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Solublility versus elution power
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Can we just compare figures

like limit of detection (LOD)?

LOD 100 pg/band?

On what does LOD depend on?

Application volume, MS analyzer, zone shape
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Hohe
- 0.2 mm fur Standardschichten — G. Morlock, W. Schwack, Anal Bioanal Chem 385 (2006) 586 - 595
- 0.1 mm fur extra diinne Schichten — u. Jautz, G. Morlock, Anal Bioanal Chem 387 (2007) 1083 - 1093

- 0.5 mm flr preparative Schichten — E. Dytkiewitz, G. Morlock, J AOAC Int 91 (2008) 1237 - 1244
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Signal intensity (%)

Photooxidation effects?
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Other signals?
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TABLE 1 TL(];’HPTL(I—ESI-I\JS Background Mass Signals Obtained in the Negative and Positive [onization Mode for Various Solvents and Solvent Mixtures

Used on HPTLC Silica Gel 60 Fogy

HPTLC-ESI-MS

Main Background Mass Signals m/z (Intensity of Base Peak)

Negative [on Mode

Positive lon Mode

System signals

Dimethyl phthalate

Dibutylphthalate and its potassium adduct
Diisooctyl phthalate and its sodium adduct
I-Ethyl-3-methylimidazolium

Trifluoroacetic acid or formate dimer
Plate used directly

Plate pre-washed with neutral solvents and
solvent mixtures (all v/v)
Ethyl acetate

MeOH

MeOH - HsO 1:1

MeOH - HoO 1:3

MeOH - Ho O 3:1

Plate pre-washed with alkaline and
acidic mixtures (all v/v)

MeOH - NH; 100:1
MeOH - CH;COOH 100:1

MeOH - HCOOH 100:5

113 [M —H] or [2M +Na-2H]
97.0 and cluster with Am/z 142: 119.0, 260.8 (5094),
402.8, 544.6

97.0 and cluster with Am/z 142: 119.0, 260.8 (5704),
402.6, 544.6

97.0 and cluster with Am/z 142: 119.0, 260.8 (5943),
402.6, 544.6

Very low: 255.0 (747)

Very low: 97.0, 119.0, 123.0, 255.2, 281.2 (554), 501.0

Very low: 97.0 (816), 119.0, 123.0, 255.2, 281.2, 501.0

97.0 and cluster with Am/z 142: 260.8 (4102), 402.6,
544.6

Cluster with Am/z 82: 141.0, 223.0, 305.0, 387.0
(12599), 468.8, 550.8, 632.8, 714.8, 796.8

97.0, 119.0 and cluster with Am/z 68: 181.0, 248.8,

316.8, 328.8, 384.8 (1635), 452.8, 5208, 588.6, 656.6

195 [M+H]"

979 M+ H]" and 317 [M+K]*
391 [M+H]" and 413 [M+Na]"
11

111.2, 391.2, 418.2 (52303), 419.2, 441.2

164.8, 301.0 (30595), 306.8
111.2 (65390)

418.2 (88052), 441.2
391.2, 413.2 (64202)
81.2, 111.2 (27139), 152.2, 301.0

81.2, 111.2 (25.741), 152.2, 301.0

111.2 (80743) and cluster with Am/z 82: 105.0,
187.0, 269.0, 351.0, 432.8, 514.8, 596.8

111.2 (46844), 152.2 and cluster with Am/z68: 91.0,
159.0, 227.0, 294.8, 362.8, 430.8, 498.8, 566.8,
634.6

Eluted with methanol by TLC-MS Interface; assignments preliminary.

G. Morlock J. Lig. Chromatogr. Relat. Technol. 37 (2014) 2892-2914
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TABLE 1
Used on HPTLC Silica Gel 60 Fogy

TL(];’I IPTLC-ESI-MS Background Mass Signals Obtained in the Negative and Positive lonization Mode for Various Solvents and Solvent Mixtures

HPTLC-ESI-MS

Main Background Mass Signals m/z (Intensity of Base Peak)

Negative [on Mode

Positive lon Mode

System signals

Dimethyl phthalate

Dibutylphthalate and its potassium adduct
Diisooctyl phthalate and its sodium adduct
I-Ethyl-3-methylimidazolium

Trifluoroacetic acid or formate dimer
Plate used directly

Plate pre-washed with neutral solvents and
solvent mixtures (all err,r}
Ethyl acetate

MeOH

MeOH - HoO 1:1

MeOH - HoO 1:3

MeOH - HoO 3:1

Plate pre-washed with alkaline and
acidic mixtures (all v/v)

MeOH - NH; 100:1

MeOH - CH;COOH 100:1

MeOH - HCOOH 100:5

113 [M — H] or [2M + Na-2H]
97.0 and cluster with Am/z 142: 119.0, 260.8 (5094),
402.8, 544.6

97.0 and cluster with Am/z 142: 119.0, 260.8 (5704),
402.6, 544.6

97.0 and cluster with Am/z 142: 119.0, 260.8 (5943),
402.6, 544.6

Very low: 255.0 (747)

Very low: 97.0, 119.0, 1230, 255.2, 281.2 (554), 501.0

Very low: 97.0 (816), 119.0, 123.0, 255.2, 281.2, 501.0

97.0 and cluster with Am/z 142: 260.8 (4102), 402.6,
544.6

Cluster with Am/z 82: 141.0, 223.0, 305.0, 387.0
(12599), 468.8, 550.8, 632.8, 714.8, 796.8

97.0, 119.0 and cluster with Am/z 68: 181.0, 248.8,

316.8, 328.8, 384.8 (1635), 452.8, 5208, 588.6, 656.6

195 [M+H]"

979 IM+H]" and 317 [M+K]"
391 [(M+H]" and 415 [M+Na]’
11’

111.2, 391.2, 413.2 (52303), 419.2, 441.2

164.8, 301.0 (30595), 306.8
111.2 (65390)

418.2 (88052), 441.2
391.2, 413.2 (64202)
81.2, 111.2 (27139), 152.2, 301.0

81.2, 111.2 (25.741), 152.2, 301.0

111.2 (80743) and cluster with Am/z 82: 105.0,
187.0, 269.0, 351.0, 432.8, 514.8, 596.8

111.2 (46844), 152.2 and cluster with Am/z68: 91.0,
159.0, 227.0, 294.8, 362.8, 430.8, 498.8, 566.8,
634.6

Eluted with methanol by TLC-MS Interface; assignments preliminary.

G. Morlock J. Lig. Chromatogr. Relat. Technol. 37 (2014) 2892-2914
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TABLE 1 TL(];’HPTL(I—ESI-I\JS Background Mass Signals Obtained in the Negative and Positive [onization Mode for Various Solvents and Solvent Mixtures

Used on HPTLC Silica Gel 60 Fogy

HPTLC-ESI-MS

Main Background Mass Signals m/z (Intensity of Base Peak)

Negative [on Mode

Positive lon Mode

System signals

Dimethyl phthalate

Dibutylphthalate and its potassium adduct
Diisooctyl phthalate and its sodium adduct
I-Ethyl-3-methylimidazolium

Trifluoroacetic acid or formate dimer
Plate used directly

Plate pre-washed with neutral solvents and
solvent mixtures (all v/v)
Ethyl acetate

MeOH

MeOH - HsO 1:1

MeOH - HoO 1:3

MeOH - Ho O 3:1

Plate pre-washed with alkaline and
acidic mixtures (all v/v)

MeOH - NH; 100:1

MeOH - CH;COOH 100:1

MeOH - HCOOH 100:5

113 [M — H] or [2M + Na-2H]
97.0 and cluster with Am/z 142: 119.0, 260.8 (5094),
402.8, 544.6

97.0 and cluster with Am/z 142: 119.0, 260.8 (5704),
402.6, 544.6

97.0 and cluster with Am/z 142: 119.0, 260.8 (5943),
402.6, 544.6

Very low: 255.0 (747)

Very low: 97.0, 119.0, 123.0, 255.2, 281.2 (554), 501.0

Very low: 97.0 (816), 119.0, 123.0, 255.2, 281.2, 501.0

97.0 and cluster with Am/z 142: 260.8 (4102), 402.6,
H44.6

Cluster with Am/z 82: 141.0, 223.0, 305.0, 387.0
(12599), 468.8, 550.8, 632.8, 714.8, 796.8

97.0, 119.0 and cluster with Am/z 68: 181.0, 248.8,

316.8, 328.8, 384.8 (1635), 452.8, 5208, 588.6, 656.6

195 [M+H]"

979 IM+H]" and 317 [M+K]"
391 [(M+H]" and 415 [M+Na]’
11’

111.2, 391.2, 413.2 (52303), 419.2, 441.2

164.8, 301.0 (30595), 306.8
111.2 (65390)

418.2 (88052), 441.2
391.2, 413.2 (64202)
81.2, 111.2 (27139), 152.2, 301.0

81.2, 111.2 (25.741), 152.2, 301.0

111.2 (80743) and cluster with Am/z 82: 105.0,
187.0, 269.0, 351.0, 432.8, 514.8, 596.8

111.2 (46844), 152.2 and cluster with Am/z68: 91.0,
159.0, 227.0, 294.8, 362.8, 430.8, 498.8, 566.8,
634.6

Eluted with methanol by TLC-MS Interface; assignments preliminary.

G. Morlock J. Lig. Chromatogr. Relat. Technol. 37 (2014) 2892-2914
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Data evaluation
— Structure confirmation
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Performance data = TLC-MS Interface

— highly reliable hyphenation
— highly targeted

HPTLC-ESI-MS Linearity Precision
(SIM, peak area)
Dyes hR.-  Calibration range Determination Conc. %RSD,
value (ng/band) coefficient (ng/band) n=>5
L2 Dimethyl Yellow 65 12 - 234 0.9943 1125 8.1
5 Solvent Blue 35 41 10 - 52 0.9931 750 4.6
(, SudanRedG 27 6—117 0.9984 564 8.8
¢ Solvent Blue 22 17 21 -78 0.9976 750 3.8
4| Oracet Violet 2R 4 8 — 156 0.9752 1500 11.6
Mean 0.9923 8.0

G. Morlock, N. Brett, J Chromatogr A 1390 (2015) 103-111
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Signal intensity [AU]

S. Kruger, L. Birmann, G. Morlock, J Agric Food Chem 63 (2015) 2893-2901




JUSTUS-LIEBIG-

: UNIVERSITAT
Comparison of mass spectra | GIESSEN J

Food Science

767.5 80000 1

70000 n03s[M+Na]*

Plate/fodl Frit

PG 16:0/16:0Nay

60000 -

[|\/|+H]+ 718,3

PE 16:0/18:1 Na, 762.5 P R i

AU

o
30000 >

20000 A

10000 A

PA 160/160Na2 0 O — ‘ hd L : kLl

0 100 200 300 400 500 600 700 800 900 1000

PC 160/181 760.5 250000
760,45 [M+HT1*
RTWRNY YYRURRITE I ATO TV | WA T P | m\‘ [ ]

725.6 723s[M+Na]*
SM 16:0 Na 2

150000 +
100000 +

50000 -

LPC 18:0 0 R ST ST WO
: 0 100 200 300 400 500 600 700 800 900 1000

J m/z
J

I (N u " it sttt L L
r r~ v 1 v 1 1T 1 T T T T 1 T T T Tt [ T T T T [ T T T T ]

00 550 600 650 700 750

524.4




JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN J

Characterization: soy bean vs. sunflower lecithin .,.....&8
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S. Kriiger, L. Burmann, G. Morlock, J Agric Food Chem 63 (2015) 2893-2901
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S. Kriiger, L. Burmann, G. Morlock, J Agric Food Chem 63 (2015) 2893-2901



Minor phospholipids?

Zone 1
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S. Kruger, L. Birmann, G. Morlock, J Agric Food Chem 63 (2015) 2893-2901
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Integrated online filter

Inlet
Laser onfoff ——
Plunger up/down =
Cleaning ——>

switch

Plate/foil 1

3 A
Cutting edge

Zones Onfoff connection valve o M5

e Substance amount too high: the solubility balance can be reached and
nonsoluble, solid particles can block the filter

» Forward sequence and backward sequence let forget the intermediate
cleaning step

— Full automatization is the next step

JLU

G. Morlock J. Lig. Chromatogr. Relat. Technol. 37 (2014) 2892—-2914
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Dr. Luftmann

H. Luftmann, Anal Bioanal Chem 378 (2004) 964-968

— Modification of the elution head for its use on glass plates

A. Alpmann, G. Morlock, Anal Bioanal Chem 386 (2006) 1543-1551
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Automated elution head-based interface oot scrence [iB

=y

i

xly-able

H. Luftmann, M. Aranda, G. Morlock, Rapid Commun Mass Spectrom 21 (2007) 3772-3776
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H. Luftmann, M. Aranda, G. Morlock, Rapid Commun Mass Spectrom 21 (2007) 3772-3776
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— Repeatability (%0RSD, n = 6) in matrix: 5.6 %
— Linearity R%: 0.9973

1.0x1071
y = (12730 + 329)x - (252000 + 103500)
E 7.5x106+=
=L
2 5.0x10°-
2
S
2.5x10°-
R?=0.9973
G | | | | | | | | | | |
0 100 200 300 400 500 600

Caffeine [ng/band]

H. Luftmann, M. Aranda, G. Morlock, Rapid Commun Mass Spectrom 21 (2007) 3772-3776



Analysis of samples containing caffeine

Pharmaceutical Energy drink
Sample mean = SD mean + SD
(mg/tablet) (mg/100 mL)
HPTLC/ESI-MS 102.09 £5.76 32.91 £1.60
RSD (%, n = 6) (5.6) (4.9)
HPTLC/UV 101.98 + 2.30 33.71 £ 0.96
RSD (%, n =5) (2.3) (2.8)
Label 100 32

JUSTUS-LIEBIG-
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Food Science

— Comparable findings to validated HPTLC/UV methods (F-test, t-test)



JUSTUS-LIEBIG-
UNIVERSITAT

Comparison of automated interfaces GIESSEN

Food Science

Parameter Precision Linear Response
%RSD r2

Quantification without internal standard

D Elution head (autom.) <5.6 % 0.9973
DESI <16.8% 0.95-0.98
MALDI 10 % -
LA-ICP 17-41% >0.90

Quantification with internal standard

Micro-junction ESI <4.4% 0.9999
SALDI/APCI 7% 0.9991
MALDI <8.9 % 0.9969
LA-ICP 3-40% >0.98

G. Morlock, W. Schwack TrAc 29 (2010) 1157-1171
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HPCLC/MS

JLU

| TLOHPTLC-MS ——
 Elution-bosed inferfoces | Desorpfion-based inferfaces
Thermal . -
desorption { 10 |
) Adsorbent-free seal | Elution - '
LC-MS Int - ! head-based —
& 2009 CAM/ - - Am or ion | SlMS
— Pressed cutting edge bobardement -
Plate Express F
2015 Advion FAB

Flowprabe
2013 Prosolla

Y Llquid micro
Micro caplliary probe | junction
Surface sampling probe '
Forced-flow techniques | e
_ e chromatography

Sharpened TLC stip |

G.E. Morlock, g&more 1 (2014) 43-47, modified

LD-DART

Laser light beam i

oruker

Daltonics




Relative abundance, %
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DIP-it®-DART-MS J

Direct Analysis in Real Time Mass Spectrometry

100
&0
60
40

20 4

0]

i Ho (o

E. Chernetsova, G. Morlock, Int J Mass Spectrom 314 (2012) 22-32



ID-CUBE-

DART-MS

Discharge

— Phenolic compounds of Bergenia crassifolia leaves

TTTT T T T
250 100 260 400 450 L00 550

E.S. Chernetsova et al. Rapid Commun Mass Spectrom 26 (2012) 1329-1337

5 elemental ion number of citations in
# My, m, ‘ . o supposed compound literature for presence
» mmu | formula, ion | composition .
in herbal extracts
115.0024 .02 C,H;0, [M-H] fumaric acid 43
125.023 03 C:H;0, [M-HJ pyrogallol 20
133.0128 03 C,H50; [M-HJ malic acid 108
191.0551 02 C;H,,04 [M-H] quinic acid 38
193 0133 02 CoHs0s [M-HT trihydroxycoumarin 2
10— 2710812 0
ss-'_:g [M-H] | \j/ H
BIF;; HO I = Oj R
aof =
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?Dj
as% naringenin
E W-;:: C15H 1?05
g 553
-‘i 503
_'E x..‘,:;
~  Current Runs 03
Through Screen a3
to Heat Sample w3
3 [M+O-HJ"
?D:'; ZRI1.0%62 [2M _H]_
152 3340570 EM"‘HNUJ 43,1287
p NO,
s?lww :To.osln[M+HNOn]'
| 41




Al

HPTLC-DART-SVPA-MS

144 | MENH T

HPTLC-DART-MS

(1000 ng HMF per band) ‘
gtsm‘?
I £ |
L I O e T - |
20'(- qfu:l iz = |

48 50 5z ] 58 58 &0
Time, min

E. Chernetsova, G. Morlock, Int J Mass Spectrom 314 (2012) 22-32
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E. Chernetsova, A. Revelsky, G. Morlock, Rapid Commun Mass Spectrom 25 (2011) 2275-2282
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Optimization of HPTLC-DART-SVPA-MS e

gas inlet

gas heater, \
high voltage, *

grid voltage

motorized
Y-axis
forepump
motorized
X-axis

T. Habe, G. Morlock, Rapid Commun Mass Spectrom 30 (2016) 321-332
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Optimization of HPTLC-DART-SVPAMS  Z.iv.

source

JLU

T. Habe, G. Morlock, Rapid Commun Mass Spectrom 30 (2016) 321-332
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Optimization of HPTLC-DART-SVPA-MS oo )

T. Habe, G. Morlock, Rapid Commun Mass Spectrom 30 (2016) 321-332




JUSTUS-LIEBIG-
UNIVERSITAT
GIESSEN

HPTLC-DART-SVPA-MS of preservatives Food scierce (B
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HPTLC-UV versus scanning HPTLC-DART-MS  rcos scicnc- il

Four separated parabens (each 120 ng/band) detected via densitometry and DART-MS

Intens, x10° [cps]

1.5

=
hed

o
in

0.0

0.05

0.10 0.15 0.20 0.25 [hR;

EIC 165.1
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UV 254 nm

— 100.0

[Au]

— 50.0

25.0

0.0

T. Habe, G. Morlock, in preparation
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DART/APGD — dry desorption technique «— DESI
5 1

!

no plate preparation etc. «— SALDI, MALDI
ambient conditions, no high voltage «— micro junction
simple spectra «— MALDI, SIMS

Lol

guantitativ with internal standard — scan function

v’ strict protocol for plate preparation
v'complex spectra
v’ quantitativ with internal standard — scan function

universally connectable to any LC-MS system given
Elution-head plug & play interface (without adjustments or modifications)
based
Interface whole plate (no cut)

all carriers and all layers <— micro junction

whole zone incl. depth profile — high detectabilities

guantitativ without internal standard «— desorption techniques

Platte/Folie |

DN N N N N RN

JLU

targeted recording — cost-effective, but no scan function
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Comparison of the approaches GIESSEN J

DART/FAPA —

Lol

v

v

v

Elution-head Vv

nerace 7

v

v

PlattefFolie v

JLU y

dry desorption techniqgue «— DESI

no plate preparation etc. «— SALDI, MALDI

ambient conditions, no high voltage «— micro junction
simple spectra «— MALDI, SIMS

guantitativ — scanning MS....... discriminative MS

strict protocol for plate preparation
complex spectra

quantitativ with internal standard — scan function

universally connectable to any LC-MS system given

plug & play interface (without adjustments or modifications)
whole plate (no cut)

all carriers and all layers <— micro junction

whole zone incl. depth profile — high detectabilities
guantitativ without internal standard «— desorption techniques

targeted recording — cost-effective, but no scan function
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Can we apply DART-MS

directly after the bioassay?

Still on the same plate?




Direct Bioautography hyphenated to DART-MS f;fi’f:ﬁJ

a3 before bioassay
101 . .
after A. fischeri
PE
081 mfz 1791
_ EE ME
) miz 1651 miz 1521
L N
;&- 0.6
k4
B
=
]
£ 04)
024
0,0 : = < -
1,00 1.25 1,50 1,75 2,00 2,25 2,50 2,75 Zeit [ﬂ‘“ﬁ]

EICs of 4 separated parabens (each 600 ng/band) Signal decay [%]
A. fischeri pYES

« Signal decay ca. 90% for A. fischeri and 65-81% for pYES |uE 88 65

« Sensitivity still sufficient for quantitation =2 89 67

PE 90 76

BE 91 81

T. Habe, G. Morlock, in preparation
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Sample quantitation after direct bioautography FWi‘ffﬁf:éJ

pYES RP-18 W
35
« ME = EE PE BE
30 R* = 09997
B R® = 0.9997 ~ & _.-//
S 25 < 8§ =
T z § =
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£ s LeE =
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g 10 / o
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2 e
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o
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* Mean detemination coefficients of 0.9992

* Mean RSD of 4.6% between both methods. :'t:m"t zll: 1;73 ;: 32 123 ;g 23} 23
* Reliable quantitation was possible after direct bioautography |0AS5aY
on normal and reversed phase layers A. fischeri B °° 51 27 )1/3 69 24 53

RP (101 51 27 (157 59 27 59
T. Habe, G. Morlock, in preparation pYES RP (111 53 31 (170 60 26 62
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Can we apply DART-MS

directly after the bioassay?

Still on the same plate?

Yes, seems to work.
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....and for elution head-based HPTLC-MS? B

Einlass Auslass

Laser an/aus —>
Stempel auf/ab —> [

Stempel- ——>
Reinigung !

Platte/Folie | Fritte

Schneidekante‘ I T I

Elution ins MS an/aus
Zonen

H. Luftmann, Anal Bioanal Chem 378 (2004) 964-968

A. Alpmann, G. Morlock, Anal Bioanal Chem 386 (2006) 1543-1551
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Directly from bioassay plate? oot Scence i

Vis uv FLD A.fischeri B.subtilis

Knowledge is power!
Thrilling zone:

- not visible

- not UV-active

- not fluorescent

- but strongly
antimicrobial against
Bacillus subtilis!

Proof of principle:
Silibinin in milk thistle

Indet Outiet

% L ; ) m/z 481 Plate/foil | Feit
a Silibinin in milk thistle [M-H]~ =
Cutting edge

52_ Zones

4

21 5.1

Lo | L] T T lL T T T T T
100 200 300 400 500 miz 00

G. Morlock, The Analytical Scientist 27 (2015) 42-43
Taha, M.T., Krawinkel, M.B., Morlock, G.E., J Chromatogr A 1394 (2015) 137-147



Unknown bioactive compound (below CT)
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Relative Abundance
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G. Morlock, T. Sung, B. Honermeier, in preparation



HPTLC-bioassay-ESI-MS
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Mass spectra recorded after detection with bioassay — salt adducts are pronounced!
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G. Morlock et al., in preparation
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 Elution-bosed inferfoces | Desorpfion-based inferfaces
Thermal . -
desorption { 10 |
) Adsorbent-free seal | Elution - '
LC-MS Int - ! head-based —
& 2009 CAM/ - - Am or ion | SlMS
— Pressed cutting edge bobardement -
Plate Express F
2015 Advion FAB

Flowprabe
2013 Prosolla

Y Llquid micro
Micro caplliary probe | junction
Surface sampling probe '
Forced-flow techniques | e
_ e chromatography

Sharpened TLC stip |

G.E. Morlock, g&more 1 (2014) 43-47, modified

LD-DART

Laser light beam i
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S. Kruger, L. Barmann, G. Morlock, J Agric Food Chem 63 (2015) 2893-2901
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HPTLC-FLD-MALDI-TOF MS
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Bruker Daltonics Application Note MT-101




JUSTUS-LIEBIG-

T UNIVERSITAT
GIESSEN

Food Science

Quantification?

Bahn 1 MS Chromatogram | Extracted lon Chromatograms (EIC)

| E
—
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Goal: From bioactive zone to sum formula I

...In a single run!

hR; value
Polarity

NMR UV/Vis/FLD

Structure Structural
confirmation information

Bioactive zone

HRMS Derivatization

Suggestion
sum
formula

Functional
groups

G. Morlock, in Instrumental Methods for the Analysis of Bioactive Molecules, B. S. Patil,
G. K. Jayaprakasha, F. Pellati, Eds., ACS Books Publishing, 2014
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Anti-inflammatoric compound isolated from Lactobacillus fermentum

1151,8
.y, g kv 972,08
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4000 3500 3000 2500 2000 1500 1000 !
Wellenzahlen (cm-1)

E. Dytkiewitz, G. Morlock J AOAC Int 91 (2008) 1237-1244
G. Morlock et al., in preparation
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E. Azadniya, G. Morlock, in preparation



j PROGRAMM

G D C h CO u rse 335/1 6 9.00 Begrifung und Einfilhrung in die HPTLC [Maoriock)
9.45 HPTLC erfahren — Expenmenta (Habe, Kingelhofer)

GDCh 11.00 Hyphenations in der Planar-Chromatographie — Teil 1
p— [Maorlock, Schemack)
GESELLSEHAFT DEUTSEHER CHEMIKER 11.45 Gnuppe 1: Experimeant DC-HPLC/DAD-ES MS
[Dedliq, Schwmsck)
Ginuppe 2: Experiment HPTLC-LUMAGSFLD-MAL DI-TOF MEAIS
[Lochni, Kriger)
12.30 Gnuppe 1: BExpesiment HPTLC-LUAVASSFLD-MAL DI-TOF MEAIS
[Lochn, Kriger)
Hyphenations in der HPTLC Gnuppe 2: Expenment DC-HFLG/DAD-ESI M5
HPTLEC und Kopplungan [Dellig, Sctwack)

{in Zusammenarbeit mit der JLU GisBan)

Prof. Dr. Gertrud Morlock 13.45 Hyphenafions in der Planar-Chromatographie - Teil 2 fdodock)

14.00 Gnuppe 1: BExpesiment HPTLC-LUVAISFLD-ATR FTIR
[Kingelhifer, Gerbig)

B Kopplungstechniken Gnappe 2: Experiment HPTLC-UNAISFL D-Bioassay-E51 MS

W Massenspoktrometrie (MS) [Kriger, Kirchert)
W Wirkungsbezogene Analytik (Bioassays) 14.45 Gnuppe 1: Bxpenment HPFTLG-LMA=FL D-Bioassay-E51 MS
B ATR-FTIR und NMR [Kriiger, Kirchest)

Gngppe 2: Exgpesiment HETLC-LVAGEFLD-ATH FTIR
[Kingelhdfer, Gerbig)

W Effektive Analytik

15.45 Hyphenafions in der Planar-Chromatographie — Teil 3 Modock)

16.00 Gruppe 1: Expesiment HPTLC-UMANSFLD-DART-MS
[Habe, Kriiger)
Gnuppe 2: BExpeniment HFTLC-LMAG=FLD-DESI-MS
[Kinchert, Stiefel
16.15 Gnuppe 1: Bgpenment HFTLG-LMAGSFLD-DESI-AS
[Kinchart, Stiefed
Gnuppe 2: Exqpenment HPTLC-UMAGEFLD-DART-MS
[Hiks=, Krikger

16.30 Diskussion (Maoriock]

11. November 2045 - Gielen
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H PTLC'(bIO)assa.y'MS Food SctEﬁcew

1 Parallel separation 2 Bioassay application 3 Mass spectrometry

Al I |
Estrogens are in! Which ones?

Bioautography 4 h  Content

| on
| A o

Any estrogens "~ A~
in samples? % S
A\ gl - T [

0 > | (-]
A~ A

HO, -~ .
' wo” =" CAPE

L)

— LC-bioassay-MS workflow for 20 samples in parallel within 5 h (15 min per sample)

3 Mass spectrometry

N |

Bioautography M Biomarkers are in! Which ones?

1 Parallel separation 2 Bioassay application
Any biomarkers qJ\“o HPTLC-enzyme
in samples? 4 inhibiti

p Lok s inhibition (El)

[M-H]

- ’ - e

— LC-EI-MS workflow for 20 samples in parallel within 2 h (6 min per sample)
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Donnarstag, 12 Movember 2015

GDCh course 338/16

GDCh
~—

GESELLSCHAFT DEUTSCHER CHEMIKER

Wirkungsbezogene Analytik mit
HPTLC-Bioassay-HRMS
{in Zusammeanarbeit mit der JLU GiaBan)

Prof. Dr. Gertrud Morlock

B Direkter Link zur wirkenden Substanz

B Chromatographie verbunden mit Bioassay
B HPTLC-UV/Vis/FLD-bioassay-HRMS

B Non-target Analytik

B Effektive Analytik

el
e b

_ &3} FOF
7 Qﬁw

33816

12. November 2015 - Gieflen

ZFL *‘ﬁl mmrl;;& Punktan

et 7 A e e
e e

B.00 Bagrifung und Obarblick dber dis wirkungsherogena Anahytik
[effect-directed analyai=, BDA) unter besondersr Baricksichtiogung
dar planar-chromatographischen Moghchkeiten Morock]

Durchidhrung won Experimentan
(in 2 Gruppen paralsl 4 5-8 Parsonen)

8.15 Gruppe 1: EDA won antimigrobisll-w«irkenden Inhaitestofen:
Expariment HFTLC-UNA=FLD-Bacilkes subdiis-[HFLC-)ES-HRMS
[Jarme=hidi-Aldy Stiefal)

Gruppe 2: EDA von estrogenartig-wirkendsn Inhaltestofien mit
dam planar Yeast Estrogen Screan {pYES): Expariment HFTLC-LWY
ViaFLD-pYES-HPLC-IESI-HAMS (Klingeihdifar

1015 Grupps 1: EDA von offi-Glucosidssshemimer; Expariment
HFTLC- IV VaFLD-Eneym-{HPLC-)ESI-HRMS
[Jarm=hidi- A Hinchart)

Gruppe 2: EDA von Cholinesterasshemmer: Expenment HFTLEC-
LA WisFLD-Enzym-[HFLC-)ESI-HRME (Hags)

11.15 Forfihnung des Bacilius subiils-Bicsseays und der Enzymassays

Y

13.00 pYES-Fortfihnng

13,30 HPTLC-HPLC-IES-HRMES von bioaldieen Verbindungen
[Shiafel, Habs)

1415 pYES-Forthihnung

1500 Gruppe 1: EDA von Tyrosinase- und Xanthinowidzsshammer:
Expariment HFTLC-UWVAG=FLD-Ereym-HPLC-1ES-HRMS sowie
Expariment HFTLC-UWAG=FLD-DPPH*-ES-HRMS (Hage, Xingmiei)

Grupps 2: EDA won bicektiven Verbindungen (gensmsller Hinvsia
auf Bioakiniiat): Expenment HPTLC-LNA=FLD-Afibno fischan-
DART-HRMS (KnigenHébe)

1615 Zussmmentessung und Diskussion der unterschiedichen Bioasssys

gUEsIChtIiches BHnicde aar rarsst=
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Multivariate data analysis: HPTLC and MS

mfz 255, pinocembrin

Coumaric acid, miz 163 m/z 269, galangin
M4: miz 271 pinabanksin
(Naringenin, miz 271) (miz 271, naringenin)
Caffeic acid, miz 179 = miz 179, caffeic acid

Chrysin, miz 253 miz 253, chrysin

Kaempherol, miz 285 miz 285, kaempherol

{Quercetin/ellagic acid, miz 301) mlz 301, quercetinfellagic acid

Apigenin, miz 269 miz 269, apigenin

A S ; B o5 ; :
@ Bluetype e
t Apigenin
G A& Omwiivel-—"® A 04, A e acia
3 ‘ ® A 03 * Quercetin
. 2 @ A . 02 % Chrysin
g . T £
) v & » * Kaempferol
a0 .. 4 2 y 3 o
™ o : ;
g [ . » Ak ah [SIRY * Pinocembrin
. e " - ;
A : ;
= A Aa y 02 + Naringenin
- AA * Caffeic acid
£ 03
) | Fe
5 4 3 2 4 0 1 2 3 4 s 04 02 0 0.2 04 06 08
PC 1(44.96%) PC 1(44.56%)

G.E. Morlock et al. J Chromatogr A 1328 (2014) 104— 112




Multivariate data analysis
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D. Fichou et al., in preparation
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Selective derivatization post-chromatographically
compensates the low separation power!

Plate number N

HPTLC ~ —» 8000
= el ¥..
_{8 “4.9.000/5cm
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Analysis of coumarin

5 different cinnamom spice samples containing coumarin

Cinnamon samples

800.0

LOD of coumarin: 200 pg/band COU"?ar,'n

[AU]

[AUT

100.0

1000 0.0

2000

L. Winheim, S. Krtiger, G. Morlock, in preparation




Analysis of coumarin

9 different food samples containing coumarin

www.colourbox.de . (14 'Y
www.deutsche-wirtschafts-nachrichten.de

L. Winheim, S. Krtiger, G. Morlock, in preparation
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Coumarin content oo 5ﬁJ

Samole Manufacturer Coumarin | Repeatabilities | Reproducibility
P (mg/kg) | (%RSD, n=2) | (%RSD, n=2)

- Sonnentor - gemahlen 3732 0.4/1.2
pice
Lidl Kania - gemahlen 1615 0.4/0.3 2.4
YogiTea - Frauenpower 19 1.4/3.2 4.5
Tea —
TeeQeschwendner 22 3.3/2.0 05
Kaminfeuer
Aldi Knusperone -
Cereals Zimt Chips 1 3.8/5.9 0.4
glﬂnamon IKEA - Kanelbullar 16 1.4/4.5 6.6

Jam Gr_afschafter Konfitiire — 4 16/1.6 16
Winterzauber

L. Winheim, S. Krtiger, G. Morlock, in preparation
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Confirmation by HPTLC-ESI-MS reut seence il

Intensity Standard @fi Eg.;{ Jg NH4}+
% 4 0) 0 3p9

e R o a0
- 171 0
c._ il K \ 'ﬁslh ‘ﬁg i q7 " ; 25 “Q’J& i
' 140 160 180 200 220 20 20 280 300 30 me
Intensity Probe Zimt EE?JQN i
[M+H]+ 304
- miz 147
7 147
= j_ 3 . ﬂ' 25 291 JE 37
= e Y - u B - 1 Y -ty T T Y daply i s gl gy = S
140 160 180 200 220 20 260 280 300 320 Mz
— Konfitare [2M-H+NH4]+
m/z 309
%

[M+H]+
miz 147

140 160 180 200 220 240 260 280 300 320m/z

L. Winheim, S. Krtiger, G. Morlock, in preparation
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HPTLC is worth to keep in mind food science D

Sucralose

/A A Y B R

Milk, biscuit, chocolate, cola, bonbons, energy/sport drinks

G. Morlock, M. Vega, J Planar Chromatogr 20 (2007) 411-417



Sample preparation and chromatography

< " HPLC-ELSD: + SPE
Chocolate e HPLC-MS/MS: + SPE

Biscuit

Milk A, ) HPTLC-Vis/FLD: -

0o
20,0
- 1200

Intensity [AU] , . 4000

1E0.0 7 |

U]

Sucralose - B00

I BO.0

wg &
Migration distance [mm)]

G. Morlock, M. Vega, J Planar Chromatogr 20 (2007) 411-417
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» High throughput (46 runs in 15 min by (anti-)parallel development,
15 min-staggered offline system) — 1000 runs/8h-day

» Resulting in 20-s runs with 330 pL solvent consumption

» Almost no disposal costs < 0.01 Cent/run

» Selective derivatization — compensates low separation power
» Reduced sample preparation: no SPE

* Analysis without acetonitrile!

 Ultra-rapid HPLC with 2 min gradient: 720 runs/24-h day

o Sample preparation: Need of SPE for MS or ELSD as detector

G. Morlock, W. Schwack, LCGC Eur July (2008) 366-371
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IR distanc down track

2000

4000 a——1 i
) E131 p———-—
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it ; ) 1O) 1T Z29%—

T. Habe, G. Morlock, J Chromatogr A 1413 (2015) 127-134
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Thank you!




