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TLC densitometric method for screening of lycopsamine 
in comfrey root (Symphytum officinale L.) extracts using

retrorsine as a reference compound

Due to severe toxicity of pyrrolizidine alkaloids, their quan-
tificationinmedicinalproductsisveryimportant.Theidea
of this research was to use retrorsine as a surrogate refer-
ence compound instead of lycopsamine reference or lyco-
psamine isolated from comfrey. A method for the analysis 
of lycopsamine in extracts of comfrey roots was developed 
and validated, employing thin layer chromatography, deri-
vatisationwithDann-Mattocksreagentfollowedbydensi-
tometricanalysis.Thenewmethodshowedlinearitywith-
in 0.70 to 7.0 μg of lycopsamine per application of 10 μL of 
asolution.Ithasalsobeenproventobespecificandprecise
(repeatabilityRSD2–4%withintheplate).Themethodwas
successfullyemployedforquantificationoflycopsaminein
comfrey root and comfrey root medicinal products such as 
ointments.

Keywords: comfrey, lycopsamine, retrorsine, TLC, densi-
tometry

Extracts of comfrey roots (Symphytum officinale L., Boraginaceae)havebeenusedtopi-
callyfortreatinginflammatorydisordersandinternallyfortreatingdiarrhoeainEurope
(1,2).Apartfromtherapeuticallyeffectiveallantoinandotheractiveconstituents,comfrey
alsocontainstoxicpyrrolizidinealkaloids,whicharemostfrequentlyrepresentedbyly-
copsamine, intermedine, their acetylated derivatives and symphitine. Pyrrolizidine alka-
loidsaremetabolisedinhumanstohepatotoxicandpulmotoxicpyrrolederivatives(2–4)
inareactioncatalysedbyCYP3A4(5,6).Becauseoftheirhightoxicity,itisofinterestto
determine these alkaloids in medicinal products even at low concentrations (7). Several 
analyticalmethodshavebeenusedfortheanalysisofpyrrolizidinealkaloidsincomfrey,
employingthinlayerchromatography(TLC)(8,9),highperformanceliquidchromatogra-
phy(HPLC)(10–15)andgaschromatography(GC)(4,7,12,16–18).
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Unfortunately, many reference compounds of pyrrolizidine alkaloids are not commer-
ciallyavailableandshouldthereforebeisolatedindividuallyfromnaturalmaterialsby
expensiveandtimeconsumingprocedures(16).

Theaimofthisworkwastodevelopananalyticalmethodtoovercometheavailability
problemofpyrrolizidinealkaloidsreferencecompoundsandtoavoidtheirisolationby
employing readily commercially available alkaloid retrorsine as a surrogate reference
compound for lycopsamine, which is actually present in the plant.

EXPERIMENTAL

Plant material, medicinal products and reagents

ComfreyrootsweresuppliedbyFarmex(Slovenia).Thecountryoforiginofplant
materialwasHungary.Theidentityofdryandcomminutedcomfreyrootswasconfirmed
bymorphologicalanalysis(19).AvoucherspecimenhasbeendepositedattheFacultyof
PharmacyinLjubljana,Slovenia.Comfreyrootointment(Favn,Slovenia)waspurchased
fromalocalpharmacy.Retrorsinereferencecompound(97%purityaccordingtothecer-
tificateofanalysis),solventsandreagentswerepurchasedfromSigma-Aldrich(Germany).
TLCsilicagel60plates(20×10cm,layerthickness100μm)werefromMerck(Germany).
Lycopsaminewasisolatedfromcomfreyrootsaccordingtothepublishedmethod(20)by
an improved ion-exchange chromatography method employing non-aqueous solutions, 
followedbypreparativeHPLC.ItwasidentifiedbyMS,IRandNMRspectraandthepu-
ritywas95%accordingtotherelativeareainthechromatogram.

Instruments

Thefollowingequipmentwasused: laboratoryblender (WaringLaboratory,USA),
ultrasonicbathSonorexDigitecDT103H(Bandelin,Germany),centrifuge5804R(Eppen-
dorf,Germany),Camagchromatogramimmersiondevice(Camag,Switzerland),TLCplate
heaterIII,twintroughchamber,20x10cm,LinomatIV,TLCscanner3,Reprostar3(Ca-
mag).

Preparation of comfrey root extracts

Fivegramsoffinelygroundcomfreyrootor5gofointmentwereextractedwith10mL
ofmethanolfor30minutesinanultrasonicbathatroomtemperature.Thesamplewas
thencentrifuged10minat2935xgandclearsolutionwasusedforanalysis.Theprocedure
wasrepeatedtochecktheextractionefficiency.Selectionoftheextractionmethodwas
basedonpublisheddata(21)andmodifiedtofacilitatetheextractionprocedure.

Solutions of reference compounds

Solutions of retrorsine commercial compound (1.00 and 0.100 mg mL–1) and lycops ami-
netrifluoroacetate(0.946and0.0946mgmL–1,correspondingto0.684and0.0684mgmL–1 
lycopsamine, respectively)werepreparedbydissolving them inmethanol and subse-
quently diluting with methanol.
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Thin layer chromatography

SampleswereappliedtoTLCplatesusingaLinomatIVataspeedof5mL s–1 in the 
formof10-mmbands.Appliedvolumeswerefrom3to10μLandtherespectivemassesof
bothwere3.0,5.0,7.0and10.0mg. Plates were developed in a mixture of methanol, dichlo-
romethaneanddiethylamine(26:70:4,V/V/V)inasaturatedchamberuntilthesolventfront
reached85mm.PlatesweredriedandderivatisedwithDann-Mattocksreagent:step1–
evenlysprayedwith3mLof30%hydrogenperoxide,step2–evenlysprayedwith3mL
of a mixture of acetic anhydride, petroleum ether and toluene (1:4:5, V/V/V) and step 3 – 
dippedinEhrlich’sreagent,consistingofamixtureof4-(dimethylamino)benzaldehyde,
HCl37%andethanol96%(0.3:5.4:94.6,m/V/V)usingaCamagchromatogramimmersion
device.Ateachstep,aftertheapplicationofthereagent,everyplatewasheatedat120°C
for 20 minutes and then allowed to cool to room temperature in a desiccator.

Densitometry

DerivatisedplateswerescannedwithaCamagTLCScanner3underfollowingcondi-
tions:slitdimension8.00×0.45mm,optimisedopticalsystemformaximalresolution,
scanning speed 5 mm s–1, data resolution 100 mm per step, wavelength 550 nm, second 
orderopticalfilter, automaticdetectormode, analogoffset 10%, automatic sensitivity,
Savitzky-Golay9filterfactorandlowestslopebaselinecorrection.Datawasprocessed
withtheCamagWinCats1.2.2.programme.Eachplatewasmeasuredfourtimes.

Method validation

Themethodwasvalidatedthroughthefollowinganalyticalparameters:linearity,sen-
sitivity,specificity,precision,accuracy,detectionlimitandquantitationlimitaccordingto
ICH-Q2(R1)guidelines(22).Calibrationcurvesforretrorsineandlycopsaminewereplotted
withfivedifferentquantitiesappliedontheplate,from0.70to7.0μgandfrom0.48to4.8μg,
respectively.Specificityofthemethodwasdeterminedbytheanalysisoflycopsaminerefer-
encecompoundandcomfreyrootextracts.Lycopsaminepeakwasidentifiedbycomparing
itsretardationfactorandUVspectrumwiththoseofthereferencecompound.

RESULTSANDDISCUSSION

Extraction efficiency 

Apartfromthealkaloids,allantoinwasthemaincompoundextracted(19),butitdid
notgiveanycolourreaction,sinceDann-Mattocksreagentisspecifictopyrrolizidineal-
kaloids (21).

Spectral characteristics

High similarity of the spectra of lycopsamine reference compound peak and the peak 
withthesameretardationfactor(0.69)fromcomfreysample(Fig.1a)andthatofretrorsine
referencecompound(Fig.1b)wasobserved.



506

D.JanešandS.Kreft:TLCdensitometricmethodforscreeningoflycopsamineincomfreyroot(Symphytum officinale L.) extracts using 
retrorsine as a reference compound, Acta Pharm. 64 (2014) 503–508.

 

Fig.1.UVspectraof:a)lycopsaminereferencecompound(blackline)andlycopsamineincomfrey
sample(greyline),b)retrorsinereferencecompound.

Repeatability within the TLC plate

RepeatabilitywithintheTLCplatewasassessedbysevenreplicateanalysesofstan-
dard solutions of the analytes (5.0 mg of retrorsine, 4.3 mgoflycopsamine).RSDofthepeak
areawasfoundtobe4.0%forretrorsineand4.2%forlycopsamine.Retardationfactorsof
retrorsineandlycopsaminewere0.71(RSD4.7%)and0.69(RSD4.0%),respectively.

Linearity and sensitivity

Responseofthedetectorwaslinearintherange0.70–7.0μgforretrorsineand0.48–4.8
μg for lycopsamine, with respective R2valuesof0.999and0.991.Forlimitsofdetection
(LOD) and quantitation (LOQ), a signal-to-noise ratio (S/N) of 3 and 10 was considered, 
respectively.TheLOD for lycopsamine was 0.22 μg per application of 10 μL and the LOQ 
forthesameanalytewas0.73μgperapplicationof10μLofsolution,indicatingsufficient
sensitivityforlycopsaminequantification.

Precision and accuracy

Forretrorsine(0.50–5.00mg) and lycopsamine (0.34–3.42 mg), the intra- and inter-day 
RSDsrangedfrom7–18and9–27%,respectively.Highimprecisionisacommonproblem
inTLCasanopensystem.Whentheretrorsinereferencecompoundwasappliedtothe
sameplateasthecomfreysample,RSDdroppedto2.8–4.0%.Relativeresponsefactorfor
lycopsamine/retrorsinewascalculatedfromthecalibrationcurvesandwasfoundtobe
0.98.

Since the signals of lycopsamine and retrorsine are not completely separated and are 
notadditive,retrorsinecannotbeusedasaninternalreferencestandard.Itwas,however,
successfully used as an external surrogate reference compound.

Analysis of lycopsamine

Thepresenceoflycopsamineincomfreyrootsandointmentwasconfirmedbycom-
parisonofitsretardationfactorandoverlayingofUVspectrawiththoseofthereference
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compound.Quantificationoflycopsaminewasdoneusingretrorsineasanexternalsur-
rogate reference compound as well lycopsamine reference compound and was selective 
(seetypicalTLCchromatograminFig.2).Theconcentrationoflycopsamineincomfrey
rootswas foundtobe710mgkg–1, which is in accord with literature data (2, 3). Lyco-
psamineincomfreyrootointmentwasfoundinaconcentrationof4.6mgkg–1.

CONCLUSIONS

AsimpleTLCmethodforlycopsaminescreeningincomfreyrootsandcommoncom-
freymedicinalproductssuchasointmentswasdeveloped.Themethodissimpleandfast
and uses an external surrogate reference compound (retrorsine) instead of the generally 
unavailableandexpensivelycopsamine.Severalfactorsindicatedsuitabilityofretrorsine
as a surrogate reference compound in the same range of concentrations as lycopsamine: 
comparisonofUVspectraofhighsimilarity,closeretardationfactors,verysimilarre-
sponsesofderivatisedalkaloids.However,duetoitslowprecision,themethodissuitable
only for preliminary estimation of lycopsamine.
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