodil s'hydrolyse en benfurodil dans les urines
meme conservees a 4° alors qu'il est stable dans Ie plasma. Cette observation
nous a conduit a etudier plus en detail la stabilite de ce medicament dans
divers milieux (plasma, urines, eaux a differents pH) a 37° et en fonction du
temps (0,30 min, 1 h, 2 h, 4 h).

Etude de la fixation aux proteines plasmatiques. Le plasma surcharge en
hemisuccinate de benfurodil a ete dialyse contre du liquide physiologique,
depourvu de proteihes. Du liquide physiologique surcharge en hemisuccinate
de benfurodil a ete dialyse dans les memes conditions. Cinq prelevements ont
ete effectues aux temps t = 15 min, 30 min, 45 min, 1 h, 1 h 30 min pour la
determination des taux de benfurodil et d 'hemisuccinate de benfurodil de part
et d'autre de la membrane.

RESULTATS

Separation chromatographique
La chromatgraphie en phase liquide permet, comme Ie montre la Fig. 2, une
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Fig. 2. Chromatogramme de l'hemisuccinate de benfurodil et du benfurodil apres extraction
plasmatique (a), et d'un blanc plasmatique (b). 1 et 2: pics plasmatiques non identifies; 3:
hemisuccinate de benfurodil 5 mg/l; 4: benfurodil 2 mg/l; 5: N-butyryl p-aminophenol,
etalon interne. Colonne Zorbax SIL.
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bonne separation de l'hemisuccinate de benfurodil et du benfurodil. La droite
d'etalonnage est obtenue, apres addition a un plasma temoin de quantites
connues d 'hemisuccinate de benfurodil (0-20 mg/l) et d'une quantite
constante d'etalon interne (N-butyryl p-aminophenol), en calculant Ie rapport
des hauteurs de pics respectifs. D'autre part, les chromatogrammes d 'extraits
plasmatiques ou urinaires de sujets non traites ne presentent pas de pic au
niveau de I'Halon, ni au niveau des produits etudies.

Sensibilite
La sensibilite de la methode est pour l'hemisuccinate de benfurodil de 100

ng/ml dans Ie plasma et 300 ng/ml dans les urines et pour Ie benfurodil de 20
ng/ml dans Ie plasma et les urines.

Reproductibilite
La reproductibilite a ete etudiee en effectuant huit dosages sur deux

echantillons de plasma temoin, surcharge l'un par l'hemisuccinate de benfurodil
a raison de 10 mg/l, l'autre par Ie benfurodil a raison de 2.5 mg/l. Nous avons
trouve 9.95 ± 0.32 mg/l pour Ie premier et 2.5 ± 0.1 mg/l pour Ie second.

Stabilite
Les resuitats, rassembles dans les Figs. 3 et 4, montrent que l'hemisuccinate

de benfurodil est stable dans Ie plasma, alors qu'il s'hydrolyse en benfurodil
dans l'urine et l'eau (environ 60% au bout de 4 h). L'augmentation du taux de
benfurodil correspond a la decroissance du taux d'hemisuccinate de benfurodil
et la vitesse d'hydrolyse, qui augmente avec l'acidite, devient tres importante a

Hemisuccinate
de Benfurodil
mg!1

o 30min 1 h 2h 4 h Temps 0

d'lncubation a 37

Fig. 3. Etude de la stabilite de I 'hemisuccinate de benfurodil dans differents milieux en
fonction du temps. 1, 2: plasma; 3: eau (pH 7.0); 4: eau (pH 6.0); 5: urines (pH 7.0); 6:
eau (pH 7.4); 7: urines (pH 5.0); 8: eau (pH 5.0); 9: eau + glucose 5%; 10: eau; 11: eau +
NaCI 0.9%; 12: eau (pH 1.5).
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Fig. 4. Taux de benfurodil provenant de l'hydrolyse de l'hemisuccinate de benfurodil dans
divers milieux en fonction du temps.

pH 1.5, pH voisin de celui du liquide gastrique.
Dans une experience similaire, nous avons demontre la stabilite du

benfurodil.

Fixation aux proteines
Le Tableau I montre que la fraction d 'hemisuccinate de benfurodil introduit

dans Ie plasma, qui dialyse en une heure, est voisine de 2% seulement, alors
qu'elle atteint pres de 50%, c'est-a-dire l'equilibre, apres surcharge du liquide
physiologique. Ces resultats peuvent s 'expliquer par une fixation importante de
ce medicament aux proteihes.

TABLEAU I

ETUDE DE LA FIXATION AUX PROTEINES PAR DlALYSE A L'EQUILIBRE EN
FONCTION DU TEMPS

Temps Plasma surcharge

Hemisuccinate
de benfurodil
(mg{l)

Benfurodil
(mg{l)

Fraction dialysee

Hemisuccinate
de benfurodil
(mg{l)

Benfurodil
(mg{l)

0 10.30 0.03
15 min 9.70 0.04 0.15 <0.02
30 min 9.95 0.04 0.15 <0.02
45 min 9.75 0.06 0.15 <0.02
1 h 10.15 0.05 0.20 0.02
1 h 30 min 9.25 0.08 0.20 0.02



200

DISCUSSION

La chromatographie en phase liquide a ete preferee ala chromatographie en
phase gazeuse car, avec cette technique, les deux produits non derives trainent
sur la colonne et la sensibilite n'est pas bonne. D'autre part, les essais de
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Fig. 5. Spectre de masse du benfurodil silyle obtenu par couplage-impact electronique.
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Fig. 6. Spectres de masse de l'hemisuccinate de benfurodil obtenus (a) par couplage-impaet
electronique; (b) par couplage-ionisation chimique methane; (c) par introduction directe­
ionisation chimique methane.

derivation ont montre une decomposition de l'hemisuccinate de benfurodil qui
donne plusieurs pies. Toutefois, nous avons pu obtenir les spectres de masse des
deux produits sans derivation pour l'hemisuccinate de benfurodil et apres silyla­
tion pour Ie benfurodil.
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Le spectre de masse du benfurodil silyle (Fig. 5) presente bien l'ion
moleculaire (M+ = 330).

Les spectres de l'hemisuccinate de benfurodil, non derive, obtenus par intro­
duction directe et par couplage chromatographie en phase gazeuse-.<>pectro­
metrie de masse sont indiques sur la Fig. 6.

En introduction directe, Ie pic moleculaire de l'hemisuccinate de benfurodil
(M+ = 358) n'est pas obtenu en ionisation par impact electronique ni en ionisa­
tion chimique par 1'ammoniac , mais seulement en ionisation chimique par Ie
methane.

En couplage chromatographie-.<>pectrometrie de masse, on n'obtient pas Ie
pic moleculaire (M + = 358) ni en ionisation par impact electronique, ni en
ionisation chimique, mais Ie spectre du produit extrait du plasma de deux
sujets traites est absolument identique a celui de 1'hemisuccinate de benfurodil
pur, prepare dans les memes conditions.

L'hemisuccinate de benfurodil apparaft donc comme un produit instable
qui s'hydrolyse en milieu aqueux et se decompose au cours des essais de separa­
tion par chromatographie en phase gazeuse. La chromatographie en phase
liquide se revele donc la methode de choix pour sa separation et son dosage. Sa
stabilite dans Ie plasma par rapport a l'eau s'explique tres vraisemblablement
par sa grande fixation aux proteihes plasmatiques que nous avons pu mettre en
evidence.

La Fig. 7 montre l'evolution des concentrations sanguines d'hemisuccinate de
benfurodil apres administration orale de 150 mg de ce produit chez un individu
normal, Ie benfurodil n'apparaissant qu'a l'etat de traces.

Les resultats de l'etude pharmacocinetique de l'hemisuccinate de benfurodil
sont detailles dans une autre publication [1].

mg/I

5

4

3

30min 1h30 2h
1h

Temps

Fig. 7. Concentrations sanguines de l'hemisuccinate de benfurodil apres administration orale
de 150 mg.
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RESUME

Nous proposons une methode simple et reproductible de dosage de l'hemi­
succinate de benfurodil et du benfurodil par chromatographie en phase liquide
haute pression sur colonne Zorbax SIL et detection UV a254 nm.

L'hemisuccinate de benfurodil est stable dans Ie plasma alors qu'il s'hydro­
lyse en benfurodil en milieu aqueux. Cette stabilite peut s'expliquer par la
fixation importante de ce medicament aux proteihes plasmatiques.
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SUMMARY

A sensitive radioenzymatic-thin-Iayer chromatographic assay for the quantitative analysis
of the tetrahydroisoquinoline alkaloid, salsolinol, in plasma and neonatal rat tissue is
described. The assay involves the enzymatic O-methylation of salsolinol by catechol-O­
methyltransferase in presence of [3H]S-adenosylmethionine, and subsequent separation by
thin-layer chromatography of the resultant [3H] O-methyl-salsolinol from the O-methylated
derivatives of dopamine, epinephrine and norepinephrine. The method allows the detection
of as little as 100 pg salsolinol per g tissue, and the accurate quantitation of as little as 100
pg/ml plasma and 500 pg/g tissue. This assay permitted the detection of trace amounts of
endogenous salsolinol in neonatal rat tissue « 500 pg/g tissue).

INTRODUCTION

Recent evidence in both laboratory animals and in humans suggests that
tetrahydroisoquinoline (TIQ) and tetrahydro-{3-carboline (TBC) alkaloidal
metabolites, formed endogenously from interactions between acetaldehyde and
catecholamines or serotonin during alcohol consumption, may playa role in
the development of physical dependence to ethanol (for reviews see refs. 1 and
2). Since a number of TIQs and TBCs have psychotomimetic activity, and the
TIQ alkaloid, tetrahydropapaveroline, is a precursor of morphine in plants, it
has further been speculated that physical dependence to ethanol or opiates may
share a common biochemical basis.

In in vivo studies involving acute or chronic administration of ethanol [2],

*Dr. William E. Weiss Memorial Fellow of the American Foundation for Pharmaceutical
Education.
**To whom correspondence should be addressed.
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formation of TIQs in the brain could only be demonstrated under pharma­
cological conditions which enhanced the biosynthesis of TIQs or inhibited their
metabolic degradation. In order to explore the possible formation of the TIQ,
salsolinol (the condensation product of endogenous dopamine with alcohol­
derived acetaldehyde), in brain tissue under conditions of physical dependence
to ethanol without intervening pharmacological manipulations, we developed
a gas chromatographic-electron capture (GC-EC) assay for salsolinol capable
of detecting as little as 8 ng of the alkaloid per g of brain tissue [3]. Using this
assay, we were unable to detect the formation of brain salsolinol in alcoholic
mice [4], when conversion of 1% or more of endogenous dopamine to
salsolinol could not have escaped detection. Our negative findings were
subsequently confirmed by other investigators [5, 6] in mice and rats. Never­
theless, it has recently been demonstrated that intracerebral administration of
TIQs or TBCs in minute amounts to rats mimics ethanol dependence and
increases free-choice ethanol consumption over water [7-11]. It has thus
become evident that the question of in vivo formation of brain TIQs in
alcoholic animals (not subjected to pharmacological manipulations which
enhance the biosynthesis of TIQs or which delay their degradation) needs re­
examination with more sensitive analytical methods for detecting minute
amounts of TIQs.

Another contemporary aspect of ethanol toxicity concerns its teratogenic
action, which has been established in laboratory animals and in humans (for
review see ref. 12). Although no mechanism has been proposed to explain the
teratogenicity of ethanol, evidence has been presented in one human study
indicative of interference with cellular migration in the brain during
embryogenesis [13]. We have speculated that the teratogenic anomalies
produced by ethanol could be in part the result of interference with embryonal
catecholaminergic or serotoninergic mechanisms as a consequence of aberrant
biosynthesis of TIQ or TBC alkaloids. Teratogenicity of opiates and psycho­
active drugs has already been reported in the literature [14, 15] . A study to
validate this hypothesis is in progress in our laboratory, and mandated the
development of a sensitive analytical assay for the detection and quantitation
of the TIQ, salsolinol.

The present report outlines the development of a sensitive radioenzymatic
assay for salsolinol in plasma and neonatal rat tissue. A future communication
will deal with the detection and quantitation of brain salsolinol. Since it has
been reported [16] that salsolinol is a substrate for mammalian catechol-O­
methyltransferase (COMT) as well as a competitive inhibitor of the O-methyla­
tion of catecholamines, the possibility of development of a sensitive thin-layer
chromatographic--radioenzymatic (TLC-RE) assay for detection, separation
and quantitation of trace amounts of salsolinol and catecholamines became
apparent. This endeavor was greatly facilitated by the recent commercial
availability of a radioenzymatic assay kit (CAT-A-KIT, Upjohn Diagnostics,
Kalamazoo, Mich., U.S.A.) for catecholamines, which is based on the method
of Passon and Peuler [17]. The method described below is a modification of
the commercial kit, adapted for the incorporation of salsolinol into the assay.
Salsolinol (SAL), dopamine (DA), epinephrine (EPI), and norepinephrine (NE)
are simultaneously converted to their corresponding meta 3H-methoxy
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derivatives ([3H] salsoline, [3H] 3-methoxytyramine, [3H] metanephrine, and
[3H] normetanephrine, respectively) by the catalytic action of COMT in the
presence of [3H] S-adenosylmethionine eH-SAM). The 3H-O-methylated
derivatives are extracted and separated by TLC. [3H] Normetanephrine and
[3H] metanephrine (but not [3H] salsoline or [3H] 3-methoxytyramine) are
susceptible to periodate oxidation which converts the former two derivatives
into [3H] vanillin; this additional chemical characteristic serves to differentiate
between the 3H-O-methylated derivatives of EPI and NE on the one hand and
those of DA and SAL on the other.

MATERIALS AND METHODS

Chemicals and equipment
The following principal chemicals were used: CAT-A-KIT (catecholamines

radioenzymatic assay kit [3H], Upjohn Diagnostics), salsolinol HBr (Aldrich,
Milwaukee, Wise., U.S.A.), salsoline HCI (ICN Pharmaceuticals, Plainview, N.Y.,
U.S.A.), and Liquifluor (New England Nuclear, Boston, Mass., U.S.A.).

Vacutainer tubes, containing 100 ,ul of a solution (pH 6-7) composed of 90
mg EGTA per ml and 60 mg reduced glutathione per ml, were purchased from
Upjohn Diagnostics. Glassware was siliconized by immersion for 1 min in a 1%
solution of Prosil (VWR Scientific, Columbus, Ohio, U.S.A.), and then rinsed
in distilled water and dried at 1500

•

Prescored silica gel GF TLC plates, 20 X 20 em, 250 ,um thick (Analabs,
North Haven, Conn., U.S.A.) were used in conjunction with a 16-channel TLC
Multispotter (Analytical Instrumentation Specialties, Libertyville, Ill., U.S.A.).

Reagents
Reagents 1-9 are CAT-A-KIT reagents [18].
Reagent 1 (catecholamines standard solution): Each ml contains 100 ,ug each

of l-NE, l-EPI, and DA in acid glutathione solution. Diluted 1: 10,000 with
demineralized double-distilled water before use.

Reagent 2 (stabilizing solution): Acidic glutathione solution, diluted
1:10,000 with demineralized double-distilled water before use.

Reagent 3 (buffer solution): For buffering the enzyme reaction in the assay.
Contains tromethamine, EGTA, and magnesium chloride.

Reagent 4 eH-SAM, methyl donor): S-Adenosyl-L-methionine eH-methyl),
5 ,uCi 3H/10 JLI in dilute sulfuric acid-ethanol (acetaldehyde-free).

Reagent 5 (COMT enzyme preparation): Rat liver COMT (in excess of assay
needs), tromethamine, glutathione, benzylhydroxyamine HCI, and
dithiothreitol.

Reagent 6 (stopping/carrier solution): Contains 4 mM each of normeta­
nephrine, metanephrine, and methoxytyramine, in pH 11 borate buffer
containing EDTA.

Reagent 7 (oxidizing reagent): Sodium metaperiodate 4% w/v solution.
Reagent 8: Glycerol 10% v/v solution.
Reagent 9 (control human plasma): Contains assayed levels of catechol­

amines (DA, EPI, and NE), EGTA and glutathione.
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Separation of O-methylated derivatives ofSAL, DA, EPI and NE by TLC
In order to determine whether the O-methylated derivative of salsolinol

(salsoline) was separable by TLC from the O-methylated derivatives of EPI, NE,
and DA, 5 ml of Reagent 6 were spiked with 4.6 mg of salsoline HBr to provide
a 4 mM concentration of salsoline. The resulting mixture of salsoline, methoxy­
tyramine, metanephrine and normetanephrine was extracted [19] into 2 mlof
toluene-isoamyl alcohol (3 :2), and the aqueous and organic phases separated.
The O-methylated compounds were extracted from the organic phase into 0.1
ml of 0.1 N acetic acid. The acid layer was separated and washed with 1 ml of
toluene---isoamyl alcohol (3:2), and the organic wash discarded. Absolute
ethanol (0.1-0.15 ml) was added to the acid extract to ctear the solution. The
ethanolic-acid extract was spotted on the silica gel TLC plates using the TLC
Multispotter set at low speed and 60°. The distance between the solvent front
and points of application was set at 16 cm. After allowing to cool, the plates
were developed in 44 ml of tert. -amyl alcohol-toluene-40% methylamine
(6:2:3) for approximately 2.5 h in developing tanks lined with Whatman No.1
filter paper and pre-equilibrated for 10 min with the developing solvent. The
plates were allowed to dry, and the four zones were visualized under UV light
(254 nm).

Radioenzymatic reaction
The following radioenzymatic assay is a modification of the method of

Peuler and Johnson [19]. Aliquots (50 Ill) of each sample (e.g. plasma, tissue)
to be analyzed for SAL, DA, EPI and NE, were mixed with 10 III of diluted
acidic glutathione stabilizing solution (Reagent 2) and 40 III of a reagent
mixture composed of equal parts (10 III each) of distilled water, buffer solution
(Reagent 3), 3H-SAM (Reagent 4), and COMT (Reagent 5). The mixtures were
incubated at 37° for 60 min in a metabolic shaker. To each mixture was then
added 50 III of the buffered carrier solution (Reagent 6) and 5 III of a salsoline
carrier solution (freshly prepared by dissolving 46 mg salsoline HCl in 5 ml of
pH 11 borate buffer containing 27.8 mg EDTA per ml). The 3H-O-methylated
derivatives and their non-radioactive carriers were then extracted and separated
by TLC as described above. The radioactive zones on the TLC plates were
scraped into individual scintillation vials.

[3H] Metanephrine and [3H] normetanephrine were eluted from the silica in
their respective scintillation vials by vigorous mixing with 1 ml of 0.05 M
ammonium hydroxide. [3H] Metanephrine and [3H] normetanephrine were then
each converted to [3H] vanillin by periodate oxidation as described by Peuler
and Johnson [19] and in the CAT-A-KIT Procedures Manual [18]. Following
the oxidation, 1 ml of 0.1 M acetic acid was added to each vial with vigorous
mixing. To each vial were then added 10 ml of toluene-Liquifluor (1000:50,
vIv) scintillation cocktail with vigorous mixing, and the radioactivity counted in
a Beckman LS-35 liquid scintillation counter with an efficiency for 3H of 58%.

[3H] Salsoline and [3H] methoxytyramine were eluted from the silica in their
respective scintillation vials by vigorous mixing with 1 ml of 0.05 M ammonium
hydroxide. Ten ml of toluene-isoamyl alcohol-Liquifluor (700:300:50, v/v/v)
scintillation cocktail were added to each vial with vigorous shaking, and the
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radioactivity counted in a Beckman LS-35 liquid scintillation counter with an
efficiency for 3H of 39% (38.7-40%).

Aqueous standard curve
A salsolinol HBr stock solution was prepared (10 Ilg SAL per 10 ml distilled

water, with 60 mg reduced glutathione per ml), and various dilutions of this
stock solution were made from which 50-Ill aliquots were assayed by the radio­
enzymatic procedure described above. The concentrations analyzed were 0,
50, 500, 1000 and 1500 pg salsolinol per 50-Ill sample. Each sample was
analyzed in triplicate.

Plasma standard curve
A salsolinol HBr stock solution was prepared (2.5 mg SAL per 10 ml distilled

water, with 60 mg reduced glutathione per ml). Various dilutions of this stock
solution were made from which 2-111 aliquots were used to spike 50-Ill samples
of human plasma (Reagent 9) which were subsequently assayed by the radio­
enzymatic procedure described above. The amounts of salsolinol added to the
50-Ill plasma samples were 0, 5, 30, 50, 230, and 500 pg. Each sample was
analyzed in duplicate to quadruplicate. An aliquot of an appropriate blank,
which consisted of the contents of the vacutainer tubes (see Chemicals and
equipment) used for plasma collection diluted with distilled water, was also
assayed without salsolinol spiking. In all plasma samples, the 3H-O-methylated
derivatives of endogenous DA, EPI and NE were also assayed and compared to
the standard values provided with the CAT-A-KIT. Adult rat plasma was
analyzed similarly.

Tissue standard curve
Sprague-Dawley neonatal rats were used to prepare the tissue standard curve.

The pups were immersed in liquid nitrogen, and stored at -20° until used. At
the time of assay, each frozen pup was weighed, minced, and homogenized in
8 ml of 0.1 N HCI04 (containing 5 rnM glutathione) by use of a Polytron tissue
shearer. The tissue homogenates were spiked with various concentrations of
salsolinol (with a volume not exceeding 150 Ill). The concentrations of
salsolinol ranged from 100 pg to 48 ng per g tissue. The Polytron was rinsed
with an additional 3 ml of 0.1 N HCI04 which was then added to the spiked
homogenate. Each homogenate was centrifuged at 100,000 gat 4° for 1 h. The
supernatant was decanted and retained. The pellet was rehomogenized in 6 ml
of 0.1 N HCI04 , recentrifuged at 100,000 g at 4° for 1 h, and the supernatant
decanted. The two supernatants were combined and stored at -20° until
assayed. Upon thawing, the supernatant was subjected to a final centrifugation
at 39,000 g for 1 h at 4° and any residue discarded. Duplicate aliquots of the
supernatants were assayed according to the radioenzymatic procedure
described above. Perchloric acid blanks (containing 5 rnM reduced glutathione)
without salsolinol spiking nor tissue were also assayed.

Verification of the identity of trace amounts of tissue salsolinol
Three sets of experiments were designed to verify the identity of [3H]_
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salsoline, particularly at the lower limits of sensitivity of the radioenzymatic
assay for tissue salsolinol:

(a) The first set of experiments was designed to ascertain that the radio­
activity detected on the TLC plate zone corresponding to the R F of salsoline,
at the lower limits of sensitivity of the tissue standard curve, was contributed
exclusively by a COMT-dependent end-product (presumably [3H] salsoline).
Neonatal rat homogenates were prepared as described above and spiked
with salsolinol to give a concentration range of 100-2000 pg salsolinol per g
tissue. The samples were subjected to the radioenzymatic assay described above
in presence of 3H-SAM but with the omission of COMT. After extraction and
development on TLC plates as described above, the zones on the TLC plates
corresponding to the RF of salsoline were scraped, eluted, and counted, in
order to determine if a significant amount of radioactivity (above background)
could be detected as compared to similar samples' which had been
O-methylated in presence of COMT.

(b) The second set of experiments was designed to further ensure that the
tissue-extracted radioactivity on the TLC plate at the RF corresponding to
salsoline was contributed by a single product ([3H] salsoline). Two-dimensional
TLC in two additional solvent systems was performed on two salsolinol-spiked
tissue samples (1000 pg salsolinol per g tissue) which were taken through the
entire radioenzymatic assay procedure (in presence of 3H-SAM and COMT) as
described above. The TLC plates were then developed first in tert. -amyl
alcohol--toluene-40% methylamine (6:2:3) solution as previously described,
and the zones corresponding to the tritiated O-methylated derivatives of SAL,
DA, EPI and NE visualized under UV light. The plates were allowed to dry and
then turned 90° and re-developed in one of the following solvent systems:
isopropanol-n-butanol-water-formic acid (60:20:19:1) or 1-butanol-­
methanol··'-l N formic acid (60:20:20), and the solvent front allowed to travel
a distance of 16 cm. The plates were allowed to dry and again visualized under
UV light. The fluorescent spot in the salsoline lane was scraped from each
plate, as were additional 1-cm increments of silica below and above the
fluorescent spot, from the origin to the solvent front. Elution and counting of
radioactivity were performed as described above.

(c) Finally, a third set of experiments was designed to determine if any
endogenous salsolinol was present in the neonatal rat, which may contribute to
the [3H] salsoline counts resulting from exogenously added salsolinol in the
assay. Nine tissue homogenates, with no exogenously added salsolinol, were
taken through the entire radioenzymatic procedure (with 3H-SAM and COMT).
Duplicate 50-Ill aliquots of each tissue homogenate were subjected to the
methylation, extraction, and TLC separation procedures as described above.

Presentation of data
All data are presented as gross disintegrations per minute (DPM), as well as

gross counts per minute (CPM) ± S.E.M. -- the latter to facilitate comparison
with published results for catecholamines [17-19].
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RESULTS AND DISCUSSION

Separation of O-methylated derivatives of SAL, DA, EPI and NE by TLC
Fig. 1 illustrates the separation of the O-methyl derivatives of NE, EPI, DA

and SAL in four samples, by the TLC method described under Materials and
methods. The four distinct spots observed under UV light represent normeta­
nephrine, metanephrine, 3-methoxytyramine, and 7-O-methylsa!solinol
(salsoline) with average RF values of 0.22, 0.35, 0.49, and 0.54, respectively.

Fig.!. TLC separation of normetanephrine (R F = 0.22), metanephrine (R F = 0.35), 3­
methoxytyramine (RF = 0.49), and salsoline (RF = 0.54). A total of 20 experiments were
performed, including the four shown in the figure. (Reverse negative taken under UV light;
the points of application are at the bottom of the photograph.)

Aqueous standard curve for salsolinol
Fig. 2 represents the standard curve for va..rying concentrations of aqueous

salsolinol solutions expressed in terms of DPM and CPM of eHJ salsoline
formed. The data demonstrate linearity of the assay from the highest tested
concentration of 1500 pg salsolinol per 50-Ill sample (30 ng/ml) to the lower
limit of sensitivity of less than 50 pg salsolinol per 50 III « 1 ng/ml). The
aqueous blank (with no salsolinol) averaged 198 ± 4 CPM per 50 III (508 ± 9
DPM per 50 Ill) for the area on the TLC plate corresponding to the RF of
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Fig. 2. Aqueous standard curve for salsolinol, expressed in terms of DPM or CPM of [3H]_
salsoline formed. Each point represents the mean of three observations. Standard errors are
given only for CPMs (those for the DPMs being smaller on the DPM scale).

salsoline. As reported by Upjohn [18] and as observed with our use of the
CAT-A-KIT, it is common to obtain a blank value of as much as 185 CPM per
50-J-LI sample for the area on the TLC-plate corresponding to the R F of the
O-methylated derivative of DA, as compared to a blank of 30-40 CPM per
50-J-LI sample for the areas on the TLC plates corresponding to the O-methyl­
ated derivatives of EPI and NE. This is likely due to the fact that [;iH] -meth­
oxytyramine is extracted from a basic solution whereas [3H] metanephrine
and [3H] normetanephrine are extracted from acidic solution. Since salsoline is
a dopamine derivative, and since [3H] salsoline and PH] methoxytyramine are
extracted by the same procedure and counted in the same cocktail, it was not
surprising that the blank for PH] salsoline resembled that of [3H] methoxy­
tyramine.

Plasma standard curve
Fig. 3 demonstrates the linearity of the human plasma standard curve for

salsolinol (measured in terms of [3H] salsoline formed) over the tested range of
5 pg per 50 J-LI (100 pgjml) to 500 pg per 50 J-LI (10 ngjml). Similar results were
obtained with adult rat plasma. The plasma blank (with no salsolinol) averaged
219 ± 13 CPM per 50-J-LI sample (561 ± 32 DPM per 50 J-LI) (n = 4) for the area
on the TLC plate corresponding to the R F of salsoline - a value which is not
significantly greater than that observed for the aqueous blank (198 ± 4 CPM
per 50 J-LI).

For technical control purposes, the NE, EPI and DA contents of the plasma
samples were also determined following the conversion of these catecholamines
to their 3H-O-methylated derivatives, and the values obtained were well within
the ranges reported by Upjohn [18].



213

14
35

1; 25
x

2:
(L

o
<1l

(13 15
((

(')

'9 10

X

6

100 20J 300 400

sALsOLINOL (pgr 5O)J1 sarnple)
500

6

SALSOLI NOL (ngr ml sample)
8 10

Fig. 3. Plasma standard curve for salsolinol, expressed in terms of DPM or CPM of [3H)_
salsoline formed. Each point represents the mean of two to four observations. Standard
errors are given only for CPMs (those for the DPMs being smaller on the DPM scale).

Tissue standard curve
Fig. 4 demonstrates the linearity of the tissue standard curve for salsolinol

(measured in terms of [3H] salsoline formed) over a range of 500 pg salsolinol
per g tissue to 48 ng salsolinol per g tissue. At the lower portion of the curve
« 500 pg salsolinol per g tissue) salsolinol can still be detected but its accurate
quantification is no longer evident. The perchloric acid blank (with neither
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Fig. 4. Tissue standard curve for salsolinol, expressed in terms of DPM or CPM of [3H)_
salsoline formed. Each point represents the mean of six observations. Standard errors are
given only for CPMs (those for the DPMs being smaller on the DPM scale).
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tissue nor salsolinol) averaged 140 ± 7 CPM per 50-MI sample (358 ± 18 DPM
per 50 MI) for the area on the TLC plate corresponding to the RF of salsoline
(n = 5).

Verification of the identity of trace amounts of tissue salsolinol
In the Materials and methods section, three sets of experiments were

described aimed at verifying the identity of [3H] salsoline, particularly at the
lower limits of sensitivity, and at detecting endogenous tissue salsolinol.

(a) Table I shows the results of the first set of experiments, designed to
verify the COMT-dependency of the radioactivity detected on the TLC plate
zone corresponding to the R F of salsoline at the lower level of sensitivity of the
tissue standard curve (Fig. 4). The results shown in Table I demonstrate that, as
compared to tissue samples processed in the same manner in the presence of
COMT (Fig. 4), the exclusion of COMT resulted in insignificant radioactivity
in the TLC zone corresponding to the RF for salsoline. It is thus evident that
the radioactivity detected at the lower limits of sensitivity in the tissue

TABLE I

RADIOENZYMATIC ASSAY IN THE ABSENCE OF COMT

Concentration of salsolinol
added to neonatal tissue
(pg per g tissue)

100
500

1000
2000

Gross CPM per
g tissue*

5916 ± 233
6069 ± 35
4383 ± 175
5992 ± 264

Gross DPM per
g tissue

15,169 ± 597
15,561 ± 89
11,238 ± 448
15,364 ± 677

*Mean value (± S.E.M.) of two observations. These mean values represent 84-120 CPM per
50-Ill sample, and correspond to the value of the perchloric acid blank (with neither tissue nor
salsolinol ).

standard curve (Fig. 4) is only contributed by a tritiated O-methylated product
(presumably [3H] salsoline) and is not due to the formation of any COMT­
independent reaction product which may have utilized 3H-SAM as a 3H-methyl
donor. It should also be mentioned that the TLC zones corresponding to the
R F values of methoxytyramine, metanephrine, and normetanephrine were
likewise lacking in any significant radioactivity above background values.

(b) The second set of experiments, using two-dimensional TLC in two
additional solvent systems, was designed to further ensure that the tissue­
extracted radioactivity on the TLC plate at the RF corresponding to salsoline
was contributed by a single product ([3H]salsoline). The results of these two­
dimensional chromatographic studies demonstrated that radioactivity on the
TLC plate in the zone corresponding to the RF of salsoline was contributed by
a single product ([3H] salsoline), since the two-dimensional development in the
two additional solvent systems did not resolve the [3H] salsoline spot into any
additional components. It should be pointed out that if any [3H] isosalsoline
(6-0-methylsalsolinol) was formed along with the [3H] salsoline (7-O-methyl-
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salsolinol), then the former must have an identical mobility as the latter in all
three solvent systems used in these experiments. It has been reported
previously [5, 16] that isosalsoline and salsoline exhibit identical retention
times in gas chromatographic procedures.

(c) Finally, in the third set of experiments, which was designed to determine
if any endogenous salsolinol was present in the neonatal rat, an average of
19,944 ± 677 CPM/g tissue (51,138 ± 1735 DPM) was found in the zones on
the TLC plates corresponding to the RF of salsoline. Since this value falls on
the non-linear lower portion of the tissue standard curve (Fig. 4), the amount
of endogenous salsolinol present in neonatal rats cannot be accurately
quantitated, but it is significantly less than 500 pg/g tissue (P < 0.05 by
Student t test) and significantly greater than the values reported in Table I
(P < 0.001 by Student t test). These findings are indicative of the presence of
traces of endogenous salsolinol in neonatal rats who themselves and their
parents had never been exposed to exogenous ethanol. An explanation for
this finding may reside in the observation that acetaldehyde is endogenously
formed in the rat gut [20], and it is possible that, following absorption, this
endogenous acetaldehyde may condense with dopamine to form traces of
salsolinol. Such reactions could conceivably occur in the fetus or be passively
acquired through placental transfer of either acetaldehyde or salsolinol.

CONCLUSIONS

The radioenzymatic assay for salsolinol described in this report enables
detection of trace amounts of salsolinol in tissue (0.1 ng/g), although accurate
quantitation of this alkaloid can only be achieved at concentrations of 0.5 ng/g
tissue or above. Accurate quantitation of plasma salsolinol can be achieved at
concentrations of the alkaloid as low as 0.1 ng/ml. This radioenzymatic method
is, therefore, more sensitive than the previous GC-EC assay for salsolinol
developed in our laboratory [3], which had a lower sensitivity limit of 8 ng/g
tissue. The radioenzymatic method is also more sensitive than the GC-EC
proced~re of Hamilton et al. [5] which is similar in sensitivity to our previous
GC-EC method [3], and is likewise more sensitive than the high-performance
liquid chromatographic assay described by Riggin and Kissinger [6] which has
a sensitivity of 2 ng salsolinol per g tissue. With the use of the radioenzymatic
procedure described in this manuscript, we were able to demonstrate the
presence of endogenous salsolinol, in concentrations of < 0.5 ng/g tissue, in
neonatal rat tissue in the absence of prior exposure to ethanol.

At the time of submission of this manuscript, Dean et al. [21] reported an
apparently similar radioenzymatic assay for salsolinol as the one reported here.
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N-Phenylacetylglutamine (PAG) is a normal constituent of human urine [1].
In untreated phenylketonuria (PKU) its excretion is greatly increased,
reflecting secondary endogenous metabolism of phenylalanine [2, 3]. Patients
with malabsorptive disease may also excrete large amounts of N-phenylacetyl­
glutamine as a result of excessive bacterial metabolism of unabsorbed phenyl­
alanine in the intestinal lumen [4] .

When screening for heritable organic acidurias in our laboratory, the
acidified urine samples are extracted with ethyl acetate and the organic acids so
obtained are analysed as the corresponding trimethylsilyl (Me3Si) aerivatives by
gas chromatography (GC) [5]. For PKU patients and patients with malabsorp­
tive disease, a peak with a relatively high retention time is observed in the chro­
matograms, which turned out to be a non-trimethylsilylated thermal
degradation product of PAG.

EXPERIMENTAL

Synthetic N-phenylacetylglutamine was a gift of Dr. R.J. Kleipool (CIVO­
TNO, Zeist, The Netherlands). N-Acetylglutamine was obtained from Serva
(Heidelberg, G.F.R.).

For the extraction of organic acids, 5 ml of urine were mixed with 5 ml of a
saturated NaCI solution and 0.5 mg of 2-phenylbutyric acid (internal standard).
The solution was acidified to pH 1-2 with concentrated HCI and, after the
addition of 10 mg of vitamin C (antioxidant), extracted twice with 20 ml of
ethyl acetate. The combined ethyl acetate phase was dried over anhydrous
Na2S04 and then evaporated to dryness under reduced pressure at 40°.

Trimethylsilylation of compounds was performed with 0.5 ml of N,O-bis­
(trimethylsilyl)acetamide (BSA) in chloroform (1:3, v/v) at 37° for 30 min.
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For the preparation of methyl esters of synthetic N-acyl amino acids, the sub­
stances were dissolved in 1 ml of absolute methanol and esterified with diazo­
methane in ether for 5 min at room temperature.

Gas chromatography (GC) was carried out on a Varian Aerograph 3700
instrument equipped with a dual flame ionization detector and glass columns
(8 ft. X 1/8 in.) packed with 5% GESE-52 on Chromosorb W AW DMCS,
100-120 mesh (HP). The column oven temperature was held at 670 for 10 min
followed by an increase of 2°/min up to 2200 and finally 15 min at 2200

• The
gas flow-rate for nitrogen was 30 ml/min, the injection port temperature 2100

and the detector temperature 3100
•

Mass spectra at 70 eV were recorded on a Jeol JGC-20 KP/JMS-D100/W­
JMA combination at an ion-source temperature of 1500

, an accelerating voltage
of 3 kV and an ionizing current of 300 1lA. Both the gas chromatograph and
direct inlet were used. For routine analysis of Me3Si derivatives, the GC
conditions were the same as described above.

RESULTS AND DISCUSSION

In Fig. 1 a gas chromatogram of the urinary organic acids (Me3Si derivatives)
of a patient with phenylketonuria, having an unknown peak with tR = 83.72
min, is presented. The product responsible for this peak could be removed from
the ethyl acetate extract by anion-exchange chromatography on 100·-200
mesh Dowex 2-X8 (OH-). When the urine was acidified to pH>4, the com­
pound could not be extracted. These observations suggested the presence of a
carboxyl function in ·the original substance. Alkaline hydrolysis of the urine
(after removal of phenylpyruvic acid with dinitrophenylhydrazine), followed
by acidification and subsequent ethyl acetate extraction showed the accumula­
tion of phenylacetic acid, whereas the unknown was no longer detected.

I ~hippuric
f'""" acid

:r 4

int.
stand.

PAG

UREA

20 40 60 80 mlnuteos

Fig. 1. Gas chromatogram of urinary organic acids (Me 3 Si derivatives) of a patient with
PKU. 1 = Phenylacetic acid; 2 = mandelic acid; 3 = o-hydroxyphenylacetic acid; 4 = phenyl­
lactic acid; 5 = phenylpyruvic acid; internal standard = 2-phenylbutyric acid. The thermal
degradation product of PAG is indicated as PAG.
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The mass spectrum of the unknown, obtained by combined gas chromato­
graphy-mass spectrometry (GC-MS) of the trimethylsilylated urinary extract
is given in Fig. 2. The very low abundance of the ions m/e 73 and m/e 147
indicated that the compound did not contain Me3 Si groups. The abundant ions
at m/e 91, 92 and 118 were in accordance with the occurrence of a phenyl­
acetyl group. These peaks shifted to higher masses when patients with PKU
were loaded with partially deuterated phenylalanine (a mixture of 50% non­
deuterated, 40% monodeuterated and 10% dideuterated L-phenylalanine). The
various fragment ions present in the mass spectrum suggested the structure of
PAG Me3Si ester, of which Me3SiOH has been eliminated (M == 246). The mass
spectrum was identical to that of synthetic PAG treated with BSA. Because of
the silylation procedure used, the formation of a Me3Si ester has to be expected
(see also below for N-acetylglutamine).

"10 r 100
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thermal degradation product
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,
I

i
I

100 150 200 250
-----.... mle

Fig. 2. Mass spectrum at 70 eV of the thermal degradation product of N-phenylacetyl­
glutamine.

To investigate the problem of Me3SiOH elimination, synthetic PAG was
studied in more detail. Using the direct inlet of the mass spectrometer, PAG
and its methyl ester showed at low probe temperatures (ca. 80°) the expected
mass spectra (acid, Fig. 3; methyl ester, Fig. 4). At higher probe temperatures
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Fig. 3. Mass spectrum at 70 eV of N-phenylacetyl.glutamine.
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Fig. 4. Mass spectrum at 70 eV of N-phenylacetylglutamine methyl ester.

both mass spectra became identical to that shown in Fig. 2. For practical
reasons the Me3Si ester was not studied using the direct introduction technique.
When analysed via the GC inlet system, PAG as well as the corresponding Me3Si
and methyl ester gave rise to the same mass spectrum (Fig. 2). Thermal
degradation of organic compounds is known to occur in the ion source of the
mass spectrometer. However, from the GC (-MS) data it can be concluded that
in the latter cases thermal degradation of PAG (loss of H20), its Me3Si ester
(loss of Me3SiOH) and its methyl ester (loss of CH30H) has to take place in the
injection port of the gas chromatograph. Especially, PAG itself is not volatile
enough to be analysed by GC (m.p. 1050 -1070

).

In addition, also the behaviour of N-acetylglutamine was studied. Analysis of
N-acetylglutamine (M = 188) and its methyl ester (M = 202), using the direct
introduction method, showed the expected corresponding mass spectra. The
occurrence of a thermal degradation product could not be demonstrated
clearly. N-Acetylglutamine, analysed via the GC inlet gave rise to a mass
spectrum corresponding to the same type of degradation product (M = 170) as
observed for PAG. For N-acetylglutamine methyl ester a broad and a sharp
peak welle seen on the gas chromatogram. The broad peak with lower retention
time led to the mass spectrum of the substance M = 170, whereas the sharp
peak gave the expected mass spectrum of the methyl ester (M = 202). As was
evident from its mass spectrum obtained via the GC inlet, N-acetylglutamine
treated with BSA gave the bis-Me3Si derivative (M = 332); also the free amide
function bears a Me3Si group. The degradation product could not be detected.
In this context it is unknown why for PAG a bis-Me3Si derivative could not
be detected.

In conclusion, GC analysis of the studied glutamine derivatives not protected
at the amide function gives rise to the observed degradation; a free amide
function seems to be essential. Two possibilities of elimination can be
considered, namely that leading to a ketene structure or to an imide structure,
as given in Fig. 5 for the degradation product of PAG (M = 246). To
discriminate between these structures further investigations are necessary, as
are preparative gas chromatography followed by more sophisticated mass
spectrometry and nuclear magnetic resonance spectroscopy.

Finally, it has to be noted that our screening method [5] is not
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Fig. 5. Ketene (a) and imide (b) structures deduced from PAG.

recommended for the quantitative determination of urinary PAG. Although the
extraction yield is 70%, the response with the flame ionization detector is very
low. Only a significant asymmetric peak is obtained when the excretion is
greatly increased: normal excretion levels are below the level of detection.
Therefore, the determination of PAG can be carried out in a more reliable way,
using alkaline hydrolysis [3,4] followed by determination of liberated phenyl­
acetic acid. Publication of our observations were thought to be useful for those
who deal with screening for organic acidurias, as elevated PAG concentrations
are encountered rather frequently.
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The potential use of flame ionisation detection (FID) for the quantitation of
lipids, separated by thin-layer chromatography (TLC) on silica gel coated rods,
represents an important advance in analytical methodology [1, 2]. This
technique combined with the chemical analysis of either individual lipids or of
total lipids, can be applied to the determination of the absolute lipid concen­
trations [2]. The drawbacks of this method are the limitations of the chemical
analysis in terms of sensitivity and sample amount. These limitations can
partially be avoided by the use of a suitable internal standard. The aim of this
report is to introduce l-octadecanol as an internal standard for the direct
quantitation of the major lipid classes and to compare the sensitivity and
reproducibility of this technique to that of conventional chemical analysis.

MATERIALS AND METHODS

Lipid standards
Cholesterol was purchased from UCB (Brussels, Belgium), cholesterol oleate

from Schuchard (Munich, G.F.R.) and triolein from Sigma (St. Louis, Mo.,
U.S.A.). Egg lecithin was purified by column chromatography [3]. The purity
of the lipids was checked by thin-layer chromatography on silica gel plates.
1-0ctadecanol from Serva (Heidelberg, G.F.R.) was used as internal standard.

Plasma samples
To compare the data obtained from chemical and chromatographic analysis,

clinical chemistry control sera (lot No. N04, Hyland Co.) as well as fresh
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EDTA-treated plasma samples from normal fasting individuals and from type II
hyperlipidemic patients were used.

Lipid analysis by TLC-FID
Internal standard. For the purpose of standardization, a number of com­

pounds structurally related to the lipids were tested. These include oleic acid,
tocopherol, octadecanol, undecanoic acid and pregnanediol.

Extraction procedure. For the extraction of the plasma samples a modifica­
tion of the method previously described was introduced [2]. Plasma (50 pI)
was extracted with 1.2 ml of chloroform-methanol (2:1, v/v) containing
50 pg of octadecanol corresponding to a final concentration of 1 mg/ml
plasma. The mixture was washed with 0.5 ml of 0.2% CaCl2 • 2 H20 [2] and
centrifuged for 10 min at 1000 g. The organic phase was dried under nitrogen
at 40° and the lipids redissolved in 10 pI of chloroform.

Thin-layer chromatography and FID. Aliquots (1-2 pI) of the chloroform
extract were applied to the silica gel coated glass rods (chromarods). TLC of
neutral lipids was carried out in petroleum ether (b.p. 60-80° )-diethyl ether­
formic acid (85:15:0.1) on the Iatroscan TH-10 (Iatron Lab.) [2]. The peak
areas were quantitated by triangulation.

RESULTS

Internal standard
Among the compo'unds tested, l-octadecanol appeared to be the most

suitable internal standard for lipid analysis by TLC-FID. Its selection was
based on its stability and solubility in both the extraction mixture and the
chromatographic solvent, and on its RF value. 1-0ctadecanol can be stored at
4° for at least two weeks in the extraction mixture at a concentration of about
1 mg/ml. The separation of the various lipid fractions in the presence of octa­
decanol is depicted in Fig. 1. The migration of the internal standard in a peak
well separated from cholesterol and free fatty acids avoids any contamination
of the lipid peaks.

Lipid calibration curves
In order to draw the calibration curves, various amounts of the lipid stock

solutions (0.5 mg/ml in chloroform) were added to 1.2 ml of chloroform­
methanol (2:1, v/v) containing 50 pg of l-octadecanol. This mixture was
washed with 0.5 ml of 0.2% CaCI2 • 2 H20 and subsequently treated as
described above.

The calibration curves span a concentration range of 0.1-2 mg/ml for free
cholesterol, 0.15-4 mg/ml for triglycerides and 0.5-5 mg/ml for cholesterol
oleate (expressed as mg esterified cholesterol) and for lecithin. The standard
curves for free cholesterol, triglycerides and phospholipids are linear in these
concentration ranges listed above.

For cholesterol esters the standard curve diverges from linearity at concen­
trations below 1.5 mg/ml. It could be fitted to a linear equation for concentra­
tions corresponding to normal and pathological plasma samples (1.5-5 mg/ml).
These calibration curves were fitted to a linear model by least-squares analysis.
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Fig. 1. Separation of plasma lipids and l-octadecanol on chromarods, in petroleum ether­
diethyl ether-formic acid (85:15:0.1). PL, phospholipids; FC, free cholesterol; IS, l-octa­
decanol, internal standard; FFA, free fatty acids; TG, triglycerides; CE, cholesterol esters.

The equation parameters together with the correlation coefficients are
summarized in Table 1.

These data show that the correlation coefficients are higher than 0.98 for
the four calibration curves, which validates the use of this particular internal
standard. The lower correlation coefficient, for the phospholipids, was due to
a loss of accuracy in the triangulation of the sharp phospholipid peak. The use
of an integrator would improve the phospholipid quantitation.

Under the experimental conditions described above the detectable amount
of each lipid is about 0.1 /lg in a working range between 1 and 25 /lg of lipid.

TABLE I

CHARACTERIZATION OF THE LIPID CALIBRATION CURVES

The curves were characterized according to the equation: area ratio (lipid/IS) = slope X

concentration ratio (lipid/IS) + intercept.

Lipid* Slope Intercept Correlation coefficient

CE
FC
TG
PL

1.62
1.43
0.86
0.83

0.98
0.12
0.13
0.11

0.991
0.996
0.991
0.984

*CE, cholesterol esters (expressed as cholesterol); FC, free cholesterol; TG, triglycerides;
PL, phospholipids; IS, internal standard (l-octadecanol).
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Validity of the internal standardization procedure
The extent of lipid recovery as a function of the extraction time was

checked on plasma samples extracted on a Vibromix for 15, 30, 60 and 180
sec. The concentrations measured were independent of the length of the
extraction and the samples were routinely extracted for 30 sec. The absolute
concentration values provided with the control serum are strongly dependent
on the chemical methods applied to the quantitation of total cholesterol and
triglycerides. Table II summarizes the values for total, free and esterified
cholesterol, phospholipids and triglycerides, obtained from a control serum, a
pooled plasma sample and from two hyperlipidemic type IIA and IIB samples.
The results obtained by TLC-FID are compared to those of conventional
chemical analysis and to the values provided by Hyland (Costa Mesa, Calif.,
U.S.A.), together with the control serum. Standard deviation for the TLC­
FID was estimated from ten successive analyses performed on the control
serum and the pooled sample.

Compared to the values obtained by the chemical methods routinely used in
our laboratory [4--9] the TLC-FID values are higher for total cholesterol
and lower for phospholipids and triglycerides. Comparison of the two
techniques remains valid up to cholesterol values of 4.5 mg/mg and triglyceride
values of 3.4 mg/ml. The precision given by the standard deviation (estimated
from ten successive analyses) is comparable to that of the normal samples, as
are the differences between chemical and chromatographic values, indicating
that linearity of the standard curves is acceptable in this concentration range.

The precision of the TLC-FID technique is comparable to that of the
chemical analysis and amounts to about 10% for each lipid. The accuracy could
be improved by use of an electronic integrator.

The method proposed is therefore comparable to conventional chemical
analysis as regards the absolute lipid concentration values, the precision and the
detection limits.

CONCLUSION

The introduction of an internal standard for the quantitation of plasma
lipids by TLC with FID enables a one-step quantitation of cholesterol,
cholesterol esters, triglycerides and phospholipids in normal and hyperlipidemic
samples. In comparison with the technique previously proposed [2] it
represents a major improvement by avoiding any chemical analysis step, being
based on an extraction and a chromatographic separation only. This means a
considerable time saving together with avoiding the risk of any limitations or
contamination by lack of specificity of either colorimetric or enzymatic
procedures. This procedure is applicable to microquantities of either plasma or
lipoprotein fractions, can be carried out in the presence of high salt, buffers,
etc., without any previous dialysis step, and could be valuable for clinical and
research purposes. It could also be applied to the characterization of lipid
mixtures from cell extracts or tissues such as fish lipids [10] or sterol mixtures
as l-octadecanol migrates close to free cholesterol. This particular standard
compound can also be used with other non-polar solvents such as benzene­
chloroform (80:20) that have been proposed for lipid separations.
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TABLE II

COMPARISON OF THE TLC-FID PROCEDURE WITH CHEMICAL ANALYSIS

Lipid* Sample** Chemical TLC-FID
analysis***

TC

CE

FC

TG

PL

A 115 ± 12a 153 ± 15
117±l1b

153 ± 15c

B 142 ± 14a 178 ± 18
C 447 ± 50a 455 ± 43
D 371 ± 28a 350 ± 37

A 83 ± 10 112 ± 10
B 95 ± 12 131 ± 13
C 312 ± 39 305 ±32
D 260 ± 16 243 ± 25

A 32 ± 5d 41 ± 4
B 47 ± 6d 46 ± 5
C 135 ± lld 140 ± 10
D 111 ± 12d 107 ± 9

A 74 ± 12a 39 ± 3
45 ± 10 f

91 ± 15g

B 98 ± 18e 78 ± 8
C 261 ± 32e 230 ± 21
D 373 ± 48e 340 ± 37

A 154 ± 15h 111 ± 12
143 ± 28 i

B 197 ± 20h 174 ± 18
C 514 ± 48h 460 ± 50
D 402 ± 43h 385 ± 32

*TC, total cholesterol; CE, cholesterol esters; FC, free cholesterol; TG, triglycerides; PL,
phospholipids; expressed in mg/dl ± 2 S.D.
** A, Clinical Chemistry Control Serum (CCS); B, plasma pool of normal fasting patients; C,
type IIA hyperlipidemic patient; D, type lIB hyperlipidemic patient.
***a, Cose et al. [4]; b, enzymatic method (Q-Pak I, Hyland); c, Pearson et al. [5] (Q­
Pak I, Hyland); d, Roeschlau et al. [6]; e, Giegel et al. [7]; f, Kessler and Lederer [8]
(Q-Pak I, Hyland); g, enzymatic method (Q-Pak, Hyland); h, Zilversmit and Davis [9]; i,
Molybdate, vanadate-phosphate complex (Q-Pak, Hyland).
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The non-diuretic benzothiazine, diazoxide, is used as an antihypertensive
drug, especially for the intravenous treatment of hypertensive crises. It is
recommended to administer the drug as a bolus injection, 300 mg within
10-30 sec [1], but recently it was shown that also an infusion during 20-30
min was effective [2] and could avoid hypotension and consequent myocardial
ischaemia. Orally administered diazoxide is seldom used for chronic treatment
of severe hypertension.

No clear relationship has been established between plasma concentration,
half-life (T%) of elimination and vascular activity [1] . In hypertensive patients,
the T% of elimination varies markedly between 21 and 50 h [1,3,4]. The large
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variation in pharmacokinetics observed may be as much related to analytical
problems as to inherent variations in the patients. Currently analysis is carried
out by a simple UV method [1,3,5], which is of low specificity since possible
metabolites may have the same absorption characteristics. Sadee et al. [6]
developed an excellent gas chromatographic-mass spectrometric (GC-MS)
method for measuring diazoxide plasma concentrations but access to such
equipment and the availability of the deuterated internal standard makes the
assay difficult for routine applications. Grevink and Fleuren [7] developed a
gas-liquid chromatographic method, which required derivatization of
diazoxide as the methyl derivative. Both methods are quite laborious and the
large series of samples that are required in kinetic studies or with therapy
compliance control pose considerable methodological problems.

High-performance liquid chromatography (HPLC) combines simple UV
detection with chromatographic specificity. The method is somewhat less
specific than GC-MS but its simplicity, speed and the possibility of analysing
large series of blood samples are advantages. An HPLC method for the analysis
of diazoxide was developed for the purpose of studying pharmacokinetics of
diazoxide in healthy human volunteers, hypertensive patients and control of
therapy compliance, and some results of the pharmacokinetics of diazoxide in
healthy volunteers are reported.

MATERIALS AND METHODS

Apparatus
A Spectra Physics 3500B high-performance liquid chromatograph was used,

equipped with a spectrophotometric detector (Model 770). The detector was
connected to a 1-mV recorder (BD 7, Kipp en Zonen, Emmen, The
Netherlands). A stainless-steel column (10 cm X 4.6 mm J.D.) was packed with
LiChrosorb RP-8, particle size 5 pm, obtained from Chrompack (Middelburg,
The Netherlands). An injection loop of 100 pI was used. Detection of diazoxide
was effected at 270 nm. The detection limit of diazoxide is 0.1 pg/ml.

Solvents
For diazoxide as a simple drug the solvent was a degassed mixture of 300 ml

water and 200 ml methanol. The solvent flow-rate was 1 ml/min, at a pressure
of 125 atm. (k' diazoxide = 4.4.)

For diazoxide with comedication of chlorthalidon, the solvent was a
degassed mixture of 325 ml of 0.005 M sodium acetate and 175 ml of
methanol. (k' diazoxide = 5.75; k' chlorthalidon = 3.25.)

Sample preparation
Plasma. Plasma (100 pI) is mixed with 400 pI of perchloric acid (0.33 N) on

a Vortex mixer. Deproteinization is completed after standing for 5 min. The
mixture is centrifuged for 5 min at 4000 rpm (2600 g) in a Heraus Christ
centrifuge; 100 pI of the supernatant are injected onto the column.

Urine. Urine (10 pI) is mixed with 500 pI of perchloric acid (0.33 N) on a
Vortex mixer; 100 pI of the mixture are injected onto the column.
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Drugs
Diazoxide was obtained from Schering (Essex Nederland B.V., Amstelveen,

The Netherlands).

Subjects and patients
Two healthy Caucasian subjects, both employees of the Department of

Nephrology, volunteered for this study. Blood samples for routine control or
pharmacokinetics studies in hypertensive patients were obtained from patients
in the Department of Nephrology. Doses of 25,100,100 and 200 mg diazoxide
were administered intravenously (Lv.) to the volunteers. Blood samples of 1 ml
were taken at regular time intervals by venipuncture.

Spontaneously voided urine was collected for 60 h. One volunteer excreted
the drug under acidic urinary conditions achieved by the daily intake of 8 g of
ammonium chloride. The other volunteer excreted diazoxide under alkaline
urinary conditions maintained by the intake of 10 g of sodium bicarbonate per
day.

Recovery
The recovery of diazoxide from plasma was 83.7 ± 1.2% (S.D.) at a

concentration of 10 J.Lg/ml and 83.1 ± 2.8% (S.D.) at 5 J.Lg/ml; from urine it was
98.1 ± 1.2% (S.D.).

The calibration curves were obtained by adding known amounts of diazoxide
to human plasma and urine samples. They were linear for the concentration
range 0.10-50 J.Lg (r = 0.998). The sensitivity limit was 0.1 J.Lg/ml.

RESULTS

Fig. 1 shows a chromatogram of two different human plasma samples
containing diazoxide. The second peak (X) is an endogenous compound as it
appeared in the plasma of both volunteers and patients, and is sometimes
present in markedly varying concentrations in plasma of patients and
volunteers who did not receive diazoxide.

Fig.' 2 shows the plasma concentration, salivary concentration and renal
excretion rate-time profiles in a volunteer after an intravenous dose of 100 mg
of drug under alkaline urinary conditions. The half-life of elimination in the
volunteers varies from 15 to 20 h. The ratio between the concentration of
diazoxide in plasma and saliva is found to be constant in each volunteer, but
varies between 1.5 and 4.8.

The two human volunteers excreted about 20% of the drug unchanged after
all doses (Table I). The relationship of renal-excretion rate (J.Lg/min) to the
plasma concentration (J.Lg/ml) appeared to be linear, showing an average renal
clearance constant of 5.36 ml/min, as shown in Fig. 3. The renal clearance of
diazoxide was calculated from each urine sample and corresponding plasma
sample and plotted against urine flow or urinary pH.

When the urinary pH is not modified by the intake of ammonium chloride or
sodium bicarbonate the renal clearance-urinary pH relationship shows a
relatively high correlation coefficient (Table I). In both cases the renal
clearance is also dependent on the urine flow (Fig. 4). The average renal
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clearance over the whole time course of the elimination process of diazoxide is
low (2-6 ml/min). The calculated pharmacokinetic parameters of diazoxide are
summarized in Table I.

diazoxide

I 00002 A I00002 A I0.0002 A

x

20 fl9/ml

o o

x

I blank

~
X human human human

plasma plasma plasma

0 6 0 6 0 6 8 min

Fig. 1. Chromatogram of diazoxide (D) as single medication in a human plasma sample.
Compound X is an endogenous compound present in markedly varying concentrations.
Solvent: 300 ml water-200 ml methanol. Solvent flow-rate: 1 ml/min. Column: LiChrosorb
RP-8, 5 /-1m particle size.

DISCUSSION

The HPLC method is found to be reliable and extremely simple and it
exhibits a good sensitivity limit of 0.1 t-tg/ml. This value is between the
sensitivity limit of the UV method of Symchowicz et al. [4] and that of the
GG-MS method of Sadee et al. [6] (10 ng/ml). Even with a subclinical dose of
25 mg i.v., the plasma concentration elimination curve is followed for 60 h,
which is long enough for estimation of T% values.

The low renal clearance of the unchanged drug implies high protein binding,
strong tubular reabsorption and therefore dependency on urinary pH and
urine flow. Because of the low renal clearance, the main route of elimination
therefore must be oxidation to a carboxylic acid, followed by glucuronidation
and renal excretion.
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Fig. 2. Plasma and saliva concentrations and renal excretion rate-time profiles of diazoxide
after an Lv. dose of 100 mg in a volunteer. There is a constant ratio (4.8) between the
plasma and saliva concentration. The urinary pH in this experiment has been kept alkaline
[pH 7.70 ± 0.49 (S.D.)].

TABLE I

SOME PHARMACOKINETIC PARAMETERS OF DIAZOXIDE IN MAN

Subject Dose Urine flow Urine pH Tv. Percentage Renal
(mg, Lv.) (ml/min (± S.D.) (h) excreted* clearance

± S.D.) (ml/min
± S.D.)

T.Th. 25 0.99 ± 0.30 6.19 ± 0.28 17 27.8 6.70± 1.79
T.Th. 100 1.69 ± 0.76 7.70±0.49 15 16.5 2.05 ± 0.79
F.H. 200 1.45 ± 0.89 6.42 ± 0.59 20 20.4 3.50 ± 1.76
F.H. 100 2.61 ± 1.81 5.34 ± 0.17 16 14.7 3.25 ± 1.96

*Percentage of the dose excreted in the urine unchanged.
** Correlation coefficient relationship between urinary pH and renal clearance.
***Correlation coefficient relationship between urine flow and renal clearance.
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Fig. 3. Linear relationship between the renal excretion rate dQ/dt (ltg/min) and plasma con­
centration Ca (ltg/ml) of diazoxide in man with uncontrolled urinary pH. The average renal
clearance (Kr ) ,over the whole excretion period is 5.36 ml/min.

Fig. 4. Relationship between the renal clearance of diazoxide (Kr ) and the urine flow in a
volunteer receiving 200 mg hr. The urinary pH is 6.42 ± 0.59 (S.D.).

The half-life of elimination in the two healthy volunteers did not vary much.
The T'h may be dependent on the renal function, since with impaired kidney
function the T'h is prolonged to 40-50 h [8], but it also depends on the
degree of hypertension [6].

The availability of a simple, reliable and fast analytical method for the
measurement of diazoxide in human plasma samples may reveal the relation­
ships between dose, speed of injection, plasma concentration and blood
pressure lowering effects.

Ratio of
plasma/
saliva
concentration

r

pH-Kr** flow-Kr ***

4.8
1.5
3.5

0.46
0.22
0.62
0.020

0.72
0.38
0.81
0.22
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Carbamazepine is an anticonvulsant used in the treatment of grand mal,
psychomotor epilepsy and also in trigeminal neuralgia. Side-effects are fairly
common and therapeutic drug monitoring should be carried out during treat­
ment.

Plasma concentrations of carbamazepine may be closely related to its
therapeutic as well as toxic effects [1]. Carbamazepine exerts a useful thera­
peutic effect at plasma concentrations of 2-5 ,ugjml [2, 3]. Plasma levels
higher than 12 ,ugjml are often associated with adverse effects. Carbamazepine
10,11-epoxide, the major metabolite in plasma [4], is as potent as the parent
compound in preventing electroshock-induced seizures in the rat [5]. It is
necessary, therefore, to measure the parent drug and its active metabolite, as
both may contribute to the therapeutic effect of the drug [6].

Gas-liquid chromatographic (GLC) [7, 8], thin-layer chromatographic [9],
spectrophotometric [10], fluorescence [11], and high-performance liquid
chromatographic (HPLC) [12, 13] methods have been used to determine
carbamazepine alone or in combination with other agents.
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All proposed methods suffer from one more of the following requirements:
an excessive amount of manipulation time; extraction (either single or multiple
steps) to clean the sample; sample dilution; a fairly large volume of plasma;
chemical derivatization (in GLC). Furthermore, the poor stability of
carbamazepine and its 10,11-epoxide at high temperatures (GLC) may cause
errors in the determination of true plasma levels.

The method developed has none of these drawbacks. Quantitation can be
achieved within 15--20 min after obtaining the plasma sample. No derivatives
are made, and no extraction used. This method is ideally suited for the simul­
taneous determination of the two compounds in plasma using as little as 50 tll
of plasma, and was used to investigate the kinetics of carbamazepine and its
metabolite in humans.

EXPERIMENTAL

Reagents
Acetonitrile (HPLC grade) was supplied by Merck (Darmstadt, G.F.R.).

Carbamazepine and its 10,1l-epoxide were obtained from Ciba-Geigy (Basel,
Switzerland) by generous gift. Nitrazepam was supplied by Roche (Basel,
Switzerland).

Apparatus and chromatographic conditions
An LC3 liquid chromatograph (Pye Unicam, Cambridge, Great Britain)

equipped with a variable-wavelength detector (Pye Unicam) was used in a
reversed-phase system with Partisil ODS-2 as the stationary phase (250 mm X
4.6 mm LD.; particle size 10 tlm; Whatman), and acetonitrile-water (50:50,
v/v) as the mobile phase. Assays were performed using column thermoregula­
tion (25°). The flow-rate of the mobile phase was maintained at 0.9 ml/min
(±0.02). The effluent stream was monitored at 288 nm. The volume of sample
injected was 20 tll (Rheodyne injector).

Standard curve and sample preparation
A standard curve was prepared for carbamazepine and its 10,11-epoxide in

the following manner. Aliquots of 200 tll of pooled human plasma were spiked
with various quantities of methanolic stock solution (1 gil) of each compound.
The stock solutions were kept refrigerated and sealed until use (stable for 2
months at +4°). A plasma that was known to be free of the compounds to be
analysed and five plasma samples, with concentrations ranging from 1 to 20
tlg/ml of carbamazepine and its epoxide, were Vortex mixed for about 20 sec.
These samples were deproteinized by the addition of 200 tll of a freshly
prepared (daily) acetonitrile solution of internal standard, nitrazepam, at
4 tlg/ml (methanolic stock solution of 1 gil, stored at +4° in the dark up to one
month), Vortex mixed 10 sec and centrifuged for 5 min at 650 g. Aliquots
of 20 tll of the clear supernatant were chromatographed. Peak heights were
used for quantitation.

Drug recovery study
Five samples each of 200 tll of water and pooled human plasma were spiked
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with a stock solution of carbamazepine, its 10,11-epoxide and nitrazepam to
give a final concentration of 5 Ilg/ml and analysed as described above.

Drug interference study
Many compounds were tested for possible interference. A reference

toxicological plasma was used (Hyland, Costa Mesa, Calif., U.S.A.).

In vivo study
Six in-patients participated voluntarily in the study. Carbamazepine, 3 mg/kg

or 6 mg/kg of body weight in capsule form, was administered as a single oral
dose at 8.00 a.m. No food was allowed for 12 h before dosing. Venous blood
samples were collected in heparinized vials at various times and were
centrifuged within 10 min at 650 g (+4 0

) to obtain plasma fractions (stored
at .-200 until analysis).

RESULTS AND DISCUSSION

Method
The standard curves of carbamazepine and its 10,11-epoxide were linear in

the concentration ranges studied. For example, the carbamazepine plot linear
regression line was y = 0.322x - 0.037 (r = 0.9999), and that for the epoxide
y = 0.179x - 0.019 (r = 0.9977), where y is the ratio of the peak height (in
centimeters) of carbamazepine or the epoxide to that of nitrazepam, and x
is the concentration in Ilg/ml.

The peak height measurements were found to be superior to peak area
estimation. For example, the reproducibility, estimated by the ratio (S.D.)
(peak of carbamazepine)/(mean)(peak height or area), was 0.016 for peak
height and 0.0304 for peak area measurements.

Reproducibility was calculated by 30 replicate analyses for each concentra­
tion on the standard curve (Table I) and was satisfactory.

Recovery was essentially complete: 99.8% ± 0.2 (mean ± S.D., n = 30).
Under the conditions of this analysis, the minimum concentration that can be

TABLE I

REPRODUCIBILITY OF CARBAMAZEPINE (I) AND ITS 10,1l-EPOXIDE METABOLITE
(II) FROM PLASMA

Each value represents the mean of 30 experiments (± S.D.).

Amount added (peak height I or 11)/ Amount found
to plasma (peak height IS) (,ug/ml) ± S.D.
(,ug/ml) ± S.D.

I

II

2.0
5.0

10.0
20.0

2.0
5.0

10.0
20.0

0.474 ± 0.009
1.446 ± 0.027
2.644 ± 0.019
6.043 ± 0.067
0.350 ± 0.008
0.915 ± 0.020
2.066 ± 0.024
4.087 ± 0.059

1.90 ± 0.40
5.15 ± 0.12
9.76 ± 0.08

20.06 ± 0.74
1.98 ± 0.30
5.05 ± 0.15
9.80 ± 0.10

20.30 ± 0.62
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measured accurately is about 200 ng/ml of carbamazepine and of the epoxide.
This value for carbamazepine is well below the therapeutic level.

Lower concentrations give poor accuracy because of error in peak height
measurement. Carbamazepine exhibits maximal absorption at around 285 nm
and its epoxide at 288 nm. Detection at 288 nm was adequately sensitive and
endogenous and exogenous interferences were minimized.

Column regulation permits no variation in retention time and accurate repro­
ducibility of the peak height ratio of drug to internal standard (IS). Retention
times for carbamazepine and the 10,11-epoxide were 7.4 min and 8.4 min,
respectively (IS = 6.6 min). The flow-rate of 0.9 ml/min was optimal. The
efficiencies (plates per metre) were determined using various flow-rates. At 0.9
ml/min, the number of plates per metre was 4772 for carbamazepine and
5088 for the 10,1l-epoxide with resolution factor R = 1.04. A typical chroma­
togram is shown in Fig. 1.

aufs 0,02

I

r

III
II

r

min

Fig. 1. Chromatogram (HPLC) of carbamazepine (I) and its lO,ll-epoxide metabolite (II)
(5 J,lg/ml of each), and nitrazepam (III), (internal standard, 4 J,lg/ml), using pooled, spiked
human plasma.

The drug interference study showed that only phenytoin interfered with
carbamazepine but at a concentration much higher than would usually be··
encountered clinically. Pooled human plasma spiked with 5 ~g/ml of carbama­
zepine and 30 ~g/ml of phenytoin gives 5.27 ~g/ml for carbamazepine
(recovery 105.2%, error 5.2%).

After centrifugation the clear supernatant may be stored in a sealed glass
culture tube for 2-4 days without significant change.
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In vivo study
The data for humans are graphically presented in Fig. 2.
The various pharmacokinetic parameters (and their mean values) calculated

are set out in Table II.
The mean values of K and T'12 obtained in the present study are reasonably

similar to these reported by others [7, 13-15]. Dose dependence of Kel and
Vd was studied in our laboratory and the results [16] suggest that the
elimination rate constant tends to increase with increasing drug dose.

u
C
o
u

12. " " .. 72 h

Fig. 2. Plasma levels of carbamazepine after a single oral dose (0, 3 mg/kg; +, 6 mg/kg) of
carbamazepine to human volunteers.

TABLE II

PHARMACOKINETICS PARAMETERS* AND THEIR VALUES FROM SIX
VOLUNTEERS

Dose Patient T'I, K e1 AUC: Vd
(h -, ) (h -, ) (mg I-I h) (1 kg -, )

3 mg/kg Del. 50.4 0.0134 273 0.78
Ric. 35.0 0.0198 190 0.85
Bon. 30.5 0.0227 130 0.99

Mean 38.6 0.0186 197 0.87
S.D. ± 10.4 ± 0.0047 ± 71 ± 0.11

6 mgjkg Lab. 25.9 0.0267 151 1.46
Zel. 43.3 0.0160 225 1.65
Mar. 22.9 0.0302 98 1.10

Mean 30.7 0.0243 158 1.40
S.D. ± 11.0 ± 0.0074 ± 63 ± 0.28

*T" elimination half-life' Kel first-order elimination rate constant; AUC~, area under the
72' , ,

plasma concentration curves; Vd , apparent volume of distribution.
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Direct thin-layer densitometric determination of pharmacological
concentrations of furosemide in plasma and urine

IB STEINESS*, JOHANNES CHRISTIANSEN and EVA STEINESS

Rigshospitalet and Department of Pharmacology, University of Copenhagen, Copenhagen
(Denmark)

(Received April 2nd, 1979)

Furosemide is one of the most commonly used diuretics. Therapeutic doses
vary enormously, from 20 mg in elderly patients suffering from congestive
heart failure to one or more grams in for instance uraemic patients and some
patients with the nephrotic syndrome.

The clinical effect is easily registered by the diuretic response and since
furosemide is widely non-toxic, monitoring of the plasma concentrations is
not used in daily clinical treatment. However, measurements of furosemide
concentrations in plasma and urine are necessary in studies of the renal effect
in different pathophysiological states.

Several methods are available for estimation of furosemide in biological
fluids. Both the original colorimetric [1] and the fluorometric methods [2--4]
have the disadvantage that they are non-specific and estimate both furosemide
and its pharmacologic inactive metabolite 4-chloro-5-sulfamyolanthranilic acid
(CSA). The gas chromatographic method has a high specificity [5] but is very
time-consuming and has a very low analytical capacity. A specific direct thin­
layer fluorometric method with a very high sensitivity has recently been
described but only for plasma measurements [6] . The method described needs
1000/11 of plasma for duplicate measurements.

During the last few years we have used a direct thin-layer densitometric assay
based on a colour reaction with Ehrlich's reagent for estimation of furosemide
in both plasma and urine. It seemed preferable to use the same method for
both plasma and urine in order to minimize errors, because a direct comparison

*To whom correspondence should be addressed, at the following address: Medical Depart­
ment P 2132, Rigshospitalet, Blegdamsvej, DK-2100 Copenhagen 0, Denmark.
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of the concentrations in plasma and urine is required for determination of the
renal clearance of the drug. Since we have been interested in studying renal
furosemide clearance in anaemic uremic patients, it was further desirable to
reduce the amount of plasma needed.

MATERIALS AND METHODS

Apparatus
A Zeiss spectralphotometer with thin-layer chromatographic TLC-scanning

equipment KM 3 (Carl Zeiss, Oberkochen, G.F.R.) linked to a Servogor Sb RE
646 recorder (Goerz Electro, Vienna, Austria) was used. The apparatus was
equipped with two photomultipliers for the simultaneous measurement of
remission and transmission.

Chemicals
All reagents were of guaranteed reagent grade and were used without further

purification. Furosemide and CSA were obtained by courtesy of Hoechst
Pharmaceuticals (Frankfurt/M, G.F.R.).

The composition of Ehrlich's reagent: 1 g of p-dimethylaminobenzaldehyde
dissolved in 50 ml of hydrochloric acid (25%) and 50 ml of ethanol (96%).

TLC plates
Pre-coated silica gel 60 glass plates without fluorescent indicator, 20 X 10

em, with a layer thickness of 0.25 mm (Merck, Darmstadt, G.F.R.) were used.
Before chromatography the plates were washed with acetone for 15 min and
dried for 15 min at 80° .

Standard solutions
Furosemide (100 mg) was dissolved in 100 ml of ethanol (99%). This

solution was diluted with distilled water. Standards with known amounts of
furosemide were prepared from furosemide-free pooled plasma and urine
spiked with 20 ,ul solution per ml plasma or urine. Standard solutions were
prepared once a month.

Extraction
Samples were stored deep-frozen until analysis. A 250-J,L1 aliquot of plasma

acidified with 50 ,ul of hydrochloric acid (3 M) or 150 ,ul of urine acidified with
75 ,ul of phosphate buffer (0.2 M, pH 2.0) was extracted with 1.5 ml of chloro­
form for 5 min using a mechanical shaker. The two phases were separated by
centrifugation for 5 min at 3000 g. 1.2 ,ul of the organic phase was transferred
to a conical glass tube and evaporated to dryness under a stream of nitrogen
at 40°. Residuals were redissolved in 100 ,ul of methanol and the evaporation to
dryness was repeated. The residue was dissolved in 10 or 20 ,ul of ethylene
chloride-methanol (3:1) and 5 ,ul of this extracted material was spotted under
nitrogen onto the TLC plate.

Thin-layer chromatography
TLC was conducted with the exclusion of light in a tank lined with Whatman
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No. 2 chromatography paper. The solvent was chloroform--methanol-glacial
acetic acid (89:6:2.5). In this solvent furosemide has a RF value of 0.25-0.29,
CSA of O.ll.

Seventeen samples were spotted onto each plate. Ten to seven of the
unknown urine or plasma samples were applied onto one plate together with
the appropriate reference spots from standard solutions.

Staining
After chromatography the spots of furosemide were coloured in situ by the

following procedure: The TLC plates were dipped in Ehrlich's reagent--ethanol
(99%)-hydrochloric acid (25%) (20 ml:40 ml:40 ml) for 7 sec and excess of
reagent was removed by pressing the wet layer onto filter paper No 617. The
TLC plates were then immediately placed in an oven at 500 for 10 min. To
ensure uniform heating of the TLC plate it was placed on a 3 mm thick copper
plate. After heat treatment the TLC plates were left at room temperature for
15 min before scanning, to ensure full development of the spots, which then
remain stable for at least one week.

Measurement and quantitation
The monochromator was set at 480 nm and the remission/transmission ratio

used was 100:25. The scanning speed was 120 mm/min. Measurements on the
plate can be taken either in the direction of the solvent flow or perpendicular
to the solvent flow across the furosemide spots. The latter procedure is much
less time-consuming and gives the same results as the former.

The amount of furosemide was calculated by comparison of the peak areas
(integrator counts) for samples and standards. The standard curve was fitted
with a polynomium of the form y = axb where y is the peak area and x is the
concentration. The correlation coefficients obtained were 0.99 or better.

RESULTS AND DISCUSSION

Plasma and urine from subjects who had not ingested furosemide showed a
variable but always negligible peak in the TLC scan (Fig. 1). As shown in Fig. 2
furosemide is separated from the metabolite CSA. After a single administration
of furosemide CSA could not be detected in either plasma or urine. The TLC
scan from an uraemic patient given 1000 mg furosemide orally, showed no
interfering substances and no CSA in the chromatogram (Fig. 3).

The lower limit for reliable quantification of furosemide in plasma and in
urine was 0.1 ~g/ml. Reproducibility studies were performed on plasma and
urine samples spiked with furosemide and the results are outlined in Table 1.
The areas of the standards differed from day to day and to calculate the
reproducibility the different areas were calculated in per cent of the area of 8
~g/ml (plasma) or 10 ~g/ml (urine) of the furosemide standard. The coefficient
of variation of day-to-day estimations decreased with increasing furosemide
concentrations (Table II). The recovery of furosemide in plasma was 97.0%
(S.D. ± 3.4) and in urine 103.7% (S.D. ± 4.5) and for both plasma and urine
independent of the furosemide concentration within the range studied (plasma
0.3-7.0 ~g/ml, urine 0.3-9.0 ~g/ml).
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PLASMA

Blank

1---1 t--l
U FUR

Furosemide

2.8 Jl9/ml

Blank

URINE

Furosemide

3.1 Jl9 I ml

Fig. 1. TLC scans of plasma and urine from patients before and during intraveneous infusion
of furosemide. FUR = furosemide, U = unknown substance.

PLASMA

Furosemide

2.°1'9/ ml

CSA 20 1'9/ml 90 min

PLASMA FUROSEMIDE

360 min

7.3 Jl9 I ml 5.11'9/ ml

I---f I---l

U FUR

Fig. 2. TLC scan of plasma spiked with furosemide (FUR) and CSA. U
substance.

unknown

Fig. 3. TLC scans of plasma from a uraemic patient (creatinine clearance 0.1 ml/sec) 90 and
3S0 min after oral administration of 1000 mg furosemide (FUR). U =unknown substance.
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TABLET

REPRODUCIBILITY OF THE ANALYSIS

Sample Amount of Areax* S.D. S.E.M.
furosemide
added
(lJg/ml)

Plasma 0 1.53 0.39 0.11
0.1 3.32 0.44 0.13
0.25 5.85 0.49 0.14
0.5 9.49 0.82 0.24
1.0 17.70 0.69 0.20
2.0 32.01 1.56 0.41
4.0 57.71 2.39 0.69

Urine 0 3.05 0.30 0.09
0.1 3.89 0.28 0.09
0.25 5.05 0.25 0.08
0.5 6.39 0.19 0.06
1.0 9.65 0.45 0.14
4.0 27.95 1.21 0.38

10.0 10.07 2.68 0.85

*n = 12 for plasma; n = 9 for urine.

TABLE II

DAY TO DAY VARIATIONS AT DIFFERENT FUROSEMIDE CONCENTRATIONS

Single determinations.

Sample Concentration of Coefficient of n
furosemide (lJg/ml) variation (%)

Plasma

Urine

0.38 9.1 10
0.97 6.8 12
7.20 4.0 10

0.19 9.0 8
1.87 6.2 10
9.26 3.6 7

So far no interfering compounds have been found in samples from patients
undergoing multi-drug therapy.

CONCLUSION

A convenient and adequately sensitive direct thin-layer densitometric
method has been developed for measurements of furosemide in both plasma
and urine. The method is specific which is a necessary requirement for clinical
pharmacological studies of furosemide.
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Oxprenolol, 2-hydroxy-3-(o-allyloxyphenoxy-)propylisopropylamine, a beta­
adrenergic blocking agent, is used frequently in the treatment of angina
pectoris and arterial hypertension. Methods for the determination of
oxprenolol by gas-liquid chromatography was described by Nambara et al.
[1], and by Jack and Riess [2], the latter method being modified by Degen
and Riess [3]. Oxprenolol is determined as its N,O-bis(trifluoro)acetyl
derivative. All these methods need several extraction steps to obtain extracts
free from interfering substances. They are therefore relatively time-consuming.
The limit of detection is 10 ngjml if 2 ml of plasma are extracted [2, 3].

Fluorimetric methods exist for several other beta-blocking drugs such as
atenolol [4, 5], bufuralol [6], propranolol [7-11] and sotalol [12]. The
spontaneous fluorescence of these drugs is measured either in the cuvette
without further purification or following chromatographic separation on thin­
layer plates or by high-performance liquid chromatography. Separation from
interfering substances extracted from plasma by thin-layer chromatography
(TLC) usually avoids a re-extraction step. Therefore, measurement of spon­
taneous fluorescence of drugs following TLC separation is a specific and less
time-consuming technique.

Oxprenolol does not show intensive fluorescence on TLC plates either in the
visible region or in the ultraviolet. Therefore, derivatisation of oxprenolol to a
fluorescing compound is necessary. 1-Ethoxy-4-(dichloro-s-triazinyl)naphtha­
lene (EDTN) was selected as derivatising agent. Chayen et al. [13] have
described an assay of corticosteroids, and Stopher [14] reported the estimation
of tolamolol using EDTN as the fluorescence reagent.
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EXPERIMENTAL

Instrument
A chromatogram spectrophotometer KM 3 from Carl Zeiss with a Perkin­

Elmer recorder Model 56 was used.

Standard and reagents
Oxprenolol hydrochloride and metoprolol tartrate (internal standard) were

obtained from Ciba-Geigy (Basle, Switzerland). EDTN was supplied by BDH
(Poole, Great Britain). Solvents (analytical grade) and TLC plates (silica gel 60
without fluorescence indicator) were obtained from Merck (Darmstadt,
G.F.R.).

Method
Extraction. To 1 ml of plasma 10 JlI of a methanolic solution containing 100

ng of metoprolol tartrate as internal standard are added; then 0.5 ml of 1 N
NaOH, 250 mg NaCI and 5 ml of dichloromethane--diethyl ether (1:4) are
added. After shaking for 15 min in a horizontal position the tubes are centri­
fuged briefly to separate the layers. The organic phase is transferred to another
tube and evaporated to dryness at 50° under a gentle stream of nitrogen.

Derivatisation and chromatography. A 40 JlI volume of a solution of 1 mg of
EDTN in 5 ml of ethyl acetate is added to the solid residue. The stoppered tube
is heated to 50° for 15 min. After cooling to room temperature the reaction
mixture is taken up with a 100 JlI Hamilton syringe. The whole solution is
applied with a Linomat III (Camag, Switzerland) onto a TLC plate taking care
to keep the spot size less than 4 mm in diameter. Together with a series of
plasma samples with unknown amounts of oxprenolol, three standards are
spotted per plate. The standards are plasma samples spiked with definite
identical amounts of oxprenolol hydrochloride. These standards are carried
through analysis together with the other samples.

The chromatograms are developed in an unlined glass tank containing the
solvent system chloroform-ethyl acetate (95:5). The solvent (freshly prepared
each day) is allowed to ascend about 15 cm above the origin. The RF values for
the derivatives of oxprenolol and the internal standard are 0.62 and 0.41,
respectively.

After drying in· the air the plate is dipped -into a solution of 2% paraffin in
cyclohexane. The fluorescence is measured after another drying period of at
least 15 min.

Measurement and evaluation. The measurements are performed using the
monochromator sample mode of the scanner. Fluorescence of the spots due to
the derivatives of oxprenolol and metoprolol is measured with the 365 nm line
of a medium pressure lamp St 41 and a 436 monochromatic filter. The slit
is 0.5 X 6 mm. The plates are scanned at 100 mm/min.

The peak height ratios oxprenolol/metoprolol are calculated. The amount of
oxprenolol in the plasma samples is calculated from the peak height ratios of
the standards (mean of three determinations).
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Reaction conditions
Oxprenolol hydrochloride and metoprolol tartrate (1 Jlg of each) were

derivatised with EDTN solutions containing 1, 4 and 20 mg of EDTN per 10 ml
of ethyl acetate. Three series of samples with 0, 100, 500 and 1000 ng of
oxprenolol hydrochloride and 300 ng of metoprolol tartrate (both dissolved in
methanol) were reacted with 40 JlI of EDTN solution (2 mg per 10 ml) at 35,
40, 50 and 70° for 15 min. Another series of samples with 1 Jlg of both
oxprenolol hydrochloride and metoprolol tartrate was heated to 50° for 10,
15, 30 and 60 min. All further analysis steps were carried out as described
above.

Standard curves
Standard curve A. To samples containing 0, 1,3,5,7,10,30,70,100,300,

700 and 1000 ng of oxprenolol hydrochloride, 100 ng of metoprolol tartrate
were added. After the addition of 40 JlI of EDTN solution the samples were
derivatised, chromatographed and measured as described above.

Standard Curve B. Blank plasma was spiked with 0, 5, 10, 30, 70, 100, 300,
700 and 1000 ng of oxprenolol hydrochloride; 100 ng of metoprolol tartrate
were added as internal standard to each sample. The plasma samples were
analysed as described above.

Recovery from plasma
Blank plasma was spiked with 500 ng of oxprenolol hydrochloride per ml.

Extraction and concentration was carried out as described above; 1000 ng
metoprolol tartrate were added to the solid residue. Standards were prepared
by adding 1000 ng of metoprolol tartrate to 500 ng of oxprenolol hydro­
chloride. The further steps of analysis were performed as described above.
Recovery of oxprenolol was calculated by comparing the peak he ght ratios of
the plasma samples to the peak height ratios of the pure standa~ds (mean of
four determinations).

Reproducibility studies
Reproducibility studies were performed at three concentrations by

performing five replicate analyses of blank plasma which had been spiked such
that the concentrations of oxprenolol hydrochloride were 30 ngjml in the first
series and 100 and 300 ngjml in series 2 and 3. To each sample were added
100 ng of metoprolol tartrate as internal standard. Standards were prepared by
spiking three blank plasma samples with 50 ng (series 1) or 200 ng (series 2 and
3) of oxprenolol hydrochloride.

Drug interference studies
A number of other drugs were tested for potential interference in the assay.

Aliquots of stock solutions of the compounds were heated with EDTN,
dissolved in ethyl acetate and chromatographed.

RESULTS

The reaction of oxprenolol, base or salt, with EDTN leads to a single blue



250

fluorescent product. The same reaction occurs with metoprolol. The
fluorescence spectrum of the derivative of oxprenololon a thin-layer plate is
shown in Fig. l.

The reaction of oxprenolol and metoprolol was carried out with varying
amounts of EDTN, between 10 and 60 min and 35 to 70°. In all samples the
same relative peak size was obtained, which suggests that the reaction remained
constant within this range of conditions. The TLC separation of the EDTN
derivatives of oxprenolol and the internal standard, extracted from spiked
plasma samples, is demonstrated in Fig. 2. The concentrations are 0 and 30 ng
of oxprenolol hydrochloride and 50 ng of metoprolol tartrate. No interference
from normal plasma constituents was observed. The minimum detectable
amount of oxprenolol is 5 ng.

The linearity of standard curves of pure substances as well as of oxprenolol
from spiked plasma samples is excellent (r>0.9992 in any experiment) from 10
to 1000 ng oxprenolol (based on the hydrochloride salt). Both curves pass
through the origin. It is therefore sufficient to determine only one point on the
calibration curve (mean value of three determinations) and to connect this
point to zero. The content of unknown samples may be determined by
calculation or graphically..

As no radioactive oxprenolol was available, recovery of oxprenolol from
plasma could not be determined directly. Our recovery experiments were based
upon the assumption that oxprenolol and oxprenolol hydrochloride are
derivatised to the same extent with EDTN. Under these conditions recovery
from plasma was calculated to be 81.8%. Reproducibility studies were
performed at three concentrations in the therapeutic range. The standard
deviation was independent of the oxprenolol concentration in the plasma
sample. It was calculated to be 4.1%.

A number of other basic drugs were tested for potential interference in the
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Fig. 1. Emission spectrum of oxprenolol derivatised with EDTN, chromatographed on silica
gel 60 plates with the solvent system chloroform-ethyl acetate (95:5). After drying the
plate was dipped into a solution of 2% paraffin in cyclohexane. Excitation was with the 313
nm line of a medium-pressure lamp.
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Fig. 2. Scans of chromatograms of 1 ml of blank plasma (A) and 1 ml of blank plasma spiked
with 30 ng of oxprenolol hydrochloride (B). Both samples were spiked with 50 ng of
metoprolol tartrate. The plasma samples were analysed as described in the text. 1, Derivative
of metoprolol; 2, derivative of oxprenolol; 3, excessive EDTN.

assay but none of the compounds investigated in this experiment (the cardio­
active agents atenolol, propranolol, digitoxin and chinidin) were found to
interfere with the analysis of oxprenolol. Other compounds that were also
shown not to impair the usefulness of the assay were guanethidine, hydralazin,
triamteren and diazepam.

DISCUSSION

The specificity and sensitivity of the described method is satisfactory for the
measurement of blood levels during chronic therapy and for pharmacokinetic
measurements where extremely low plasma levels may occur. Its advantage over
the gas chromatographic methods described previously is the linearity over a
wide range, which includes the therapeutic range of plasma levels. Therefore, it
is not necessary to produce a complete calibration graph, but it is sufficient to
determine just one point on the curve. The method requires also only 1 ml of
plasma for each determination.

Another advantage is that this method is less time-consuming than the gas
chromatographic ones, because purification of the plasma extract by re-extrac­
tion is avoided. The coefficient of variation of this method is higher than that
of the gas chromatographic method described by Degen and Riess [3], 4.1%
instead of 3.4%, but the precision is sufficient for the determination of the
drug in biological material.

Using EDTN as fluorescence reagent overcomes the disadvantages of using
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dimethylaminonaphthalene sulphonyl (Dns) chloride; namely, the requirement
of another extraction step after the reaction, the long reaction time (more than
12 h) and the instability of the Dns-amide. Fluorescence of the EDTN
derivatives is stable for several days on the thin-layer plate after fixation of the
fluorescence by dipping into a paraffin solution. The limit of detection of
oxprenolol (5 ng) is slightly higher than the limit of detection Stopher [14]
reported for tolamolol (2 ng). Extraction of oxprenolol with dichloro­
methane-diethyl ether leads to extracts free of interfering substances.
Another clean-up by dissolving the dry residue in methanol and shaking with
heptane, as described by Stopher, is not necessary in the oxprenolol assay.

In the same way, determination of metoprolol in plasma is possible using
oxprenolol as internal standard.
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