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Abstract: Qualitative and quantitative applications of thin-layer chromatography (TLC)
in the biomedical and pharmaceutical fields are briefly surveyed. Some recent
developments, including high-performance TLC (HPTLC) and reversed-phase TLC
(RPTLC), together with techniques such as multiple development and continuous
development, are considered. Instrumentation for HPTLC, and new developments in
the detection and spectroscopic characterization of substances on TLC plates, are briefly
described.
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General Introduction

Although thin-layer chromatography (TLC) was first described over 40 years ago, it only
came into general use following the pioneering work of Stahl [1]. The technique has since
proved so useful that it is now employed in almost every area of biomedical and
pharmaceutical research. Advances in other areas, particularly high-performance liquid
chromatography, have resulted in some changes in the pattern of use of TLC, but there is
no evidence of its relegation to the minor role now occupied by paper chromatography.
Indeed it has been claimed that nearly 30% of all chromatographic publications have
been devoted to TLC [2], and Sherma and Fried recently identified some 2000
publications in this area over the period 1981-1983 [3].

There are many reasons for the continued popularity of TLC. These include simplicity,
speed, robustness and large sample capacity, combined with modest demands on
equipment and resources. As a method for qualitative analysis TLC is probably
unsurpassed, and the advent of reliable and sensitive TLC scanners has extended
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applications of the technique to quantitative analysis with detection limits at the ng, or
even pg, level for suitable compounds. Whilst the power of HPLC for quantitative work
is unquestioned, there are certain circumstances where TLC may have signifi¢ant
advantages. For instance, sample preparation for TLC is often less complex than for
HPLC, and samples that would destroy an expensive HPLC column after a few
injections can often be analysed without difficulty. Further, there are fewer restrictions
on the types of solvent that can be used in TLC. Thus solvents that cannot be used for
HPLC because of their high UV absorbance (e.g. toluene, acetone, ethylacetate) are
suitable for TLC, where chromatography and detection are distinct processes.

The versatility of TLC can be extended by employing a vast range of post-
chromatographic spray reagents to enhance the specificity and sensitivity of detection.
This is analogous to the use of post-column reactions in HPLC; however, in the latter
case the reagent must be compatible with the effluent from the HPLC column, a
limitation which does not apply to TLC.

Since its discovery TLC has evolved into an important analytical tool. In this brief
survey the current applications of the technique in the biomedical and pharmaceutical
fields will be considered, and recent developments in techniques, equipment and the
TLC plates themselves described.

Biomedical and Pharmaceutical Applications of Thin-Layer Chromatography

The general description “biomedical and pharmaceutical” analysis covers a broad
spectrum of applications including pharmaceutical research and development, pharma-
ceutical production, therapeutic monitoring, the generation of plasma and urinary data
for pharmacokinetic evaluation, forensic science, toxicology and drug metabolism
studies.

In the pharmaceutical field, major applications of TLC include the stability testing of
drugs in their various formulations and under extremes of temperature, humidity and
light. TLC is also much used in the determination of purity and for quality control.

The development of TLC as a quantitative technique capable of measuring drugs in
plasma and urine down to the low ng ml™! level under favourable circumstances has
resulted in its application to biomedical analysis for the acquisition of pltirmacokinetic
data and for therapeutic monitoring. The technique can also be used as a rapid screen to
assess patient compliance in clinical trials by providing a simple and inexpensive
qualitative assay for the drug in urine. In this laboratory such an approach has been used
to determine not only the extent of patient compliance during clinical trials on a novel
non-steroidal anti-inflammatory drug, but also the degree to which other anti-
inflammatory drugs, such as aspirin, were being taken [4]. Such data is easily obtained
and greatly aids the analysis of clinical data. Very often such a compliance assay can be
made simple enough to be performed by the clinician in the absence of elaborate
facilities. It is difficult to envisage a similar application using HPLC, and indeed to use
HPLC for this type of qualitative analysis would be a waste of resources.

TLC is extensively employed in the allied fields of toxicology and forensic science for
the rapid identification of drugs and poisons in extremely varied samples ranging from
proprietary preparations, illicit materials, body fluids and stomach contents. The extent
to which TLC is applied to this area is perhaps best illustrated by a recent article in which
chromatographic data was provided for nearly 800 drugs in eight different solvent
systems [5].
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The simplicity and robustness of TLC has also ensured its continued application to
drug metabolism studies. It is particularly useful in the early stages of this type of work
where a rapid assessment of the extent of metabolism and an indication of the number
and nature of the metabolites is required. Such studies are greatly simplified by the use of
radiolabelled test compounds which allow for the specific detection of drug-related
compounds in the presence of large amounts of endogenous contaminants. Thus, even
though the samples to be analysed include plasma, urine, milk, bile and extracts or
homogenates of facces and tissues, sample preparation can be kept to a minitnum. Apart
from this, TLC has the advantage that it is possible to locate all the radiolabel which has
been applied to the plate, and a complete picture of the distribution of radioactivity in
the sample is obtained, regardless of its chromatographic properties. In this way
problems of the “loss” of radioactivity due to its non-elution from an HPLC column are
avoided.

The introduction of HPLC, especially preparative scale HPLC and gradient elution,
into the field of drug metabolism has resulted in a decrease in the use of TLC, especially
for metabolite isolation. However, TLC shows no sign of being complétely replaced by
HPLC, and remains eminently suited to providing a rapid indication of the extent of
metabolism which has occurred, and for showing differences due to strain, sex or species.

Recent Developments in Thin-Layer Chromatography

TLC plates

TLC has traditionally been performed on layers formed from silica gel, kieselguhr,
alumina, cellulose or polyamide coated onto glass, plastic or aluminium foil. For silica
gel, the most popular TLC adsorbent, the thickness of the lavers is generally about 0.2
mm for analytical work, and up to 2 mm for preparative plates. The particle size of the
silica used for TLC is generally ca 20 pm. Two recent developments which have had a
significant impact on the practice of TLC have been the introduction of high-
performance TLC (HPTLC) and the commercial availability of a range of alkyl-bonded
reversed-phase (RP) TLC plates.

HPTLC differs from conventional TLC in 2 number of respects, the foremost of which
is the size of the particles forming the layer. These are in the size range 5-10 pm and are
coated in 100-250 pm thick layers. The small size and uniform nature of the particles
result in a more rapid and efficient separation than is possible with 20 wm or larger
particles.

A number of claims have been made for HPTLC (compared to TLC) including
improved resolution, increased number of samples per plate, increased sensitivity (due
to smaller spot size), improved reproducibility and performance approaching that of
HPLC. However, some of these advantages are more apparent than real. For example,
the enhancement in sensitivity claimed for HPTLC is often only 2-3 times that of TLC
because of limitations in the amount of sample which can be applied to the HPTLC plate.
Good sample application is critical in order to obtain the best performance from HPTLC
plates and spots must be kept to 1-2 mm in diameter. Whilst this is still well within the
capabilitics of most chromatographers it results in sample application being time-
consuming and tedious. However, the development of automatic sample spotters
(discussed in the next section} and HPTLC plates incorporating a non-adsorbant
preconcentration zone has gone some way to minimizing this problem.

Many manufacturers now produce HPTLC plates but these must be selected with care
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as the quality of the plates, vital if true HPTLC is to be performed, can leave much to be
desired.

There is no doubt that the development of HPTLC has done much to transform TLC
from a qualitative into a quantitative technique; however, this has to some extent been at
the expense of the simplicity and robustness which are claimed to be features of TLC.

Whilst reversed-phase TLC using stationary phases impregnated with paraffin or
octanol has been known for many years, it is only since the introduction of bonded
phases that RPTLC has become popular. This new-found interest in RPTLC
undoubtedly owes much to the greater understanding of reversed-phase chromatography
which has been brought about by the development of RPHPLC. A similar (albeit less
extensive) range of stationary phases to that found in HPLC is available for TLC,
including C,, Cg, Cy2, Cs and aminopropyl-bonded silicas. Whilst all of the commer-
cially available bonded RPTLC plates are suitable for RPTLC, it should be noted that
nominally similar plates from different manufacturers can have quite different
characteristics. In our own studies [4, 6] we have noted marked differences in the
chromatographic properties, hydrophobicity and sample capacity of C,53 bonded RPTLC
plates from three different manufacturers. Brinkman and De Vries have performed an
extensive evaluation of the different types of RPTLC plate currently available [7].

Experience with bonded RPTLC plates in this laboratory has revealed a number of
advantages and disadvantages associated with their use. One of the major problems is
the intensely hydrophobic character of many of the plates. This property severely limits
the amount of water which may be used in the mobile phase, restricting the range of
solvent systems possible, and makes the direct application of aqueous samples (e.g. bile,
urine or plasma) impossible. To some extent this has been overcome by the introduction
of a number of non-hydrophobic plates (Cy, Ci> or Cg3 bonded). We have found such
non-hydrophaobic plates to possess many practical advantages over their hydrophobic
counterparts. For example, with the non-hydrophobic type of plate the use of any
proportion of water in either solvent or sample is possible [8-10]. Further, the rate of
migration of the mobile phase is rapid and independent of the solvent composition. This
is contrary to the situation observed with the hydrophobic plates where solvents
containing a large proportion of water (eg < 40%) give very long development times
(~1-2 h).

Advantages of RPTLC include good chromatography of polar compounds (aithough
ionic compounds such as acids may require the use of ion-pair reagents), improved
stability of compounds which decompose on TLC using silica gel [11], high recoveries of
material applied to the plate [6, 12] and the ability to develop solvent systems in a logical
and predictable way. The latter property resuits from the linear relationship, generally
observed in RPTLC, between Ry and the organic modifier content of the mobile phase.
This is illustrated in Fig. 1 for two non-steroidal anti-inflammatory drugs. This
predictable relationship between solvent composition and Ry allows the required Ry for a
particular compound to be achieved in the minimum number of experiments.

Although there are at first sight many similarities between RPTLC and reversed-phase
HPLC it would be wrong to assume that this is always the case. Indeed, there are several
examples of factors which are important in HPLC having little or no effect in RPTLC.
For example, control of solvent pH is widely used to obtain retention of ionizable
compounds in HPLC, but in many cases has no effect in RPTLC [13]. Similarly, pH is of
great importance in ion-pair HPLC, but a range of pHs from 2 to 10 had no effect on the
Ry values of a range of strongly acidic compounds in ion-pair RPTLC [13].
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In ion-pair RPTLC it is important to note that, at least with the longer chain ion-pair
reagents (e.g. cetrimide) prior impregnation of the plates with the reagent is essential to
obtain efficient ion-pairing [13, 14]. Even with the shorter chain reagents (e.g.
tetramethylammonium), which may be used with the reagent present only in the mobile
phase, pre-chromatographic impregnation of the plate results in a higher degree of ion-
pair formation (lower Ry values) [13]. '

It was stated earlier that RPTLC was originally performed on silica gel impregnated
with paraffin. As a result of the introduction and general availability of alkyl-bonded
phases, RPTLC on impregnated plates seems largely to have been ignored. However,
theé impregnated plates can give just as good chromatographic results as their bonded
equivalents, are simple to prepare and are very economical. Further, such plates show
many of the advantages of the non-hydrophobic-bonded RPTLC plates in that they may
be used for entirely aqueous samples or mobile phases [4, 10].

Development techniques

Conventional TLC involves a single development in a suitable solvent system. This is
achieved by immersing the first few millimetres of the adsorbent in the solvent, which is
then allowed to migrate far enough up the plate to achieve the desired separation.
However, this simple procedure is often insufficient when the separation of complex
mixtures is required, especially when the components cover a range of polarities. To
overcome this type of problem a number of additional techniques have been devised.
These newer methods include continuous development, multiple development, con-
tinuous mulitiple development, programmed multiple development (PMD), over-
pressurized TLC (OPTLC), circular (or radial) and anticircular development, two-
phase-two-dimensional development, and triangular TLC. The essential features of
each of these techniques are described below.

Continuous development. For continuous development (CD) the solvent is allowed to
advance a fixed distance up the plate at which point it is continuously evaporated [15].
The technique exploits the fact that in TLC the migration velocity of the mobile phase is
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inversely proportional to the square of the distance travelled. Consequently the use of
short development distances, where the solvent velocity is at its highest, permits
separations to be achieved rapidly, especially when combined with HPTLC. The use of
solvents of eluotropic strength lower than that required for conventional TLC is also
permitted, and may be exploited to increase the selectivity and resolution of the system.

Multiple development. In multiple development (MD) the TLC plate is repeatedly
redeveloped, with or without a change in the solvent system. In this way the components
may be separated a few at a time, using different solvent systems to accommodate a wide
range of polarities. Alternatively a solvent of lower than normal eluotropic strength may
be used to increase the separation between spots. A further benefit of the method is that
with each development there is a reconcentration effect which maintains a sharp spot
profile and thus improves sensitivity. -

By combining continuous and multiple development into continuous multiple
development (whereby the plate is repeatedly dried during the continuous development)
the advantages of both techniques may be combined [15].

Programmed mulfiple development. As its name suggests, programmed multiple
development (PMD) is an instrumentalized form of multiple development [16]. In PMD
the plate is automatically cycled though a succession of solvent developments. At the end
of each development solvent is removed, using either radiant heat or an inert gas. At
each development the solvent front is allowed to migrate slightly further up the plate
than the preceding one, until the required separation is achieved. Because of the
automatic nature of the system, and the rapid removal of solvent by heating, PMD is less
time-consuming and labour-intensive than conventional multiple development, and
allows many more developments of the plate. This makes the toechnique particularly
useful for complex mixtures or those requiring the high sensitivity resulting from the spot
reconcentration effects observed with each development. The principal limitation of
PMD (apart from the cost of the equipment) appears to be the possible thermal
breakdown of heat-sensitive compounds during the solvent evaporation steps. Although
gas alone may be used to remove solvent, some broadening of the spots is possible [16].

Overpressurized TL.C. Tn most TLC separations the plate is exposed to the vapour of
the solvents in which it is developed, with considerable consequences for the
chromatography, but this is not the case in overpressurized TLC. Instead the thin layer is
completely covered by a flexible membrane, held in place by external pressure [17]. Thus
the vapour space above the plate is virtually eliminated. The solvent is introduced to the
layer by a pump (to overcome the overpressure on the layer). The balance between the
input pressure of the solvent, which increases linearly with increasing sotvent migration
distance, and the external pressure on the membrane (which must always be higher) has
to be carefully maintained. The chromatograms obtained are similar to those in TLC and
HPTLC, but with shorter development times due to the constant flow of solvent.

Circular (radial) and anticircular TLC. In circular development the solvent is fed into
the centre of the plate and migrates outwards towards its edges. The samples to be
analysed are arranged in a circle around the site of solvent entry. Proponents of circular
TLC claim that the combination of highly efficient HPTLC plates and circular
development results in increased resolution of compounds of low R, (45 times that of
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conventional TLC), and faster development times. The latter property results from the
optimum separations being achieved in 20-25 mm compared with 40-50 mm for linear
development. Much of the recently reported work in circular TLC has been performed
using the “U” chamber developed by Kaiser [18]. In this system the developing solvent is
fed into the centre of the plate (which is positioned with the adsorbent layer face down)
using a motor-driven syringe. The advantage of the “U” chamber over other methods for
circular development is the high degree of control which can be exercised over factors
such as flow rate, humidity and the composition of the vapour phase close to the
adsorbent.

In anticircular development the solvent flows from the edges of the plate inwards to
the centre. Samples are therefore applied in a circle of slightly smaller radius than that of
the solvent feeding line. Compared with circular development, anticircuiar TLC offers
advantages for the separation of compounds of high R,

Kaiser has compared circular, anticircular and linear TLC for a range of chromato-
graphic properties [19]. Anticircular TLC was found to be superior in terms of
sensitivity, number of samples per plate, speed of analysis and solvent consumption.
Conventional linear TL.C was ranked second and circular TLC last. However, the
separation number achieved by circular TLC was better than for either of the other two
techniques.

Both circular and anticircular development modes require specialized apparatus. Issaq
has described a form of TLC which used plates cut into triangles [20]. Samples are
spotted along the base of the triangle, and during chromatography (which is
accomplished in a standard TLC tank) the shape of the plate results in restricted
diffusion of the spots, and hence greater sensitivity. The technique is claimed to combine
many of the advantages of anticircular and linear TLC.

Two-dimensional-two-phase TLC. Two-dimensional TLC, reviewed by Azkaria et ai.
[21], is a long established method for the separation of complex mixtures. In the past it
has been usual to use the same underlying separation mechanism in each diversion (two
consecutive normal phase developments) and change the selectivity of the solvent system
to effect resolution. The resurgence of interest in reversed-phase TLC has resulted in the
development of a number of two-phase—two-dimensional steps systems employing both
reversed- and normal-phase separations. The systems which have been used have been
silica gel TLC plates with a strip of silanized (usually C,3) material down one edge (of the
type manufactured by Whatman or prepared in the laboratory [22]), or the impregnation
of the plate with paraffin (or some similar substance) during or after the first normal
phase development [23]. Such two-phase systems can be of great utility where both polar
and non-polar components must be separated.

Instrumentation

One of the consequences of the introduction and development of HPTLC has been the
requirement for careful control at all stages of the TLC procedure (i.e. sample
application, development and quantification) in order to obtain the maximum
resolution, accuracy and precision of which the new plates are capable. This requirement
has led to the instrumentalization of TLC to the extent that virtually the whole TLC
procedure can now be automated to a greater or lesser extent. The automated
development techniques, such as OPTLC, PMD and the “U” chamber, have been
described in preceding sections and will not be discussed further.
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In the area of sample application, of critical importance for good HPTLC, devices are
now available which can apply volumes of =50 nl with a precision of about 1%. Samples
are applied either singly or simultaneously (depending on the techniques), from fixed
volume capillaries, from a micrometer-controlled syringe, by contact spotting or by
spraying. The latter technique, exemplified by the Linomat III (Camag), is especially
useful for the application of relatively large volumes (2-99 pl) as bands rather than
spots. This type of sample application can give better resolution than spot applications,
and can improve quantification by eliminating certain types of systematic error in the
measurement of absorbance. This is a result of the more uniform distribution of material
within the band, even after chromatographic development, compared with the results
observed when the sample is applied as a spot [24].

The TLC UV/visible scanners currently available for the post-chromatographic
quantitative evaluation of TLC plates are capable of measuring absorbance, fluor-
escence, fluorescence quenching (by reflectance), and many are capable of providing the
spectra of individual spots in situ. The latter capability is especially useful for
confirmation of identity, and for determining the optimum wavelength for scanning. For
example, the Camag instrument illustrated in Fig. 2 will measure absorbance and
fluorescence over the wavelength range 200-800 nm, and linear, circular and anticircular
chromatograms may all be evaluated.

Figure 2 ;
Instrumentation for modern quantitative TLC: the Camag TLC scanner II and data system.

Together with the natural spectroscopic properties of the compounds of interest, there
is a vast range of post-chromatographic reagents which may be exploited to provide
compound- or class-specific colour reactions in order to enhance specificity and/or
sensitivity |25, 26].

Apart from the well established UV/visible absorption and fluorescence detectors a
number of other systems exist. For example, the latroscan instrument performs
chromatography on silica gel coated quartz rods with detection by flame ionization
detector (FID). Whilst TLC-FID appears to.be a useful innovation as a ‘universal
detector’ for the TLC of carbon compounds, there are reports of problems with reliable
quantification [3, 27]. Tt will be of interest to see if these can be overcome.
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Other spectroscopic techniques have also been applied to TLC. For example, mass-
spectra have been obtained for a variety of compounds on polyamide-coated plates [28].
The mass spectrum of the non-steroidal anti-inflammatory drug isoxepac from such a
plate is shown in Fig. 3. The polyamide was removed from the plate and placed in the tip
of a quartz probe. The DI mass spectrum was then obtained in the usual way, and is
indistinguishable from a normal DI probe spectrum. Other workers have used the
technique of fast atom bombardment (FAB) [29] and recently the use of mass
spectrometer as a TLC plate scanner has been described [30]. Whilst perhaps not
applicable to every compound, TLC-MS may provide a useful alternative to the time-
consuming elution and reconcentration steps otherwise required to obtain mass spectra

of compounds on TLC plates.
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Figure 3

DI probe mass spectrum (70 eV) of isoxepac obtained directly from polyamide TLC plates. The appropriate .
area of the plate was removed frem the TLC plate and placed in the probe tip. A mass spectrum was then
obtained in the usual way.

Similarly, the technique of infrared (IR) spectroscopy has been applied to TLC. A
recent innovation in this area has been the use of diffuse reflectance Fourier transform
infrared spectroscopy enabling good IR spectra to be obtained for microgram amounts of
sample on the TLC plate [31].

In the area of drug metabolism one of the most significant developments has been the
development of the ‘linear analyser’ type of radioactivity monitor. This type of
instrument differs from conventional radio-TLC detectors of the ‘spark chamber’ type in
that the detector itself does not scan the plate. Instead the ionization chamber is long
enough to cover the whole of the area (o be scanned (25 x 1.5 em), and incorporates a
position sensitive secondary detector to localize the radioactivity [32]. This type of
detector is very sensitive compared with conventional radio-TLC scanners, and can
detect as little as 100 dpm of "*C or 1000 dpm of *H. This greatly increases the speed with
which results may be obtained compared with either autoradiography or plate
segmentation followed by scintillation counting. A typical instrument, the Berthold LB
284, is shown in Fig. 4.
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Figure 4
The Berthold LB 284 linear analyser and data system for the detection of radioactivity on TLC plates.

Conclusion

The last decade has seen TLC transformed from a low resolution qualitative technique
into a modern high-performance quantitative technique, albeit at the expense of much of
its traditional simplicity and cheapness. Given the continuing high level of innovation in
both TLC plates and detectors, the future of TLC seems assured.

In its routine role of qualitative analysis it is difficult to envisage a more suitable
technique than TLC. However, in the area of quantitative analysis it would seem likely
that the dominant techniques will continue to be gas and high-performance liquid
chromatography. These techniques are so well established that even the advances which
have been made in instrumentalized HPTLC are unlikely to dislodge them. Proponents
of quantitative TLC who foresee a revolution in analysis brought about by instrumental-
ized TLC ignore the large investment which many laboratories have made in time,
money and expertise in HPLC and GLC,

Even so, for many quantitative applications instrumentatized HPTLC provides a
viable alternative to other systems and the consideration of its adoption as an additional
analytical technique has never been more worthwhile.

Acknowledgemenis — The authors gratefully acknowledge the provision of the mass spectrum of isoxepac by
Mr D. Hillbeck, photographic work by Mr R.A.J. Coe and typing of the manuscript by Mrs S. McCarroll.

References

[1] E. Stahl, in Thin Layer Chromatography (E. Stahl, Ed.), pp. 1-6. George Allen & Unwin, Londen
(1969).

[2] K. 1. Macek, in J. Chromatogr. Library (E. Heftman, Ed.), Vol. 22A, pp. 161-194. Elsevier/North
Holland Biomedical Press, Amsterdam (1983).

[3] J. Sherma and B. Fried, Aral. Chem. 56, 48-63 (1984).

[4] . D. Wilson, in Drug Determination in Therupewtic and Forensic Contexts (E. Reid and I. D. Wilson,
Eds). Plenum, New York (1983).

5] A. M. Stead, R. Gill, T. Wright, I. P. Gibbs and A. C. Moffat, Anafyst 107, 1106-1168 (1982).

[6} I. D. Wilson, S. Scalia and E. . Morgan, J. Chromatogr. 212, 211-219 (1981}.



THIN-LAYER CHROMATOGRAPHY 501

[7} U. A. Th. Brinkman and G. DeVries, J. Chromarogr. 258, 43-55 (1983).
[8] M. Faupel and E. von Arx, J. Chromatogr. 211, 262-266 (1981).
[3] D. Volkman, J. High Resolut. Chromatogr. Chromatogr. Commun. 4, 263-266 (1981).
[10] 1. D. Wilson, J. Chromatogr. 291, 241-247 (1984).
[11] I. D. Wilson, J. Pharm. Biomed. Anal. 1, 219-222 (1983).
[12] I. D. Wilson, C. R. Bielby and E. D. Morgan, J. Chromatagr. 242, 202-206 (1982).
[13] S. Lewis and [. D. Wilson, J. Chromatogr. 312, 133-140 (1984).
[14] G. Szepesi, Z. Vegh, 5z. Gyulay and M. Gazdag, J. Chromatogr. 290, 127-134 (1984).
[15] K. W. Lee, C. F. Poole and A. Zlatkis, in fastrumental HPTLC (W, Bertsch, 8. Hara, R. E. Kaiser and
A. Zlatkis, Eds.), pp. 245-273. Dr Alfred Hiithig Verlag, Hiedlberg (1980).
16] J. A. Perry, T. M. Jupille and L. J. Glunz. Aral. Chem. 47, 65-74 (1975).
17] Z. Lengyel, E. Tyihak and E. Minesovics, J. Liquid Chromatogr. 5, 1541-1533 (1981).
18] R. E. Kaiser, in HPTLC — High-Performance Liguid Chromatography (A. Zlatkis and R. E. Kaiser,
Eds.), pp. 73-84. Elsevier/North Holland Biomedical Press, Amsterdam (1977).
19] R. E. Kaiser, J. High Resolut. Chromatogr. Chromatogr. Commun. 1, 164-169 (1978).
20] H. J. Issaq, J. Liquid Chromatogr. 3, 789-796 (1980).
21] M. Azkaria, M. -F. Gonnord and G. Guiochon, J. Chromarogr. 271, 127-192 (1983).
22] H. 1. Issaq, 4. Liquid Chromatogr. 3, 841-844 (1980}).
23] L. D. Wilson, J. Chromatogr. 287, 183-188 (1984).
24] H. R. Schmutz, in Instrumental HPTLC (W. Bertsch. §. Hara, R. E. Kaiser and A. Zlatkis, Eds.). pp.
315-343. Dr Alfred Hiithig Verlag, Heidelberg (1980).
[25] K. G. Krebs, D. Heusser and H. Wimmer, in Thin Layer Chromatography (E. Stahl, Ed.). George Allen
& Unwin, London (1969).
[26] G. Zweig and 1. Sherma, CRC Handbook Series in Chromatagraphy, Scction A, Vol 11, (G. Zweig and J.
Sherma, Eds.), pp. 103-191. CRC Press, Florida (1972).
[27] R. T. Crane, S. C. Goheen, E. C. Larkin and G. A. Rao, Lipids 18, 74-80 (1983).
28] R. Kraft, A. Ouwo, A. Makower and G. Etzold, Anal. Biochem. 113, 193-196 (1981).
f29] T. T. Chang, J. Q. Lay Jor. and R. J. Francel, Anal. Chem. 56, 111-113 (1984).
[30] L. Ramaley, M.-A. Vaughan and W. D. Jamieson, Anal. Chem. 57, 353-358 (1985).
[31} G. E. Zuber, R. I. Warren, P. P. Begosh and E. L. O’'Donnell, Anal. Chem. 56, 2935~2939 (1984).

[Received for review 4 March 1985)




