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In herbal medicinal products the entire herbal drug
or an herbal drug preparation is regarded as the
active pharmaceutical ingredient, regardless of
whether constituents with defined therapeutic ac-
tivity are known. In quality control and stability
testing of herbal medicinal products, fingerprint
chromatograms are used as powerful tools to eval-
uate and compare the composition of compounds
in such products. To fulfill the International Confer-
ence on Harmonization and Good Manufacturing
Practice-based regulatory requirements in pharma-
ceutical quality control, chromatographic finger-
print analysis needs to be validated. Based on a
standardized methodology, this paper provides a
comprehensive concept for evaluating validation
parameters for planar chromatographic fingerprint-
ing by considering the stationary phase, sample
application, developing solvent, chromatogram de-
velopment, plate labeling, derivatization, documen-
tation, and chromatographic equipment. Validation
parameters addressed include stability of the
analyte, selectivity, robustness testing, and
method reproducibility.

claims are sold as herbal dietary supplements, so-called

“botanicals,” for which so far only few official standards
have been established for quality control. In Europe, plant-de-
rived products for medicinal use are under thelegal control of
the approval procedure for drugs and medicina products.
Thus, for production and testing of such products, Good Man-
ufacturing Practice (GMP) applies, and quality testing must
meet International Conference on Harmonization (ICH) stan-
dards with respect to specification, validation, and stability
testing. Quality control of herbal medicinal products (HMPs)

I n the United States, plant-derived products with health
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isachallenging analytical task, because the entire herbal drug
or herbal drug preparation is regarded as the active substance,
regardless of whether constituents with defined therapeutic
activity are known. Visualization (so-called fingerprinting) of
the entire pattern of compounds present in an herbal drug or
preparation is therefore fundamental in the quality and stabil-
ity testing of HM Ps and the respective starting materials. Fin-
gerprint chromatograms with a visible pattern of bands pro-
vide fundamental data. Ideally, to achieve maximum informa-
tion, several suitable methods should be used for fingerprint-
ing different groups of constituents, which possibly originate
from different biosynthetic pathways. Semiquantitative analy-
sesaretypicaly used to demonstrate the consistency and stabil-
ity of materials. With the help of quantitation marker com-
pounds, the production and composition of HMPs are con-
trolled. High-performance thin-layer chromatography (HPTLC,
planar chromatography) isanideal tool for theanalysisof herbals
and offers severd advantages (1). In its traditiona form,
thin-layer chromatography (TLC) has along record in amost
al pharmacopeias for its use in the identification of botanical
raw materials. However, HPTLC is not limited to identifica
tion. It can aso be used for control of batch-to-batch consis-
tency in the stability testing of herbals and for purposes of con-
trol throughout the entire manufacturing process of HMPs.
Typical tasks include the following: identification and quality
control of herbal drugs as raw materias, quality control of
herbal drug preparations, e.g., comminuted or powdered herbal
drugs, extracts, tinctures, fatty or essential oils, expressed
juices, or processed resins or gums; and monitoring of interme-
diate stages of the manufacturing process, as well as quality
control of the finished product.

In the European Union (EU), quality standards and specifi-
cationsfor herbal drugs, their preparations, and HM Psarereg-
ulated in the guidelines “Note for Guidance on Specifications:
Test Procedures and Acceptance Criteria for Herbal Drugs,
Herbal Drug Preparations, and Herbal Medicinal Products’ (2)
and “Note for Guidance on Quality of Herbal Medicinal Prod-
ucts’ (3). The use of TLC methods for purposes of quality
control is explicitly permitted in those guidelines.

220z 1snbny 9| uo jsenb Aq 2G0/G95/606/5/98/2121E/0B0R /W09 dnodlWepede//:sdly Woly papeojumoq



910 KoLL ETAL.: JOURNAL OF AOAC INTERNATIONAL VoOL. 86, No. 5, 2003

As primary sources for TLC fingerprint methods for iden-
tity control of HMPs and starting material s such as plant mate-
rial, crude drugs, and extracts, the European Pharmacopoeia,
the U.SPharmacopeia/National Formulary, the British
Herbal Pharmacopoeia, and the Chinese Pharmacopoeia
may be consulted. Although none of these methods represent
the state-of-the-art in modern HPTLC, they till have the sta-
tus of validated methods.

For any other TLC/HPTL C method used in quality testing,
the EU guidelines “Note for Guidance on Validation of Ana-
lytical Methods. Definitions and Terminology” (4) and “Note
for Guidance on Validation of Analytical Procedures Method-
ology” (5) require vaidation data. Validation is also required
if apharmacopeia method isoptimized or adapted for specific
tasksin quality control or if amethod istaken from other reli-
able sources such as the American Herbal Pharmacopeia
(AHP), the Indian Herbal Pharmacopoeia, or Plant Drug
Analysis. A Thin Layer Chromatography Atlas (6). Of al the
sources, only the AHP monographs feature modern HPTLC
methods for identification. In the United States, for botanicals
with curative claims, a draft guidance of the U.S. Food and
Drug Administration (FDA) points in the same direction,
placing such products under tight regulations for quality con-
trol (7); asimilar approach for dietary supplements from the
Food Advisory Committee Dietary Supplement Working
Group of the FDA for ingredient identity recordsand retention
was initiated recently (8). An excerpt from an internal White
Paper on Sandardization drafted by the American Herbal
Products Association (9) pointsin the same direction.

According to the guidelines mentioned above, qualitative
HPTLC must be validated only with regard to selectivity.
However, especialy in connection with stability testing, data
concerning robustness and reproducibility of methodsare nec-
essary aswell.

It is the aim of this paper to present a standardized ap-
proach to modern HPTL C methodol ogy, which can be applied
to most tasksin the analysis of herbals. The central focusison
qualitative methods for quality control and stability testing.
For the first time a proposal for the consequent validation of
standardized qualitative methodsis outlined and discussed on
the basis of practical examples.

Standardized Methodology for Qualitative and
Semiquantitative HPTLC

General

Qualitative and semiquantitative HPTLC methods are
among the most suitable methods available for fingerprint
analysis in the quality control of herbals. The technique fea-
tures several advantages over other chromatographic finger-
print techniques (e.g., liquid chromatography, gas chromatog-
raphy): many samples can be analyzed in parallel, and the
separation can be optimized for a certain group of compounds
in a very complex mixture of natura origin, representing a
wide polarity range. By applying normal-phase HPTLC, the
compounds of interest can be analyzed in the central region of
the chromatogram. The more hydrophilic compounds in the

sample remain at the application position, while the more
lipophilic compounds migrate with the solvent front. How-
ever, al components remain detectable; thus, HPTL C finger-
prints aways represent the entire mixture of analytes applied
for testing. Various selective detection methods are available
in HPTLC, providing additional information about the iden-
tity of the anaytes through derivatization and visualization.
The most gtriking feature of HPTLC is the possibility of pre-
senting and communicating the chromatographic result as an
electronicimage. Modern instrumentation enablesimage docu-
mentation according to GM P/Good L aboratory Practice (GLP).

To enhance selectivity, many parameters can be used to af-
fect the chromatographic results. Most of the parameters can
be varied independently. This makes HPTLC a technique of
very high flexibility. However, it must aso be acknowledged
that ignoring theimportance of any of the parametersaffecting
chromatography will result in difficulties with the
reproducibility of a given method. As an open system,
HPTLC isalso susceptibleto environmental factors, e.g., tem-
perature, humidity, oxygen, and light.

To achievereliable, reproducible, and vaid results, HPTLC
methods should be set up according to a highly standardized
methodology. Thefollowing parameters should be considered.

Stationary Phase

HPTLC can be regarded as the most advanced form of
modern TLC. It uses HPTLC plates featuring small particles
with a narrow size distribution. As a consequence, very ho-
mogenous layers with a smooth surface can be obtained. The
developing distance (typically 6 cm) and developing time
(7—20 min) aresignificantly decreased, whereasthe separating
power can even be increased. Because of the smaller size of
the plates, the developing chambers in HPTLC are aso
smaller. Therefore, less elution solvent is needed, and the dis-
posa problem issmaller.

In quality control and stability testing of herbals, HPTLC
plates coated with Silica Gel 60 F254 are used predominantly.
However, for special analytical problems, such asfingerprint-
ing of very polar or nonpolar constituents or separation of sim-
ilar components, other plates such as reversed-phase or chem-
ically bonded phases could be appropriate. Chiral stationary
phases are available for investigation of optically active com-
pounds.

All plates need to be stored under appropriate conditions.
Before use, they should beinspected under whiteand UV light
to detect damage and impurities in the adsorbent. It is advis-
able to prewash the plates to improve the reproducibility and
robustness of the results. Generally plates are predeveloped
with methanol, but mixtures of methanol and ethyl acetate or
even the mobile phase of the method may be used. The plates
are devel oped to the upper edge over adefined period of time,
normally dried at 120°C for 20 min (for methanol), recondi-
tioned to ambient temperature, and equilibrated with relative
humidity in a suitable dust-free container. The direction of
solvent migration should be marked with a soft pencil on the
upper edge of the plate.
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Sample Application

The sample can be applied manudly or automatically. To
obtain optimum resolution and sengitivity, the spreading of the
sample spot or band during application must be assmall as pos-
sible. To handle the required small volumes, automated sample
application is preferred. The 2 principa technical solutions for
transfer of samples onto the layer are contact spotting and
spray-on application. Because the sample solvent during spot
application always produces circular chromatography, which
may limit the achievable resolution during development of the
plate, spray-on application is preferred for the best separation.
Typicaly, samples are applied on HPTLC plates as 8 mm
bands, 8 mm from the lower edge of the plate, with the first ap-
plication position 15 mm from the |eft edge of the plate.

Preparation of the Developing Solvent

The developing solvent system is chosen according to the
adsorbent materia used asthe stationary phase and the chemi-
cal structure of the analytes to be separated. Generaly, sol-
ventswith low toxic potential are preferred to lessen problems
of solvent disposal. Solvent systems should be as simple as
possiblein their composition. Only solvents of known quality
should be used. The solvent mixture can be optimized accord-
ing to the procedure described by Reich and Blatter (1). Accu-
rate volumetric measurements of the components of thedevel -
oping solvents must be performed separately and precisely in
adequate volumetric glassware before mixing and re-equili-
bration to ambient temperature. Provided that the mixturesare
stable, larger volumes of developing solvents should be pre-
pared to decrease volumetric errors.

Development of the Chromatogram

HPTLC plates are developed in flat-bottom chambers,
twin-trough chambers, or horizontal-development chambers.
In generdl, saturated twin-trough chambers fitted with filter
paper offer the best reproducibility. The use of unsaturated
chambers should be avoided because of decreased
reproducibility, and often bent solvent fronts. In any case, the
chamber type and configuration must be specified in the
method. Usually, the developing distance is 60 mm from the
application position. The plateispositioned in thefront trough
with the stationary phase facing the inside of the chamber.
Longer developing distances do not improve separation, but
they do produce more diffused bands.

Plate Labeling

According to GMP/GLP, the plates should be labeled un-
ambiguoudly for identification. In general, a soft pencil or flu-
orescent pen isused to write the number in the upper right cor-
ner. The label should include the project number, the date of
analysis, and the consecutive plate number. If GLP plates are
used, thelaser-edged number of the plate serves asthe number
for identification.

Derivatization

In quality control and dtability testing of herbals,
derivatization is necessary in most cases to visuaize the
analytes of interest and to generate specific fingerprints.

Most substances can be visualized by using nonspecific
derivatizing reagents, for example, 10% sulfuric acid in meth-
anol. If aspecific substance or group of substancesisto be de-
tected, specific derivatization can be performed by using se-
lective reagents, e.g., dimethylaminocinnamcaldehyde
reagent for detecting procyanidins, or ninhydrin reagent for
detecting nitrogen compounds.

If possible, derivatization reagents with low toxic potential
arepreferred. Before derivatization, the plates need to bedried
for a defined period of time under defined conditions.
Derivatization can be performed either by immersing the
plates or by spraying the plates with a suitable reagent. For
better reproducibility, immersion is the preferred
derivatization technique. To induce or optimize the
derivatization reaction, it may be necessary to heat the plates.
Also, the conditionsand time must be specified for thisstep.

Documentation

Each developed plate is documented under UV light at
254 nm, UV light at 366 nm, and white light. If atype of light
does not produce usable information, that fact must be docu-
mented. If aplateisderivatized, images aretaken beforeand af-
ter derivatization. Imagelabels should include the plate number
aswell asthe derivatization and the illumination mode.

Video and digital documentation systems are widely used
to document high-performance thin-layer chromatograms.
The advantages of modern electronic documentation systems
are instant images of the chromatograms/fingerprints, which
can be easily edited, archived, and evaluated. With suitable
software the documents can be saved and stored in compli-
ance with GMP/GLP. Furthermore, the electronic image is
available for densitometric evaluation, yielding analog curves
of the chromatogram aswell as semiquantitative and quantita-
tive results.

Specific Requirements for Stability Testing for HMPs

In the case of HMPs and the respective starting materials,
stability testing isafield of increasing importance because, in
the EU, the ICH guidelines on stability testing also apply to
plant-derived medicinal products. However, HMPs have par-
ticular characteristics, which must be considered appropri-
ately, as stated in the draft guideline “ Stability Testing of
Herbal Medicina Products’ proposed by
Forschungsvereinigung der Arzneimittel-Hersteller (FAH)
expert group on stability testing. Thus, “the purpose of stabil-
ity testing is to provide evidence on how the quality of the
herbal drug preparation or the herbal medicinal product varies
with thetime under theinfluence of environmental factors, es-
pecialy such as temperature, humidity, and oxygen, and en-
ables recommended storage conditions, retest periods, and
shelf-lives to be established” (10).
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Figure 1. Stability testing of St. John’s wort extract
over a period of 18 months (11).

With regard to stability testing, thefact that the herbal drug
preparation initsentirety is regarded asthe active principleis
of great importance. Thus, amere determination of the stabil-
ity of individual substances (markers) isnot sufficient. It must
also be shown that the other components of the herbal drug
preparations remain constant in their proportional content.

In this context, HPTLC isan interesting and powerful ana-
lytical technique. The stability of herbal drugs, herbal drug
preparations, and HM Psisinvestigated by comparing the pat-
tern of congtituents of the entire extract, not only apart of it, as
afingerprint. In particular for stability testing, it is necessary
to optimize, rigorously standardize, and vdidate both the
chromatographic procedure and the appropriate documenta-
tion to obtain comparable fingerprint chromatograms. For an
example, see Figure 1.

Validation of Qualitative Methods

Method validation cannot be separated from method devel -
opment, because the performance parameters are finaly ac-
ceptable only if the performance achieved passes validation.
V alidation, devel opment, and optimization may be considered
as an iterative process (12).

Validation starts with the preselected method. The first
step, aso caled prevaidation, consists of examining the sta-
bility of the analyte; the second step is proofing the selectivity
of the method and demonstrating appropriate robustness and
reproducibility. The vaidation procedure should be based on
avalidation master plan, which specifiesthe acceptance crite-
riafor each validation point. The results are documented in a
validation protocol.

The validation of qualitative HPTLC fingerprint methods
intended for usein quality control and stability testsof herbals
should include the following validation parameters. stability
of the analyte, selectivity, robustness, and reproducibility.

Stability of the Analyte

The stability of the analyte should be examined before
chromatography (in solution and on the plate) and during
chromatography. For that purpose the solution of analyte is
prepared twice and applied 4 times on the plate.

A solution of the analyte is prepared and immediately ap-
plied on the plate. This solution and the plate are stored under
ambient conditions for adefined period of time. After that de-
fined period of time, a second solution of the analyte is pre-
pared and immediately applied on the plate next to the previ-
ously applied sample. The set is used to investigate the
stability of the analyte on the plate. Next, on the same plate,
both solutions of the analyte (the solution stored over a de-
fined period of time and the freshly prepared solution) are ap-
plied. Thisset evaluatesthe stability of the analytein solution.
After development of the HPTLC plate, the 4 fingerprints are
compared. If the fingerprints are similar in dl details, the
anayteis stable in solution as well as on the plate during the
tested timeinterval.

With a 2-dimensional HPTL C experiment, the stability of
the analyte during chromatography is examined. For that pur-
posethe solution of the analyteisapplied asaspot in thelower
left corner of the HPTLC plate. After development according
to the method specifications (first dimension), the plate is
thoroughly and appropriately dried. After turning the plate
90°, development in the second dimension is performed under
similar conditions with fresh mobile phase. Before develop-
ment in the second dimension, appropriate re-equilibration
timeisimportant if drying has not been performed under am-
bient conditions. The analyteis stable during chromatography
if all componentsline up on the diagonal that connectsthe ap-
plication position with the intersection of the 2 mobile phase
fronts (Figure 2). Any spot appearing above or below the diag-
onal indicates instability of the corresponding analyte during
chromatography. If the stability of the analyte is not satisfac-
tory, the method must be optimized/changed, e.g., by develop-
ment in the dark, with antioxidants, or with adifferent solvent
system.

Selectivity

The selectivity of identity tests for herbal drugs and batch
release can be demonstrated by comparing the fingerprint of
the sample(s) with the fingerprints of authentic herbal drug
material (e.g., voucher specimen), or reference substances of
active pharmaceutical ingredients (in the case of herba drugs
with known therapeutically active compounds), or marker
substances (in the case of herbal drugs with unknown thera-
peutically active compounds) and herbal materials that are
known as adulterants.

All samples are chromatographed in parallel on the same
HPTLC plate. The method is selective if the fingerprints en-
able a proper identification of the herbal drug. Adulterants
must be distinguishable. In this regard not only the pattern of
the bands but also their intensity may provide important infor-
mation. Relevant bands of the sample(s) and the authentic
herbal drug should be similar with respect to number, color,
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Figure 2. Stability of the analyte examined in a
2-dimensional chromatogram of stinging nettle leaves.
Stationary phase: HPTLC plates coated with Silica Gel 60
F254. Developing solvent: ethyl acetate—-methanol—
water—formic acid (50 + 4 + 4 + 2.5).

intensity, and relative position. Relevant bands are defined as
bands representing accepted marker substances, compounds
contributing to efficacy, or efficacious compounds. The fin-
gerprints of the adulterants should be distinctly different from
the fingerprints of the sample and the authenticated drug. The
bands of the reference or marker compounds must be present
in the fingerprint of the sample(s) and the authenticated drug.
They should correspond in their relative positions and colors.
However, fingerprints of herbal drugs and herbal drug prepa-
rations could be different, at least in the very lower and upper
R range. As an example, see Figure 3. The plant material ap-
plied on track 2 does not comply with the specification al-
though it was labeled as Black Cohosh Rhizome. The finger-
print is not similar to the fingerprint of the authenticated
herbal drug on track 7.

Theselectivity of identity testsin process control and batch
release of herbal drug preparations (extracts) can be estab-
lished by comparing the fingerprint of the sample(s) with the
fingerprint of authentic herbal drug material (e.g., voucher
specimen or plant material released and used for extract prep-
aration), or authentic herbal drug preparation (reference ex-
tract), or reference substances of active pharmaceutical ingre-
dients (in the case of herbal drugs with known therapeutically
active compounds), or marker substances (in the case of
herbal drugs with unknown therapeutically active com-
pounds), and excipients used for extract preparation.

The method is selective if the fingerprints of the sample(s)
and the authentic herbal drug preparation are similar with re-
spect to number, color, intensity, and relative position of the
bands. Thebands of the reference or marker substances should
be present in the fingerprints of the sample and the authentic
herbal drug preparation and/or authentic herbal drug material.
They should correspond in color and relative position. The

fingerprints of the authentic herbal drug and the authentic
herbal drug preparation should be similar to the fingerprint of
the sample except for the bands of the excipients. The bands of
the excipients should not interfere with detection of thefinger-
print of the sample and the authenticated extract. For an exam-
ple, see Figure 4. The herbal drug, the intermediate product of
extract preparation, and thefinal extract show fingerprintsthat
aresimilar in number, position, and intensity of thezones. The
excipientsin lanes 5 and 6 do not interfere with the detection
of the fingerprints of the herbal drug and the extract.

The sdlectivity of identity tests, in process control, and batch
release of HM Ps can be proven by comparing the fingerprint of
the sample(s) with thefingerprint of authentic herbal drug prep-
aration (type extract), or extract released for the HMP prepara-
tion, and reference substances of active pharmaceutical ingredi-
ents (in the case of herba drugs with known therapeutically
active compounds), or marker substances (in the case of herbal
drugs with unknown therapeutically active compounds), and
excipients used for the preparation of the HMP.

The method is selective if the bands of the reference or
marker substancesare similar in thefingerprints of the authen-
tic herbal drug preparation and the HM P with respect to color
and relative position. Their detection should not be disturbed
by the excipients.

Thefingerprints of the authentic extract material, or the ex-
tract material released for production, and the HM P should be
similar with respect to number, color, intensity, and relative
position of the bands, except for the bands of the excipients.
For example, see Figure 5. The fingerprints of the extract and
the HMP are similar in number, color, and relative position of
the bands. The excipients do not interfere with the detection of
the fingerprints in the chromatograms.

MADD7290806 AWt
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Figure 3. Selectivity of the identity test for Black
Cohosh Rhizome drug. Method: Identification of Black
Cohosh Rhizome (13). Track assignment: 1: adulterant of
Black Cohosh Rhizome, 2: Black Cohosh Rhizome, 3
and 4: adulterants of Black Cohosh Rhizome,

5: reference actein, 6: reference 23-epi-26-deoxyactein,
7: Black Cohosh Rhizome authenticated drug.
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Figure 4. Selectivity of identity test for Black Cohosh
Rhizome extract. Method: Identification test of Black
Cohosh Rhizome (13). Track assignment: 1: Black
Cohosh Rhizome authenticated drug, 2: intermediate
product of extract preparation, 3: extract, 4: reference,
caffeic acid, 5 and 6: excipients.

Robustness and Reproducibility

The overal testing for robustness and reproducibility of a
method may be different for individual HMPs and the respective
garting materials and/or laboratory environments. It must ad-
dress any specific problem typicaly encountered for a given
herbal in the context of theintended use of themethod, e.g., iden-
tification, in-process control, batch release, or stahility testing.

Reproducibility

Because HPTL C methods still include several manual op-
erations, which can lead to differences and even mistakes in
handling, the determination of reproducibility in a collabora-
tive test is very important. A reproducible chromatographic
method requires an explicit, precise, and detailed written de-
scription of the entire procedure. All persons involved in the
analysis must be well trained and familiar with all technical
terms and regulations.

Themethod isreproducibleif theresultsobtained by all an-
alysts are similar within the acceptance criteria.

Robustness

The capacity of HPTLC methods to remain unaffected by
small ddliberate variationsin severa parameters, which may oc-
cur during long-term use in one laboratory, is evauated during
robustness testing. If methods are affected by variaions in ana
Iytical conditions, they might not be appropriate for the intended
use, e.g., stability testing. If robustness problems are detected and
method optimization failsto resolve them, at least the critica par
rameter(s) has been identified and can be appropriately con-
trolled in the future. In this respect, a system suitability test (e.g.,
aresolution test), that can be performed on each chromatogram,
will beauseful tool. Thefollowing critical parametersin HPTLC
should be evauated in arobustness test.

Humidity and temperature—The relative humidity and
temperature of the environment can significantly affect
HPTLC results. Typicaly, Ry values decrease with increasing
temperature and decreasing humidity (Figure 6). Relative hu-
midity and temperature are interdependent. If possible (avail-

able climate control unit), the influence of humidity at con-
stant temperature should be investigated. Generally, the ef-
fectsof humidity changes can be evaluated by preconditioning
the HPTLC plate before chromatography over solutions (sul-
furic acid, saturated salts), which establish an atmosphere of
defined humidity. If no climate control unit is available, the
analysis should be performed in an air-conditioned laboratory.

Chromatogram devel opment.—It may be useful to com-
pare the chromatograms developed in different chambers
(horizontal development chamber/twin-trough chamber) and
with different chamber saturation (saturated or unsaturated).
Generaly, with a given method only one chamber type in a
specified configuration will lead to avalid result. However, in
some cases, development of HPTLC plates in the saturated
twin-trough chamber and in the saturated horizontal develop-
ment chamber lead to similar results, so that it is possible to
use both chambers. From a practical point of view, it is often
moreimportant to eval uate the effects of changesin the satura-
tion time of +10 min. Another important parameter to beinves-
tigated is the developing distance; +5 mm of the specified de-
veloping distance should be investigated during a robustness
test. If the resulting fingerprints are not similar within the ac-
ceptance criteria, the relevant development parameter must be
explicitly specified in the operating protocol and procedure.

Sability of the developing solvent.—The stability of the de-
veloping solvents, which are susceptible to degradation and/or
chemical reactions, should be evaluated. Mixtures of esters, al-
cohols, and/or acids are known to be unstable. The fingerprints
obtained with a solvent mixture stored over a defined period of
time must be similar to those generated with a freshly prepared
solvent mixture. Otherwise, a shelf-life must be defined, or the
developing solvent must be freshly prepared.

Derivatization—For the derivatization procedure, al
times and parameters, such as drying of the developed plate,
amount and concentration of reagent, immersion time, drying
after derivatization, heating (time and temperature), waiting
times before detection, etc., should be investigated in the ro-
bustness test and, if necessary, clearly specified as important
to be maintained exactly.

—
MADO7180901AW 1

[Rf-Werte

1,0 --Front
09
0.8
0,7
0,6
0,5
04 —
to3
0,2
0,1
-0,0 i --Start

(]

Figure 5. Selectivity of identification testing of an
HMP containing extract of Black Cohosh Rhizome.
Method: Identification test of Black Cohosh Rhi-

zome (13). Track assignment: 1: reference, actein,

2: reference, 23-epi-26-deoxyactein, 3: authenticated ex-
tract, 4: HMP containing extract of Black Cohosh
Rhizome, 5: excipients.
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Figure 6. Influence of humidity and temperature on the
fingerprint of authenticated Black Cohosh Rhizome
drug. Method: Identification test of Black Cohosh
Rhizome (13). Track assignment: 1: 27°C, 52% humidity;
2: 28°C, 50% humidity; 3: 30°C, 48% humidity; 4: 31°C,
47% humidity; 5: 32°C, 46% humidity.

Some derivatizing reagents lack stability. Therefore, it is
necessary to determinethe shelf-life of the reagent under spec-
ified storage conditions. The fingerprints obtained during the
shelf-life of the reagent mixture must be similar; otherwisethe
reagent must be freshly prepared.

Adsorbent.—Batch-to-batch consistency of the adsorbent
specified in the method should be evaluated. Thisis particu-
larly important for chemically bonded phases. If the finger-
prints on plates of different batches are not similar, or if the
backgrounds on different plates are not similar, a number of
platesfrom one batch or consistent batches sufficient for com-
pletion of the study must be stored under defined conditions.

It may be of interest to compare the performance of plates
specified in themethod with that of plateswith the same speci-
fications from a different manufacturer.

The operating protocol and procedure should alow only
the use of batches showing similar performance.

Conclusions

The use of suitable equipment is one of the requirements
for unlocking the full power and using all the advantages of
modern HPTLC for quality control and stability testing of
HMPs. To maximize the reproducibility and reliability of the
results, it is also necessary to use a standardized methodol ogy
based on atheoretically and practically sound foundation. All
parametersthat can influence the chromatographic result must
be explicitly defined in the method description. Also qualita-
tive HPTL C fingerprint methods shoul d be consequently vali-
dated; this means that the evaluation of selectivity,
reproducibility, and robustness have to be established particu-
larly before use in stability testing.
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