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Abstract

The antifungal activity and 5-lipoxygenase-inhibiting activ-
ity of extracts of five wild and three commercially used taxa
of the genus Echinacea were investigated. The near-UV
mediated antifungal bioassays included clinically isolated
Cryptococcus neoformans, two Candida albicans isolates
(D10 and CN1A) with amphotericin B resistance, as well as
established and emerging filamentous fungal pathogens 
(Trichophyton tonsurans, T. mentagrophytes, Microsporum
gypseum and Pseudallescheria boydii). Root extracts of the
eight Echinacea taxa showed antifungal activity against most
of the pathogenic fungi. The inhibition of the 5-lipoxygenase
(5-LOX) enzyme of the arachadonic acid pathway was deter-
mined by HPLC detection of a direct metabolic product
(LTB4) of 5-LOX derived from stimulated rat basophilic
cells. Root extracts of the three commercial species of Echi-
nacea (E. purpurea, E. pallida var. angustifolia, E. pallida
var. pallida) inhibited the 5-LOX enzyme. E. pallida var.
angustifolia was the most potent of the three. The results
show that Echinacea spp. have significant antifungal and
antiinflammatory activity.

Keywords: Antifungal, 5-lipoxygenase, antiinflammatory,
Echinacea.

Introduction

The predominant Echinacea of the North American prairie,
E. angustifolia DC. (sensu McGregor, 1968) and recently
revised as E. pallida var. angustifolia (Binns et al., 2002),
has been reported as a systemic and topical anti-microbial,
among a host of therapeutic uses from North American
Native traditions (Hart, 1981; Kindscher, 1989; Shemluck,

1982) and Eclectic medicine (reviewed in Foster, 1991;
Hobbs, 1989, 1994). Many of these applications suggest 
therapeutic antifungal applications of prairie Echinacea
species roots as phytomedicines. Commercial phytomedi-
cines for antifungal use are predominantly hydroalcoholic
preparations from the roots of E. pallida var. angustifolia.
However, the study of antifungal biological activity from
Echinacea extracts has been limited to E. purpurea (L.)
Moench until recently (Binns et al., 2000). E. purpurea
exhibited significant clinical reduction of recurrent candidi-
asis using oral and injectible preparations (Lasch et al., 1983
in Hobbs, 1994). Topical effects of E. purpurea against
fungal skin and urogenital infections were also determined
by a few clinical studies of questionable validity according
to the current model of double-blinded, controlled trials with
standardized phytomedicines (reviewed in Hobbs, 1989;
1994). In a preliminary investigation by our group (Binns 
et al., 2000) which included the eastern prairie variety, 
E. pallida var. pallida [E. pallida (Nutt.) Nutt.] as well as 
E. purpurea, extracts and phytomedicines of these species
were shown to have antifungal activity with a variety of clini-
cally isolated fungi. These activities were enhanced by near
UV light (300–400nm), a phenomenon termed phototoxic-
ity and which has been observed with other Asteraceae
extracts. These results clearly justify a broader investigation
of the antifungal activities of all Echinacea species, and 
especially the commercially important species E. pallida
var. angustifolia.

Candidiasis is a prevalent microbial infection that is espe-
cially common in immuno-compromised AIDS patients, 
diabetics, pregnant women and neonates. The degree of
recurrence is very high, and clinical isolates increasingly
reveal resistant Candida strains. Evidently, alternatives to
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conventional antifungal drugs, such as amphotericin B, are
in demand. Amphotericin B is an amphoteric polyene that
alters the permeability of fungal cellular membranes by inhi-
bition of synthesis of ergosterol, the fungal equivalent of cho-
lesterol in animal and bacterial cell membranes (Law et al.,
1997). Echinacea phytomedicines are good candidates for
alternative antifungal therapy, especially considering their
long history of clinical use.

Another potential therapeutic application of Echinacea
root extracts is as an anti-inflammatory. Inflammatory
responses mediated through induced arachadonic acid
metabolism can occur by the 5-lipoxygenase (5-LOX)
pathway, which is responsible for leukotriene (LT) synthesis,
or the cyclooxygenase (COX) pathway, which results in the
production of various prostaglandins (PG). The LTs are
responsible for conditions such as the bronchoconstriction,
eosinophil summoning (resulting in further LT production
and release) and mucous production that are characteristic of
various lung conditions. It has recently been shown that the
alkamides isolated from root extracts of Echinacea pallida
var. angustifolia exhibited both 5-LOX and COX inhibitory
activity (Muller-Jakic et al., 1994) which suggests that Echi-
nacea preparations may be clinically useful to reduce LT and
PG synthesis in the inflammatory process. The Echinacea
alkamides tested, however, showed a markedly greater in-
hibition of the 5-LOX enzyme compared to that of COX. 
For this reason, we chose to measure directly the LTB4
(leukotriene B4) levels as an indicator of enzyme
activity/inhibition in this study. The 5-LOX enzyme is not
constitutively expressed and remains inactive unless stimu-
lated by proper cues (Bossu et al., 1999). This property facil-
itates study of the enzyme as metabolite production can be
both induced and terminated in a controlled fashion.

Based on our preliminary study (Binns et al., 2000)
demonstrating antifungal effects of E. purpurea, the present
study was conducted to investigate the biological activity of
five wild and three commercially used Echinacea varieties
against clinical pathogenic filamentous fungi and yeasts,
including resistant strains of Candida spp. According to our

current taxonomic revision (Binns et al., 2002), seven mor-
phological varieties with demonstrated phytochemical dif-
ferences were investigated from the two prairie species, E.
pallida and E. atrorubens These wild accessions reflected the
range of plants used traditionally as antimicrobials accord-
ing to habitat and geographic data in Native and Eclectic
medical references to E. angustifolia (Foster, 1991).

Materials and methods

Plant materials and extracts

All plants for the antifungal study were grown from wild
germplasm accessions and voucher specimens are deposited
at the Department of Agriculture Ottawa Herbarium, Ottawa,
Canada (DAO) (Table 1). E. purpurea accessions were
obtained from Trout Lake Farm’s proprietary germplasm
(Trout Lake farm LLC, Trout Lake, WA). Entire, fresh Echi-
nacea roots were extracted in 95% ethanol (approx. 1g fresh
weight/10mL) and filtered via Buchner filtration. In a sepa-
ratory funnel, n-hexanes were added to the filtrate in a 1 :1
ratio, followed by distilled water at half the volume of n-
hexanes. The hydrophilic fraction was re-extracted three
times and the lipophilic fractions in n-hexanes were pooled.
Each n-hexane fraction was rotary evaporated to a standard
concentration (usually 0.5g/mL by dry root weight, with a
few exceptions).

Fungal cultures

Fungal strains, including both yeasts and filamentous types,
were chosen because they were opportunistic human skin or
systemic pathogens (see Table 2). Among them are the
causative organisms in diseases such as candidiasis (C. albi-
cans from the Ottawa General Hospital, Ottawa, ON, Canada
and amphotericin B-resistant strains of C. albicans, CN1A
and D10, from N.D. Lees, IUPUI, Indianapolis, IN, USA),
cryptococcosis (Cryptococcus neoformans from the Ontario
Ministry of Health, Toronto, ON, Canada), and dermato-

Table 1. Echinacea accessions identified according to a revised taxonomy (Binns et al., 2002;
MacGregor, 1969). All specimens deposited at DAO.

Echinacea variety Voucher label 

Binns et al., 2002 MacGreggor 1969
E. pallida var. angustifolia E. angustifolia EA312814, EA421331,

EA008
E. pallida var. tennesseensis E. tennesseensis ET22010
E. pallida var. simulata E. simulata ES017
E. pallida var. sanguinea E. sanguinea ESA23873, ESA23878
E. pallida var. pallida E. pallida EPA23920, EPA013,

EPA0823
E. atrorubens var. atrorubens E. atrorubens var. atrorubens EAT23881
E. atrorubens var. neglecta E. atrorubens var. neglecta EPN005, EPN23886
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phytic infections such as ringworm (Microsporum gypseum
and Trichophyton mentagrophytes from the Ontario Ministry
of Health, Toronto, ON, Canada). Each culture was main-
tained at 4 °C and sub-cultured at 30°C for 24h prior to
testing, to obtain test colonies in their optimal growth phase.

Disc susceptibility testing

The disk susceptibility test was chosen because it is a vali-
dated bioassay for testing antifungal natural products
(Hadacek & Greger, 2000) and has been used in similar trials
with Candida albicans (Law et al., 1997). All yeasts were
uniformly streaked by sterile cotton swabs onto sterile
Sabouraud’s agar medium (DIFCO 10g/L neopeptones + 
20g/L dextrose and 15g/L agar) in 10cm diameter Petri
plates. C. albicans strains with resistance to amphotericin B
were identified a priori by comparison of inhibition zones 
to control fungi known to be susceptible to this compound,
using the method of Law et al. (1997). Inocula of filamen-
tous fungal cultures were prepared by excision of a 5cm3

block of agar containing actively growing mycelium which
was blended in 20mL liquid (19mL distilled water and 1mL
LB broth) for 1.5min in a Waring blender. The fungal cell
suspension was micropipetted (100 mL) onto Sabaraud’s
medium in a Petri plate (prepared as above) and spread with
a sterile bent glass rod. n-Hexane root extracts were added
to sterile filter paper discs (Whatman No. 3, 0.5cm diame-
ter) and allowed to air-dry (20mg of extract per disc) before
application to inoculated Petri plates (n = 3 discs per plate).
Plates were sealed with parafilm and irradiated with near-UV
light (300–400nm, Westinghouse blacklight blue bulbs
F20T12/BLB, 0.1W/m2) and visible cool-white (80W/m2)
for 2h, while a duplicate set of plates (no UV) was immedi-
ately wrapped in aluminum foil at room temperature. Ten mL
of 1mg/mL a-terthienyl in 75% methanol and 40 mL of n-
hexane were applied to three filter discs each, and plated sep-
arately in duplicate to be used as positive and vehicle controls
in both light treatments. Manipulation of fungal cultures was
conducted with a Biological Containment Hood (BioKlone

2, Microzone, Nepean, ON, Canada). All plates were incu-
bated at 30°C in the dark for 48h prior to examination and
measurement of inhibition zones. The diameter of each zone
of clearing was measured in millimeters, and the 5mm disc
diameter subtracted from the amount.

High pressure liquid chromatography

Freshly prepared n-hexane extracts were filtered (0.2mm,
nylon) prior to HPLC separations using a validated method
(Bergeron et al., 2000). Lipophilic chromatography was
achieved using a solvent system of acetonitrile: H2O, fol-
lowing a linear gradient of 40–80% acetonitrile over 15min
at a flow rate of 1.0mL/min. Samples of 5 mL were injected
on a 7.5cm reverse phase C-18 column (3 mm particle size).
Compounds were detected at 210nm and 260nm and identi-
fied by comparison with reference standards. Standards of
alkamides 1, 8 + 9, 11 and 18 (Bergeron et al., 2000). were
isolated previously in this laboratory by column chromatog-
raphy on silica gel. Nomenclature of alkamaides follows
Bauer and Reminger (1989). Standard purity was tested by
1H- and 13C-NMR, EI-MS for all of the above, and their
respective spectra conformed with reported values (Perry et
al., 1997; Yasuda et al., 1981). All other compounds were
identified through comparison to previously-reported reten-
tion times (relative to 8 + 9) and online diode array UV spec-
tral profiles (Bauer & Remiger, 1989). Quantities were
expressed as a percentage of the amount of pure standard
(mg/g dwt.) in each root extract.

5-LOX enzyme inhibition assay

A cell culture of rat basophilic leukemia cells (RBL-1)
(ATCC CRL-1378) was obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA) and main-
tained at 37°C, in a Eagle’s MEM media (a-MEM) with 
0.1mM non-essentail amino acids, 1.0mM sodium pyruvate
and Eagle’s BSS (Gibco BRL, Burlington, ON) supple-
mented with 10% fetal bovine serum (Gibco BRL, Burling-
ton, ON) and 1% pen-streptomycin antibiotic (Gibco BRL,
Burlington, ON)). Prior to experimental use, the cells were
washed in a sodium phosphate buffer and re-suspended in a-
MEM with antibiotics but without serum at a density of 1 ¥
107 cells/ml. The cells were aliquoted as 0.5ml samples into
wells of a multi-well culture dish and incubated with the
desired compound/extract. Ethanol at the same concentration
as administered with the extract, was used as a vehicle
control in each assay. After 15min of incubation, the cells
were removed from the incubator, stimulated with 1 ml of the
calcium ionophore A23187 (5mg/ml in DMSO), and then
incubated for 5min more. The reaction was subsequently ter-
minated with 1.5mL of cold methanol. The samples were
then collected from the culture wells, centrifuged at 1000 ¥
g for 6min and the supernatant was collected for analysis.
The supernatant samples were stored at -80°C until HPLC
analysis.

Table 2. Fungal pathogens against which Echinacea extracts were
tested for UV light mediated anti-fungal activity.

Ca Candida albicans
Cs Candida shehata
Cn Cryptococcus neoformans
Fo Fusarium oxysporum1

Pb Pseudallescheria boydii1

Tt Trichophyton tonsurans1

Tm Trichophyton mentagrophytes1

Mg Microsporum gypseum1

CN1A* Candida albicans
D10* Candida albicans

* denotes amphotericin B-resistant strains, 1 denotes filamentous
fungi.
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For HPLC analysis of the supernatant metabolite levels in
the 5-LOX assay, the samples were filtered through a nylon
filter and then kept at -20°C until 5min pre-injection when
they were warmed at room temperature. The samples were
analysed as 20ml injections using a Hewlett-Packard HPLC
system and a Varian Microsorb-MV C18 column (3 mm par-
ticle size, 100 ¥ 460mm). The HPLC method used was a
binary gradient as follows:

T = 0min. 35% phosphate buffer (pH 2.7), 45% acetonitrile
and 20% methanol

T = 10min. 25% phosphate buffer, 55% acetonitrile and 20%
methanol

T = 15min. 35% phosphate buffer, 45% acetonitrile and 20%
methanol.

An LTB4 standard (Sigma-Aldrich) was used to determine
the retention time of this marker metabolite under these
elution conditions. An ethanol control was run with each
assay that could then be used as a vehicle control with which
to indicate the baseline level of enzyme activity. Percent inhi-
bition was determined in comparison to this level of metabo-
lite produced.

Statistical analyses

For fungal inhibition zones, comparison between treatment
means (with and without UV irradiation) was conducted
using paired t-tests (SPSS 1997). Statistics were limited to
comparisons only within the same trial. The variation

between trials was monitored by relative inhibition zones of
the positive control alpha-terthienyl (10mg/disc). For the 5-
LOX inhibition experiments, regression analysis was under-
taken using SYSTAT statistical software and the IC50 was
determined from the regression line.

Results and discussion

Antifungal assays

Table 3 is a summary of antifungal activity from all trials
after statistical pairwise t-tests of significance were per-
formed. This assay technique is not fully quantitative, but
useful for comparative purposes between plant and fungal
varieties (Hudson et al., 1991).

E. pallida var. sanguinea and E. pallida var. simulata
demonstrated UV light-mediated toxicity to many of the
fungi tested. Trichophyton mentagrophytes was one of the
most susceptible fungi and was inhibited by root extracts of
Echinacea pallida var. pallida, E. pallida var. sanguinea and
E. pallida var. simulata, as well as E. atrorubens var. neglecta
in the presence of UV light (p < 0.05) (Table 3). A related
fungal species, T. tonsurans, was only inhibited by root
extracts of the species E. atrorubens (var. atrorubens and var.
neglecta) (Table 3). Microsporum gypseum was significantly
inhibited by E. pallida var. simulata in the presence of UV
light (p < 0.05). C. neoformans were also moderately inhib-
ited by extracts of E. pallida var. sanguinea and E. pallida
var. simulata in the presence of UV light. Strains of Candida

Table 3. UV light-activated toxicity of Echinacea variety root extracts to fungal strains (see Table 2). Nomenclature to indicate fungal inhi-
bition follows Camm et al. (1975).

E. pallida E. atrorubens

Fungi var. angustifolia var. tennesseensis var. pallida var. sanguinea var. simulata var. atrorubens var. neglecta

Ca - anti* - - - + +
Cs + nt nt + + + anti
Cn + + + +* +* +* +
CN1A1 - nt + +* nt + Nt
D101 nt nt +* nt nt nt nt
Fo2 + + - - + + -
Pb2 nt nt - + +* - -
Tt nt nt nt + - +* +*
Tm2 nt nt +* +* +* + anti anti*
Mg2 nt nt nt + +* anti* +

Notes:
+ phototoxic.
anti conventional antifungal activity (dark).
+ anti conventional antifungal activity enhanced in UV light.
- no measurable inhibition.
nt not tested.
* significant differences between treatment means, by paired t-test (p < 0.05).
1 Candida albicans amphotericin B-resistant strains.
2 Other amphotericin B-resistant strains.
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spp. which are resistant to amphotericin B were susceptible
to root extracts of E. pallida var. sanguinea (CN1A strain),
E. pallida var. pallida (D10 strain).

Conventional (UV-independent) antifungal activity
against T. mentagrophytes was observed with extracts of E.
atrorubens var. neglecta (p < 0.05) (Table 3). E. pallida
var. tennesseensis demonstrated moderate conventional anti-
fungal activity against Candida albicans and E. atrorubens
var. atrorubens significantly inhibited the growth of
Microsporum gypseum in the absence of UV-light (p < 0.05)
(Table 3).

Polyynes from the Asteraceae are known photo-activated
toxins with biological activity against fungi (Camm et al.,
1975; Towers, 1997) and other microorganisms (Hudson 
et al., 1991; McLachlan et al., 1968). The quantity and 
diversity of polyn/enes in the current Echinacea extracts may
be partly responsible for increased UV light-mediated 
antifungal activity (Table 4). Mechanisms of phototoxicity
determined for similar straight-chain polyynes from the
Asteraceae involve production of singlet oxygen and 
peroxidation of cell membranes in the target organism as well
as direct photoaddition to unsaturated lipids (Towers et al.,
1997).

Among those extracts which demonstrated significant UV
light-mediated toxicity in the current bioassays, E. pallida

var. pallida, E. pallida var. simulata, and E. atrorubens var.
neglecta all contained elevated levels (>30mg/g) of
polyn/enes (24 and 25) in relation to the major compounds
8 + 9 (20mg/g) (Table 4). Also, the combination of very high
8 + 9 levels, together with some polyn/enes, in E. pallida var.
sanguinea root extracts showed some of the most effective
UV light-mediated antifungal action against the tested clini-
cal pathogens (Table 3). Phototoxic activity against C. albi-
cans and F. oxysporum was minimal or absent from the
Echinacea root extracts tested (Table 3).

Root extracts of E. pallida var. angustifolia and E. pallida
var. tennesseensis were only marginally phototoxic to a few
strains tested (Table 3). Both of these varieties have very
similar phytochemical root profiles with a richness and diver-
sity of alkamides, but very few polyn/enes (22, 24, 25), if
any (Table 4). The major Echinacea alkamide 8 + 9 was
shown previously to have significant light-mediated toxicity
against Saccharomyces cerevisiae (Binns et al., 2000). High
alkamide concentrations in E. pallida var. tennesseensis
extracts may explain its conventional antifungal actions
against C. albicans in Table 3, compared to the light-
enhanced phototoxicity discussed above. Also, moderate
inhibition of Cryptotoccocus neoformans and Fusarium
oxysporum by both E. pallida var. tennesseensis and E.
pallida var. angustifolia (Table 3) suggested that Echinacea

Table 4. Alkamides and polyn/enes in n-hexane extracts of Echinacea spp. expressed as % of standard tetraenes 8 + 9 (mg/g dwt). 
Compounds numbered as in Bauer and Reminger (1989).

E. pallida E. atrorubens

Compound var. angustifolia var. tennesseensis var. pallida var. sanguinea var. simulata var. atrorubens var. neglecta

1 4.29 4.43 20.2 4.18 12.6 5.44 6.86
2 5.99 5.90 167 1.67 219 2.63 58.4
3 13.6 14.8 53.0 16.3 58.9 8.73 20.4
4 0.24 12.2 2.27 0.23 0.00 0.07 0.00
5 + 15 6.94 10.0 18.39 1.58 0.00 15.95 6.10
6 0.48 16.1 36.5 2.34 0.00 3.31 9.40
7 2.43 12.2 84.1 1.49 0.00 1.74 47.0
8 + 9 9.40 1.40 0.33 17.64 0.25 6.88 0.64
10 13.6 12.1 7.47 4.18 8.51 5.78 6.89
11 23.1 7.04 7.37 2.41 0.00 6.12 8.30
12 20.8 149 11.0 19.1 0.00 18.2 0.00
13 23.7 424 0.72 12.5 0.00 0.46 0.00
14 15.1 54.8 4.46 23.3 47.6 12.6 0.00
16 1.93 49.1 14.7 1.26 0.00 2.94 29.4
17 2.56 20.3 16.3 6.81 0.00 0.32 0.00
18 6.25 3.20 113 11.6 79.0 9.96 54.7
19 1.16 0.00 18.6 1.56 0.00 1.03 0.00
22* 0.00 0.00 98.2 0.00 85.4 0.00 0.00
24* 0.62 0.00 230 0.68 181 1.16 843
25* 0.58 0.00 223 0.18 59.2 0.23 35.3
poly** 2.52 0.00 157 0.83 50.0 2.89 0.00

Total Peak Area 641 197 182 1036 80 401 268

* polyn/enes; ** previously unreported peaks determined as polyn/enes by online UV spectra.
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Figure 1. Lipophilic compounds in Echinacea. Adapted from Bauer and Reminger, 1989.
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root alkamides contributed to light-enhanced antifungal
activities.

Future antifungal bioassays should include: testing puri-
fied polyn/enes and alkamides from Echinacea, testing 
standardized phytomedicines, and performing large, com-
prehensive trials to increase comparability and statistical
power.

According to this study, the most useful varieties for
topical and systemic anti-fungal applications in Echinacea
phytomedicines were E. pallida var. simulata, E. pallida
var. sanguinea, E. pallida var. pallida, E. atrorubens
var. atrorubens and E. atrorubens var. neglecta. Of these
varieties, E. pallida var. tennesseensis and E. atrorubens var.
neglecta are rare and protected, while the only one currently
cultivated for commercial use is E. pallida var. pallida. Anti-
fungal activities from these prairie Echinacea species, com-
bined with those described previously, provide preliminary
in vitro support for the traditional anti-microbial uses in the
Native American Ethnobotanies and Eclectic medical litera-
ture. Further investigation with Echinacea extracts and phy-
tomedicines against amphotericin B-resistant yeasts should
be undertaken, leading to potential clinical applications.

5-LOX inhibition assays

The ability of Echinacea spp. to inhibit the 5-LOX enzyme
of the arachadonic acid pathway was demonstrated by the
decrease in (or absence of ) metabolite production in the cul-
tures that were incubated with Echinacea root extracts prior
to stimulation. A comparison of the levels of metabolite pro-
duced by stimulated cells incubated with the vehicle (70%
ethanol) to levels produced by the treated cultures was used
to calculate the degree of inhibition in each instance. This
assay was designed to detect actual metabolite levels and is
hence a direct measure of enzyme functioning in normal con-
ditions with the natural substrate.

The root extracts of three commercial species of Echi-
nacea all inhibited the 5-LOX activity at very low levels
(Tables 5 and Figs. 2–4). The mean IC50 results increased in
the order E. pallida var. angustifolia, E. purpurea and E.
pallida var. pallida suggesting E. pallida var. angustifolia
was the most inhibtory extract. However, in consideration of
the overlapping 95% confidence intervals, no statistically sig-
nificant inter-varietal difference was evident. Muller-Jakic 
et al. (1994) showed that the isolated alkamides found in

Table 5. IC50 Results of Echinacea extracts.

IC50 (mg root/ml 95% confidence
assay vol.) interval mg extract/ml cell culture % alkamides in root

E. pallida var. angustifolia 0.444 0.2–0.8 0.044 0.2
E. pallida var. pallida 1.08 0.5–1.6 0.108 trace
E. purpurea 0.642 0.5–0.8 0.064 0.05
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Figure 2. Inhibition of 5-LOX with root extract of Echinacea pur-
purea. IC50 value is 0.107 mg/ml of a 70% ethanol crude extract.
Regression analysis yielded an r2 value of 0.954 with 95% confi-
dence intervals of 0.8–1.2.
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Figure 3. Inhibition of 5-LOX with root extract of Echinacea
pallida var. pallida. IC50 value is 0.18 mg/ml of a 70% ethanol crude
extract. Regression analysis yielded an r2 value of 0.845 with 95%
confidence intervals of 0.07–0.3 mg/ml.
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Echinacea pallida var. angustifolia root were inhibitors of 5-
LOX and the 8/9 tetraene was found to be most potent of all 
the isolated alkamides in 5-LOX inhibition. These com-
pounds were also present in our extract of E. pallida var.
angustifolia (Table 4) and may be responsible for part 
or all of the root activity. E. purpurea also has 8/9 as its prin-
cipal root alkamide, which may account for much of the
activity of this root extract. Other alkamides of this species
and ketoalkene/ynes of E. pallida var. pallida were not
assayed in our study or by Muller Jakic et al. (1994). Further
study with these uninvestigated compounds is warranted.
Based on the diversity of analogues in each species, the syn-
ergistic action of the compounds should be examined as well.
In consideration of the results of this experiment, all three
commercial species are active LOX inhibitors but root
extracts of E. pallida var. angustifolia appear to be the most
efficacious choice for the purpose of anti-inflammatory 
therapeutics.

Acknowledgements

This study was supported by an MII initiative between 
Agriculture Canada, Trout Lake Farm LLC (now Access
Business Group) and MediPlant Inc. Additional support was
provided by an NSERC strategic grants to JTA and MLS and
scholarships to SB and SM.

References

Arnason JT, Philogene BJR, Towers GHN (1992): Phototoxins
in plant-insect interactions. In: Herbivores: Their Interac-
tions with Secondary Plant Metabolites, Volume II: Evolu-

tionary and Ecological Processes. Academic Press, Inc, 
pp. 317–341.

Bauer R, Reminger P (1989): TLC and HPLC analysis of alka-
mides in Echinacea drugs. Planta Med 55: 367–371.

Bauer R, Reminger P, Wagner H (1988): Alkamides from the
roots of Echinacea purpurea. Phytochemistry 27: 2339–
2342.

Bergeron C, Livesey JF, Awang DVC, Arnason JT, Rana J, Baum
BR, Letchamo W (2000): A quantitative method for 
identity and quality assurance of Echinacea on the North
American market. Phytochem Anal 11: 1–9.

Binns SE, Baum BR, Arnason JT (2002): A taxonomic revision
of the genus Echinacea (Heliantheae; Asteraceae). System-
atic Bot 27: 610–632.

Binns SE, Purgina B, Bergeron C, Smith ML, Ball L, Baum BR,
Arnason JT (2000): Light-mediated antifungal activity of
Echinacea extracts. Planta Med 66: 241–244.

Bossu E, Agliano AM, Desideri N, Sestili I, Porra R, Grandilone
M, Quaglia MG (1999): LTB4 as marker of 5-LO inhibitory
activity of two new N-ethoxycarbonyl-4-quinolones. J
Pharm Biomed Anal 19: 539–548.

Brevoort P (1998): The booming U.S. botanical market: A new
overview. HerbalGram 44: 33–48.

Camp RDR, Fincham NJ (1985): Inhibition of ionophore-
stimulated leukotriene B4 production in human leucocytes 
by monohydroxy fatty acids. Br J Pharmacol 85: 837–841.

Camm EL, Towers GHN, Mitchell JC (1975): UV mediated
antibiotic activity of some Compositae species. Phyto-
chemistry 14: 2007–2011.

Foster S (1991): Echinacea: Nature’s Immune enhancer. Healing
Arts Press, Rochester VT.

Hadacek F, Greger H (2002): Testing of antifungal natural prod-
ucts: methodologies, comparability of results and assay
choice. Phytochem Anal 11: 137–147.

Hart JA (1981): The ethnobotany of the northern Cheyenne
Indians of Montana. J Ethnopharmacol 4: 1–55.

Hobbs C (1989): The Echinacea Handbook. Portland, Oregon:
Eclectic Medical Publications (Michael Miovich.)

Hobbs C (1994): Echinacea – A literature review; botany,
history, chemistry, pharmacology, toxicology and clinical
uses. Herbalgram (Supplement) 30: 33–47.

Hudson JB, Graham EA, Lam J, Towers GHN (1991): Ultravi-
olet-dependent biological activities of selected polyines
from the Asteraceae. Planta Med 57: 69–73.

Kindscher K (1989): Ethnobotany of purple coneflower (Echi-
nacea angustifolia, Asteraceae) and other Echinacea
species. Econ Bot 43: 498–507.

Law D, Moore CB, Denning DW (1997): Amphotericin B resis-
tance testing of Candida spp.: A comparison of methods. J
Antimicrob Chemother 40: 109–112.

McGregor RL (1968): The taxonomy of the genus Echinacea
(Compositae). Univ. Kansas Sci Bul 48: 113–142.

McLachlan D, Arnason T, Lam J (1968): Structure-function 
relationships in the phototoxicity of acetylenes from 
Asteraceae. Biochem Syst & Ecol 14: 17–23.

Muller-Jakic B, Breu W, Probstle A, Redl K, Greger H, Bauer
R (1994): In vitro inhibition of cyclooxygenase and 5-

EA

0.00 0.05 0.10 0.15 0.20
Concentration (mg/ml)

0

20

40

60

80

100

120

%
 I

nh
ib

iti
on
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