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Quality of herbal products

What is relevant?

Production process Quality control
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. T Herbal products

Production

Medicinal plant

Harvest and post-harvest
processing

W Herbal drug
@ Milling / extraction
Herbal preparation
(active ingredient)
@ Formulation

Herbal product
(medicinal product,
dietary supplement, ...)
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Quality control

What is relevant?

1. ldentity
Plant species, plant part, chemical profile.

2. Purity Maintenance along
Possible adulterations or falsifications, the shelf life time
possible contaminants, etc.

3. Content {}
Usually assay of compounds of known 4. Stability
therapeutic activity or markers.

*

Pharmacopoeia monographs
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TLC and quality control of herbals

A classical tool

mmm ¥ Used since years.

v Included in most Pharmaco-
noeias.

v’ |dentification, detection of
adulterations/falsifications

B

v" Historically with a limited
description of the analytical
parameters.
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The evolution towards HPTLC

The European Pharmacopoeia as example

1969 1stedition v Chapter on TLC
v' Few parameters described

1989 2" edition v' New chapter on TLC (V.6.20.2,
renamed as chapter 2.2.27 in
Ph. Eur 3.0)

2005 5™ edition v° Update of the chapter 2.2.27
v" Introduction of quantitative TLC
v" Introduction of HPTLC as an
alternative

2017 9% edition v New chapter 2.8.25 on HPTLC
for herbal drugs and herbal
preparations
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HPTLC improvements

Ph. Eur. general chapter 2.8.25

1. Improvement of reproducibility

v" Introduction of HPTLC

v Standardisation of methodology (SOPS)

v" Introduction of a system suitability test (SST, qualification of the
plate)

2. Improvement of the description and interpretation of
the chromatograms

v' Sequence of zones (number position, colour)

v Intensity of zones: introduction of an intensity marker and
standard wording for its description

v Publication of colour pictures of chromatograms: Knowledge
database, not mandatory, given only as information, including
several batches to show natural variability.
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HPTLC improvements

Ph. Eur. general chapter 2.8.25

: System-specific
Roman chamomile flower suitability test (SST)

DeSCrI ptIOn Upper edge of plate SST R Ry T
tab I e A greenish-blue fl zone (apigenin)

A weak to equivalent brownish-
yellow or orange fl zone

Typical
chromatogram

Three light blue fl zones (upper two
with a weak to equivalent intensity,
the lowest usually intense)

Apigenin-7-glucoside : A

greenish-blue fl zone A equivalent to intense greenish-

blue fl zone (apigenin-7-glucoside)
A weak to equivalent brownish-
yellow or orange fl zone

Chlorogenic acid: A light blue A weak to equivalent light blue fl
fl zone zone

Intensity
marker

Reference solution Test solution

: Marks between upper, middle and lower third SST: Reference solution (c)
R: Reference solution (a)
R,,: Reference solution (b). R diluted with factor 4
T: Test solution (T1)
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HPTLC improvements

Ph. Eur. general chapter 2.8.25

EURCPEAN PHARMACOPOEIA 9 Chamonmille flower, Roman

01/2017:0380
CHAMOMILE FLOWER, ROMAN

Chamomillae romanae flos

Top of the plate

[c] A greenish-blue fluorescent zone or a faint
greenish-blue flucrescent zone

[d] A brownish-yellow or orange fluorescent zone or a
faint brownish-yellow or orange fluorescent zone

ge] 2 light blue fluorescent zones or 2 faint light blue
uorescent zones

A usually intense light blue flucrescent zone

[a] Apigenin-7- :ag h-blue [f] A greenish-blue fluorescent zone or an intense
greenish-blue zone (apigenin-7-

;g] A brownish-yellow or orange fluorescent zone or a
int to very faint brownish-yeliow or orange fluorescent
zone

&h] Alight blue flucrescent zone or a faint light blue
uorescent zone

[b] Chlorogenic acid: a light blue fluorescent zone

Reference solution (a) Test solution

The letters indicating the position of the zones refer to the chromatogram shown below
for information. Like the chromatogram, they will not appear in the text published in the
European Pharmacopoeia. However, the table with letters will be published with the
chromatogram in the Knowledge database.

Last updated: 07/06/2016 1

Chamonmile flower, Roman EUROPEAN PHARMACOPOEIA 9

The following chromatogram is shown for information but will not be published in the
European Pharmacopoeia. The zones in the chromatogram are identified by lefters which
correspond to the descriptions in the table above.

SST:reference solution(c) R: reference solution (a)

R1/4: reference 4-8: test solutions for
solution (b) different batches
Figure 0380.-2. — HPTLC chromatogram for identification test C of different batches of

Roman chamomile flower

Publication of chromatograms in
the Knowledge Data Base of
the European Pharmacopoeia

2 Last updated: 07/06/2016
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Comprehensive HPTLC fingerprinting

What it means?
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For herbal drugs, identity is still one of the central elements of
quality [6]. Ide evaluated primarily based on the morpho-
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cal composition, the pattem pared to that
of the HRM [2]. However, HRMs could also bc used to qualify an
herbal drug in a much w

Introduction
ing can dramatically

To describe and assure the quality of herbal drugs, 3 sule of 3p-
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marker(s) [4.5]. In order to perform all tests, different
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Frommendler DA st s Comprebersive HPTLC Fingerpeinting

465

More information

mages), which are used for
erted into peak profiles and
ted zones are guantitatively
the corresponding zones of

Identification
v Purity
v Content

A

Arruda Frommenwiler D, Kim J, Yook CS, Trang
Tran TT, Cainigueral S, Reich E (2018) Planta
Medica 84 (6-7):465-474.
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Comprehensive HPTLC fingerprinting

Generation of data
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Comprehensive HPTLC fingerprinting

Peak profiles from electronic images (PPI)

PP

R: 174
G: 179 —
B: 053

—EEEEEEEEI

Pixels

50 % of the length of
the band is selected

Plotting L as a function of R. generates a peak profile
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calculated:

L= 13R+1/3G+1/3B

For each R value, the mean of Luminance (L) is

Comprehensive evaluation
of the fingerprint includes
image + PPI
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Comprehensive HPTLC fingerprinting

The concept

» |dentity

One analysis

e N s N
HPTLC images Peak Profiles from image (PPI)
Prior to After Prior to After
derivatization  derivatization derivatization derivatization

» Purity

» Content
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Comprehensive HPTLC fingerprinting
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Comprehensive HPTLC fingerprinting

Angelica gigas root

v" The roots of many Angelica species have a long use as traditional
medicine.

v' Some are traded in East Asian herbal markets under the same
common name “Dang gui”:

— Angelica sinensis (Oliv.) Diels, used in China

— Angelica acutiloba (Siebold & Zucc.) Kitag., used in Japan
— Angelica gigas Nakai, used in Republic of Korea

Can comprehensive HPTLC fingerprinting simplify

guality control of A. gigas root, giving information on
identity, purity and content?

E!f FHH Forum for the Harmonization of Herbal Medicines

Arruda Frommenwiler et al. (2018) Planta Medica 84 (6-7):465-474
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Comprehensive HPTLC fingerprinting

Angelica gigas root

' - 28 Angelica and related
|- . species can be distingui-
Vv—" | . -
: = - shed with this method
\L | Can mixtures be detec-
1% of A. acu- 1% of A. sinen- 1% of A. gigas ted?
tiloba in A. gigas sisin A. gigas in A. sinensis Test performed with the
DD —|— 3 main Angelica species
,,,,,,,,,,,, Jress—y ==y |

L
3 1
i " .
[
1 { o1 as
: 1‘
1 l
LT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 00 a0
MC 1 2 3 4 5 6 7 8 8 10 1 12 13 1 15 6 7 18 18 20 21 22 23 24

Minimum content of decursin plus decursinol angelate assessed, using a
quantified reference standard in a concentration equivalent to the minimum
content

ID test

Arruda Frommenwiler et al. (2018) Planta Medica 84 (6-7):465-474
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Comprehensive HPTLC fingerprinting

Angelica gigas root

' - 28 Angelica and related
|- . species can be distingui-
! —" Y . .
’ - - shed with this method

L
3 1
i " .
[
1 { o1 as
: 1‘
1 l
LT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 00 a0
MC 1 2 3 4 5 6 7 8 8 10 1 12 13 1 15 6 7 18 18 20 21 22 23 24

Minimum content of decursin plus decursinol angelate assessed, using a
quantified reference standard in a concentration equivalent to the minimum
content

ID test

Can mixtures be detec-

1% of A. acu- 1% of A. sinen- ted?

tiloba in A. gigas sis in A. gigas Test performed with the
DD ——= 3 main Angelica species
,,,,,,,,,,,, ==

Arruda Frommenwiler et al. (2018) Planta Medica 84 (6-7):465-474
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Ginkgo biloba products

Comprehensive HPTLC fingerprinting for

implified iden
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Comprehensive HPTLC fingerprinting as a tool for a simplified analysis of
purity of ginkgo products
Débora Arruda Frommenwiler™”,

Salvador Caiiigueral™
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1. Introduction

Ginkgo (Ginkgn bilob

posding author.
o s aniguera
foi.org/ 10001

Availzble nline 12 July 2010

Asia, is tmditionally associated with longevity.
mecicinal use of ginkgo dates hack to 2800 BC and it is described for

P2019.11 2081
eclved In revised form 1 July 2009; Acoepied 12 July 2019
)

DITHAPALS & 2010 Elsevier BV. All rights reserved.

the preuofruts, which are more frequently used than leavesin Eoster
Asia. However, based on some ry veell documentad wses in tra-
al Chinese medicine (TCM), & German compony develaped &

madicinal produet from leaves for cognitive impairment in derienia
The active ingredient is a ‘special’ extract - extract 6. biloba (EGh] 761

), considered a sacred tree in the Basiem
The earliest known

1 cxin (S, Canigueral).

>

tification and purity tests
59 Ginkgo dietary supplements

,_ QR

N © K~ 0o O
[ O T o R N o

T
GP31

GP32
GP33
GP34
GP35
GP36
GP37
GP38
GP39
GP40
GP41

GP42
GP43
GP44
GP45
GP46
GP47
GP48
GP49
GP50
GP51

GP52
GP53
GP54
GP55
GP56
GP57
GP58
GP59

From 11 countries

v UK
v USA

v" Colombia
v Croatia
v' Germany

v ltaly v’ Serbia
v Netherlands v Spain
v New Zeeland v Switzerland

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E and
Cafigueral S (2019) J Ethnopharmacol, 243: 112084
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Ginkgo dry extract purified ‘*
USP

Chemical identification

- HPTLC of flavonoids
- HPLC of flavonoids (from assay)

Assay

- Flavonoid glycosides by HPLC
- Terpene lactones by HPLC

Limit tests

- Quercetin (= 0.5%) and rutin (< 4%) by HPLC
- Ginkgolic acids by HPLC

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084
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Ginkgo biloba products "

Comprehensive HPTLC fingerprinting for
simplified identification and purity tests

One single analysis,
but 4 detections on
the same plate:

v UV 254 nm (visual
and PPI)

v' UV 366 nm

NP + UV 366 nm
(visual and PPI)

v" NP + anysaldehide
reagent + daylight

AN

"
Je—

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084

E08 UNIVERSITAToe
] ] . . . . B . i il BARCELONA
Unitat de Farmacologia, Farmacognosia i Terapeutica - Facultat de Farmacia i Ciéncies de I'‘Alimentacié - S. Cafiigueral and R. Vila



Ginkgo products "

Possible adulterants

O

P
N\ K

09
08
07
06
05
04
03
02
01

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084

Rutin

Quercetin

Extracts from Sophora japonica flower
- Extracts from Sophora japonica fruit

- Extracts from buckwheat leaf
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Ginkgo products

Detection of adulterants

Detection of buckwheat

Ginkgo Buckwheat
extract herb

09+ 09
08+ 08
0.7+ 07
06+ 06
05+ 05
04+ 04
03+ 03
02+ 02
01+ 0.1

UV 366 nm

094

084

07+

06+

054

04+

03+

024

Detection of sophora fruit

Ginkgo Sophora Ginkgo Sophora
extract  fruit extract  fruit
_ I

Yoo
los
Yo7
tos
+05
to4
$o3
A
Yo1
UV 254 nm UV 366 nm, derivatized
with NP reagent

Detection of sophora flower

Ginkgo Sophora
extract flower

09+ 109
08+ 108
0.7+ +0.7
06+ 406
05+ +05

04+ 104

03+ - +03
| —

02+ +0.2

014 401

White light, derivatized with NP
plus anisaldehyde reagents

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084
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Ginkgo biloba products

Comprehensive HPTLC fingerprinting for
the limit test of rutin

Images into peak profiles

09 09 Fingerprints Peak at the position of
081 08 P Ginkgo products rutin, PPI
o] o ) Rutin 20 23 32 26 1 2 4 AU AU
) Ginkgo products
0.6 0.6 . 09
05 os L . o P Failing
041 04 2 0'5 Limit rutin level
] |, => i
03 03 e P> Passing
0.2 02 B

= 02

0.14 0.1 01

Luminance (L)

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084
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Ginkgo biloba products ‘*

Comprehensive HPTLC fingerprinting for
the limit test of quercetin

Fingerprints Peak at the position of

Ginkgo products quercetin, PPI

23 32 26 1 2

s
e N M e ——
{1 ! | |

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084

f >
[

AU

Ginkgo products

I

20
—
-}

- Failing

I ]
- Reference for quercetin

Limit quercetin level

-, I “> Passing

20 23 32 26 1 2 4
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Ginkgo biloba products ‘*

Comprehensive HPTLC fingerprinting for
simplified identification and purity tests

. 59 ginkgo products
30 28 from 11 countries
25 Only 11 products were
considered compliant after
20 - - the analytical results.
1o Samples failing one of the
" tests during HPTLC evaluation
® 8 will also fail the HPLC limit test
5 r Y @
e 2
1 1 ..
o == = HPLC limit tests F
[ oG il e A At become redundant ¢
(declared) flower (not (not declared)
declared)

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084
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Ginkgo biloba products ‘*

Comprehensive HPTLC fingerprinting for
simplified identification and purity tests

A single identification analysis
(HPTLC of flavonoids)

v" Allows identification

v Allows the detection of adulterations and identify
the adulterant.

v" Avoids one HPLC analysis prescribed by the
USP for limits of quercetin and rutin

Frommenwiler DA, Booker A, Vila R, Heinrich M, Reich E, Cafiigueral S (2019) J Ethnopharmacol, 243: 112084
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European Pharmacopoeia

Application of comprehensive HPTLC
fingerprinting to TCM herbal drugs

* Includes 73 monographs on TCM

 TCM monographs use the analytical marker approach to
evaluate the content of the herbal drug.

~

Alternative to assays

. Q/é' = Simplify the determination of content of TCM herbal drugs
\ = Reduce the n° of tests to be performed during quality control
QQ - = HPTLC was considered during pilot study

Comprehensive
HPTLC fingerprinting
for identification and
Ph. Eur. TCM - )
workirl:gr] pa(t:rty minimum content Fritillaria thunbergii  Corydalis rhizome

bulb Y,

TTTTTTTTTTTT
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Ph. Eur.: TCM herbal drugs

Fritillaria thunbergii bulb case study

Objective

Use HPTLC for identification and to assess
compliance of the herbal drug to a minimum
content of peimine and peiminine, as
alternative to an HPLC assay.

&H
Peimine Peiminine
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Ph. Eur.: TCM herbal drugs

Fritillaria thunbergii bulb case study
1. Adaptation of the HPTLC ID method to quantification

v Mobile phase optimization for baseline separation of markers.
v Repeatability of the separation (AR < 0.02).

v Optimisation of the extraction method.

v Optimisation of the SST.

v Optimisation of the detection.

v’ Setting acceptance criteria for identification

Top of the plate

-—- | [c] Peiminine: a blue fluorescent zone — | (e) a faint to equivalent blue zone (peiminine) -—

6 imini (f) A blue fluorescent zone
Pelmlnlne (g) A blue fluorescent zone
(h} A very faint to faint greenish zone
[a] Theobromine: A quenching zone [d] Peimine: a greenish fluorescent zone | (i) A greenish flucrescent zone (peimine)
[b] Brucine: A quenching zone = —- — —

04
03 Pelmlne (i) A blue zone

(h) A faint to equivalent blue zone

Bottom of the plate
SST(UV 254 nm) Reference solutions (a) and (b), UV Test solution A, UV 366 nm after
366 nm after derivatization derivatization
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Ph. Eur.: TCM herbal drugs

Fritillaria thunbergii bulb case study

2. Development of the test for minimum content

v' Linearity for each marker.
v' Establishment of a minimum content for each marker

Results are expressed as pass/fail rather than a content value

Fingerprints PPI
=T wn - - T wn -— -
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Visual interpretation Software interpretation
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Ph. Eur.: TCM herbal drugs

Fritillaria thunbergii bulb case study
2. Inter-laboratory trial: organisation

* Samples and SOP were distributed to 6 laboratories (A-F) for a collaborative
trial

* The following parameters were evaluated:

— Identity of the samples: sequence of zones as described in the SOP
— Minimum content test based on visual evaluation
— Minimum content test based on PPI

Top of the plate

A | |
s‘ |
f [
|
n | |
f\\
[\ \
/ ‘ 1 ik /
0 o4 = S 06 5

Reference solutions (c), (d), (e). (f) Test solution

Reference solutions (a) and (b)
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Ph. Eur.: TCM herbal drugs

Fritillaria thunbergii bulb case study

3. Inter-laboratory trial: Results

— ldentity of the samples

This lab was excluded
from other tests

AS

Lab D

[T

83%
agreement
rate

Labs A-C, E and F

<7

Pass all samples: all zones descri-
bed in the SOP were detected

on visual evaluation

5 Labs

A-C,Eand F

~

All labs pass samples 1,3-5 and fail
samples 2 and 6: the failing samples

had lower content of peimine

Minimum content test based —

Unitat de Farmacologia, Farmacognosia i Terapéutica - Facultat de Farmacia i Ciencies de I‘Alimentacié - Cafigueral et al.

E UNIVERSITAT e
il BARCELONA



Ph. Eur.: TCM herbal drugs

Fritillaria thunbergii bulb case study

3. Inter-laboratory trial: Results

— Minimum content test based —
on peak profile from image
(PPI)

3 Labs
B,C and E

~>

All labs pass samples 1,3-5 and fail
samples 2 and 6: the failing samples
had lower content of peimine.

Minimum content tests

(visual / PPI)

Participants in the tests agreed on
the results for the same sample
Independently of the method used.

One lab excluded (problems with the

intensity of the zones).
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Ganoderma lucidum (reishi)

Comprehensive HPTLC fingerprinting for
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Comprehensive HPTLC fingerprinting: A novel economic approach to evaluating
the quality of Ganoderma lucidum fruiting body

Débora Arruda Frommenwiler*t, David Trefzer", Marco Schmid?, Salvador Cafigueral®, and Fike Reich®

“CANIAG Labotatory, Muttenz, d: kUit of and Th Faculty of Pharmacy and Faod
Sciences, University of Barcelona, Barcelona, Spain; “Institute for Pharmaceutical Sciences, Pharmaceutical Biology and Biotechnolegy of the
Albert-Ludwigs-University, Freiburg, Germany

ABSTRACT
Quality evaluation of hertial drugs requires the assessment af identity and passible adulterations,
as well as the determination of the content of active principles or markers. For that, normally, dif-
ferent methods, using differont chramatogeaphic tochniques are preseribed in the Pharmacopeia
menographs, The goal of this work s to propose a new method for evaluation, based on
“comprehensive high performance thin layer chromatography iHPTLE) fingerprinting” A singla
HPTLE analysis, which cambings identification of Gaoaderma fucidum (ruiling body with 4 test Tor
and g of the content of tatal triterpene acids is proposed.
Paramelers of he HPTLE method were aplimized for simplicity, and robustness. Then, 0 samples
of G. lucidum fruiting body, plus samples of possible adulterating species were evaluated, proving
specificity of the methad for the Largeted species. Triterpene acids were assayed by infegrating
Lhe peaks of ganoderic aids in the Mngergrint, summing (heir areas, and quantilying Lhem against
a single level calibration point of ganederic acid A. The presented HPTLC method offers an eco-
nomic yel powerlul allermalive La the current USP monograph on & fucidum Nruiting body, I com-
bines identification and quantitative assessment In a single, low-cost test, eliminating the UHPLC
assay of ot triterpena acids, This way the samples’ quality can be comprehersively described

KEYWORDS
Camprehensive HPTLD
fingerpiinting: Goredermo
'm fruiting body:
herbal drug, qualiry contral

GRAPHICAL ABSTRACT
Single HPTLE analysis

= Identiication
. = Testfor oiner spacies

@

Suitable software:

= Guaniication

approach to qualty

Introduction the acive molecule and the impunlies are monilored Lo
establish identity, purity, and content, normally based on a
single analysis (e.g.. [IPLC), Llerbals drugs and preparations
oflen contain @ complex mixture of dozens of subslances
and there is a limited knowledge of their active comstitu-

The quality of herbal supplements is evaluated based on
Cureent Good Manufacturing Practice (cGMP), As for
herbal medicines, manufaciurers are required fo assess the
identity, purity, and content of their ingredients and prod-

ucls, ameng other paramelers. Scientfically valid methods
and acceplance criloria are required ™ Pharmacopocias
and other compendia offer ready-to-use  specifications
(methods and acceptance criteria) for quality contrel of
herbal drugs, preparations and products, ) which may ful-
fill the requirgments of cGMP even if the menegeaph
describes malerials regulated in diflerent calegories,

While Lhe qualily control for synthetic drug substances is
simple and straighllorward, (his process can be more com-
plex for herbal drugs and preparations. For the first ones,

ents ") Therefore, lesting and assuring the quality of herbals
becomes a much more complex and difficult task, which
may require a larger number of substances to e meonitored
and tests to be included.

In monographs, pharmacopocias prescribe a suile of lests
for identity, purity, and content of one or more constituents.
I mast of the cases, TLC or high-performance thin Tayer
chromatography (HPTLC) is used for the chemical identifi-
cation and delection of adullerants while the assay el con-
stitnents with known therapeutic activity, active markers, or
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Single HPTLC analysis

guality control

—’ Identification

Suitable software

Identification

—} Test for other species |

—’ Quantification

Comprehensive approach
to quality

v’ Differentiation from other species
v' Quantification of triterpene acids

as ganoderic acid A

Frommenwiler DA, Trefzer D, Schmid M, Cafiigueral S, Reich E, (2020) J Lig Chromatogr Rel Technol, 43 (11-12): 414-423
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Ganoderma lucidum (reishi)

Quantification of triterpene acids by HPTLC

Quantification of triterpene acids as ganoderic acid A, using a single

reference substance and a single point calibration

Fingerprints under UV 254 nm PPl under UV 254 nm Single level calibration curve

v Optimization of HPTLC
parameters

v Optimization of the
extraction method

.~ GLFB:
0.70% of
triterpene acids

v’ Selection of detection
modes for identification
and quantification

v’ Specificity

v Linearity

v'Repeatability of the ' '
quantification Minimum content of total triterpene acids: 0.25% expressed
as ganoderic acid A, based on acceptable quality samples.

Frommenwiler DA, Trefzer D, Schmid M, Cafiigueral S, Reich E, (2020) J Lig Chromatogr Rel Technol, 43 (11-12): 414-423
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Ganoderma lucidum (reishi)
Automatic identification by HPTLC

Automatic identification based on pattern recognition

I (a.u.)
0.016

0.014 Non-compliant samples present
>5% of the fingerprint out of the
“‘window”
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Comparison between label and
content 3 cases studies

H Phenolic compounds fingerprint |

Alkylamides fingerprint

THMP Food supplement

T

SST1
SST2
ECH2
ECH7
ECH8
ECH9
ECH12
ECH14
ECH15
ECH18
ECH19
ECH3
ECH4
ECH1
ECH6
ECH10
ECH5
ECH22
ECH23
ECH20
ECH 13
ECH 17
ECH11
ECH21
ECH16

Echinacea purpurea
comparison

WRT, derivatized

THMP/Food
Supplement

UV 254 nm

WRT, derivatized

Echinacea sp not delected

|  —— — —
c D 177 18 19 20 21 22 23 =1 i either fingerprint HiE

Results of the HPTLC

Show faint alkylamides
fingerprint and lack declared
E. purpures herb

evaluation, self explananing

Good quality products

Good aually producs _

600

Frommenwiler DA, Reich E,Sharaf MHM, Canigueral S and Etheridge CJ (2022),

Investigation of market herbal products regulated under different categories: How can : : : : : - o

HPTLC help to detect quality problems? Front. Pharmacol. 13:925298.doi: Number of Coneflower products
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Quality of herbal drugs and herbal
preparations

Comprehensive HPTLC fingerprinting

Quality control

HPTLC

|dentity

Content of active prin-

One single analysis ciples and markers
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