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HPTLC : UNE METHODE PLUS VERTE, RAPIDE ET FIABLE POUR REDUIRE LES RISQUES ET AMELIORER VOTRE QUOTIDIEN

Panorama des atouts de I'HPTLC pour verdir la chromatographie liquide et nouveaux modes d’'évaluation biologiques et métaboliques
sur la plague de chromatographie par Pierre BERNARD-SAVARY, Président, Club de CCM - La Sure en Chartreuse

Recherche de nouvelles alternatives de fraitement des "déchets" de plantes invasives avec I'HPTLC-Bioautographie/HRMS par Vanille
QUINTY, Doctorante, Université Savoie Mont Blanc, CNRS-EDYTEM — Chambéry

Comment I'HPTLC peut aider la détection de problemes de qualité dans les produits a base de plantes médicinales de Salvador
CANIGUERAL, Président de la Commission Européenne de la Pharmacopée, et Unité de Pharmacologie, Pharmacognosie et
Thérapeutique de la Faculté de Pharmacie de Barcelone, Espagne (ces fravaux seront présentés par M BERNARD-SAVARY)

Extraits végétaux et HPTLC : deux approches complémentaires pour la découverte de composés bioactifs, par Maél GAINCHE INP
Auvergne Sigma-Clermont

Contribution of the HPTLC to the food safety research area, par Maricel Marin-Kuan, Biodetection group, Food Safety and Research
Department, Societé des Produits Nestlé, Lausanne, Suisse
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Les atouts de I'HPTLC

From G. Morlock, W. Schwack, Separations in a 3/8 time (0.38 min)
with 300 uL as dancing partner - or 1000 runs per day,
Analytica Conference 2008

Selectivity

More information on a sample Simultaneously for all tracks

Digital quantification HThe imageﬁ}

Multiple detection

| Detection |-

Siffinkled samials preparation Coupling with MS Mobile phase independent of MS

Robust system
No carry-over (single use) [— High matrix tolerance l—\
Matrix fixed at the start :

Bioactivity detection

All steps automated

Concentration by application 1:10.000 q

~—{ Automatization —
. 1o '
Directed recording of mass spectra |- Reduced costs J'/ HPTLC :
‘::-, ..........
High sample throughput (1000 samples/day) / V Rapid change of stationary/mobil phases
Under identical chromatographic conditions H Parallel Chromatography ’“ Flexible working station || Offiine system Staggered system increases throughput

- Use for different projects




Verdir la chromatographie

Echelle ECOLOGIQUE par soustraction de points sur 100

Tobiszewski, Mechlinska, & Namiesnik, 2010

Penalty points

ltems HPTLC—FLD/Nis HPLC—-APCI-MS
Reagents Kurz, Carle, Schieber, 2008
- Methanol 6 12

- Methyl t-butyl ether 0 12

- Ethyl acetate 4 0

- n-Hexane 8 0

Energy consumption 0 0
Occupational hazards 0 0

Waste 6 8

Total penalty points 24 32
Analytical eco-scale 76 68
Analytical method greenness Excellent Acceptable

Scores on LV2 {17 27%)

Plus le chiffre est élevé meilleure est la méthode

MOINS de
consommation électrique, chimique,

de produits dangereux,
de déchets.

Ristivojevic, P., Andric, F., Vasic, V., Milojkovic Opsenica, D., Morlock, G.E., Food Chem. 374 (2022) 131714



Verdir la chromatographie
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G. Morlock, C. Oellig, J AOAC Int 92 (2009) 547-554



Verdir 'analyse des - - -
saccharides dans I e o e
I'alimentation ===
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Protein shake Shortbread 33 Infant formula Juice o5

Minimalistic sample preparation , . .
Methode validée

High sample throughput (automated devices) NF VO3-110 sur
Fastness (2.3 min/sample) Dextrines

Solvent consumption (0.2 mL/sample) (Lesoffre /Neolicy)

Mono-, di-, oligo- and polysaccharides at onego——

Affordable (0.35 Euro/sample) S. Kirchert, G. Morlock, J. Chromatogr. A 1569 (2018) 212-221
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Nouveaux modes = couplages

All-in-one nanoGIT*active gystem

Orthogonal zone characterization

-
10 )

G. Morlock, L. Drotleff, S. Brinkmann Anal Chim Acta 1154 (2021) 338307



Chimie sur la plague

e . 2 . O PPNT, HPTLC & EIC at .
SYNTHESES, purification, détection, charactérisation C &EIC atm/z87.06 HRMS |
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(and Symposium HPTLC'17 O7-YUce, Morlock:
Targeted combinatorial on-plate synthesis
as new tool for structure elucidation)



Chimie sur la plague +

Synthesis ’
60 reactions/plate

60 réactions / plague
Jusqu'‘a 15 nanomoles
Activité antibiofique sur foute la plague

Synthese, purification, identification et
quantification en 8mn /échantillon

A CN

O_H
Silica gel (HPTLC) NC™s o o Stcagel (HPTLC)
NCTCN Z Sonication, 11, 025 h 4 Roum Sonication. i1, 0.25 h

A B1-B12 C1.C5
Z: o-/m-ipAuoro, o-im-/p-chloro, o-+/m-/p-bromo, o+m-p-nitro, R. methyl, ethyl, n-propyl. »-propyl, +butyl
B 66 63 60 57 54 51 48 45 42 39 36
D60 D55 D50 D45 D40 D35
L -

- Seteeeeown - o SOCSWQ,,, «1andard
e =
----------------------------------------------------------------------------------------------------------------------------------------------- '

D1 D5 D10 D15 D20 D25 D30
1 3 6 9 12 15 18 21 24 27 30 33

6

Product Z

yield £ o- m-  p- o- m- p- o- m- p- o- m- p-
SD% fluoro Ichloro bromo nitro

methy D1 (D2 | D3| D4 | D5 | D6 | D7 | D8 | D9 | D10 | D11 | D12
10£2(6+2(1+1[15+1|11+1(6+1 |[16+1{12+1|8+1 [13+1]22+2]25+2

D13 |D14 (D15 | D16 | D17 | D18 | D19 | D20 | D21 | D22 | D23 | D24
941 (6+1|2+2|116£1|1321(8+1 [18+2(15+ 1(11£1|14+1]25+1(27 %1

R n-propyl D25 | D26 | D27 | D28 | D29 | D30 | D31 | D32 | D33 | D34 | D35 | D36
9+116+1/2+1(16+2{13+2|10+ 1|19+ 1|14+ 1|10+ 1|13+ 2|23 +2[24+2

iorony D37 | D38 [ D39 | D40 | D41 | D42 | D43 | D44 | D45 | D46 | D47 | D48
PIOPY! 544 13+1| <1 [1122|8+2 |5+1[13+2[1022|7+1 102 2[21+2[23+2

D49 | D50 D51 | DS2 | D53 | D54 | D55 | D56 | D57 | D58 | D59 | D60
7+1]|4+1| <1 |1343/9+3 |6+2 (132 3|10£3(8+2 |12+ 2|20+ 1|25+ 2

Productyield 210%

ethyl

i-butyl

Productyield 6-9% Productyield =5%

YUce, I., Morlock, G.E. Anal Chim Acta 1182 (2021) 338950



Résultats sur la plaque
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Product activity > CIP

Proeductacuvity < CIP

Productactivity - CIP

" N/D, no activity

Sur 60 réactions 10 produits
(17%) ont pu étre identifiés
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YUce, I., Morlock, G.E. Anal Chim Acta 1182 (2021) 338950



Biologie
méetaboligue
sur la plague

meétabolisation
au déepodt avec incubation

+ imagerie de I'activité

+ caractérisation

A Contact

- Sample (substrate) FEFEIE ele s

- Metabolizing
enzyme system

Start and end

SHILane en Development
via monstenlng

st Appropriate Multi-imaging
separatlon . i
| e - Chemical Evaluation
o - Biochemical - Digital
- Biological - Opto-mechanical
B - Hyperspectral |
5 Multl-lmaging - bioactivity
4 separation
3 Moistening + Incubation
% :?SA=h —_—— =Pp_ep—' Panc
arc Ca——====———
— Starch, Casein n, RS oil
Digestion g " i) 5”
Y

G. Morlock, L. Drotleff, S. Brinkmann, Anal. Chim. Acta 1154 (2021) 338307



un outil pwssan’r pour Io blologle
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CaCl; [nmol] =2 | 15 | 7.5 | 15 = = 15 PPep [U] 12 *The later reduction of Panc to 2 mU showed no lactose interfer and thus, maltotriose was selectively detectable.

phase orale phose gos’rrlque phose intestinale
G. Morlock, L. Drotleff, S. Brinkmann,

Anal. Chim. Acta 1154 (2021) 338307
Permet par exemple
I'étude de la médiation du
Cytochrome P450
dans la toxicité hépatique

de certaines substances
(ex: neurotoxicité du Parathion)

Azadniya, E., Mollergues, J.,
Stroheker, T., Billerbeck, K.,
Morlock, G.E., Anal. Chim. Acta
1129 (2020) 76-84

-

-
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o
ay s Spr 1 application oo pope Plate drving HPTLC-S9-AChE assay

et Chemlcal solutions £ 4 i ol « Analysis time: 3 h
) au 1) 0.5-10 L, 0.1-1000 ng/band, ainity 2 iptorto) APl + Analysis costs: 9 Euro
= s 8 mm, 100 nL/s =4 m
= r » o S9 mixture solution Incubation G D@VEEOL‘"‘T_@!‘? ) o@ Do ation
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’ |=—=) '’
- £ el celre mermnoae permert une ) 35 cmls :
- . d 925 min, 37 °C
.

"

évaluation quantitative des

, . . bioequivalence y compris au
Azadniya E., Morlock, G.E., Analytical . , .
Methods, 2019, 11, 4939 - 4945 besoin avant la separation

&
= )

60 mL, es U/mL(13 U/plate), 2 s

@S bstrate-chromogenic solution
(1-naphthyl acetate/Fast Blue B salt)
60 mL (1:2 mixture of 3 mg/mL each), 1 s



Le debut des recherches
d'activité “"EDA"
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G.Morlock, JCA 1217 (2010) 6600-6609 et CBS



Derniers résultats en date

___Behaviour Effect detection

b

" 4
Substance
assignment IMPACT MINIMAL...
e Les coraux Rumphella aggregata, et
s | — Sarcophyton sp. Ainsi que I'éponge Ircinia sp.
"’"l&_ﬁ,(,f;‘l;:j' ” - sont ufilisés par le DAUPHINS —
N.g e FAIBLES quantités prélevées pour ne pas
i gl Ll impacter la nature

Morlock, G.E., Ziltener, A., Geyer, S., Mehl, A., Schreiner, T., Kamel, T., Tersteegen, J., Brimmer, iScience (2022) 104271
et Analytical scientist July August 2022



L'HPTLC est une chromatographie
iquide alternative

Complémentaire et orthogonale
Permet de tout voir directement

Directe, simple, rapide, et plus

VERTE




Un outll de d

B-Glucuronidase
Acelyl-/butyryicholinesterase

a/-Glucosidase
a/B-Amylase
Tyrosinase

Xanthine oxidase | =
R-Secretase
Dipeplidyl peptidase 4
Glucose-6-phosphate isomerase
Glucose-6-phosphate dehydrogenase
Lipase

DPPH* reagent
ABTS reagent | _ |

BR-Carotene bleaching

Biochemical assay

e

s

. -

‘Suspension cell

- Biological assay -

" TLC/HPTLC-EDA

Algae

Bacteria

. Pseudokirchneriella subcapitata

Aliivibrio fischeri

Bacilius subtilis/cereus

Clostridium perfringens

Enterococcus faecalis

Enterobacter cloacae

Erwinia amylovora/carotovora/herbicola
Escherichia coll

Klebsiella pneumoniae

Listeria monocytogenes
Methicillin-resistant Staphylococcus aureus
Micrococcus luteus/lysodeikticus
Mycobacterium aurum/avium/microti/scrofulaceum/smegmatis

unknown unkmnowns

Proteus mirabilis.

Pseudomonas aeruginosa/tiuorescence/savastanoi/syringae
Ralstonia solanacearum

Salmonella paratyphi/entericaftyphimurium

Shigella flexneri_

Staphylococcus aureus/epidermidis/saprophyticus
Xanthomonas campestris/euvesicatoria

Apergillus fumigatus/pniger/arasiticus
Cladosporium cucmerinum

Colletotrichum acutatum/gloeosporioides/iragaria
Cryptococcus neoformans

Fusarium oxysporum/avenaceum

Microsporum canis
Penicillium expansum/janthinellum

Fungi

Blood.

Sporothrix schenckil
Trichoderma harzianum
Arxula adeninivorans.
Yeasts _ Candida albicans
Saccharomyces cerevisiae

Chloroplasts

Chemical Activated LUciferase gene eXpression (CALUX) cells

Adhesive cell

G. Morlock Anal. Chim. Acta 1180 (2021) 338644

———————""-=) Henrietty Lacks (HeLa) cells

écouverte incomparable ...

- S

Known unknown

Knowns

Pty
N~ —

Modified by &. Morlock from R. Dijkgraaf: String Theory and the End of Space and Time



Remerciements au Prof. G.E.Morlock

W 2022

209. Mehl, A., Morlock, G.E.: Detection of strong antibacterial effects caused
by endogenous fatty acids and lipids in animal-derived food, in submission
208. Schreiner, T., Morlock, G.E.: Investigation of the estrogenic potential of
15 rosé, white and red wines via effect-directed 10D hyphenation, in
submission

207. Meyer, D., Morlock, G.E.: Designed genotoxicity profiling detects genotoxic
compounds in healthy staple food, in submission

206. Schreiner, T., Eggerstorfer, N., Morlock, G.E. Effects of Gastrointestinal
Digestion on Bioactivity of Convenience Tomato Products Studied by
Ten-Dimensional Hyphenation, in submission

205. Schreiner, T., Eggerstorfer, N., Morlock, G.E. Effects of gastrointestinal
digestion on bioactivity of meal replacement products studied by ten-
dimensional hyphenation, in submission

204.*Morlock, G.E., Yang, F. Effect-directed profiling of bee pollen versus
propolis, 1. Liq. Relat. Techn., in submission, Dedicated to the late Prof. Dr.
Joseph Sherma, John D. and Francis H. Larkin Professor of Chemistry Emeritus,
Lafayette College, Easton, PA, USA

203. *Méricz, A.M., Lapat, V., Morlock, G.E.: Antioxidant profile of lemon balm
by high-performance thin-layer chromatography — DPPH® assay, J. Liq. Relat.
Techn., in submission, Dedicated to the late Prof. Dr. Joseph Sherma, John D.
and Francis H. Larkin Professor of Chemistry Emeritus, Lafayette College,
Easton, PA, USA

202. Kruse, S., Becker, S., Pierre, F., Morlock, G.E.: Strain-specific
quantification of probiotic Bacillus subtilis in feed by imaging high-performance
thin-layer chromatography, J. Chromatogr. A 1679 (2022) 463393, free
download

201. Ristivojevic, P., Leki¢, N., Cvijeti¢, 1., Krsti¢, B., Andric, F., Milojkovic-
Opsenica, D., Morlock, G.E.: Effect-directed profiling of strawberry varieties and
breeding materials via planar chromatography and chemometrics, Molecules 27
(2022) 6062

https://www.uni-giessen.de/floz/fb0?/institute/ernaehrungswissenschaft/prof/Imw/Publications/peerreview
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