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Abstract
Stems, leaves, and flowers of Echinacea purpurea (L.)
Moench (Heliantheae: Asteraceae) were fractionated by
various solvents and the fractions evaluated for antiviral
activity in relation to chemical composition and distribution within the plant. All of the aqueous fractions contained potent activity against herpes simplex virus and
influenza virus. However, although some of this activity
could be attributed to polysaccharide and cichoric acid
components, their individual contributions could not
account for the total antiviral activity; other potent antivirals must be present. In addition, the ethanol- and
ethyl acetate-soluble fractions from leaves and stem contained an uncharacterized but potent antiviral photosensitizer, which was absent from the flower extract. None
of the fractions, however, contained anti-rhinovirus
activity. Thus, part of the alleged benefits of Echinacea
purpurea extracts can be attributed to the presence of
anti-influenza and anti-HSV compounds, and some of
these activities are likely to be present in various commercial tinctures, teas, capsules, and tablets.
Keywords: Alkamides, antiviral, caffeic, colds, Echinacea, flu, herpes simplex virus, influenza virus, photosensitizer, rhinovirus.

characterized (Bauer, 1998), and a number of biological
activities have been attributed to some of them; for
example, the polysaccharide fraction, which has been
shown to stimulate macrophage activity and several
functions related to cytokine production (Bauer, 1998;
Rininger et al., 2000; Goel et al., 2002; Randolph et al.,
2003), and groups of phenolic compounds and alkamides, which have demonstrated antiviral and antifungal
properties, respectively (Binns et al., 2002a; Merali et al.,
2003). These activities could be related to the reports that
some E. purpurea preparations were able to prevent or
control upper respiratory infections (URIs), whereas
other preparations did not (Barrett, 2003).
In order to determine which components are effective
in controlling URIs, we decided to investigate the antiviral properties of various solvent fractions of different
aerial parts of E. purpurea and to compare these activities
with the chemical composition of each fraction. E. purpurea is usually consumed in the form of either an ethanol tincture, which would be enriched in alkamides and
polyacetylenes, as well as certain phenolic compounds,
or as a tea or other oral form based on water extracts,
which would be enriched in polysaccharides and glycoproteins. Therefore, the fractionation procedures were
designed to reflect this usage.

Introduction
Commercial preparations of Echinacea purpurea (L.)
Moench (Heliantheae: Asteraceae) are among the most
popular herbal medicines in North America as treatments for colds and flu (Barrett, 2003). The major chemical components of E. purpurea have been well

Materials and Methods
Echinacea source
Echinacea purpurea was commercially grown material
sourced from North American growers. Samples were
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Table la. Echinacea purpurea samples voucher numbers and codes for extracts.
E. purpurea samples (UO voucher #)"

Water
(40°C)

Water
(80°C)

Ethanol
(70%)

Hexane

Ethyl
acetate

Aqueous
residue

£. purpurea herb'' (UO #010410-15)
E. purpurea flower'^ (UO 19182)
E. purpurea leaves & stem (UO # 010625-20)

SG 19
SG24
SG29

SG20
SG25
SG30

SGEPH
SGEPF
SGEPLS

SG21
SG26
SG31

SG22
SG27
SG32

SG23
SG28
SG33

{lb) Echinacea purpurea pressed juice and purified fractions.
SG 34: Crude pressed juice (UO19183) form E. purpurea
SG 35: P50 fraction from SG 34, polysaccharides > 100 KDa
SG 36: AGP (arabino-galactan fraction) isolated by SEC 1 column from SG35
"University of Ottawa voucher numbers.
''Source: EPH-5, Sunfirst Herbs, 2000.
Tield K6, stage flower III, 1999.
identified according to a recent taxonomic revision
(Binns et al., 2002b), and voucher specimens were
deposited in the herbarium at the University of Ottawa,
Canada. Voucher numbers and codes for extracts are
provided in Table 1.
Extraction methodology
Ethanol extracts (70%): Ground dried plant material
(10 g) (1 mm 0 screen; Thomas-Wiley mill, Philadelphia,
PA, USA) was extracted with an ASE 100 (Accelerated
Solvent Extraction, DIONEX) using the following parameters: temperature, 40°C; static time, 5 min; flush
volume, 70%; purge time, 100s; static cycles, 3. These
were fractionated according to Binns et al. (2002a) three
times with equal parts «-hexane and distilled water, giving three n-hexane fractions (pooled into one) and three
hydroalcoholic portions (pooled). The latter were fractionated twice with an equal volume of ethyl acetate
(pooled), the second of which was adjusted to pH < 2.5
to maximize dissolution of cichoric acid.
Water extracts: Ground dried plant material (10 g)
was extracted twice with 100 ml of dHzO (40°C or 80°C
bath for 1 h) and the extracts were filtered.
All fractions were concentrated at 30°C in a rotaryevaporator (not to dryness) and adjusted to 50 ml in
the appropriate solvent prior to HPLC separation. The
alkamide dodeca-2£',4£',8Z,10£'/Z-tetraenoic acid isobutylamide with peak identification numbers 8 and 9 as
assigned by Bauer et al. (1988) ("Tetraene 8/9") and caffeic acid derivative were analyzed as described previously
(Binns et al., 2002b).
Cells and viruses
The cell lines: Vero, H-1 (a subclone of HeLa cells that is
particularly sensitive to rhinovirus replication), and
BEAS-2B were obtained from American Type Culture
Collection (ATCC). They were propagated in Dulbecco

MEM with 5-10% fetal bovine serum, without antibiotics or antifungal agents. In the case of BEAS-2B cells,
the medium was a 1:1 mix of DMEM and F-12. Herpes
simplex virus (HSV) type 1 and influenza virus (FV) were
propagated and assayed in Vero cells and H-1, respectively, according to our published methods. Rhinovirus
(RV) type 14 was obtained from ATCC. It was propagated and assayed in H-1 cells at 33°C.

Antiviral assays
Complete details of our assay procedures have been
given in several recent publications (Binns et al.,
2002a). The cpe (cytopathic effect) end-point method
was used, unless indicated otherwise, in 96-well culture
trays. The end point was the highest dilution of extract
giving complete elimination of viral cpe produced by
100 infectious units of virus. In some experiments,
designed to test for antiviral photosensitizers, the light
exposure was omitted (dark antiviral activity) by wrapping the test trays in aluminum foil. Minimum inhibitory
concentrations (MICs) were then compared with and
without light exposure. In some experiments, plaque
assays were used, as indicated in the text, to confirm
the results of the cpe end-point methods.

Results
Total herb extracts
Figure 1 shows the fractionation procedure, and the
MICioo values for anti-HSV and anti-FV. The lower
numbers represent greater antiviral activity. Both water
extracts demonstrated substantial activity against both
HSV and FV, but none of the fractions were active
against rhinovirus. The ethanol extract was also very
active against HSV and FV, as was the ethyl acetate
subfraction derived from it. However, the latter was
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E. purpurea
Total Herb

SG19

SG20

Water 100%
40 °C
HSV 12.5; FV 15.6

Water 100%
SOX
HSV 6.2; FV 23.5

SG21
Hexane 100%
22°C
HSV-;FV-

SGEPH
Ethanol 70%
40°C
HSV3.5;FV5.8(P/S)

SG22

SG23

Ethyl acetate 100%
22°C
HSV 1.5; FV 23.6 (P/S)

Aqueous residue
22"^:
HSV -; FV -

Figure 1. Fractionation scheme for E. purpurea herb. Numbers in boxes represent MICioo values (ng/ml) in the antiviral assays.
HSV, herpes simplex virus; FV, influenza virus; P/S, presence of photosensitizer.

significantly much less active against FV, suggesting the
presence of more than one antiviral compound. This was
supported by the fmding that the ethanol and ethyl acetate fractions contained a strong photosensitizing activity,
in contrast with the water fractions, where the activities
were only slightly photosensitizing (Table 2).
Table 2 shows the antiviral activities in terms of
MICs, based on actual concentrations of each fraction
(|xg/ml). There were no obvious correlations between
Table 2. Minimum inhibition concentrations (MICioo)
ml) of total herb fractions from Echinacea purpurea against herpes simplex virus (HSV) and influenza virus (FV) and presence
of photosensitizer (photosens.) are presented. Green tea and red
clover were used as negative and positive controls for photosensitizers.
Anti-HSV activity
Fraction"
SG 19 Water
40°C
SG 20 Water
80°C
SGEPH Ethanol
70%
SG 21 Hexane
SG 22 Ethyl acetate
SG 23 Aqueous
residue
Green tea standard
Red clover standard

Anti-FV activity

Photosens.'' MICioo* Photosens.
12.5

15.6

6.2

23.5

3.5

5.8

—
1.5

23.6

+

±

"Fractions refer to factionation scheme in Fig. 1.
*-: no activity detected; ± : marginal activity.
"+: ratio activity (light)/activity (dark) > 8; - : ratio 0.5-4.0.

activity and relative content of the phenolic compounds
(Table 3), although those fractions rich in cichoric acid,
previously shown to be antiviral (Binns et al., 2002a),
did possess activity. The ethyl acetate fraction was
devoid of the caffeic acid derivatives and contained only
a low concentration of alkamides. We cannot therefore
identify the active ingredient(s) in this fraction, although
we know that it or they must be photosensitizers, and
this implicates polyacetylenes/alkamides, some of which
are known to possess antiviral activities (Hudson &
Towers, 1999).
Leaves and stems
The same fractionation procedure was followed for
mixed leaves and stems. The antiviral data are shown
in Table 4 as MICs. The results were similar to those
for the total herb preparation, and with similar potencies
according to the MICs. There was again the distinction
between marginal photosensitizing activities of the aqueous fractions and the strong photosensitizing activities in
the ethanol and ethyl acetate fractions, suggestive of
more than one active compound. No anti-rhinovirus
activity was seen.
In general, a rough correlation could be drawn
between overall phenolic content with antiviral activities,
but not with any individual compound, although again
cichoric acid was dominant in the most active fractions.

Flower extracts
A different picture emerged from the results of the flower
fractions. Data are expressed in Table 5 as MICs. The
water fractions were as potent as the previous extracts
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Table 3. Phytochemical profiling by HPLC oi Echinacea purpurea extracts. The mean concentrations (|ig/ml) of caftaric, chlorogenic
(chlorog.), caffeic and cichoric acids, as well as cynarin, echinacoside (echin.) and tetraene 8/9 (tet. 8/9) are presented. (Relative Standard Deviation of analyses <5%).
Plant

Sample

Caftaric

Chlorog.

Caffeic

Cynarin

Cichoric

Echin.

Tet. 8/9

Herb

SG-19
SG-20
SGEPH
SG-21
SG-22
SG-23
SG-24
SG-25
SGEPF
SG-26
SG-27
SG-28
SG-29
SG-30
SGEPLS
SG-31
SG-32
SG-33

12
457
767
0
0
426
19
961
919
969
1212
355
105
762
913
0
1174
213

0
0
45
0
0
11
0
40
208
25
126
35
63
0
45
0
0
0

39
111
220
0
0
33
16
60
160
179
130
11
13
181
421
0
259
13

0
0
0
0
0
0
0
13
0
0
0
5
0
0
5
0
0
0

18
156
2879
0
0
162
9
1293
7340
2470
6291
296
12
489
6001
0
3993
22

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
1
25
0
0
0
39
0
8
0
0
0
19
13
0
0

Flower

Leaf & stem

(all of these fractions were assayed simultaneously; thus
relative potencies are real and were reproducible) and
did not appear to contain photosensitizers. In contrast,
the ethanol and ethyl acetate fractions only contained
marginal activity, which could represent traces of the
active ingredient found in the leaves and stems. However,
this activity in the flowers was too low to be able to
evaluate for photosensitizing activity.

All of these fractions were particularly rich in the phenolic compounds; but clearly they did not correlate with
antiviral activity. Some of these compounds, including
cichoric acid, are known to contribute to the antiviral
activities, but evidently other ingredients also contribute.
Polysaccharide fractions

A polysaccharide-enriched fraction (SG-34) was evaluated for antiviral activity, along with purified fractions
Table 4. Minimum inhibition concentration (MICioo) (ng/ml)
of leaves and stem fractions from Echinacea purpurea against
herpes simplex virus simplex virus (HSV) and influenza virus
(FV) and presence of photosensitizer (photosens.) are
presented.
Anti-HSV activity
Fraction
SG 24 Water
40°C
SG 25 Water
80°C
SGEPF Ethanol
70%
SG 26 Hexane
SG 27 Ethyl
acetate
SG 28 Aqueous
residue

Anti-FV activity

Anti-HSV activity

o" Photosens.*

Anti-FV activity

o" Photosens.*

12.5

1.5

1.5

7.8

6.2

2.9

12.5

Table 5. Minimum inhibition concentration (MICioo) (
of flower fractions from Echinacea purpurea against herpes simplex virus (HSV) and influenza virus (FV) and presence of
photosensitizer (photosens.) are presented.

31.2

" - : no activity detected; ± : marginal activity.
*-f: ratio activity (light)/activity (dark)> 8; - : ratio 0.5-4.0.

Fraction
SG 29 Water 40°C
SG 30 Water 80°C
SGEPLS Ethanol
70%
SG 31 Hexane
SG 32 Ethyl
acetate
SG 33 Aqueous
residue

MICioo" Photosens.* MICoo" Photosens.*
3.5
6.2
125.0

_
nt

—
100.0

—
nt

—

_

3.0
3.9
62.5

_
_
nt

—
375

_
nt

—

_

"— : no activity detected; ± : marginal activity.
*+: ratio activity (light)/activity (dark) > 8; - : ratio 0.5-4.0.
"nt: not tested.
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derived from it. Only the crude fraction contained significant antiviral activity against HSV (MIC = 62 ng/ml)
and FV (MIC = 125|xg/ml), but none against rhinovirus. This activity was only moderate, however, in comparison with the fractions documented above, and this
suggests that only a part of the activities attributed to
the aqueous fractions could be due to polysaccharide
or glycoprotein components.

Discussion
It is evident from these results that Echinacea purpurea
extracts contain several distinct antiviral activities, as
shown by the ability of various fractions and subfractions to inactivate herpes simplex virus (HSV) and influenza virus (FV). However, none of them were active
against rhinovirus (RV). HSV and FV have similar membrane structures, whereas RV does not possess a membrane. This suggests a possible membrane target for the
antiviral ingredients. This also implies that if such preparations are really beneficial in the prevention or treatment of colds and flu, then indirect antiviral activities,
such as immune-modulating activities (Baron et al.,
2000; Randolph et al., 2003), must be responsible for
counteracting rhinovirus colds. This possibility is under
study in our laboratory.
Leaf/stem extract and total herb extract gave similar
antiviral profiles among the different fractions. Both
aqueous and ethanol fractions contained similar activities against the two viruses, but in the case of the ethanol
fraction, and its ethyl acetate subfraction, at least part of
the activity was due to one or more photosensitizers, in
contrast with the water-soluble activity, which showed
little or no photosensitizing activity. This is not unusual,
as we have found in many of our studies on herbal medicines that photosensitizers, such as thiophenes, alkaloids, and complex quinoncs, are often responsible for
direct antiviral activities, and we have previously demonstrated bio-active photosensitizing polyacetylenes and
alkamides in members of the Asteraceae (Towers et al.,
1997; Hudson & Towers, 1999).
Some of the antiviral activity was contributed by
cichoric acid, which we have previously shown to have
moderate activity against HSV (Binns et al., 2002a),
and possibly other caffeic acid derivatives present in
these fractions. Nevertheless, there was no clear correlation between phenolic concentrations and relative
activity, which suggests the presence of additional, perhaps more potent, antiviral compounds. In addition,
some antiviral fractions were devoid of the marker
phenolic compounds, thus reinforcing the concept that
compounds other than caffeic acid derivatives were
responsible for some of the activity. It is also feasible that
several phenolic compounds could be acting synergistically, a possibility that could be tested by using

combinations of the different pure compounds or by carrying out bioassay-guided fractionation.
The flower extract also contained water-soluble
activity that was not due to photosensitizers and therefore could represent the same antiviral ingredients as
the other aerial parts. These active fractions were also
very rich in phenolic compounds, which probably at least
contributed to some of this activity. In contrast, the ethanol extract had only marginal activity and therefore was
missing the potent ethanol- and ethyl acetate-soluble
activity found in leaves and stem extracts.
The water-soluble extracts would be expected to contain substantial polysaccharides, and such preparations
have been shown previously to possess bioactivities,
including some antiviral activity (Bauer, 1998). In the
current study, the polysaccharide-rich extract (SG34)
contained significant activity against HSV and FV
(but not against RV), which was however relatively
low in potency compared with the other aqueous fractions (they were all tested simultaneously and repeated
several times). On this basis, it would seem unlikely that
the polysaccharide/glycoprotein complex could be
responsible for more than a small fraction of the
water-soluble antiviral activity. In fact, the purified
fractions derived from this extract (SG35, SG36) were
found to have no detectable antiviral activity in our test
system.
We conclude from these studies that the aerial parts
of E. purpurea contain multiple antiviral compounds,
including more than one water-soluble compound, and
at least one caffeic acid derivative, plus at least one
ethyl acetate-soluble component that was a photosensitizer. This latter component was missing in the flower
extract. These activities could between them contribute
to the potent anti-HSV and anti-FV properties but
could not explain the purported anti-rhinovirus efficacy
of E. purpurea, as all the fractions were devoid of direct
anti-RV activity. In addition, this overall profile of E.
purpurea antiviral activities was markedly different from
the profiles shown by root preparations derived from
several Echinacea species (accompanying manuscript,
this issue).
These results indicate that specific antiviral activities
are present in our Echinacea extracts, which are representative of commercial tinctures, teas, capsules, and so
forth, and these may contribute to the purported benefits
of Echinacea preparations.
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