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A rapid and quantitative method of quality assurance for marker phytochemicals in products containing
material derived from Echinaceaspecies has been developed. In order to assess the efficiency of extraction of
phytochemicals from the roots and aerial parts ofEchinacea purpureaand E. angustifolia, a study of solvent
mixtures and extraction methods was carried out to determine the recovery of known compounds from
plant materials. Ultrasonic extraction of dried samples with methanol:water (7:3) or ethanol:water (7:3)
gave good vyields of cichoric acid, echinacoside and the alkamides, undeda;ZZ-diene-8,10-diynoic acid
isobutylamide and a mixture of dodeca-E,4E,8Z,10E/Z-tetraenoic acid isobutylamides (recoveries of 89%,
85%, 80% and 90%, respectively). The HPLC separation of the phenolic compounds cichoric acid,
chlorogenic acid and echinacoside was also improved by careful attention to the pH of the mobile phase. A
shortened HPLC column allowed turnaround times of 22 min for phenolic components and 15 min for
alkamides with lower solvent use. Assessment of commercial raw materials from the North American
market using the new method was useful for confirmation of species and showed a very large variation in
concentration of markers in the products sold in this market. Copyright © 2000 John Wiley & Sons, Ltd.

INTRODUCTION integrase, which is required during human immuno-
deficiency virus-1 replication to integrate the double-
stranded DNA copy of the viral genome into host cells
Herbal medicinal products and dietary supplements (Robinsonet al, 1996). Another caffeic acid derivative,
derived from Echinaceaspp. are widely used for the echinacoside, is commonly used by the herbal industry as
treatment of colds and influenza. They have recently a marker forEchinaceapreparations, but this compound
become the top-selling herbal products in North America, does not occur irEchinacea purpuredan appreciable
representing 9.9% of sales (Brevoort, 1995). The sameconcentrations. It does not possess immunostimulant
survey showed that the market for herbal products is activity, but has weak antibacterial and antiviral effects
increasing by at least 15% per year and that there is a(Bauer, 1998) and is a protectant against reactive oxygen
demand for higher quality, standardised products alongspecies (Facinet al, 1995). The lipophilic fraction of
the phytopharmaceutical model. Echinaceapreparations, especially roots, contains nu-
Echinaceaspp. contain a variety of components with merous alkamides or ketoalken/ynes and polyacetylenes.
demonstrated biological activities, which are suitable This fraction also strongly stimulates the immune system
phytochemical markers for quality assurance. Severalin vitro andin vivo by increasing the phagocytic activity
caffeic acid derivatives have been isolated (Cheminat of granulocytes (Bauer, 1998). Recently the lipophilic
et al, 1988) from hydrophilic fractions oEchinacea  fraction has been shown to possess a novel light activated
extracts, including cichoric acid, which is known to have toxicity to various Candida spp. (Binnset al, 2000).
in vitro andin vivo immunostimulatory properties and Several alkamides fror. angustifoliahave been shown
also inhibits hyaluronidase, a key enzyme involved in to act as inhibitors of cyclooxygenase and lipoxygenase
bacterial infection (Bauer, 1998). Cichoric acid was also (Muller-Jakicet al,1994), providing a mechanism for the
shown to actin vitro as an inhibitor of the enzyme known anti-inflammatory activity oEchinacea
A complication in the phytochemistry &chinaceas
that three speciesE( purpurea, E. pallida and E.
* Correspondence to: J. T. Arnason, Department of Biology, University of angustifolig are commonly used as herbal products and
Ottawa, 30 Marie Curie, Ottawa, Ontario, Canada K1N 6N5. phytomedicines, and either tops or roots may be used.
(E:_omn31:017;?;??ns%)c?r?is%r::e#gtjsmﬁIS: Farm, USA. Contract/grant sponsor: Eac_h (-)f these SpeCieS has a different phytochemical
Amway Corp, USA. .Contract/grant sp(;nsor: .The Natural Sciences,. proflle in the roots, leaves and inflorescences (Ba_uer and
Engineering and Council of Canada (NSERC). Contract/grant sponsor: Wagner, 1991; P_erryt al, 1997). Bauer and Reminger
Agriculture and Agrifood Canada. (1989) have provided excellent TLC and HPLC methods
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for differentiatingthe speciesand plant parts,and Perry
etal., (1997)haveexaminedalkamidelevelsin different
plantpartsof E. purpureagrownin New Zealand A GC-

MS method (Leinert et al.,, 1998) and a micellar
electrokinetic chromatographymethod (Pietta et al.,

1998) have been developedthat can also be usedto

fingerprint Echinacea preparations. Recently Bauer
(1997) hasexaminedcichoric acid and alkamidelevels
in expressedjuice of E. purpurea obtained from

EuropeanmanufacturersHowever,little informationis

available on currently used commercial Echinacea
materials(mostly E. angustifoliaand E. purpureg sold
on the North Americanmarket.

In the presentwvork, a modern rapid andfully verified
guantitativemethodfor the determinatiorof theamounts
of markerphytochemicalén herbandrootsof Echinacea
purpureaand in roots of E. angustifoliais provided,
togetherwith informationon the analysisof commercial
raw materialsin currentusein North America.

EXPERIMENTAL

Plant material. Authentic plantmateial of E. angusifolia

androotsof E. purpureawereprovidedby TroutLakeFarm
(TroutLake,WA, USA) from 3-yearold plants.Additional
aerid parts of E. purpurea were provided by Amway
Corpaation (Ada, MI, USA). The mateial was analysed
within 6—9 montts of the fall harvestin 1998. Speces
identification of plant materialwasconfirmed by S. Binns
(University of Ottawa, Carada)andB. Baum (Agriculture
and Agrifood Camda, Ottawg Carada) using existing
taxoromic keys The dried plants were ground on a La
Minerva grinder (Bologna Italy) andultrasonicextractions

Copyright© 2000JohnWiley & Sons,Ltd.
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8. Dodeca-2E 4E,87,10E-tetraenoic acid isobutylamide

9. Dodeca-2E 4E,8Z,10Z-tetraenoic acid isobutylamide
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18. Pentadeca-2E,97-dien-12,14-diynoic acid isobutylamide

were peformedin a Bransn 200 sonicator(Danbury, CT

USA). Additional raw mateials (seven sanples of E.

purpurea roots, 20 sample of E. purpurea tops and nine
sanples of E. angudifolia roots) were obtained from

commercid suppligsin the North Americanmarket.These
sanpleswerealsofrom the 1998 harvest.

Extraction. Extraction efficiencies were assessedn
variousconcentrationg50, 60, 70, 80, 90 and 100%) of
methanolor ethanolin water. Powderedsamplesof E.
purpureaor E. angustifolia(0.5g of leavesor roots)were
extractedthree times with 8 mL solvent using 5min
ultrasound treatments for each aliquot. Successive
aliquotsfrom eachsamplewere pooledandthe volume
was adjustedto 25mL. Sampleswere filtered through
0.22um PTFE membranegChromatographicSpecial-
ities, Brockville, Canada)prior to injection of 5 uL into
the HPLC column.

HPLC-UV analysis.The HPLC was performedusinga
Beckman (Missisauga,Canada) System Gold with a
model502autosamplemnnodell126pump,andmodel168
photodiodearray detector.The analyticalcolumnwasa
SuperSphet 100, RP-18 cartridge (75 x 4.6mm i.d.;
3 um; BDH, Toronto, Canada)with a SuperSphed.00,
RP-18guardcartridge(4 x 4.6mmi.d.; 5 um). Chroma-
tographicconditionsfor the analysisof alkamideswere
adaptedrom Bauerand Reminger(1989)to reflectthe
shortercolumnusedhere.Theelutionprofile consistef
a linear gradientof acetonitrile and water rising from
40% to 80% acetonitrilein 15min, decliningfrom 80%
to 40% acetonitrile in 1 min, followed by a 6min
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equilibration at 40%: the flow rate was 1.0mL/min.
Eluting peaksweremonitoredsimultaneoushat 210and
260nm, andonline UV spectrawere collectedfrom 200
to 400nm for eachpeak.

The separatiorof the phenolicswas performedon the
samecolumn as the alkamides,using the samesample
extract,butthe mobile phaseconsistedf 50 mm sodium
dihydrogenphosphateadjustedto pH 2.80 with phos-
phoricacid(solventA), and1% 0.1m phosphoriacidin
acetonitrile(solventB). The elution profile wasa linear
gradientof 5%to 25%B in 7 min, heldat 25%for 2 min,
25%t0 5% B in 1 min, anda 5 min equilibrationwith 5%
B: the flow-rate was 1.5mL/min with detection at
320nm.

In orderto assessecoveriesandlinearity usingthese
methods known amounts asindicatedin the figures,of
purified standardswere addedto powdered samples
beforeextractionandthe determinationsvere compared
with thoseproducedrom unspikedaliquotsof the same
sample.

The reproducibility of the methodwas evaluatedby
examiningtriplicate aliquots(during studiesconcerning
the optimisationof the extractionsolvent)and determi-
nation of the coefficientof variation.

Isolation of standards. Dried ground flowers of E.
purpurea(501g) wereextractedthreetimeswith 1.25L
of 70% ethanolin the ultrasonic bath and the bulked
extracts evaporatedto dryness.The residuewas then
partitioned between hexane and water. The hexane
extract(2 g) wasfurtherfractionatedby columnchroma-
tography (20 x 2.cm i.d.) using silica gel (63—200um;
Merck, Darmstadt, Germany) and gradient elution
(hexane:ethyl acetate; 9:1 to 0:1, using nine step
gradientsof 70mL). Undeca-E,4Z-dien-8,10-diynoic
acid isobutylamide,1 (cf. Bauer and Reminger,1989)
(30mg), and pentadeca,9Z-dien-12,14-diynoicacid
isobutylamide 18 (35mg), wereobtainedfrom fractions
IV andlll, respectively,whilst fractionV (73mg) was
further fractionatedon a column (40 x 1cm i.d.) of
Sephadex.H-20 usingmethanol(150mL) assolventto
give dodeca-E,4E,8Z,10E/Z-tetraenoic acid isobutyl-
amide,8 and9 (39mg).

A methanolicextract of the roots of E. angustifolia
(900g) was fractionatedon an RP-18 open column
(10x 1cm i.d.) using a methanol:waterstep gradient
(25:75 to 30:70 in 400mL) to give echinacoside
(184mg). Dried groundleavesof E. purpurea(5199)
wereextractedwith methanolandthe extractevaporated
to dryness.The residuewasdissolvedin equalvolumes
(20mL) of ethyl acetateand water. The ethyl acetate
layer, containing the lipophilic compounds,was re-
moved,the waterlayer wasacidifiedto a pH 3.5andan
equalvolume of ethyl acetate(20mL) was added.The
cichoricacid(80 mg)wasfoundin theethyl acetatdayer.

The puritiesof all compoundsverecheckecby HPLC
usingthe conditionsdescribedabove *H- and**C-NMR
spectraveremeasureat 200and 75 MHz, respectively,
in deuteratednethanol(cichoric acid and echinacoside)
anddeuterateathloroform(alkamides)yusingthe solvent
peakasreferenceldentitieswereconfirmedby compari-
son of spectraldata (*H- and **C-NMR) with previous
literature reportsfor 1 (Perry et al., 1997), 8 and 9
(Yasudaet al., 1981), echinacosidgKobayashiet al.,
1984),andcichoric acid (Cheminatet al., 1988).

Copyright© 2000JohnWiley & Sons,Ltd.

RESULTS AND DISCUSSION

Choice and purity of markers

The specificmarkersemployedwere chosenfor several
reasonsEchinacosidés usedto standardisé€=chinacea
productson the commercialmarketby many manufac-
turers, whilst cichoric acid is recognisedto have
immunostimulatoryproperties (Bauer, 1998) and also
allowed distinction between E. angustifolia and E.

purpurea species (Bauer and Wagner, 1991). The

alkamides8 and9 aremajor compoundsn both species,
whilst 1is amajorcomponenbf therootsof E. purpureg

and18is a majorcomponenof the alkamidefraction of

roots of E. angustifolia (Bauer and Reminger,1989).
Thesecompoundsappearrespectivelyat the beginning
(1), middle (8 and9) andnearthe end(18) of theelution

of thealkamidepeakstherebyprovidingreferenceoints
for the alkamideprofile. Alkamide, 18, wasusedonly as
an authentic chromatographic marker and not for

recoveries.When the purity of the compoundswas
assessetly the HPLC methoddescribedabove,in each
case the standardappearedas a single peak on the

chromatogramsrepresenting>95% of the total area
percentof the chromatogram.

Developmentof an improved extraction method

Experimentsshowed that the ultrasonic method em-
ployed [i.e. sequential5 min ultrasoundtreatmentsof
plant materialin ethanol:watel(7:3)] providedas good,
or better, yields of the marker phytochemicalsas the
standardexhaustiveSoxhletextraction(i.e. 100% meth-
anol at 60°C for 1h). The ultrasoundmethod is an
improvementbecause&oxhletis time consumingequip-
ment and supply intensive and has the potential to
degrade labile phytochemicals. The comparison of
Soxhletand ultrasoundextractionat 70% methanoland
100% methanolis provided (Fig. 1) for 8 and 9 and
cichoric acidin root andtopsof E. purpureg andfor 8
and9 andechinacosidé rootsof E. angustifolia Clearly
the ultrasound method is efficient for all of these
combinationsand also leads to improved yields of
cichoricacid.BecauseiltrasouncandSoxhletareequally
efficient for other markers,the resultssuggestthat the
Soxhletprocedureeither poorly extracts,or degradesa
portion of the cichoric acid. The reproducibility of the
extractionswas also betterusingthe ultrasoundmethod
thanwith the Soxhletmethodfor all tissuesand marker
combinations Reproducibility was especiallyimproved
for cichoric acid by the ultrasoundmethod(Table 1).

To arriveatthe choiceof 70% methanolor ethanolfor
ultrasound extraction, several solvent concentrations
wereevaluatedn orderto determinethe bestextraction
methodsfor alkamide and phenolic markers(Fig. 2).
For the phenolic markers, extraction does not vary
between40% and 70% alcohol and is similar if meth-
anol or ethanolis used. Above 70% alcohol, organic
extraction efficiency declinesand is less efficient with
ethanolthan with methanol.For the alkamidemarkers,
50-70% alcohol content gave the best extraction
(Fig. 2). Ethanol:water(7:3) or methanol:water(7:3)
mixtures were most effective in isolating both classes
of markers. The ethanol extraction was observedto
have a lower recovery of polysaccharidesmaterials

PhytochemAnal. 11: 207-215(2000)
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Figure 1. Extraction efficiency of marker phytochemicals (cichoric acid, echinacoside and alkamides 8 and 9) from
various tissues of E. purpurea and E. angustifolia by different solvents and procedures. 1, Soxhlet with 100%
methanol for 60 min; 2, ultrasound with 100% methanol, 3 x 5 min treatments; 3, ultrasound with 70% methanol,
3 x 5 min treatments; 4, ultrasound with 70% ethanol, 3 x 5 min treatments.
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Table 1. Coefficient of variation (%) for replicate analysesof cichoric acid, echinacosideand alkamides 8 and 9 by the

ultrasound vs. the Soxhletmethod using 70% ethanol

Coefficient of variation (%)

Cichoric acid

Echinacoside Alkamides 8 and 9

Soxhlet Ultrasound
E. angustiolia root
E. purpurea root 13.7 3.3
E. purpurea top 9.7 0.9

Soxhlet Ultrasound Soxhlet Ultrasound
10.9 35 8.5 6.0
3.9 2.7
2.2 0.8

which may eventually foul the HPLC column. These
extractionresultsshouldhaveimplicationsfor manufac-
turers attempting to formulate alcohol extracts of
Echinacea

Othersolventshavebeensuccessfullyusedto extract
alkamidesincluding chloroform (Bauer and Reminger,
1989) and acetonitrilePerry et al. (1997). However,in
the presentwork ethanolwas preferredbecauseof its
lower potential toxicity to laboratory personnel,and
comparablerecoveries(determinedbelow) to the other
solvents.
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Improvement of chromatographic conditions

Theuseof ashortC-18columnwith smallparticlesize
(75 x 4.6mm i.d.; 3m) allowed us to improve the
separatiorand shortenthe analysistime for both the
phenolicand the alkamide constituentsof Echinacea
(Figs 3 and 4) comparedto previousreports.When
usingthe BauerandReminger(1989)chromatograpic
methodfor phenolicconstituentsexcellentseparations
were obtained but occasionally poor peak shapes
resultedor no cichoric acid could be observedfrom
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Figure 2. Optimisation of the extraction of marker phytochemicals (phenolics and
alkamides) from E. purpurea and E. angustifolia with the ultrasonic method (3 x 5 min
treatments) using different mixtures of ethanol:water or methanol:water.
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Figure 3. HPLC chromatograms of phenolic compounds derived from roots of E. angustifolia (dashed line) and of E. purpurea

(solid line) detected at 320 nm. (For chromatographic protocols see the Experimental section.)
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Figure 4. HPLC chromatograms of alkamides from roots of (A) E. angustifolia and (B) E. purpurea: detection at 210 nm
(dashed line) and 260 nm (solid line). Key to peak identity: 1, undeca-2E, 4Z-dien-8,10-diynoic acid isobutylamide; 2,
undeca-2Z, 4E-dien-8,10-diynoic acid isobutylamide; 3, dodeca-2E, 4Z-dien-8,10-diynoic acid isobutylamide; 4,
undeca-2E, 4Z-dien-8,10-diynoic acid 2-methyl-butylamide; 7, dodeca-2E, 4Z-dien-8,10-diynoic acid 2-methyl-
butylamide; 8, dodeca-2E, 4E, 8Z, 10E-tetraenoic acid isobutylamide; 9, dodeca-2E, 4E, 8Z, 10Z-tetraenoic acid
isobutylamide; 10, dodeca-2E, 4E, 8Z, trienoic acid isobutylamide; 12, undeca-2E-en-8, 10-diynoic acid isobutylamide;
13, undeca-2Z-en-8, 10-diynoic acid isobutylamide; 14, dodeca-2E-en-8, 10-diynoic acid isobutylamide; and 18,
pentadeca-2E, 9Z-dien-12,14-dienoic acid isobutylamide. (For chromatographic protocols see the Experimental
section).
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Figure 5. Effect of changes of the pH of the mobile phase (solvent A) on retention time of phenolics derived from the root of E.
angustifolia. The best separation was at pH 2.80. (For chromatographic protocols see the Experimental section).

sampleswhich ought to containlarge amounts.The
problemwastracedto variableamountsof acidsin the
experimentalextracts.In orderto obtainreproducible
chromatogramsit is necessaryto buffer the mobile
phaseagainstthe acidic extracts:50mm phosphate
buffer is sufficientto buffer the acidsfoundin a5 pL
injection. Becausat hastwo carboxylicacid moieties,
the retention time of cichoric acid can be adjusted
relativeto otherphenolicmonocarboxyk acidsin the
extractsoy varyingthe pH of themobile phasgFig. 5).
A pH of 2.80waschosensinceit providedgood peak
shapes(minimal tailing) and satisfactoryresolution
from potentially interfering peaks. In particular,
samplesof E. angustifolianormally containeda peak
tentativelyidentified as cynarin (basedon the on-line
spectrumandrelative retentiontime), which is eluted
(whenusingpH 2.80) just beforecichoric acid. Since
either or both may be presentin a given sampleiit is
importantto maintain good separatiorbetweenthese
peaks.From Fig. 5 it may be seenthat the retention
time of echinacosideis not pH-dependeny since
echinacosides not as readily ionised as carboxylic
acids.Cichoric acid hastwo carboxylic acid moieties
which aremoreionizedasthe pH is raisedfrom 2.5to
4.0. The additional negative charge dramatically
reduceghe retentiontime of cichoric acid onthe C18
column. Chlorogenicacid and cynarin both have a
singlecarboxylicacidgroup,andexhibitretentiontime
displacementinducedby pH similar to, but lessthan,
thoseshownby cichoric acid.

Identity assuranceof markers by spiking experiment

The identitiesof putativemarkersin the chromatograms

Copyright© 2000JohnWiley & Sons,Ltd.

were confirmed by spiking experimentsin which the
additionof (for example)authenticechinacosid¢éo anE.
angustifoliaextractshowedincreaseof the markerpeak
without the appearancef shouldersor split peaks.

Linearity and recoveries

Therelationshipbetweerpeakareaandtheconcentration
of the standardnjectedwasfoundto be highly linearfor
the 1 at 210nm, 8 and 9 at 260nm, and echinacoside
and cichoric acid at 320nm, all with r? values>0.99
[Fig. 6(A-C)].

The recovery experimentis critical becauseof the
labile natureof the phytochemicamarkerslt is the most
often neglectedaspectof phytochemicaknalysisdueto
the small amounts of standardsthat are normally
availableowing to difficulties of isolation and purifica-
tion. Reliable recovery estimates over a range of
concentrationsvere madeby addingdifferent amounts
of the standardto the plant preparation[Fig. 6 (D—F)].
Recoveries were 89% for cichoric acid, 85% for
echinacoside30%for 1, and90% for 8 and9.

Evaluation of commercial samples

Because of the availability of the three alkamide
standardsthe whole alkamide profile of roots could be
recognisedwith certainty, allowing separationof E.
angustifolia, E. purpurea (and E. pallida) for various
commercially grown North American raw materials
submittedto our laboratoryfor analysis.A few samples
gavealkamideprofilesthatwerenot consistentvith their
designatedspeciesand subsequenexaminationof the
plantvoucherconfirmedthatthe speciesassignmentvas

PhytochemAnal. 11: 207-215(2000)
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Figure 6. (A-C) The linearity of peak area vs. concentration for the standard alkamides 8 and 9, and 1 and for standard
echinacoside, respectively. (D-F) Recovery experiments illustrated for different amounts of alkamides 8 and 9 added to a root
preparation of E. purpurea, and of cichoric acid and echinacoside added to a root preparation of E. angustifolia, respectively.
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Figure 7. Distribution of content of marker phenolics in various commercial samples of (A) E. purpurea herb and (B) E. angustifolia
roots from the North American market.
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Figure 8. Distribution of content of marker alkamides (A, alkamide 8 and 9; B, alkamide 1) in various commercial
samples of E. purpurea herb and roots and E. angustifolia roots.

wrong. Conversely someauthenticE. angustifoliaroots
containedsmall amountsof cichoric acid, tentatively
identified by spiking and online UV comparisonswith

standardsCichoric acid is not previouslyreportedfrom

this sourceandwarrantsfurtherstudyin North American
accessionsAfter removalof the misidentifiedsamples,
analysisof representativeeommercialdried plant sam-
ples from the North American market was completed
using the methodologydevelopedhere, and the results
arepresentedn Figs7 and8. Thereis avery largerange
of concentrationsfor each of the markers not only

betweenspecies,but within speciesas well. This may
resultfrom environmentabr geneticvariation,variation
in plantpartsusedandin preservatiorof principlesafter
harvestlt is clearthatthe North Americanmarketis far

from producinga homogenousigh quality productat
this early stageof developmentin Europe,Bauer(1997)
alsofounda largerangein the concentratiorof cichoric
acid (0-0.4%) and alkamides (0.1-1.8mg/mL) in
expresseguice products.Takentogether,Bauer'sstudy
andourresultsshowthe needfor betterquality controlof
Echinaceaproducts.
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