








AQUEOUS SIZE-EXCLUSION
CHROMATOGRAPHY

edited by P.L. DUBIN, Indiana-Purdue University

(Journal of Chromatography Library, 40)

The rapid development of new packings for
aqueous size-exclusion chromatography
has revolutionized this field. High resolution
non-adsorptive columns now make
possible the efficient separation of proteins
and the rapid and precise determination of
the molecular weight distribution of syn­
thetic polymers. This technology Is also
being applied to the separation of small
ions, the characterization of associating
systems, and the measurement of branch­
ing. At the same time, fundamental studies
are elucidating the mechanisms of the vari-

~ ous chromatographic processes.

These developments in principles and
applications are assembled for the first
time In this book.

• Fundamental issues are dealt with: the
roles of pore structure and macromole­
cular dimensions, hydrophobic and elec­
trostatic effects, and the determination
and control of column efficiency.

• High-performance packings based on
derivatized silica are reviewed in detail.

• Special techniques are thoroughly de­
scribed, including SEC/LALLS, inverse
exclusion chromatography, and frontal
zone chromatography.

• Attention is focussed on special applica­
tions of size-exclusion methods, such as

the characterization of micelles, separ­
ations of inorganic Ions, and Hummel­
Dreyer and related methods for equili­
brium systems.

• Protein chromatography is dealt with in
both dedicated sections and throughout
the book as a whole.

This is a particularly comprehensive and
authoritative work - all the contributions
review broad topics of general signific­
ance and the authors are of high repute.

The material will be of special value for the
characterization of synthetic water-soluble
polymers, especially polyelectrolytes. Bio­
chemists will find fundamental and practical
guidance on protein separations. Resear­
chers confronted with solutes that exhibit
complex chromatographic behavior, such
as humic acids, aggregating proteins, and
micelles should find the contents of this vol­
ume illuminating.

Contents: Part I. Separation Mechanisms.
Part II. Characterization of Stationary
Phases. Part III. New Packings. Part IV. Bio­
polymers. Part V. Associating Systems.
Subject Index.

1988xviii + 454pages
US$144.75/ Df/. 275.00
ISBN 0-444-42957-3

ELSEVIER SCIENCE PUBLISHERS
P.O. Box 211, 1000 AE Amsterdam, The Netherlands
P.O. Box 1663, Grand Central Station, New York, NY 10163, USA



A New Training Tool

1rrrolUro~eslhlootDrrng HlPlCC Sys~ems

A VIDEO COURSE

Developed and presented by J.W. Dolan and L.R. Snyder,
L.C. Resources Inc., San Jose, CA, USA

Prices:

HPLC troubleshooting is a complex skill
which is most often obtained through
years of on-the-job experience. This
course has condensed many years of
practical experience into just under three
hours of presentation, and is aimed at
improving the trouble-shooting skills of
chromatographers active in HPLC.

Uoyd R. Snyder's developments in the
theory and application of HPLC have
made practical sense out of complex
theory, so that chromatographers can get
better separations in less time. John
Oolan is well-known for his trouble­
shooting column in which he answers
readers' questions.

Now these experts combine forces to
bring you a powerful educational
video-course, second only to hands-on
experience.

Emphasis is on logical and practical steps
for diagnosing why a system fails to
operate properly and how to remedy the
fault. The advantages and importance of
preventive maintenance and record­
keeping are illustrated. Exploded views,
blow-ups of small parts, the handling of a
delicate part like a frit, bleeding check
valves, etc., are shown with clarity while
John Oolan comments on what he does
and why - and what to watch out for.

The course is ideally suited for self-tuition,
as well as for use in a group. It may be
used over and over again, at any time, at
the lab or at home.

The complete course consists of
three 55-minute VHS tapes, a User's
Manual and an Instructor's Guide.

The tapes cover:
o Principles of Troubleshooting
o Fittings, Reservoirs, Pumps and

Injectors
o Columns, Detectors and

Preventive Maintenance

USNCanada Elsewhere
Complete course US$1350 Oft. 3000
Individual tapes US$ 450 Oft. 1000
User's manual US$ 22 Oft. 50
Instructor's guide US$ 10 Oft. 22.50

A demonstration tape is available at a
price of US$ 25.00 or Oft. 50.00 (prepaid)

Air tapes are supplied in VHS format for
the video system used in your country,
unless otherwise requested.

ELSEVIER
SCIENCE

PUBUSHERS
~

Send now for a detailed brochure to:

lERsevier Science ]?Ulllblislhlers
Attn. Video Dept., P.O. Box 330, 1000 AH Amsterdam, The Netherlands
(telex 10704 espom nl) or
Attn. JIC Dept., P.O. Box 1663, Grand Central Station, New York, NY 10163
(tel: 212-3705520) 7409A









© ELSEVIER SCIENCE PUBLISHERS B.V. -1988 0021-9673/88/$03.50

All rights reserved. No part of this publication may be reproduced. stored in a retrieval system or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording Or otherwise. without the prior written permission of the publisher, Elsevier Science Publishers

BV, P.O. Box 330,1000 AH Amsterdam, The Netherlands.
Upon acceptance of an article by the journal, the author(s) will be asked to transfer copyright of the article to the publisher, The transfer will

ensure the widest possible dissemination of information.
Submission of an article for publication entails the authors' irrevocable and exclusive authorization of the publisher to collect any sums or
considerations for copying or reproduction payable by third parties (as mentioned in article 17 paragraph 2 of the Dutch Copyright Act of 1912
and in the Royal Decree of June 20, 1974 (S. 351) pursuantto article 16 b of the Dutch Copyright Act of 1912) and/or to act in or out of Court

in connection therewith.
Special regulations for readers in the U.S.A. This journal has been registered with the Copyright Clearance Center, Inc. Consent is given
for copying of articles for personal or internal use, or for the personal use of specific clients. This consent is given on the condition that the
copier pays through the Center the per-copy fee stated in the code on the first page of each article for copying beyond that permitted by Sections
107 or 108 of the U.S. Copyright Law. The appropriate fee should be forwarded with a copy of the first page of the article to the Copyright
Clearance Center, Inc., 27 Congress Street, Salem, MA 01970, U.S.A. If no code appears in an article, the author has not given broad consent
to copy and permission to copy must be obtained directly from the author. All articles published prior to 1980 may be copied for a per-copy fee
of US$ 2.25, also payable through the Center. This consent does not extend to other kinds of copying, such as for general distribution, resale,
advertising and promotion purposes, or for creating new collective works. Special written permission must be obtained from the publisher for

such copying.
No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of products liability, negligence
or otherwise, or from any use Or operation of any methods, products, instructions or ideas contained in the materials herein. Because of rapid
advances in the medical sciences, the Publisher recommends that independent verification of diagnoses and drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not constitute a
guarantee or endorsement of the quality or value of such product or of the claims' made of it by its manufacturer.

Printed in The Netherlands



Journal oj Chromatography, 448 (1988) 1-9
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

CHROM. 20 561

STATISTICAL OPTIMIZATION OF A REVERSED-PHASE ION-PAIR
LIQUID CHROMATOGRAPHIC METHOD FOR THE ANALYSIS OF
TOLMETIN SODIUM IN DOSAGE FORMS

RONA STROMBERG

U.S. Food and Drug Administration, New York Regional Laboratory, 850 Third Avenue. Brooklyn, NY
11232 (U.S.A.)

(First received December 31st, 1987; revised manuscript received March 7th, 1988)

SUMMARY

A quantitative liquid chromatographic method in which tolmetin sodium is
separated from an internal standard on a C18 column with detection at 317 nm has
been developed with the aid of two statistical optimization procedures. The effects
of simultaneously varying the pH, methanol-water ratio, and the concentrations of
buffer and ion-pair reagent in the mobile phase were studied. A two-level, factorial
design was used to investigate the interactions among the variables, and the sequen­
tial simplex procedure was used to optimize the separation. A novel quality criterion
was developed for the simplex optimization. Using synthetic mixtures, the mean re­
covery value ± S.D. (n = 6) of tolmetin sodium was 98.7 ± 0.19% for tablets and
98.5 ± 0.12 % for .capsules. The assay results for commercial tablets and capsules
were comparable to those obtained by the USP XXI procedure.

INTRODUCTION

Tolmetin sodium is a non-steroidal anti-inflammatory agent with analgesic and
antipyretic activities. As the sodium salt dihydrate it is formulated in tablet and
capsule forms, both of which are used for the treatment of rheumatoid arthritis and
osteoarithritis 1 .

Tolmetin has been determined in plasma samples by gas and liquid chromato­
graphic procedures2- 7 , and in solid dosage forms by spectrophotometry8. Its possible
impurities have been quantitated by a normal-phase gradient high-performance
liquid chromatography (HPLC) procedure9 • The compendial assays for tablets and
capsules entailed lengthy spectrophotometric procedures 1 0. Because of the typically
low recoveries of the plasma studies and the amount of time required for the spec­
trophotometric method, an alternate procedure suitable for the regulatory analysis
of tolmetin in dosage forms was sought. This report describes the development of a
rapid, accurate and selective LC method for the analysis of the drug in tablets and
capsules.

The assay was developed using two mathematical statistical models-factorial

0021-9673/88/$03.50 © 1988 Elsevier Science Publishers B.V.



2 R. STROMBERG

design and simplex optimization11-17. These methods are used to assess the quality
of a separation quantitatively. In a comparatively short time, a determination as to
which variables have significant effects, and the relative importance, the degree of
interaction, and the optimum levels of these variables was made.

Screening experiments were used to determine a reasonable first set of condi­
tions, including the type of column, organic modifier, and sample concentration.
These experiments also suggested the variables to be investigated. Two sets of two­
level, full factorial experiments were carried out. The results were that pH, and the
concentrations of buffer, ion-interaction reagent and methanol were significant and
interactive. Peak shape and column retention could be closely controlled by adjusting
these four variables.

The final step was to simultaneously optimize the values of the four variables
using the simplex procedure. The simplex was terminated after the twelfth experiment
and the best set of conditions was selected.

EXPERIMENTAL

Apparatus
A Tracor 950 chromatographic pump with 970A variable-wavelength detector

and a TS-IO recorder were used (Tracor, Austin, TX, U.S.A.). Separations were
performed on Zorbax ODS, 250 x 4.6 mm, 5-J.lm particles (DuPont, Wilmington,
DE, U.S.A.), J.lBondapak CIS, 300 x 3.9 mm, 1O-J.lm particles (Waters Assoc., Mil­
ford, MA, U.S.A.) and Ultrasphere ODS, 250 x 4.6 mm, 5-J.lm particles (Beckman
Instruments, San Ramon, CA, U.S.A.) columns. Samples were introduced through
a Rheodyne 7125 injection valve with a 20-J.ll sample loop (Rheodyne, Cotati, CA,
U.S.A.).

Chemicals and reagents
Methanol was HPLC grade (Fisher Scientific, Fairlawn, NJ, U.S.A.). Other

reagents were analytical-reagent grade. The tolmetin and zomepirac sodium dihy­
drates were kindly donated by McNeil Pharmaceutical (Spring House, PA, U.S.A.).

Procedure
Internal standard solution. A 420 J.lg/ml solution of zomepirac sodium dihydrate

in methanol-water (1:1) was prepared.
Standard preparation. Approximately 22 mg of tolmetin sodium, previously

dried at 105°C for 3 h was dissolved in methanol-water (1:1) in a 100-ml volumetric
flask and 10.0-ml aliquots of this solution and the internal standard solution were
combined and diluted to 100.0 ml with the same solvent.

Sample preparation. An amount of ground tablet or capsule powder corre­
sponding to 200 mg of tolmetin was weighed into a 100-ml volumetric flask and
diluted to volume with methanol-water (1:1). This preparation was mixed and a
portion filtered through medium porosity filter paper. A 10.0-ml aliquot of the filtrate
was diluted to 100 ml with methanol-water. A 1O.0-ml aliquot of the resulting so­
lution and 10.0 ml of the internal standard solution were combined in a 100-ml
volumetric flask and diluted to volume with methanol-water.

Chromatographic conditions. The mobile phase was prepared by dissolving 1.36
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g of monobasic potassium phosphate and 3.39 g of tetrabutylammonium phosphate
in 350 ml of water, then adding 650 ml of methanol and I ml of acetic acid, mixing,
filtering through a membrane filter (0.45 Jlm porosity) and degassing. The
methanol-water levels may be adjusted to obtain acceptable separations. The flow­
rate was set at 1.0 ml/min, the detector wavelength at 317 nm and 20 JlI portions of
the preparations were injected.

Calculation. The quantity (in mg) of tolmetin in the portion of powder taken
is equal to (257.29/279.27) (C) (Ru/Rs), in which 257.29 and 279.27 are the molecular
weights of tolmetin and anhydrous tolmetin sodium respectively, C is the concentra­
tion, in mg per ml of tolmetin sodium in the standard preparation, and Ru and Rs
are the peak response ratios of the analyte to the internal standard obtained from
the sample preparation and the standard preparation respectively.

RESULTS AND DISCUSSION

The decision to apply experimental design techniques to the development of
the method was made after a series of screening experiments revealed that peak shape
and reproducibility could not adequately be controlled by a mobile phase composed
only of solvents without solute conditioning reagents such as buffers, counter ions
and acids. Mobile phase additives were needed but the possible combinations of
mobile phase components and the proportions of each component were numerous.
In order to rationalize the decision making process, two experimental models were
chosen, factorial design and simplex optimization.

TABLE I

ELUENT COMPOSITIONS, k' VALUES, AND CALCULATED EFFECTS OF FIRST SERIES OF
FACTORIAL DESIGN EXPERIMENTS

Exp. Methanol-water Apparent Buffer k'
No. ratio pH cone. (mM)

To/metin Zomepirac

1 55:45 6.0 5 2.82 4.68
2 55:45 6.0 0 0.10 0.15
3 55:45 4.0 5 4.30 6.72
4 55:45 4.0 0 0.10 0.15
5 45:55 6.0 5 7.28 13.28
6 45:55 6.0 0 0.71 1.34
7 45:55 4.0 5 14.72 24.83
8 45:55 4.0 0 1.29 2.40

Variable Effect

(1) Methanol-water ratio -4.17 -7.54
(2) pH -2.38 -3.66
(3) Buffer concentration 6.73 11.37

Interaction 1 x 2 -2.09 -3.13
1 x 3 -3.27 -5.82
2 x 3 1.64 2.64
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TABLE II

CONDITIONS AND RESULTS OF SECOND SERIES OF FACTORIAL DESIGN EXPERIMENTS

Exp. Methanol-water Apparent Buffer IIR k'
No. ratio pH conc. conc.

(mM) (mM) Tolmetin Zomepirac

I 65:35 7.0 75 10
2 65:35 7.0 75 5
3 65:35 7.0 25 10 1.95 2.80
4 65:35 7.0 25 5 2.00 3.00
5 65:35 5.0 75 10
6 65:35 5.0 75 5
7 65:35 5.0 25 10 2.33 3.48
8 65:35 5.0 25 5 3.92 5.82
9 60:40 7.0 75 10 4.00 6.16

10 60:40 7.0 75 5 3.15 5.00
II 60:40 7.0 25 10 3.24 5.03
12 60:40 7.0 25 5 2.49 3.88
13 60:40 5.0 75 10 5.02 7.42
14 60:40 5.0 75 5 4.82 7.31
15 60:40 5.0 25 10 5.61 8.43
16 60:40 5.0 25 5 3.64 5.49

Variable Effect

(I) Methanol-water ratio -1.20 -1.93
(2) pH -1.41 -2.02
(3) Buffer concentration 0.50 0.76
(4) IIR concentration 0.35 0.47

Interaction I x 2 0.65 0.84
I x 3 0.35 0.59
I x 4 -0.91 -1.32
2 x 3 0.53 0.82
2 x 4 0.17 0.24
3 x 4 -0.01 -0.04

While it is not strictly necessary to use two design techniques, the practice has
been recommended by Deming and Morgan 18 . Further, This study was originally
undertaken as part of a project, the goal of which was to revise drug monographs of
the United States Pharmacopeia 10 • In view of this goal, it was useful to combine the
greater information content and ruggedness testing inherent in a factorial design with
the speed of the simplex optimization.

Factorial design
A three-variable, two-level, full factorial design was chosen in order to inves­

tigate the effects of each component and their interactions. The variables were the
methanol-water ratio, pH, and buffer concentration (Table I). The main effects and
interactions were calculated according to Box et al. 19. The effect of a variable on
retention is indicated by its sign (+ or -). The capacity factor, k', was selected as
a rapid means of measuring the influence of a mobile phase component on the eluting
peaks. Experiments were conducted in random order.
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From the table it can be seen that each of the variables had a significant effect
on the retention qf the compounds with the buffer exerting the most profound effect.
The interaction of the methanol-water ratio with the buffer concentration was greater
than the other combined effects, which indicates that the alteration in retention
caused by the presence of the buffer is dependent on the methanol-water ratio.

Peak shape and reproducibility for most of the mobile phases tested were un­
acceptable even with those in which resolution and analysis time were adequate. An
ion-interaction reagent, tetabutylammonium phosphate, which can be used for the
analysis of weak organic acids, was therefore, added to the mobile phase. To explore
the effect of this addition, as well as the role of other components, a second set of
factorial experiments was done. Different levels of methanol-water ratio, pH, and
buffer concentration were selected in order to maximize the information that could
be extracted from the experimental data (Table II).

Unfortunately, precipitation of the salts occurred in the eluents when the con­
centrations of methanol and buffer were at their highest levels. Nevertheless, an
analysis of the data could be made. Calculation of the main effects and interactions
show that they had markedly decreased from those of the first set of experiments.
The tolmetin and internal standard were found to be less sensitive to variations in
the levels of the components of the mobile phase. The wide fluctuations in k' apparent
in the first grouping were eliminated by the regulating influences of the buffer and
the ion-interaction reagent and is reflected in the calculated effects. Excellent peak
shape and reproducibility were also achieved.

Simplex optimization
In order to identify the optimum conditions for the analysis, a five dimensional

sequential simplex optimization was undertaken. The most difficult aspect of this
technique is the selection of a quantitative criterion that will permit the evaluation
of a set of chromatograms. A variety of approaches have been proposed2 o,21, many
requiring complex measurements and calculations, and frequently, the use of a com­
puter. An alternate criterion was sought in which the quality assessment could be
based on the capacity factor, k'. The capacity factor is easily obtained. It is preferred
over such other simple parameters as retention time or retention volume because it
is independent of the flow rate and column volume. Previously proposed criteria
include requirements for the resolution of peaks and the maximum time of analysis.
The capacity factor is well-suited as a means of expressing these requirements in a
usable mathematical form. Optimal k' values can be selected to locate any pair of
peaks so that sufficient resolution is achieved within preselected time restrictions. For
this study, optimal k' values of 2 and 4 were chosen for tolmetin and the internal
standard respectively. Based on these considerations, an empirical separation factor
(ESF) was developed. Excellent concordance was found between the calculated and
experimental values.

I
(k'optB - k'optA) I

ESF = (lk'optA - k'actAI + Ik'optB - k'actBI) + I - ~--"----"----'­
(k'actB - k'actA)

where k'optA,B and k'actA,B are the previously selected and experimentally deter­
mined capacity factors respectively for any pair of peaks, A and B. If the optimal
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TABLE III

ASSAY RESULTS FOR 200 mg TOLMETIN SODIUM TABLETS BY PROPOSED AND USP XXI
METHODS

Composite No.

I
2
3
4
5
6
7
8
9

10

Mean
S.D.
C.V. (%)

% of declared

Proposed method

100.2
99.2
99.3
99.7
99.7
99.4
99.6
99.7
99.7
99.4

99.6
0.285
0.286

USP method

100.8
99.9

100.0

100.2
0.493
0.492

transferred to a column with less resolution and still give adequate separation. The
Zorbax column had approximately three times the number of theoretical plates as
the new ,uBondapak column, but the methods worked on both. On the old ,uBon­
dapak column, the peaks were symmetrical, but not completely resolved. By decreas­
ing the amount of methanol in the mobile phase, a good separation was achieved.
Similarly, since the Zorbax column gave more separation than needed, the methanol
concentration was increased to make the analysis more rapid, but with no loss in

TABLE IV

ASSAY RESULTS FOR 400 mg TOLMETIN SODIUM CAPSULES BY PROPOSED AND USP XXI
METHODS

Composite No.

I
2
3
4
5
6
7
8
9

10

Mean
S.D.
C.V. (%)

% of declared

Proposed method

101:2
101.4
101.2
101.9
101.6
101.8
101.0
101.0
101.8
101.2

101.3
0.360
0.356

USP method

101.8
101.5
101.1

101.5
0.351
0.346
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efficiency. The Ultrasphere column showed extreme tailing on a test mixture ofmeth­
yl and ethyl parabens. This tailing was also seen in the tolmetin and internal standard
peaks. These peaks were resolved, however, and the chromatogram could be used for
quantitation.

Detector responses were linearly related to concentrations of tolmetin in the
range 10-30 flgjml (r = 0.99998), with a detection limit of about I flgjml. The pre­
cision of the method, based on ten separate weighings of the same composites, re­
sulted in coefficient of variation (C.V.) values of 0.286% for a tablet sample, 0.365%
for a capsule sample, and 0.265% (n ~ 10) for reinjections of the same standard
solution. The accuracy of the method was established on the basis of recoveries of
the drug substance from synthetic formulations and commercial products.
Recoveries (mean ± S.D. of the added amount) were: from the synthetic tablet
formulation 98.7 ± 0.19% (n = 6); from the synthetic capsule formulation 98.5 ±
0.12% (n = 6); from commercial tablets 99.6 ± 0.29% (n = 3), and from commercial
capsules 101.3 ± 0.36% (n = 3).

The proposed method was used to analyze commercial tablets and capsules of
tolmetin sodium, and the results were compared with these obtained by the corre­
sponding methods ofUSP XXpo. The results of these studies are presented in Tables
III and IV. In general intermethod correspondence was excellent.

REFERENCES

1 Physicians' Desk Reference, Medical Economics, Oradell, NJ, 1987, 41st ed., pp. 1197-1198.
2 K.-T. Ng, J. Chromatogr., 166 (1978) 527-535.
3 R. K. Desiraju, D. C. Sedberry, Jr. and K.-T. Ng, 1. Chromatogr., 232 (1982) 1[9-128.
4 J. Ayres, E. Sakmar, M. Hallmark and J. Wagner, Res. Comman. Chem. Pathol. Pharmacol., 16 (1977)

475--483.
5 W. Cressman, B. Lopez and D. Sumner, J. Pharm. Sci., 64 (1975) 1965-1967.
6 M. L. Selley, J. Thomas and E. J. Triggs, J. Chromatogr., 94 (1974) 143-149.
7 J. Shimek, N. Rao, S. Khalil, J. Liq. Chromatogr., 4 (1981) [987-2013.
8 C. Janicki and K. Daly, J. Pharm. Sci., 69 (1980) 147-149.
9 R. K. Gilpin and C. A. Janicki, J. Chromatogr., [47 (1978) 501-506.

10 United States Pharmacopeia, U.S. Pharmacopeial Convention, Rockville, MD, XXI revision, 1985,
pp. 1070-1071.

11 B. Sachok, R. C. Kong and S. N. Deming, J. Chromatogr., 199 (1980) 317-325.
12 J. Nickel and S. Deming, LC· GC Int., Mag. Liq. Gas Chromatogr., I (1983) 414--417.
13 F. Czech, J. Assoc. Off. Anal. Chem., 56 (1973) 1489-1495.
14 R. D. Krause and J. A. Lott, Clin. Chem., 20 (1974) 775-782.'
15 S. Deming and M. Tumff, Anal. Chem., 50 (1978) 546--548.
16 J. L. Glajch and J. J. Kirkland, Anal. Chem., 55 (1983) 319A-336A.
17 W. Lindberg, E. Johansson and K. Johansson, J. Chromatogr., 211 (1981),201-212.
18 S. N. Deming and S. L. Morgan, Anal. Chem., 45 (1973) 278A-283A.
19 G. E. P. Box, W. G. Hunter and J. S. Hunter, Statistics for Experimenters, Wiley, New York, 1978,

pp. 309-324.
20 G. D'Agostino, L. Castagnetta, F. Mitchell and M. J. O'Hare, J. Chromatogr., 338 (1985) 1-23.
21 M. Watson and P. Carr, Anal. Chem., 51 (1979) 1835-1842.
22 E. Debesis, J. P. Boehlert, T. E. Givand and J. C.Sheridan, Pharm. Technol., 6 (9) (1982) 123-137.









































































































CHIRAL SEPARATION OF LACTONES AND LACTAMS 61

chosen according to the examination of the ePK* molecular models in order to give
the preferred one (where the mean plane of the lactam ring and the aromatic nucleus
Rz are coplanar). It also illustrates more obviously the chiral discrimination. The
(R)-N-(3,5 DNB) phenylglycine esp was drawn according to the conformation pro­
posed by Lipkowitz et al. 18 from the conformational analysis computed with the
Allinger MM z force field method. The observed a values are in good agreement with
our model, which shows the importance of the n-n interaction between the nitrogen
substituent Rz and the esp: a increases regularly with the n-electron donor character
of the aryl group Rz (Table II); compound 10 was resolved but compound 11 was
not. From this we can argue that the stronger n-electron donor trimethoxyphenyl
group (R j ) competes with the less strong methoxyphenyl group (Rz) for the n-ac­
ceptor site of the esp, leading to a lack of selectivity. In addition, we failed to resolve
the lactam containing the phenyl group at R 1 and a hydrogen atom as Rz. This is
in accordance with our model of discrimination: a n-n interaction between R 1 and
the 3,5-DNB group of the esp and simultaneous hydrogen bonding or a dipolar
interaction between the amide group of the lactam and the 3,5-DNB amide group of
the esp cannot occur because of the rigid quasi-planar conformation of the lactam
ring. This quasi-planar system provides an additional steric restraint. The magnitude
of the resolution factor Rs shows that this esp is suitable for chiral preparative
chromatography of compounds 7, 8 and 10.

PTrMA

Scheme I. Structure of the PTrMA polymer chains.

Type II CSPs
(+ )-PTrMA coated silica gel [Chiralpak OT( + ) column}. As we failed to

resolve the cytotoxic lactones and some lactams on the DNBPG column, we inves­
tigated the chiral recognition ability of optically active PTrMA coated on silica gel.
The polymer possesses a rigid helical conformation which arises from the asymmetric
polymerization of triphenylmethyl methacrylate (Scheme 1). With methanol as the
eluent most of the compounds were resolved. Data obtained at 5 and 25°C are pre­
sented in Table III (compounds that have been omitted were not separated). It was
puzzling that compounds 13 and 14 were not resolved whatever the temperature,
whereas enantiomers of lactams 12 and 15 were separated with selectivity values of
ca. 1.2 at 5°C (Rs > 1.1).

For all compounds, methanol appeared to be the most suitable eluent; ex-

* CPK precision molecular models are improved versions of the Corey-Pauling models designed
at the California Institute of Technology in the late 1940s, with new connectors by Dr. W. Koltun.































76 C. L. FLURER et al.

was slurry-packed at 5 fll/min constant flow-rate until the pressure reached 210
kg/cm2. The pump was turned off, and the pressure allowed to decrease to zero. The
column was then equilibrated with the mobile phase used for column evaluation.

Chromatographic systems
Reversed~phase chromatography (RPC). Separations were carried out on col­

umns of 30-, 20-, and 10-cm in length. Analyses were done using a Model flLC-500
syringe pump (ISCO, Lincoln, NE, U.S.A.) operated in the constant-flow mode, and
a flLC-1O UV-VIS detector (lSCO) fitted with a I-mm pathlength (30 nl volume)
flow cell. Proteins were detected at 215 nm. Injections were made using a four-port
internal loop (air-actuated) injection valve (Model ACI4W, Valco Instruments,
Houston, TX, U.s.A.) with a 0.2-fll rotor, and the moving-injection method29 . Pro­
teins were eluted using a stepwise gradient19 from 20% to 55% acetonitrile inO.1 M
H3POc NaH2P04 buffer at pH 2.

The step gradient utilizes PTFE reservoir tubes between 3 and 15 fll in volume.
The tubes are filled and stacked from weakest eluent to next weakest, etc. The syringe
pump is filled with the strongest eluent, in this case, the highest acetonitrile concen­
tration. As the chromatographic run begins, eluent is displaced from segment to
segment, through the column, thereby generating the step gradient.

Size~exclusion chromatography (SEC). Separations were carried out on col­
umns between 40 and 50 cm in length. Analyses were done using the ISCO syringe
pump in the constant-pressure mode, and a UVIDEC-IOO-V detector (Jasco, Tokyo,
Japan) fitted with an in-house modified 150-nl cell, at 215 nm. Sample injections were
made with an electrically-activated Valco valve, Model ECI4W, fitted with a 0.2-fll
rotor. The samples were eluted isocratically using a 0.1 M NaH2P04-Na2HP04
buffer at pH 7, with 10% methanol added to the mobile phase for the GPC 100 and
300 materials.

The injection time and, consequently, the injected sample amount were con­
trolled by an IBM personal computer, connected to the electrical actuator. The same
computer, employing programs developed in this lab, acquired and calculated the
peak moment data. Column efficiency data were compared using the totally included
species, which were Ser for GPC 60, and (GlY)4 for GPC 100 and 300. The mobile
phase linear velocity was calculated using the totally excluded species, BA for GPC
60 and BD for GPC 100 and 300.

RESULTS AND DISCUSSION

The RPC and SEC principles for protein separation have been useful in dif­
ferent directions. RP-HPLC systems are very adaptable due to the wide variety of
stationary phase-mobile phase combinations. Examples of their utilization include
the study of hormonal polypeptides and proteins30,31, histones32 , immunoglobu­
lins33 , and pancreatic proteins34, purification of hydrophobic virus membrane pro­
teins3S, as well as highly efficient separations of cyanogen bromide36,37 and tryp­
tic38 ,39 fragments of proteins. SEC has also been utilized extensively due to the ease
with which separation of proteins based on size, or hydrodynamic volume, can be
accomplished. Different size-exclusion materials allow the preliminary characteriza­
tion of unknown mixtures as for their molecular weight ranges. The wide variety of
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Fig. 12. (a) Pore size distribution ofTSK G4000PW measured by nitrogen adsorption (dashed line) and by
inverse SEC (solid line), the latter based on the molecular weight-elution volume curve shown in (b).
Column, 60 cm x 7.5 mm I.D. Vertical axis as in Fig. 2.

It would be ofgreat interest to examine the effect of the surface shell found with
some silica particles on the chromatographiC properties and on the determination of
pore size and pore size distribution by nitrogen adsorption or mercury intrusion.
Direct characterization of porous materials might be possible if the pores are
sufficiently large and clear micrographs are obtainable.

CONCLUSION

TEM of ultrathin sections was shown to be a reliable and straightforward
method for examining the internal structure of macroporous particles, including silica,
glass and polymer gel particles. Some silica particles were covered with a shell due to
sintering, which can be broken by excessive ultrasonication in the case of particles with
high porosity. Several silica packing materials of 30-400 nm nominal pore size were
found to be mixtures of several different types of particles. These packing materials
usually give a broad, sometimes bimodal, pore size distribution on measurement by
nitrogen adsorption and inverse SEC.
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storage of the affigel at 4°C for a relatively long period (several weeks) if it is not
used frequently, but reacetylation four/five times may lead to the recovery of full
capacity and good performance. The affigel, however, cannot be used indefinitely
probably because of disadvantageous changes in the gel structure.

As mentioned above the stoichiometry of maximum binding capacity theo­
retically can be considered on a mol ligand per mol enzyme basis. However this is
not true in practice. Several factors playa role in enzyme protein binding, among
which are the following:

(a) Only ligands that are sterically free for access are active; ligands inside the
gel beads require diffusion which mayor may not be possible during adsorption, i.e.,
"buried" ligands may not act as binders even if they are linked to the matrix with
relative long spacer arms. The enzymes should also avoid the diffusion barrier of
ordered water molecules surrounding the matrix backbone. Reduction of the amount
of ligand molecules to about half of the original without decreasing the maximum
binding capacity shows that most of the coupled ligands in both affigels are sterically
handicapped; possibly they are inside the open pore structure of Sepharose 4B
(Tables I and II).

(b) Steric hindrance may be caused by gel aging.
(c) As the applicability of the immobilized ligand depends on its specific ad­

sorption, the matrix must be devoid of non-specific absorptive effects because these
could obscure the biospecificity and interfere with the action of the bound ligand.

(d) The length of the spacer group between DPA and the matrix. Since shorten­
ing of the original spacer arm by omitting epichlorohydrin and phloroglucinol did
not reduce the maximum binding capacity of our affigel, we feel that simplification
of its preparation is justified.

Finally we should like to mention that both N-acetyl-D-( - )-penicillamine­
based affigels show biospecificity for penicillinases, as revealed by their definite in­
ability to bind f3-lactamases of cephalosporinase character. This, however, may
prompt the suggestion that biospecific cephalosporimise-binding affigels can be con­
structed with one of the possible cephalosporamine optical isomer derivatives, on a
similar theoretical basis.
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the ester functional groups on the glycerol, it seemed likely that a separation ac­
cording to the number of constituent double bonds might also be possible on nor­
mal-phase HPLC.

We wished to utilise the relatively high sensitivity of UV detection at low
wavelengths since these normal phase systems 1Z- 14 are susceptible to overloading.
This necessitated the investigation of new solvent systems since the dichloromethane
used previouslylZ-14 absorbs below about 235 nm.This paper, then, presents such a
normal-phase system in which critical pairs are very widely separated and in which
the triacylglycerols are primarily separated according to the number of constituent
double bonds.

EXPERIMENTAL

Materials
The following triacylglycerol standards were purchased from Sigma (S1. Louis,

MO, U.S.A.): tristearoylglycerol, tripalmitoleoylglycerol, trioleoylglycerol, trilino­
leoylglycerol, trilinolenoylglycerol and tri-ll-eicosenoylglycerol. Some domestically
used fats and oils were obtained from local retail outlets: BartoW olive oil, Lucca,
Italy; Eta sunflower oil, polyunsaturated, Vegetable Oils (Vic) P/L, West Footscray,
Australia; safflower oil, E.OJ. P/L, MarrickviIle, Australia; Meadow Lea polyun­
saturated margarine (PIS> 2:1), Vegetable Oils P/L, Mascot, Australia, and Glen­
dale raw linseed oil, Glendale Chemical Products P/L, Alexandria, Australia. The
pentafluorobenzyl bromide was obtained from Fluka (Buchs, Switzerland).

Flax seeds were purchased from a local produce store and 2.5 g were ground
in a mortar in 20 ml hexane and the solution filtered through a sinter. This gave a
final concentration of oil of 30 mg/ml.

Instrumentation
HPLC was performed on Waters (Milford, MA, U.S.A.) equipment consisting

of an M510 pump and a U6K injector. The column effluent flowed to a Hewlett­
Packard (Waldbronn, F.R.G.) diode array detector (1040M) which was interfaced
to an HP 300 series computer, a 9133 disc drive, a 7470A plotter and a Thinkjet
printer for the manipulation and presentation of data.

The columns were silica spheri-5 (250 x 4.6 mm, 5 11m, Brownlee Labs, Santa
Clara, CA, U.S.A.) or Waters silica Semiprep (300 x 7.8 mm, 10 11m). HPLC solvents
were Chromar Grade from Mallinckrodt, Aus1. P/L (Putney, Australia).

The gas chromatography-mass spectrometry (GC-MS) equipment was as de­
scribed previouslylS, the column being 1.5 m x 2 mm packed with 1.5% OV-1 on
Gas Chrom Q (100-120 mesh).

Chromatography
In order to optimise the system for UV detection we investigated solvent mod­

ifiers to replace the dichloromethane that had been used previouslylZ,13. Tetrahydro­
furan (1.6%) in half water saturated hexane gave satisfactory separations but ab­
sorbed in the low UV, thus reducing sensitivity. However, 0.7% acetonitrile in half
water saturated hexane was UV transparent and give adequate retention of the tri­
acylglycerol mixtures. It was made up by dissolving 7 ml of dry (molecular sieve)
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Fig. 10. Ultraviolet spectra of the PFB estes of 18:0,18:[, 18:2 and 18:3. All spectra normalised to 100
mAU at 263 nm showing effect of double bonds on extinction in far UV.

the chromatogram at 263 nm gave 62% PFB 18:2 and 38% PFB 18:2, indicating that
a UV absorbing contaminant was present in PFB 18:2 and this was confirmed by a
spectral analysis of this peak. The contaminant, however, did not give a response in
NICI. Integration of the chromatogram at 200 nm, followed by correction for the
absorbance of the double bonds using the data given below, gives 33.5% PFB 18:2
and 66.5% PFB 18:3. Similar results were obtained for the commercial linseed oil
sample.

The fraction containing nine double bonds, from both the flax seed extracts
and the commercial linseed oil sample, as well as giving large peaks of PFB 18:3,
gave small peaks corresponding in tR to PFB 18:1 and PFB 18:2. These, however,
did not have spectra that corresponded to PFB esters and did not give a response in
NICI. The latter of these two peaks presumably corresponded to that interfering with
PFB 18:2 in the fraction containing eight double bonds.

Fig. 10 gives the UV spectra, in 0.18% acetonitrile in hexane, of PFB 18:0,
PFB 18: 1, PFB 18:2 and PFB 18:3 all normalised to 100 rnAU at 263 nm. It can be
seen that operation in the low UV range markedly increases the sensitivity. Thus at
200 nm the sensitivities are increased approximately 12.2 x, 17.4 x, 31.8 x and
42.8 x for PFB 18:0, PFB 18:1, PFB 18:2 and PFB 18:3 respectively. Thus for ap­
plications that require high sensitivity this new solvent system offers considerable
advantages over that containing dichloromethane described previously12,13.

In our earlier publication) 2 we sought to explain the separation of the fatty
acid PFB esters according to the number of double bonds that they contain by ref­
erence to Scott'S)7 model of the silica surface. That is, under the conditions used 12 ,
the silica surface is covered by a bilayer of water surmounted by a monolayer of
dichloromethane. Separation was due to competition between the double bonds in
the PFB esters and the dich10romethane molecules for the aqueous surface and the
small separation on chainlength was due to the inductive effect reducing the polarity
of the carbonyl group. Since the properties of the separations reported here are ex­
actly analagous, we believe that the same physico-chemical principals underlie them
and that, therefore, in this system the surface of the silica is covered in a bilayer of
water and the separation depends primarily on competition between the double
bonds and acetonitrile molecules.
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immunological similarity to intestinal CaBp9
-

11
. Clearly, more studies are needed at

both the physiological and biochemical levels, not only on the chick intestinal CaBP
but also on the CaBP-like activity found in the various tissues. Also, most of the
physico-chemical properties of CaBP recorded so far have been made on the smaller
mammalian CaBP (M, = 10000). Consequently, we wished to purify CaBP from
several tissues but found that existing procedures12

-
15 were not suitable for this

purpose because of their poor recoveries and variabilities.
We have developed a new purification method for isolating CaBP using Blue

Sepharose CL-6B and chromatofocusing. The proteins that we obtained from chick
intestine, kidney and cerebellum with the use of this method showed an apparent
homogeneity on sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS­
PAGE) and high-performance liquid chromatography (HPLC) using a micro­
particulate anion exchanger (Mono Q) with and without Ca2 + in the solvent. The
usefulness of the proposed method was also compared with that of the existing
method, which is mainly based on the intrinsic charge difference in the molecule of
CaBP with and without bound Ca2+.

EXPERIMENTAL

Materials
Crystalline vitamin D 3 was obtained from Sigma (London, U.K.). Blue

Sepharose CL-6B and Sephadex G-100 were purchased from Pharmacia (Uppsala,
Sweden). Both prepacked columns for HPLC, a Mono P column for chromato­
focusing and a Mono Q column for ion-exchange chromatography were also obtained
from Pharmacia. The enzyme inhibitors TPCK (N-tosyl-L-phenylalanine chloro­
methylketone), TLCK (N-tosyl-L-lysine chloromethylketone) and PMSF (phenyl­
methylsulphonyl fluoride) were supplied by Boehringer (Mannheim, F.R.G.). Rabbit
antiserum to chick intestinal CaBP prepared previously by Spencer et al. 16 in our
laboratory was used in this study. Protein molecular weight markers (Dalton Mark
VII-L; Sigma) contained bovine serum albumin (66000), ovalbumin (45000),
glyceraldehyde-3-phosphate dehydrogenase (36000), carbonic anhydrase (29000),
trypsinogen (24000), trypsin inhibitor (20 100) and a-lactalbumin (14200). All other
chemicals were of analytical-reagent grade.

Animals
One-day-old white leghorn chicks were housed in electrically heated tier

brooders in an air-conditioned room from which sunlight was excluded. They were fed
ad libitum on a vitamin D-deficient diet for 3-4 weeks1

? until they were assessed to be in
a state of vitamin D deficiency by histological examination of the bones. Chicks
recieved orally 12.5 J.Lg ofvitamin D in 0.2 ml ofethanol-2-propanol (1:1, v/v) and were
killed after 72 h; when the production of CaBP in duodena had reached its maximum.

Preparation of tissue extracts
Duodena were split open lengthwise, rinsed with ice-cold Tris buffer A (13.7 mM

Tris base, 150 mM sodium chloride, 5 mM potassium chloride, I mM 2-mercapto­
ethanol, pH adjusted to 7.4 with hydrochloric acid) and the mucosa scraped from
underlaying serosal layers with a glass slide on ice, and then stored at - 20°C before
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extraction. Kidney and cerebellum were cut into small pieces with scissors and
homogenized in an equal volume of ice-cold Tris buffer with a Polytron homogenizer
for 30 s. The homogenates were then centrifuged at 100000 g for I h at 4°e. The
supernatant solutions were decanted and filtered through a glass filter (80-100 mesh)
to eliminate membraneous fat-soluble materials floating on the surface of the
supernatant solution and stored at - 20°e.

Purification of CaBP
CaBP from chick intestine, kidney and cerebellum was purified by the following

two procedures, one of which was a modification of that originally described by
Hitchman and Harrison 12 (existing method), and the other our proposed method. All
further steps were carried out at 4°C unless stated otherwise and the three tissues were
treated in the same manner throughout. Unless indicated otherwise, all recoveries of
CaBP were determined by rocket electroimmunoassay (see below).

Existing method. Approximately 20 ml of the supernatant solution were applied
to an upward-flow column ofSephadex G-IOO (90 x 2.5 cm I.D.) equilibrated with Tris
buffer and eluted with the same buffer. The flow-rate was 40 ml/h, 4.5-ml fractions were
collected and the CaBP concentration in every other tube was determined. Fractions
containing CaBP were pooled and concentrated to a small volume using an Amicon
stirred cell using an Amicon UM2 membrane filter under nitrogen pressure (40 kg/cm2

).

Proteins recovered from the concentrator were placed in Visking tubing and dialysed
against 500 ml of imidazole buffer (20 mM imidazole, 20 mM sodium chloride, I mM
EDTA, I mM 2-mercaptoethanol, pH adjusted to 7.0 with hydrochloric acid) for 16 h.
The dialysate was then centrifuged at 100 OOOgin a refrigerated centrifuge for 30min and
the supernatant solution was applied to a DEAE-Sephacel column (30 x 1.5 cm I.D.)
equilibrated with imidazole buffer. The columnwas washed with the same buffer until
the eluate was free from protein, as determined by the ultraviolet absorbance (280 nm),
and eluted with a 500-ml sodium chloride gradient from 20 to 700 mM in imidazole
buffer. The flow-rate was 15 ml/h and 4.5-ml fractions were collected. All fractions
were assayed for CaBP, which was detected as a single peak on the chromatogram in
twelve fractions containing 280 mM sodium chloride as measured using a conductivity
meter. These fractions were pooled and dialysed against 1000 ml of imidazole buffer
containing 20 mM sodium chloride and 2 mM calcium chloride for 16 h. The dialysate
was subsequently applied to another DEAE-Sephacel column (30 x 1.5 cm J.D.)
equilibrated with the same buffer as used for dialysis. Development of this column
proceeded as described for the preceding column except that 2mMcalcium chloride was
added in imidazole buffer instead of EDTA. All fractions were assayed for CaBP,
which was detected as a clear single peak on the chromatogram.

Proposed method. The supernatant was applied directly to a Blue Sepharose
CL-6B column (40 x 1.5 cm J.D.) equilibrated with Tris buffer (13.7 mM Tris base, 20
mMsodium chloride, 5mMpotassium chloride, I mM2-mercaptoethanol, pH adjusted
to 7.4 with hydrochloric acid). Columnelution was carried out in the downward direction
at a flow-rate of 17 ml/h and 4.5-ml fractions were collected. All fractions containing
CaBP were pooled, heated at 60°C for 20 min and immediately chilled to 4°e. After
centrifugation at 100000 g for I h at 4°C, proteins not precipitated from the pooled
solution by heat treatment were recovered as the supernatant solution and placed in
Visking tubing and dialysed against 500 ml of buffer B (20 mM N-methylpiperazine, I
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Fig. 5. Rechromatofocusing ofchick (A) intestinal, (B) kidney and (C) cerebellar CaBPs obtained from the
first chromatofocusing. The first chromatofocusing CaBP fraction was restored to pH 5.7 by passage
through a Sephadex G-75 column (50 x 1.5~ I.D.) equilibrated with 20 mM N-methylpiperazine buffer
(pH 5.7), then applied to a Mono P column under the same conditions as before.

detected. The protein gave nearly a single band in SDS-PAGE (Fig. 6) and a single
peak in anion-exchange chromatography (Mono Q) with and without Ca2+ (Fig. 7).
Gel filtration chromatography calibrated with seven standard proteins showed that
the CaBPs from chick intestine, kidney and cerebellum have the same molecular weight
of 28000. With this overall method, the recoveries of CaBP were from chick intestine
40-55%, from kidney 30-45% and from cerebellar homogenates 46-57%, as shown in
Table I.

DISCUSSION

Recent developments in research into vitamin D-dependent CaBP have shown
that this protein exists in two forms differing in their molecular weights (28000 and
10000)1,22-24. Current procedures12- 15 employed for the separation and purification
of these proteins involve the use of gel filtration chromatography, ion-exchange
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Fig. 4. Chromatogram of the extract of a {3-methyldigoxin tablet with an internal standard. Peaks: I =

dexamethasone; 2 = {3-methyldigoxin. Conditions as in Fig. 2.

yldigoxin standard to the tablet sample. Recoveries for the eight samples ranged from
99.5 to 100.1 % with a mean of99.7% and a standard deviation of 0.23%. From the
investigation of the tablet recovery versus the number of extraction times, the ex­
traction procedure proposed was ascertained to be sufficient for a rapid leaching of
fJ-methyldigoxin from the tablet matrix. These results confirmed the validity of the
micro-HPLC procedure and its applicability to the quantitation of fJ-methyldigoxin
tablets.

The determination of digoxin tablets was also undertaken. Fig. 5 shows the
chromatogram of digoxin, its degradation products (digoxigenin, its mono- and bis­
digitoxosides) and dexamethasone as an internal standard. These compounds were
separated into five peaks using methanol-water (l: 1) as the eluent. It is interesting
that the elution order of digoxin and dexamethasone was reversed when
acetonitrile-water was used instead of methanol-water as the mobile phase. The

TABLE I

RESULTS OF THE COMPOSITE ASSAY OF {3-METHYLDIGOXIN O.I-MG TABLETS BY THE
MICRO-HPLC METHOD

Sample Weight of Amount Amount calculated in Percent
number tablet powder found terms of one tablet* of label

(mg) (mg) (mg) claim

1 118.651 0.10050 0.10028 100.28
2 120.424 0.10152 0.09981 99.81
3 114.166 0.09570 0.09924 99.24
4 118.496 0.10001 0.09992 99.92
5 113.402 0.09527 0.09946 99.46
6 120.134 0.10265 0.10116 101.16
7 133.180 0.11354 0.10093 100.93
8 132.008 0.11343 0.10173 101.73

Mean ± S.D. 100.3 ± 0.88

* The average weight of one tablet was 118.393 mg (n = 15).
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Fig. 5. Separation of a mixture of digoxin, its decomposition products and an internal standard. Peaks:
I = digoxigenin; 2 = digoxigenin monodigitoxoside; 3 = digoxigenin bisdigitoxoside; 4 = dexametha­
sone; 5 = digoxin. Conditions: mobile phase, methanol-water (1:1); other conditions as in Fig. 2.

extraction procedure for digoxin tablets was similar to that described for fJ-methyl­
digoxin tablets. Arepresentative chromatogram of the extract of a digoxin 0.25-mg
tablet after addition of dexamethasone is shown in Fig. 6. The calibration graph
of the peak area ratio of digoxin to dexamethasone against the weight of digoxin
(mg) was linear over the range 0.1-0.4 mg, and the regression equation was y =

6.164 x - 0.02236 with a correlation coefficient of 0.9997. The micro-HPLC method
was satisfactory for the determination of digoxin in tablets.

This assay was applied to the study of single-tablet content uniformity of fJ-

2

1
o 10 20 30 (min)

Fig. 6. Chromatogram of the extract of a digoxin tablet with an internal standard. Peaks: I = dexa­
methasone; 2 = digoxin. Conditions as in Fig. 5.
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TABLE II

RESULTS OF SINGLE-TABLET ASSAYS OF Ii-METHYLDIGOXIN AND DIGOXIN TABLETS
BY THE MICRO-HPLC METHOD

Tablet Percent of label claim Tablet Percent of label claim
number number

Ii-Methyldigoxin* Digoxin** Ii-Methyldigoxin* Digoxin**

1 98.5 100.1 11 100.1 100.5
2 97.9 101.6 12 99.6 100.i
3 99.4 99.5 13 99.7 101.8
4 101.2 100.5 14 101.6 98.5
5 99.6 100.0 15 101.2 99.9
6 97.2 100.8 16 98.8 100.3
7 98.3 99.6 17 97.0 100.0
8 99.3 100.3 18 101.7 101.1
9 99.6 100.4 19 99.2 99.4

10 100.0 99.6 20 101.4 100.2

Mean ± S.D. 99.6 ± 1.4 100.2 ± 0.76

* O.I-mg tablet.
** 0.25-mg tablet.

methyldigoxin O.I-mg tablets and digoxin 0.25-mg tablets. The assay results obtained
from 20 determinations of randomly selected tablets are collected in Table II. The
data indicate that the contents were within 97.0-101.7% (99.6 ± 1.4%, mean ±
S.D.) of the label claim for fj-methyldigoxin tablets and within 98.5-101.8%
(100.2 ± 0.76%) for digoxin tablets. These values show excellent agreement with the
manufacturers nominal content.

In conclusion, the micro-HPLC assay method described has been demonstrat­
ed to be accurate, precise and sensitive enough for the determination of fj-methyl­
digoxin and digoxin in individual tablets. The use of dexamethasone as an internal
standard enables the quantitative analysis of these cardiac glycosides. Micro-HPLC
is a convenient and inexpensive method in comparison with conventional HPLC,
because of the simplicity of micro column packing and the use of small amounts of
the packing material and eluent. Consequently, this method is suitable for the routine
quality assurance of pharmaceutical formulations. It is hoped that it can be adopted
for the determination of cardiac steroids in other dosage forms.
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SUMMARY

An automated two-dimensional chromatographic method has been developed
for the isolation and concentration of recombinant fusion proteins with J1-galacto­
sidase. The system consists of an immunoaffinity column with anti-J1-galactosidase
antibodies as ligand, followed by an anion-exchange column. It was used for the
purification and concentration of recombinant fusion proteins from Mycobacterium
tuberculosis and M. leprae. Small amounts of crude lysates of Escherichia coli were
loaded stepwise onto the immunoaffinity column with intermittent washing, elution
and re-equilibration. After several cycles the eluate was passed through the anion­
exchanger. Using an immunoaffinity gel of 5-ml volume and the anion-exchanger
Mono Q HR 5/5, from 10 ml of crude E. coli lysate (containing up to 50 mg of
protein) up to 100 flg of recombinant protein in a 2-ml volume could be isolated
overnight.

INTRODUCTION

The clonal approach on the genetic level provides defined proteins of the cloned
species. An expression library of the pathogens Mycobacterium tuberculosis and M.
leprae has been established in the Agtll vector system, and several recombinant pro­
tein antigens have been identified with monoclonal antibodies1 ,2. Because the host
response to these pathogens is mediated by T-cells, an understanding of the antigens
recognized by T-lymphocytes is of particular importance3 . Analysis of recombinant
proteins with peripheral blood T lymphocytes, however, requires separation of the
antigen of interest, which makes up only a minor part of the lysate from E. coli
components. Therefore we have developed an automated method for the purification
of these recombinant proteins. This procedure is based on the fact that, in the Agtll
system, recombinant proteins are expressed as fusion proteins with J1-galactosidase.
This common feature of different recombinant fusion proteins makes affinity chro­
matography directed to J1-galactosida~e with substrate analogues or antibodies as
ligands the method of choice4 • Because the recombinant fusion proteins failed to

0021-9673/88/$03.50 © 1988 Elsevier Science Publishers B.Y.
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express f3-galactosidase activity, we used purified polyclonal rabbit antibodies di­
rected against f3-galactosidase as affinity ligand. With this isolation procedure we
were able to purify different recombinant mycobacterial antigens for functional
analysis with peripheral blood T-Iymphocytes.

METHODS

Culture and lysis of recombinant E. coli clones
E. coli Y1089 containing no Agtll-phage, recombinant E. coli clone Y3179

expressing the 18 kDa antigen of M. leprae 1 , and clones Y3143, Y3144, Y3147,
Y3252, Y3272, Y3275 expressing the 65-kilodalton (kDa), 14-kDa. 19-kDa, 19-kDa,
71-kPa, 12-kDa antigens of M. tuberculosis2 , respectively, were kindly provided by
R. A. Young. E. coli clone Y1089G is E. coli YI089 infected with Agtll-phage alone
(kindly provided by H. G. Simon), expressing f3-galactosidase upon induction. In­
fection of E. coli Y1089 with the Agtll-phage was performed according to Huynh et
al. s. To obtain the large amounts of E. coli required for the isolation of recombinant
proteins, 500 ml of Luria-Bertani medium6 were inoculated with a single colony of
the recombinant E. coli lysogen and incubated on a shaker at 32°Cs. When the culture
had grown to an optical density of 0.5 measured at 600 nm, the temperature was
increased to 43°C and incubation was continued for 20 min. Isopropylthiogalacto­
pyranoside (IPTG, Sigma) was added to the cultures, which were further incubated
at 3rC for 1 h. In contrast to otherss we used 1 mM IPTG for induction, since with
E. coli YI089G we had found that this concentration of IPTG was sufficient for
optimal induction of f3-galactosidase expression. Cells were rapidly centrifuged for
5 min at 6000 g and 25-30°C, pellets were suspended in ca. 20 ml of Tris-buffered
saline (TBS, 20 mM Tris, 150 mM sodium chloride pH 7.5) and frozen at -24°C.
After thawing, phenylmethylsulphonyl fluoride (2 mM final concentration, Sigma)
was added, and cells were disrupted by sonificatio.n. The sonicate was centrifuged for
20 min at 45 000 g to remove cell debris, and supernatants were frozen at - 24°C
until used.

Preparation of anti-f3-galactosidase antibodies
A rabbit was immunized with 1 mg of f3-galactosidase (grade VIII from E. coli,

Sigma) in 0.5 ml of phosphate-buffered saline emulsified in 0.5 ml of complete
Freund's adjuvant (Difco). After 4 weeks, the rabbit was boosted in a similar way,
and 7-14 days later blood was collected. The immunoglobulin G (IgG) fraction was
isolated from the serum with a protein-A Sepharose CL-4B column (Pharmacia), and
then passed twice through a column with soluble proteins of E. coli Y1089 as ligand
(1.2 mg of protein coupled to 1 ml of cyanogen bromide-activated Sepharose 4B
(Pharmacia) as matrix) to remove cross-reacting IgG against E. coli proteins. Between
passages the column was cleared with 0.1 M sodium acetate (pH 4.0) and 0.1 M
diethanolamine (pH 11.0), and re-equilibrated with 50 mM Tris (pH 7.5, buffer A).
The purified IgG fraction was used for immunoaffinity chromatography and im­
munostaining of Western blots.
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Preparation of the immunoaffinity column
Purified anti-j1-galactosidase IgG fraction (1 mg of protein) was coupled to 1

g of dry cyanogen bromide-activated Sepharose 4B (Pharmacia).

Western blots
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) with a discontinuous

buffer system? was performed in a separation gel with a linear polyacrylamide gra­
dient from 22% to 10%. Crude E. coli extracts (15 J.1g of protein) were loaded on
each lane. After electroblotting onto nitrocellulose8 , the sheet was blocked with 2.5%
bovine serum albumin (BSA) in TBS. The blot was developed by incubation with 25
ml of anti-j1-galactosidase antibodies (6 J.1g/ml diluted in TBS containing 0.5% BSA
and 0.02% sodium azide) for I h, followed by three washings with 0.05% Tween 20
in TBS, and incubation with an alkaline phosphatase-labelled antibody against rab­
bit-IgG (diluted 1:5000 in TBS-0.5% BSA-0.02% sodium azide). After I h the ni­
trocellulose was washed four times with 0.05% Tween 20 in TBS, and finally devel­
oped with nitro blue tetrazolium and 5-bromo-4-chloro-3-indolylphosphate, accord­
ing to the immunoblot kit (Proto Blot immunoblotting system, Promega Biotec).

SDS-PAGE
SDS-PAGE of protein fractions was performed with the PhastSystem (Phar­

macia) with 10-15% gradient PhastGels. Gels were stained with the silver stain9 •

Protein assay
Protein concentrations were determined with the Coomassie dye-binding assay,

using BSA as standard (BioRad)l°.

Assay of j1-galactosidase
j1-Galactosidase was assayed with O-nitrophenyl-j1-o-galactoside (Sigma) as

substrate at 20°C in 0.1 M sodium phosphate buffer (pH 7.3) containing 0.1 M 2­
mercaptoethanol, I mM magnesium chloride and 2.3 mM substrate. The increase of
absorbance was recorded at 410 nm.

Two-dimensional chromatography
The immunoaffinity chromatography (lAC) column containing 5 ml of gel and

the anion-exchanger Mono QHR5/5 (Pharmacia) were connected to the fast protein
liquid chromatograph (Pharmacia) under two-dimensional chromatographic condi­
tions using the lAC column first (Fig. I). A superloop containing 10 ml of E. coli
lysate was used as a sample reservoir.

The affinity chromatographic cycle consisted of the following four steps: "(I)
re-equilibration of the lAC column with 15 ml of 50 mM Tris (pH 7.5, buffer A); (2)
loading 1.3 ml of the sample; (3) washing with 20 ml of buffer A and collection of
the protein peak; (4) antigen elution with 10 ml of 50 mM diethanolamine (pH 11.0).
A 9-ml volume of the eluate containing the majority of eluted antigens was collected
and directed into a reservoir on a magnetic stirrer with 3/40 volume-of 1.5 M sodium
phosphate buffer (pH 6.5) (for 9 ml of eluate, 0.675 ml of phosphate buffer was
required to achieve pH 7.5-8.0). The flow-rate was 1 ml/min, except during the load­
ingstep (2) and for the first 4 ml of step (3), when the flow-rate was reduced to 0.34
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20 'I, CH3 OH
W-4M Br2
pH =4,0

This paper presents a new approach to the joint use of HPLC and flow injection
analysis (Fig. IC) in which the flow injection sub-system allows the total determi­
nation of several related compounds; the individual analysis for each analyte is per­
formed by the HPLC sub-system while the flow injection sub-system acts as a post­
column reactor-detector, thereby enhancing the information obtained from the sam­
ple. The best field for the joint use of these techniques is the analysis of large numbers
of samples of which only a few may be of interest because their toxicity or their role
as disease indicators. An example is the analysis of foods for aflatoxins. A study
performed on about 300 food samples for these carcinogenic compounds revealed
their presence in only 6% of them 7. Among the different aflatoxins known, the most
frequent are B1> Bz, G 1 and G z. Fluorimetry is the detection technique most com­
monly used with these substances because of their native fluorescence (/lex = 360 nm
for all them, /lern = 440 nm for B1 and Bz and 470 nm for G 1 and G z). The maximum
allowed content of aflatoxins is of the order of a few micrograms per kilogramS,
hence methods for their determination must be very sensitive. The fluorescence of
aflatoxins B1 and Gl, which is lower than that of Bz and Gz, can be increased by
using strong acids9 or oxidants such as chloramine po iodine II or bromine l2 . Bro­
mine was used as the derivatizing agent in this work. It aCts by adding itself to the
double bond of the furan ring of aflatoxins BI and G 1 13, thereby increasing their
fluorescence by a factor of 20 or more.

EXPERIMENTAL

Apparatus
The experimental set-up is shown in Fig. 2. The system was built from a high­

pressure dual-piston pump (Model 64; Knauer, Berlin, F.R.G.), a Knauer variable­
volume rotary injection valve, a small-bore, low-volume mixing Y-piece (Omnifit
2407), a 200 mm x 4 mm I.D. analytical column filled with Nucleosil 120 A, 5 flm,
CIS, and a Perkin-Elmer LS-I fluorescence detector equipped with a low-volume flow

, cell (inner volume 4 fll) and connected to a Perkin-Elmer RIOO recorder. All con­
nections were made from 0.25 mm I.D. stainless-steel capillary tubing fitted with
laboratory-constructed hand-tight Kel-F nut-ferrule combinations. The flow injec­
tion sub-system was made up of a four-channel Gilson Minipuls-2 peristaltic pump

q=0,7ml/min 5

C

w

Fig. 2. Integration of HPLC-FIA for the determination of total aflatoxins by FIA and individual afla­
toxins by HPLC. P, P', V, V' and C as in Fig, I; S is the sample and M is the point of mixing of the eluent
and derivatizing reagent. V' can be removed and a 1.3. 10- 3 M bromine solution flow-rate of 0.18 ml/min
must be used when only the HPLC system is employed.
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