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Planar chromatography: current status and future
perspectives in pharmaceutical analysis — I.
Applicability, quantitation and validation*®
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Abstract: The most important features of capillary action planar chromatographic methods are summarized. Certain
properties such as ease in operation, sensitivity to experimental conditions, stationary and mobile phase selection, phase
system optimization, separation efficiency and detection possibilities are discussed only briefly. Other aspects such as the
applicability of planar chromatographic methods in pharmaceutical analysis, quantitation and validation are considered in
more detail. The advantages and limitations of different evaluation techniques (visual comparison, spot elution
techniques and in situ densitometry) are also discussed. Validation steps specific to planar chromatographic methods are

emphasized.
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Introduction

Chromatography is extensively used in the
pharmaceutical industry as a separation tool
for quantitative and qualitative analysis.
Although the popularity of capillary action
planar chromatography has considerably
decreased during the past 10 years because of
the replacement of several standard thin-layer
chromatographic (TLC) separations by high-
performance liquid chromatographic (HPLC)
methods, it does claim a share of the market of
chromatographic techniques because many
very difficult analytical problems can be solved
even in small laboratories equipped with basic
TLC equipment. Traditional TLC is
inexpensive, simple to use, and requires
minimal instrumentation, laboratory space and
maintenance. However, to achieve good pre-
cision, accuracy and reproducibility a certain
degree of instrumentation is required; the use
of densitometric evaluation is necessary at least
for quantitation. The purpose of the present
reviews is to give a brief outline of planar
chromatographic methods with special regard
to their applicability in pharmaceutical
analysis. In the first part various aspects of the
applicability, quantitation and validation of
capillary action planar chromatographic

methods are considered. In the second part,
special techniques and future perspectives are
briefly discussed.

Applicability of Planar Chromatography

A literature search of the last 20 years
indicates that extensive reviews on TLC
systems for pharmaceutical preparations and
drug have been published [1-7]. Several
monographs, review papers and book chapters
deal with the detection and quantitation of the
separated compounds [5, 6, 8-12]. Govern-
mental authorities generally require testing of
pharmaceuticals for stability and impurity pro-
file before approval is given. Hence the
monitoring of the stability of drugs by TLC
upon storage [13-15] and under stress [16, 17]
is of concern. In addition, determination of
bulk drug purity and of the impurity profile has
been reported [4, 5, 18, 19].

To illustrate the applicability of planar
chromatographic methods in pharmaceutical
analysis a brief outline is given here. Some
aspects are well known and will be treated
briefly below. But some require a more de-
tailed discussion. These aspects are listed in
Table 1.
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Table 1

Separation efficiency of capillary action planar
chromatography

Properties Advantages  Disadvantages

Plate efficiency Good
Peak symmetry
Irreversible adsorption
Solvent purity

Spot shape

Spot size
Development modes
Vapour phase

Difficult

Frequently occurs
No problems

Dependent

Dependent

Highly dependent

Highly dependent

Ease of operation

TLC is simple in instrumentation and in
practice. The mobile phase can be easily
prepared from organic solvents of conventional
purity. The chromatograms can be visually
evaluated after colour reaction or under UV
light. However, to yield quantitative results
densitometric evaluation is usually required.
Although great efforts have been made to
achieve complete automation, this is difficult
and not widely used.

Sensitivity to experimental conditions

Planar chromatographic methods are more
or less sensitive to changes in the environ-
mental conditions. Small changes in the eluent
composition and/or in temperature and relative
humidity during the development may cause
dramatic changes in the retention character-
istics of the compounds to be separated. This
effect is more pronounced and valid if unsatur-
ated chambers are used for the development.
Similarly, the quality of any capillary action
planar chromatographic separation is also a
function of the type and size of the developing
chamber.

Stationary phase selection

The most important stationary phases used
in pharmaceutical analysis can be found in text-
books [20, 21]. Modifications have been
applied to further improve the selectivity and
efficiency of precoated layers in TLC. The
following examples of modifications could be
more generally applied in pharmaceutical
analysis: bare silica and alumina; precoated
layers suitable for high-performance TLC
(HPTLC); combinations of different sorbents
on a precoated layer; hydrophobic and hydro-
philic chemical modification of bulk sorbents
and precoated layers.
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Mobile phase selection

The correct choice of mobile phase com-
position for a given separation constitutes a
very important stage in achieving a good
separation in TLC. The basic strategy of
mobile phase selection in TLC is similar to
HPLC regarding solvent classification and
elutropic series [22-25]. In general, the
selection of a particular solvent to be usable is
more simple, it must be at least normally
purified having relatively low boiling point and
viscosity, cheap and compatible with the
sorbent, support plate and binder. Selection of
appropriate mobile phase composition is much
more difficult. A great variety of factors can be
adjusted, e.g. the solvent component, their
relative concentration, pH, solvent strength,
etc.

In the following part of the paper those
aspects of capillary action planar chromato-
graphic methods of special importance in
relation to the use of TLC in pharmaceutical
analysis are discussed in more detail (Tables
1-5).

Aspects of Special Importance

Separation efficiency

Successful planar chromatographic sep-
aration is strongly dependent on several
factors. One relates to the quality of sample
application. The reproducibility of sample
amount and spot size is quite important, but to
achieve good chromatographic resolution and
sensitivity of detection, the shape of the spots
of the applied sample is also of great import-
ance. Techniques and apparatus for sample
introduction are reviewed by Fenimore {26,
27], Janchen [28] and Kaiser [29].

In summarizing the practical problems
associated with various sampling procedures,
the following principles can be considered:
there is a very narrow working range for the
sample volume load if no focusing step is
included into the sample application; sampling
in the presence of solvents with a measurable
elution strength can start chromatography,
resulting in significant loss in separation
efficiency; if a solvent used for sample prep-
aration remains in the layer in or around the
sampling area, the selectivity and the relative
or absolute spot position in the chromatogram
may be drastically altered; and if part or all of
the sample is solidified or adsorbed on to the
stationary phase surface a slow dissolution
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effect can cause significant tailing of the spots.
The application should be made in the form of
spots or streaks. The streak type of sample
application which forms very narrow lines of
starting shape, results in sharper spots and
increased resolution allowing optimum sep-
aration efficiency. However, streak-type
sample application is less precise than spot-
type sample application.

Phase system optimization

The most important aspects of phase system
optimization are summarized in Table 2. The
methods of optimization are basically similar to
those used for HPLC optimization. Here the
PRISMA optimization method has been
developed by one of the present authors [30-
321

Detection possibilities

The principal methods are outlined in Table
3. A more detailed discussion will be given
under Quantitation and Validation.

Applicability in pharmaceutical analysis

Table 4 summarizes the most important
information on the applicability of planar
chromatographic methods in pharmaceutical
analysis. In general, it can be stated that
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although HPLC has superseded TLC in many
application areas, conventional TLC plays a
useful role where cost effectiveness is essential.
The rapid and accurate identification of the
raw materials or finished products is a basic
principle in various pharmacopoeias. TLC is
widely used for this purpose. Similarly, TLC is
widely used as a standard technique for the
purity testing of active raw materials and
formulated products owing to its simplicity and
good resolving power. These are the two most
important application areas in various
pharmacopoeias. The importance of quan-
titative TLC methods has considerably de-
creased and only a few official methods can be
found in the pharmacopoeias usually with a
spot elution technique for quantitation. In the
field of industrial pharmaceutical analysis the
situation is different because the instrumen-
tation of TLC has reached a relatively high
level. In some special application areas, such as
the analysis of the extracts of medicinal plants,
fermentation mixtures, modern TLC (pre-
coated or HPTLC layers, densitometric
evaluation) has a distinct rdle, because the
interference of so-called ‘unknown background
materials’ can be more easily eliminated than
with other chromatographic techniques. Many
chromatographers working in the pharma-

Table 2
Phase system optimization of capillary action planar chromatography
Properties Advantages Disadvantages
Number of variables
Separation mode Limited
Stationary phase Limited
Mobile phase composition Wide range
Use of additives No problems
pH Limited
Temperature Not applicable

Relative humidity
Development mode
Chamber saturation
Time requirement
Dynamic modification
With organic solvent
With additives

Not applicable

Wide range

Limited

Fast

Generally used
Good alternative

Table 3

Detection possibilities of capillary action planar chromatography

Properties

Advantages Disadvantages

In situ detection
Visual
Densitometry without derivatization
Densitometry after derivatization
Spot elution

Qualitative good Quantitative difficult
Widely used
Widely used

Difficult
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Table 4
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Applicability of capillary action planar chromatography in pharmaceutical analysis

Properties Advantages Disadvantages
Type of solute
Very polar Limited
Polar Good
Medium polar Good
Non-polar Good
Structure of solute
Structurally different compounds Good
Related compounds Good
Isomers Good
Homologous compounds Limited
Size of solute
Small Good
Medium large Limited
Large Limited
Analytical task
Analysis of starting raw materials
Plant extracts Widely used
Extracts of animal organs Widely used
Fermentation mixture Widely used
Analysis of intermediates
Intermediates and crude products Limited
Reaction mixtures Applicable
Mother liquors and secondary products Applicable

Analysis of pharmaceutical raw materials
Identification
Purity testing
Assay
Stability testing
Analysis of formulated products
Identification
Purity testing
Assay
Stability testing
Content uniformity test
Dissolution test
Analysis of drugs and their metabolites in biological media

Generally used
Alternative to HPLC

Not applicable
Complementary to HPLC

Generally used
Alternative to HPLC
Not applicable
Complementary to HPLC
Not applicabie
Not applicable
Limited applicability

ceutical industry prefer to use reversed-phase
HPLC in conjunction with normal-phase TLC
or HPTLC to analyse raw materials for purity
and impurities as well as for stability testing.

Quantitation

A general approach to quantitation in TLC
may be made on the basis of methods used for
evaluation. Two basic approaches can be
distinguished: direct methods in which the
separated spots are evaluated in situ on the
plate; and indirect methods in which quan-
titative measurements are carried out after
elution of the spots on the plate. Although the
importance of direct methods has considerably
increased, the spot elution technique is also
being used, e.g. some assay methods in the
U.S.P.

Direct methods can be further divided into
two main groups: visual comparison, when the
spot intensities are established by visually
comparing them with the intensities of simul-

taneously developed reference spots; and in
situ densitometry quantifying the chromato-
gram directly on the plate by measurement of
the absorbance of the separated spots.

The semiquantitative estimation of impur-
ities by visual comparison is generally used in
different pharmacopoeias for the purity testing
of both active raw materials and formulated
products. Four purity criteria can be defined.

The first criterion is that the appearance of
any spots other than the principal spot on the
chromatogram (single spot criterion) is not
permitted. In this case a known and prescribed
quantity of the samples is transferred on to the
plate. This procedure is simple but does not
provide information about the impurity pro-
file; in addition evaluation could be dependent
on the experimental conditions, such as light
intensity of the UV lamp and the plate
efficiency.

The second criterion is that the maximum
number of impurities and limits of the quantity
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of each individual impurity must be specified.
Only the presence of those impurities is
allowed which show identical R; values with
the simultaneously developed reference com-
pounds. Although this procedure is more
accurate compared with the previous one, it
requires close conformity of the materials; the
impurity profile must be the same, which is the
function of the manufacturing process.

The third criterion does not limit the number
and quantity of the individual impurities but
limits the total intensity of the separated

1011

impurity spots in comparison with the intensity
of spots of a simultaneously developed refer-
ence standard (principal component) applied
in known quantity. Although this procedure is
generally used for the evaluation of pharmaco-
poeial purity tests, it suffers from two major
limitations: the spot intensity may be the
function of the chemical structure of the
impurities and of the Ry value as well.

The fourth criterion is that the quantity of
each individual impurity and the total amount
of impurities must be limited.

Table 5

Validation of quantitative planar chromatography

Properties Advantages Disadvantages

Precision
Method Difficult
System Difficult

Accuracy Good

Selectivity Good

Limit of detection Good

Limit of quantitation Good

Linearity and range Limited

Plate loadability Good

Sample stability Difficult

Ruggedness
Plate to plate variation Difficult
Sample concentration Good
Sample size Difficult
Spot type Difficult
Spot size Difficult
Chamber type Difficult
R; value Difficult
Colour reaction Difficult
Detection Good
Mobile phase composition Good
Temperature Difficult
Running distance Good

Table 6

Different validation steps specific to planar chromatography

Sample preparation

Sample application

Quality of sample application (spot shape and size)

Drying (sample stability)
Sample size and concentration
Standing time prior to running

Chromatographic separation

Plate-to-plate variation

Position of the spots on the chromatogram

Position of the spots on the plate

Mobile phase composition

Environmental conditions (saturation, temperature, relative humidity)

Calibration

Single standard with increasing sample volume

Single standard with increasing sample concentration
Position of standard and sample spots on the plate

Detection and quantitation

Stability of the formed derivatives on the plate

Peak height versus peak area measurement

System suitability

R; or Ry, values for two known components obtained from standard dilution

Desired R, for two known components obtained from standard dilution
Precision calculated from five parallel runs of standard solution
Peak asymmetry calculated for the principal component
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Standard dilutions of reference materials are
simultaneously applied to the plate and the
purity of the material is evaluated by com-
parison of the spot intensity of the known
impurities with those of the standard dilutions
of the same compounds; the quantity of other
spots different from the reference spots is
expressed in terms of the principal component.
This evaluation procedure is the most accurate
among the procedures based on visual
comparison.

Advantages and disadvantages of the spot
elution technique can be summarized as
follows: the procedure is simple, the quan-
titation can be performed in several different
ways (e.g. colorimetry, UV spectrophoto-
metry, spectrofluorimetry, HPLC); however,
simultaneous use of appropriate blank and
reference material is required, losses originat-
ing from inaccurate location of the spots as well
as from insufficient recovery caused by
irreversible adsorption may frequently occur.

Advantages of in situ densitometry include:
independence of chromatographic separation
from detection in time and space; the
chromatograms can be preserved after
measurement; the total amount of the sample
can be spotted; the chromatogram is complete;
every separated component can be detected;
the sensitivity of the detection is higher by
about 2 orders of magnitude; by changing the
detection wavelength, the selectivity of the
separation can be increased; and reflectance
spectra can be recorded thus permitting a
certain degree of identification.

Disadvantages are: simultaneous running of
the appropriate reference standard is required;
errors originating from the incomplete distri-
bution of spraying may frequently occur; and
separation and quantitation might be
influenced by variation in layer thickness, by
disturbance of zones caused by solvent demix-
ing and by plate-to-plate variability.

Problems of calibration wusing in situ
densitometry may be associated with the
method used to evaluate the results.

As with any quantitative method based on
the interpretation of detector responses,
several methods exist for evaluation of the
results. In the case of quantitative TLC, a non-
linear relationship between the detector signal
and the amount of substance exists. This non-
linearity is valid for both peak height and peak
area measurements. A detailed interpretation
of the problems has been published by Ebel et
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Figure 1

Chromatograms of calibration standards applying 50%
(panel A), 100% (panel B) and 150% (panel C) of the
expected value in the sample. Chromatoplate: HPTLC
silica gel Fys4 (E. Merck, Germany); eluent: methanol—
acetonitrile—conc. ammonia solution (514:386:100, v/v/v)
containing 5 X 107> M ammonium chloride and 8 x
1072 M ammonium carbonate. Detection: spectrodensito-
metry in remission mode at 525 nm after colour reaction
with Dragendorff reagent. Compounds: by-products and
decomposition products of pipecuronium bromide (bis-
quaternary amino steroid); 1, 3-acetyl-17-hydroxy-2,16-
bisquaternary amino steroid [decomposition product]; 2,
3,17-dihydroxy-2.16-bisquaternary amino steroid
[decomposition product]; 3, pipecuronium bromide (main
component,  3,17-diacetyl-2,16-bisquaternary ~ amino
steroid, for separation see Fig. 2); 4, 3,17-diacetyl,-17-
monoquaternary amino steroid (by-product); 5, 3.17-
diacetyl-2-monoquaternary amino steroid.
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Figure 2
Chromatograms of reference sample with and without spiking with calibration standards. Panel A without spiking; panel
B; spiked with calibration standard (50% of the expected value); panel C, spiked with calibration standard (100% of the
expected value); panel D, spiked with calibration standard (150% of the expected value). Conditions and compounds as
in Fig. 1.
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al. [33-38]. Derivative recording using
smoothed numerically generated derivatives
has been developed to overcome this problem
[33].

Validation

Table 5 contains the most important
information on the validation of quantitative
planar chromatographic methods. An analyt-
ical method using TLC may be divided into five
distinct steps: sample preparation, including
prechromatographic derivatization; sample
application;  chromatographic  separation;
calibration; and detection and quantitation
inlcuding post-chromatographic derivatization,
amplification of detector signal and conversion
of detector signal into numerical data.
Validation of some steps and procedures are
very similar to those used in HPLC, but some
aspects are different and specific to planar
chromatography (Table 6).

Problems relating to sample application have
been mentioned under Separation efficiency.
A plate-to-plate variation study relates to the
variance of R¢ values and the reproducibility of
detector signals obtained after separation of
the same sample performed under identical
conditions on two or more different plates. The
position of the spots on the chromatogram can
also significantly influence the detector signal.
Low R; values result in more concentrated
spots (lower detector signal and sensitivity in
reflectance mode) whereas at higher R; values
expanded spot areas are obtained. This effect
can be minimized by using the transmittance
mode. Another important factor is the position
of the spots on the plate. This effect is known
as the edge effect and is closely associated with
the inhomogeneity of the layer. The R; values
of the components spotted at the edges of the
plate will change. The recommended system
for suitability of the data is outlined in Table 6.

In the authors’ laboratory the following
procedure is used as a basic working rule:
every spot is scanned in triplicate to establish
the instrumental error, the mean being used
for calculation; every test solution is applied in
triplicate, spotting the same volume in each
case; calibration standards are applied in
triplicate, spotting the same volume containing
different amounts (e.g. 80, 100 and 120% of
the expected value) of standards. Figures 1 and
2 show a practical example of calibration
standards applied in triplicate, spotting the
same volume containing different amounts (50,
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100 and 150% of the expected value) of
reference impurities. As shown in Fig. 2 the
peak at the position indicated seems higher
than in Fig. 1 owing to the presence of the
same impurity in the original sample (spiked
sample).
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