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Sample Sample preparationpreparation::
2 ml of 2 ml of thethe Calendula Calendula herbaherba V.2a was V.2a was diluteddiluted
withwith 10 ml  of 10 ml  of waterwater and and appliedapplied to a to a previouslypreviously
activatedactivated (2 ml (2 ml methanolmethanol followedfollowed byby 2 ml 2 ml waterwater) ) 
SepSep--PakPak CC1818 cartridgecartridge. After . After washingwashing withwith 5 ml 5 ml 
waterwater, , thethe flavonoidflavonoid fractionfraction was was elutedeluted withwith 5 ml  5 ml  
of 100 % Methanol. of 100 % Methanol. TheThe eluateeluate was was evaporatedevaporated
to to drynessdryness and and thethe residueresidue was was dissolveddissolved in in 
1 ml of 1 ml of methanolmethanol.

HPTLC AnalysisHPTLC Analysis::
AnalyticalAnalytical HPTLC of HPTLC of thethe tincturestinctures was was performedperformed on 20 cm x 10 cm on 20 cm x 10 cm glassglass platesplates
precoatedprecoated withwith KieselgelKieselgel 60 and 60 and KieselgelKieselgel 60 RP 18, W  (Merck , Darmstadt, 60 RP 18, W  (Merck , Darmstadt, 
Germany). TLC of Germany). TLC of calendulacalendula tincturetincture was was performedperformed withwith HCOOH/HHCOOH/H22O/AcOEt O/AcOEt 
15:15:70 (normal 15:15:70 (normal phasephase) and MeOH/HCOOH/H) and MeOH/HCOOH/H22O 5,5:1:4,5 (O 5,5:1:4,5 (reversedreversed phasephase) as ) as 
mobile mobile phasephase. NP/PEG* at 365 nm was . NP/PEG* at 365 nm was usedused forfor detectiondetection. . TheThe individualindividual zoneszones of of 
underivatisedunderivatised HPTLCHPTLC--platesplates werewere elutedeluted withwith thethe CAMAG CAMAG TLCTLC--interfaceinterface (CAMAG, (CAMAG, 
Berlin, Germany).Berlin, Germany).
**NaturalNatural productsproducts--polyethylenepolyethylene glycolglycol reagentreagent

InstrumentationInstrumentation forfor HPLCHPLC--DAD AnalysisDAD Analysis
HPLC was HPLC was performedperformed withwith a Thermo Fisher a Thermo Fisher ScientificScientific AccelaAccela (Thermo Fisher (Thermo Fisher ScientificScientific, , 
Dreieich, Germany) Dreieich, Germany) instrumentinstrument withwith diodediode--arrayarray detectordetector. . TheThe equipmentequipment was was controlledcontrolled
byby meansmeans of of XcaliburXcalibur, Version 2.07., Version 2.07. CompoundsCompounds werewere separatedseparated on a 100 x 200 mm on a 100 x 200 mm i.di.d., ., 
1,9 1,9 µµm m particleparticle,  ,  HypersilHypersil Gold RP 18 Gold RP 18 columncolumn (Thermo Fisher (Thermo Fisher ScientificScientific; Dreieich; ; Dreieich; 
Germany) Germany) maintainedmaintained at 25 at 25 °°C.C.

InstrumentationInstrumentation forfor HPLCHPLC--MS Analysis:MS Analysis:
TheThe HPLC HPLC systemsystem describeddescribed aboveabove was was coupledcoupled withwith an LTQ Orbitrap XL an LTQ Orbitrap XL 
(Thermo Fisher (Thermo Fisher ScientificScientific, Dreieich, Germany). Ionisation was , Dreieich, Germany). Ionisation was performedperformed
withwith an an electrosprayelectrospray interfaceinterface equippedequipped withwith a metal a metal needleneedle kitkit. . TheThe
conditionsconditions usedused forfor massmass spectrometryspectrometry werewere as as followsfollows:  :  capillarycapillary voltagevoltage
--40 V, spray 40 V, spray voltagevoltage 3.00 kV, 3.00 kV, tubetube lenslens --120 V. 120 V. NitrogenNitrogen was was usedused as as 
dryingdrying gas.gas. TheThe capillarycapillary temperaturetemperature was was setset at 300 at 300 °°C. CollisionC. Collision--induced induced 
dissociation spectra (CID) were obtained with a collision energydissociation spectra (CID) were obtained with a collision energy of 35  and of 35  and 
an activation time of 30 ms. an activation time of 30 ms. Full Full scanscan spectraspectra fromfrom m/z 150m/z 150--1000 1000 werewere
obtainedobtained in negative mode and in negative mode and quercetinquercetin was was usedused forfor thethe optimizationoptimization of of 
ionizationionization parametersparameters..
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Calendula Calendula officinalisofficinalis has a has a longlong pharmacologicalpharmacological traditiontradition and and especiallyespecially thethe Calendula Calendula flowersflowers havehave beenbeen thethe focusfocus of of investigationsinvestigations intointo itsits
phytochemicalphytochemical constituentsconstituents. In . In thisthis workwork wewe comparecompare thethe separationseparation of of flavonolglycosidesflavonolglycosides in Calendula in Calendula herbaherba V.2a V.2a byby normal normal phasephase and and 
reversedreversed phasephase HPTLC and HPTLC and structurestructure characterizationcharacterization of of thethe flavonoidsflavonoids byby HPLC HPLC coupledcoupled withwith negative negative electrosprayelectrospray ionizationionization (ESI) (ESI) ionion traptrap
massmass spectrometerspectrometer employingemploying an LTQ Orbitrap XL.an LTQ Orbitrap XL.

Figure 2: Chromatogram (upper left: base peak, lower left: mass Figure 2: Chromatogram (upper left: base peak, lower left: mass traces of traces of m/zm/z 623) and the mass spectrum of 623) and the mass spectrum of 
the compound with the compound with m/zm/z 623 (upper right: full mass spectrum, lower right: ms2 fragment623 (upper right: full mass spectrum, lower right: ms2 fragment spectrum of the peak at spectrum of the peak at 
9.5 min in the calendula tincture according to the method used f9.5 min in the calendula tincture according to the method used for the HPLCor the HPLC--MS analysis.MS analysis.

Figure 3: HPTLC (left : silica gel 60 RP 18 W, right: silica gelFigure 3: HPTLC (left : silica gel 60 RP 18 W, right: silica gel 60) 60) 
of the calendula tincture according to the method used for the of the calendula tincture according to the method used for the 
HPTLC analyses.HPTLC analyses.

Table 2: Identification of the typical Table 2: Identification of the typical flavonolglycosidesflavonolglycosides in the zones extracted from the normal and the reversed in the zones extracted from the normal and the reversed 
phase silica plates  according to the method used for the HPLCphase silica plates  according to the method used for the HPLC--MS analysis.MS analysis.

Summary:Summary:
Figure 3 shows two yellow (Figure 3 shows two yellow (quercetinquercetin) and three green () and three green (isorhamnetinisorhamnetin) ) 
zones which, according to their observed zones which, according to their observed m/zm/z--ratio and the ratio and the 
characteristicalcharacteristical mass spectrometric fragmentation can be clearly mass spectrometric fragmentation can be clearly 
identified as being identified as being flavonolglycosidesflavonolglycosides. Due to the reduced interactions . Due to the reduced interactions 
between the substance and the reversed phase silica plate, the between the substance and the reversed phase silica plate, the 
compounds substituted with acompounds substituted with a disaccharide (disaccharide (rutinosidrutinosid) reach a higher ) reach a higher 
RfRf--value compared to normal phase. The compounds substituted with avalue compared to normal phase. The compounds substituted with a
monosaccharide (glucose) reach a lower monosaccharide (glucose) reach a lower RfRf--value compared to normal value compared to normal 
phase. phase. 
In the HPTLCIn the HPTLC--zone  three, two compounds with the same zone  three, two compounds with the same m/zm/z-- ratio as ratio as 
well as a similar fragmentation pattern were detected, although well as a similar fragmentation pattern were detected, although they they 
have different structural properties as is evident from their rehave different structural properties as is evident from their retention time. tention time. 
These compounds have thus been assigned a tentative structural These compounds have thus been assigned a tentative structural 
identity. identity. 
The zone which is signed The zone which is signed n.dn.d. indicates no specific . indicates no specific m/zm/z ratio for ratio for 
flavonolglycosidesflavonolglycosides. . 
Figure 2 shows an example for a typical base peak chromatogram aFigure 2 shows an example for a typical base peak chromatogram and a nd a 
fragmentation pattern from the fragmentation pattern from the m/zm/z value of 623 which is identified as value of 623 which is identified as 
isorhamnetinisorhamnetin--rutinosidrutinosid by reference to published literature data [3].by reference to published literature data [3].

TheThe mobile mobile phasephase was a was a multimulti stepstep, 47 min, , 47 min, 
linear linear gradientgradient preparedprepared fromfrom 0,1 % HCOOH 0,1 % HCOOH 
and CHand CH33CN (CN (TableTable 11); ); thethe flowflow rate wasrate was
0,50 mL 0,50 mL ·· minmin--11. . TheThe volumevolume of of samplesample solutionsolution
injectedinjected was 5 was 5 µµL. L. PeaksPeaks werewere recordedrecorded in in thethe
rangerange 250 250 –– 450 nm, and 450 nm, and chromatogrammschromatogramms
werewere acquiredacquired at at 280 and 370 nm280 and 370 nm..Table 1: multi step linear gradientTable 1: multi step linear gradient

Time Percentage 
mobile phase B (%) Remarks 

0 → 32 12 → 20 
Start of linear gradient  

12-20 % B in 30 min 

32 → 35 20 → 100 

35 → 40 100 
Washing step 

43 → 47 100 → 12 Reequilibration 
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HPTLC-Zone RF value 
normal phase 

RF value 
reversed phase  

Ret. time  
HPLC-MS 

(min) 

m/z 
[M-H]- 

m/z of 
aglycon in 

MS2 
spectrum 

Compound 

1 0.36 0.61 7.8 769 314/315 Isorhamnetin-3-O-2G-
rhamnosylrutinosid 

2 0.52 0.66 5.8 609 300/301 Quercetin-rutinosid 

3 0.56  9.4 / 12.7 623 314/315 Isorhamnetin-rutinosid 

  0.61 9.4 623 314/315 Isorhamnetin-rutinosid 

4 0.70 0.57 7.5 463 300/301 Quercetin-3-O-glucosid 

5 0.75 0.50 13.1 477 314/315 Isorhamnetin-3-O-glucosid 

n.d.  0.23    not identified 

 


