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What will be discussed?

1. What exactly is HPTLC?
2. The elements of a standardized HPTLC methodology
3. Changing TLC methods into HPTLC methods

4. Development and validation of ID Methods

5. How new developments in HPTLC may affect the analysis of plants
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Introduction

» Thin-layer chromatography (TLC) always was and still remains an
important tool for the analysis of plants.

» Today there are two principal applications in this context: research and
quality control. Both benefit from the advantages of the planar off-line
principle and also in particular from low cost, simplicity, and flexibility.

» For decades TLC is integral part of monographs for medicinal plants in
all pharmacopoeias and the primary method of identification.

» Growing expectation regarding performance charateristics have brought
TLC methods to the limits.

» Since the turn of the century pharmacopoeias recognize the technical
progress in instrumentation and improvements offered by high
performance plates.

» Most recently HPTLC is being discussed as alternative to classical TLC.
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The planar off-line principle

application

development

detection and guantitative evaluation
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But what about reproducibility?

The central problem:

>

When two (or more) labs do the ,same” or think that they are doing the
same, the results are not necessarily equal.

Reason is the general method description in the Pharmacopoeias (EP
2.2.27, USP <201>, <621>, PhPRC ap. VI) which define ,suitable”
equipment and give ranges instead of values.

JPXV 2.03 is still centered around self made 20x20 TLC plates !

table EP% r a r sult descé;)tlon\;\&JSP JP) can only define the most

OS[ 1
|mportan aspects of aeI'L chromatogram That leaves room for

interpretation. An atlas (PhPRC) provides clear guidance.

Example: how can a color be described correctly?
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What is blue?

And
colo
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PhEur: Possible choices in methodology

» TLC layer » HPTLC layer
» Manual application » Automatic application

» Transparent container » Automatic Developing

(Pickle jar?) Chamber
» UV-Lampe (L?) » Scanner
» Manual spraying / » Automatic immersion /

immersion spraying
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|dentification of Acanthopanax
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|dentification of Peonies
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|dentification of Fleece flower
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Goal:

International standardization of HPTLC

» What
= HPTLC definition
= Methodology
= Equipment
» Why
= Reproducibility of results
= Validity of official methods
= Quality assurance in a globalized world
= Quality of published research
» How
= International collaboration
= Top down
= Publication
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TLC or HPTLC

» Pharmacopoeias see difference primarily in the plate
yet assume similar results

Average plate height [um]
|

m
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Comparison TLC-HPTLC of flavonoids

TLC plate 20 x 20 cm
(135 mm)

HPTLC plate 20 x 10 cm
(60 mm) |
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TLC or HPTLC?
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What is TLC?

» Chromatography for the poor (cheap)

Simple manual chromatography for everyone
(students?)

Rapid

Flexible

Reference and test solution side by side

“Just” qualitative, preliminary estimation at best

v

vV VvV VvV Vv

Unpredictable
Unreliable

- Manual technique, simple instruments, TLC plates
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What is HPTLC?

High Performance Thin-Layer Chromatography

TLC for the 21st century A new concept

» Instrumental TLC

. » Suitable instruments
= Application

= Development

» Scientific basis
= Documentation

= Densitometry » Standardized methodology
» Truly ,plug and play*

» Fully cGMP compliant » Validated methods
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"HPTLC” on TLC plates?

» What is the point?
= Saturation 1h vs. 20 min
= Twice (10x) the solvent volume
= 3x the developing time (15 vs. 6 cm)
= Same cost per plate (20x20 vs. 10x10 cm)
yet
= Less resolution

= No control of the development process
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Standardization of methodology

Plate setup and handling

Sample application (as band)

Chamber geometry and saturation

Humidity control P
Developing distance SO

Derivatization procedure

v VvV vV VvV vV 9V v

Documentation (electronic images)

» Evaluation

A Standardized Approach to Modern High-Performance Thin-Layer Chromatography
(HPTLC). Reich, E., Schibli, A., (2004) J. Planar Chromatogr. 17, 438-443
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SOP for HPTLC

» Should be the basis for all work (in participating labs)

» Applies to all methods

» All deviations need to be recorded

» Our Is in full compliance with PhEur, USP, ChP

Available at: www.camag-laboratory.com (homepage)
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The basic HPTLC setup
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Standardized basic equipment

» Clear specification of HPTLC plates (type, format, manufacturer)
» Software control for “absolute” reproducibility of all parameters
» Independence from environmental factors (humidity !)

» Eliminating human factors

» Emulation by “manual” operation still possible to a certain degree
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Sources of methods

» European Pharmacopoeia (EP)
. New monographs feature TLC and HPTLC in parallel
» British, French, German, Swiss Pharmacopoeias
=  Offer specific monographs not found in EP
» The USP Dietary Supplement Compendium
= TLC and state of the art HPTLC
» Chinese Pharmacopoeia
= HPTLC atlas as a supplement of 2005 ed.
» Japanese Pharmacopoeia

=  Only simple TLC
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More sources of methods

» American Herbal Pharmacopoeia (19 monographs)

» Quality Standards of Indian Medicinal Plants

(8 volumes)
» Indian Herbal Pharmacopoeia (54 monographs)

» Quality Standards of Traditional Chinese Medicines

(Chinese only)

» Wagner, H. and Bladt, S. ,Plant Drug Analysis”
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Converting existing TLC methods to HPTLC

Assumptions:

» Results on HPTLC and TLC plates are similar if
= No changes are made to chromatographic system
=  Same equipment is used
= QOriginal TLC method was optimized
» Due to the higher separation power HPTLC plates
= Usually give improved result
= Require shorter developing distance - less time

» HPTLC with no instruments looks bad, but so does TLC
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Converting existing TLC methods to HPTLC

Practical aspects (I)

» Do not change chromatographic system (chamber configuration, mobile
phase, stationary phase)

» Reduce application volume (generally) to 1/5 (typically 2 uL)
» Employ standardized methodology (based on SOP):

= Fixed (x, y) application positions, (e.g.) 8 mm bands

= Use 60 mm developing distance

= Fixed drying time and temperature

= Use dipping instead of spraying if possible

= Fixed waiting times between derivatization and evaluation

= Obtain multiple images (if possible) of plate (e.g. UV 254, UV 366
prior to derivatization, and white light, UV 366 after derivatization
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Converting existing TLC methods to HPTLC

Practical aspects (1)

» Use same samples on TLC and HPTLC
» Evaluate whether changes in the result can
» Fall under “additional weak zones may be seen”
= Are due to natural variability of plant
» Color description is always subjective: e.g.
blue, bluish
blue white
blue green, etc.

» Rfis predictable only for validated methods!
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Example: USP method for chamomile

B .. TLC

HPTLC - = = |
application volume 2 yL =~ - . T
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Developing an ID method from scratch

» Review literature for related plants

» Obtain multiple samples form different accessions

» Obtain samples of related plants and known adulterants
» Optimize sample preparation and detection

» Avoid toxic solvents

» Start with silica gel, select mobile phase

Reich, E., Schibli, A.:HPTLC for the analysis of medicinal plants, chapter 5, Thieme 2007
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Validation of qualitative methods
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Validation of high-performance thin-layer chromatographic methods for the identification of botanicals in a
cGMP environment. Reich, E., Schibli, A., DeBatt, A. (2008) J. AOAC Int. 91, 13-20.
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Envisioning the Future...
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Methods for identification of plants

» SOP is the basis for an HPTLC method template (instruments)

- template

» A (PhEur, USP, etc.) monograph or validated methods is basis for
HPTLC method document —>Method for identification of

» Result table/description is replaced by a reference image

» Corresponding instrument methods are derived from software template
> method

» Results on plate are qualified by a System Suitability Test (SST)

» Comparison of results with reference images
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Thyme leaf plates 1 - 3
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Thyme leaf
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The CAMAG HPTLC method collection

» Identification of 150 (+) plants from East and West
» Predictable results everywhere
» Convenient comparison against reference images

» Compatible with (current and future) harmonized

description of HPTLC

» Based on ATS4, ADC2, Visualizer and Software
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CAMAG Laboratory Network

» Collaboration on development and validation of

HPTLC methods for identification of plants
» Setting global quality standards for HPTLC
» Providing training and research opportunities

» Offering analytical services for customers
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Who is part of the network?

» CAMAG Laboratory Muttenz
» CAMAG Scientific Inc. Wilmington (NC)
» Shanghai University of TCM (Prof. Wang)

» University of Applied Sciences Wadenswil (Prof. Meier)
» University of Regensburg (Prof. Heilmann)
» University of Barcelona (Prof. Canigueral)
» University Sapienza Rome (Prof. Nicoletti)

» University of Graz (Prof. Bauer)
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Examples from other labs (HS Wadenswil)

OSWegO tea K. Resuits

Fig. 1) NP reagent and PEG reagent, U 366 nm

1 2 3 4 a A T a q 10 i 12 13 14 14
Track | Yaolume | Sample Track | Yalume Sample
1 2pL Cswego tea; herb 1 9 AL Chlorogenic acid, rogmarinic, acid
fwith increasing B
2 4l Oswego tea; herb 1 10 4l Oswego tea; herb 1
3 B pL Cswego tea; herb 1 11 4 pL Cswego tea; herb 2
4 2 UL Dswegn tea; herb with lower 12 4L Osweqgo tea; herh 3
A 4L Csweqn tea; herb with flower 13 4yl Cswego tea; herb 4
fi B pL Csweqo tea; herb with flower 14 4 pL Cswego tea; herb with flower
7 2L Rutin, narimtin, hvpernside, 15 4L Dzweno tea; flower
HUBrGEtn fwith increasing =D
B 2L Maringin, narinoenin twith
increasing B

System suitability test
Rutin: orange fluorescent zone at Bf ~ 0.32 (U 366 nm).
Hyperoside: orange fluorescent zone at Bf ~ 0.50 {LUY 366 nm).
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Examples from other labs (Uni Regensburg)

4. Results
Fig. 1) Uv 366nm

11 12 13 14 14

System suitability test

Palmating: fluorescent zone at Bf ~ 0.14.
Berberine: fluorescent zone at Bf ~ 0.23.
Coptising: fluorescent zone at Bf ~ 0.60.

Track | Wolume | Sample Track | “olume Sample

1 10 pL Falmatine and herherne 9 10 UL Copis.teeta rhizome
2 10 pL Copfisine 10 10pL Chinese corkiree bark
3 10 pL Copmisrhizome £ 1 11 10pL Chinese mahonia bark
4 10 pL Comisrhizome # 2 12 10pL Tinosporg root

5 10 uL Coptis rhizome # 3 13 blank

G 10 L Coptisrhizome £ 4 14 blank

7 10 pL Coptisrhizeme £ 5 15 blank

8 10 pL Coptis. deltoidea rhizome
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i H o0 ‘s
_ [5] P340_110504 01 EC * X

Stk bedes onekasarily | ﬁ ﬁ P340 ﬁ P340 Probensammiung Test 7 l-zlavonoide
=N S
Recent  Recent  Recent  Recent Mame Created by Modified
HMEME e e e Probensammlung P340 Rebekka Ambuehl | 01032011 12:04 |2
ezl B 240110302 02 Rebekla Ambuehl  09.05.2011 11554
¥ Methods (1) P340 110302_03 Rebekka Ambuehl 27.04.2011 08:40
V Plate Analysis (28] [% P340 110302 04 Rebekka Ambuehl 15.04.2011 17:10
Today (& P340 110302 05 Rebekka Ambushl 09.05.2011 11:54
& Today [% P340 110302 06 Rebekka Ambuehl 16.06.2011 15:05
5 Vesterc P340 110302 07 Rebekks Ambuehl 16062011 15:09
B e (B p340 110302 08 Rebekka Ambushl 08.04.2011 15:32
5 Eariier this month (B P340 110303 01 Rebekka Ambuehl 08,04.2011 15:36
w E; e e w (3 P340_110303_02 Rebekka Ambuehl 08.04.2011 15:38
.Emmg%“ém P340 110303_03 Rebekks Ambuehl 08.04.2011 15:40
(B P240 110303 04 Rebekka Ambuehl 08042011 15:43
(B P340_110303_05 Rebekka Ambuehl _08,04.201
I mzmis 47
it:software concegtk
[ %9340 1103 04201 M 552
(3% P340 110304 01 08,04.2011 15:54
[% P340 110304 02 Rebekka Ambushl  1504.2011 16:16
P340 110304 03 Rebekks Ambuehl 16062011 15:05
L : [B P340 110304 04 Rebekks Ambuehl  15.04.2011 16:27
L Rosmarinic acid
= 2 (3% P340 110304 05 Rebekka Ambuehl  11,05.2011 10:34
+ |R7638 | Hyperosid [% P340 110304 06 Rebekka Ambuehl  09.05.2011 13:22
2 52930  Sepyliherbacon. 2 P340 110304 07 Rebekks Ambuehl 28042011 11:43
3 | S22 “‘W"“ serpyllum ' [% P340.110304 08 Rebekka Ambuehl 15.04.2011 16:47
': K m:m By P40.110310.01 Rebekka Ambuehl | 1504.2011 17:17
T —— (% P340_110310.02 Rebekka Ambuehl  11.05.2011 11:29
7 | sas7 -Th}'ﬂ]us ygis Loef.. | P340 110310 03 Rebekka Ambuehl 1606.2011 15:11
8 B0 Trymush Pyemalis... ' (B P340 110310 04 Rebekka Ambushl 09.05.2011 11:42
5 seisl | Tmymus mooser 20 IR i
i M m:m L L DY ﬁngerprmirs Rebekka Ambuehl 29.06.2011 09:35
" Rnermai @ Clones Rebekka Ambuehl 10.03.2011 09:06
[ Szgeleaf Rebekka Ambuehl 27.04.2011 09:48
[ Sapgeleaf Rebekka Ambuehl 13.04.2011 16:36
L] sch-énEStandards Rebekka Ambuehl  29.06.2011 09:36
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Sequence Table Definition

Eaguence table

Track Vial ID Description Volume Position Type
S T e T T T S —— c@

1 peA: Racmannic acd 0iAL b AT el
[I-.- 't"i‘.’ul-ﬂ:'-”-a-’:_ !1 Do !1 bl iuetald

+ R7637 Rutin 20 A2 Standard
+ |R7638 Hyperasid 20 A3 Standard
252930 Serpylli herba concisa 2081 Sample

o S
i)

3 56522 Thymus serpyllum 2.0:82 Sample
4 sRyQy Thymus-serpyllum 2083 Sample
5|S8708 Thymus.serpylium pulvis 2.0B4 Sample
b 56587 Thymian 2.0°B5 Sample
758457 Thymus zygis Loefl. Ex L. 2085 Sample
B SBARD Thymus hyemalis Lange 20187 Sample

o R -1 L (a} > ' Lo W= T L

Plate Layout Preview  Layout.




Plate Layout

Parametzrs

Plate Manufacturer L

LABORATORY

Stationa

nhase

ADC2 development Settings

Parameters
Mobile phase | Ethyl acetate, dichloromethane, formic acid, acetic ac| b
Development type saturat| Visualizer Documentation Settings
Saturation (default)
Parametzrs

Activation (default) Image quality v HORI | Restore default

[| White R b
Drying (default) White RT b

[ White T b

254 nm ]
u 366 nm b

3

Image sequence
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| File Chromatography Wiew Admin 7 W
=0 = B T I

4]

| Applicaton —— ——— [am1] Development — ————— =S —_— | Data Acquisition

Finish Step Definition
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File Chromatography View Admin 7

Explorer

DataType ———— | RFToolsandTracks | Image | Annotations |
r—— & e T, —:"— = A
. ‘l‘ : Sl <« + - o / =
- Select Grab I00% Rectangular Save Il'page Cropimage SpetAmp  White Rezet 25
Zoom o DEE Balance changss
Images Samples

Ovenview

Chronclogical  Tllumination

Postderivatized 2a (2) =

|4

r| Pau ex Mart.

rode

Mixture




4. CATS CAMAG TLC Software T B ————— R

File  Chromatography View Admin 7

=S S O |

I — bm 3
d
— Sample o Savelmags
Comparison to Disk

Images Samples

o 01 02 03 04 05 08 o7 03 09
Tr. VialID Description
1 | RE424 Rozmarinic acid

Serpylll herba conczs

Thymus serpylium

7 |Thmssepian

Thymus serpyllum pulvis

Thymian
Thymus zygis Loefl. Bx L
Thymusz hyemalis Langs

Thymus moroder Pau ex M.

Thymbra capitsta (L) Caw.

Feldthymian

Rosmarinic sod
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L CATS CAVIAG TiC Sofiwar

File Chromatography View Admin 7 Mm
M el o @ W W B E

Explorer [Py P340.110504 01 EC x 5
Get - References - -~ Samples
Batch set

(@) Selected () Unselected

[ I

Thymus morederi Pau ex

Thymus serpyllum pulvis
Thymus zygis Loefl. Ex L
Thymbra capitata (L) Cav

SB4ST

Mixture:
".Wli herba concisa

53461
58462

SET9E

2930
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Three channels per track

Intensity Plot of Data Thyme/. cay
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HPTLC as research tool

» Evaluation of column fractions
» Identification by MS

» Screening for bio-activity
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|dentification of alkaloids in Sophora flavescens
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BioLumineX - BioLuminizer

A BCDTETFGHT mmnm

A -1 : chamomile oil np : 4-nitrophenol
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Bio-assays. DPPH

Anti-oxidative properties of esential oils

Silica gel 60 F ,¢,

Toluene : ethyl acetate
95:5

1: carvacrol methylester; 2: thymol; 3: carvacrol; 4: thyme oil; 5:sage oil; 6:neroli oil; 7: lemon, oil; 8: peppermint oil;
9: rosemary oil; 10: chamomile oil; 11:sweet orange oil; 12: manuka oil; 13: tea tree oil; 14: pine oil; 15: niaouli oil;
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Bio-assays:. DPPH

Anti-oxidative properties of flavonoids

Silica gel 60 F ,¢,

Ethyl acetate, acetic
acid, formic acid, water
100:11:11: 27

1: chlorogenic acid; 2: quercitrin; 3: rutin; 4: ginkgo leaf extract; 5: St. John’s wort; 6: great mullein; 7: ribwort plantain; 8:
rosemary; 9: majoram; 10: basil; 11: thyme, 12: chamomile; 13; peppermint; 14: arnica; 15: birch; 16: hibiscus
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Thank you!

eike.reich@camag.com

www.camag-laboratory.com
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