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The medicinal plant Echinacea purpurea (EP) contains potent antiviral and anti-inflammatory activities, which
are believed to be responsible for the efficacy of such preparations in the treatment of colds and ‘flu. To
determine to what extent the processes of drying, composition and extraction could affect this efficacy, different
parts of fresh and dried EP plants: herb, root, flower heads and petals, were separately extracted and evaluated for
activity against Influenza virus. Maximal activity was obtained from freshly extracted herb, while root extracts
showed no such activity. The observed antiviral activity did not correlate with the total dry mass, or the cichoric
acid, rutoside, total phenols or alkylamide content. The latter however appears to be responsible for the antiinflammatory effects of the root extracts. Thus, the parallel extraction of antiviral and anti-inflammatory
substances from fresh EP herb and root could represent an optimized combination for the treatment of influenza
infections.
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INTRODUCTION
Acute respiratory infections in humans are usually
ascribed to one or more of a group of well known viruses,
including influenza, rhinoviruses, para influenza viruses, corona
viruses, respiratory syncytial virus, and certain adenoviruses
(Gwaltney, 2002). However the variety of replication schemes
among these viruses reduces the chances that a single antiviral
drug could be effective as a generic remedy for “colds and flu”.
In addition, the symptoms that accompany these infections are
largely due to the viral induced inflammatory responses, which
include substantial induction of cytokines and chemokines
(Eccles, 2005; Fedson, 2009; Sharma et al., 2009). This is
particularly evident in serious influenza infections, which may
give rise to “cytokine storms” and subsequent pathology (Oslund
and Baumgarth, 2011). Consequently it is difficult to conceive of
a single target-directed antiviral agent that could also provide
appropriate antiinflammatory treatment (Johnston, 1995; Hudson
and Vimalanathan, 2011).
.
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An alternative approach is the use of a non-toxic multi-component
medication with the capacity to inhibit many different respiratory
viruses simultaneously, and that is suitable for long-term intake
during different phases of infection. Previous studies have shown
that particular commercial ethanol tinctures of Echinacea purpurea
(EP), but not all of them, contain potent antiviral and antiinflammatory activities, which could explain the efficacy of these
extracts in controlling respiratory infections in vitro and in clinical
studies (Vimalanathan et al., 2005; Chicca et al., 2009; Vohra et al.,
2009; Hudson & Vimalanathan, 2011; Jawad et al., 2012).
However other studies have indicated that there is considerable
variation in chemical composition of anatomically different parts of
the plant, and among Echinacea plants grown and processed in
different ways (Tobler et al., 1994; Binns et al., 2002). Such
chemical differences are likely to influence the bioactivities and
therefore the efficacy of the preparations (Hudson and
Vimalanathan, 2011). In order to address this issue we compared
the antiviral activity of ethanol tinctures prepared from different
parts of both fresh and dried EP plants. Influenza virus was used as
the indicator of antiviral activity since different strains of
avian and human influenza viruses are known to be particularly
sensitive to potent Echinacea extracts (Pleschka et al., 2009).
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MATERIALS AND METHODS
Preparation of Tinctures
In July 2012 fifty (50) kilograms of aerial plant parts of
E. purpurea were freshly harvested and dissected into stem +
leaves, flower heads (without petals) and the petals. Each
individual plant part, as well as the total herb, were freshly
processed (within 24h), chopped and subsequently extracted with
65% (V/V) ethanol using a drug to extraction solvent ratio (DER)
of 1:11 to 1:12 to give batches FE120704, FE120705, FE120706
and FE120703 (Table 1). 10 kg of the freshly harvested E
purpurea herb was dried using a convection oven at 45°C prior to
chopping and alcoholic extraction with 65% (V/V) to yield
tincture FE120802.
In September 2012 30kg of E. purpurea roots were either
freshly processed or subjected to drying at 45°C prior to alcoholic
extraction to yield batches FE120901 and FE120902 (Table 1).
Echinaforce® tincture (FE120905) was manufactured by
combining fresh herbal tincture FE 120703 and fresh root tincture
FE 120901 at a ratio of 95:5. A corresponding combination was
produced from dried herb tincture (FE120802) and root tincture
(FE120902) to yield FE120906 (Echinaforce dried).
Cells and virus
MDCK canine kidney cells were acquired originally
from ATCC (American Type Culture Collection, Rockville, MD),
and were cultivated in Dulbecco MEM (DMEM), in cell culture
flasks, supplemented with 5% fetal bovine serum, at 37°C in a 5%
CO2 atmosphere (cell culture reagents were obtained from
Invitrogen, Ontario CA). No antibiotics or anti-mycotic agents
were used.
Influenza virus type A, strain H3N2 was acquired from
BC Centre for Disease Control, Vancouver, and was grown and
assayed, by plaque formation, in MDCK cells, the standard cell
line for growth and measurement of Influenza viruses (WHO
manual, 2011; Vimalanathan and Hudson, 2012).

samples were determined using one-way analysis of variance
(ANOVA) with Turkey’s post-hoc test. The statistical significance
of two samples (herb (fresh) and Herb dried) was determined by
Student’s t-test with Welch correction. Differences were
considered significant when P value was less than 0.05.
RESULTS
Tinctures were prepared from separated herb, roots,
flower heads and petals of both fresh and dried EP plants. Each
tincture was then tested for antiviral activity against a standard
amount of influenza virus (10 3 pfu). The results are summarized in
Fig. 1 and 2.

Fig. 1: Logarithmic maximal inhibitory dilution (MID) of extracts made from
freshly harvested or dried E. purpurea roots, petals, flower heads, herb (total
aerial parts) and the herb without flower heads. The maximal dilution gives the
amount of extract sufficient to inactivate 100% of influenza virus (10 3 plaqueforming units). Two-fold dilutions were made of each sample and plaque
assays were done in triplicate. P values were determined using one-way
analysis of variance (ANOVA) with Turkey’s posttest, ***, P<0.0001.

Antiviral assays
The assay technique was based on our standard
techniques for the evaluation of plant extracts for antiviral activity
(Vimalanathan et al., 2005; Vimalanathan and Hudson, 2012). The
experimental procedure consisted of incubating two-fold dilutions
of the extract in phosphate buffered saline, in 96-well trays, with a
known amount of the virus (103 plaque-forming units, pfu) for 60
min at 22ºC (in triplicate reactions). The reaction mixtures were
then assayed for residual infectious virus (plaques) in monolayers
of freshly confluent MDCK cells, in 6-well culture trays.
Reduction in the number of virus plaques represents the degree of
antiviral activity. Controls consisted of virus in medium without
extract.
Statistical analysis
The results were expressed as mean ± SD for three
independent experiments. Statistical differences between different

Fig. 2: Logarithmic minimal inhibitory concentration (MIC, anti-influenza
virus) with respect to dry mass. The greatest antiviral activity was observed in
the freshly harvested aerial parts of E. purpurea. P value for Herb (fresh)
versus Herb (dried) for antiviral activity (MIC) was calculated by Student t-test
with Welch’s correction: **, P=0.0016.
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The relative antiviral activity is expressed as the maximal
inhibitory dilution of the respective extracts (MID 1/x) (Fig. 1) and
the required minimal inhibitory concentration (MIC 100, dry mass in
g/ml) to fully inhibit influenza virus growth (Fig. 2). The
tinctures prepared from freshly harvested or dried EP roots were
largely devoid of antiviral activity even at a dilution of 1:10
(corresponding to MIC > 1 mg/ml, Fig’s 1 and 2).
Extracts prepared from fresh flower heads (without
petals) contained moderate activity with MID = 1:800 (MIC = 26.4
g/ml), but the separated petals were inactive (MID > 1:10).
The most potent activity was obtained with extracts from
freshly harvested Echinacea purpurea herb (aerial parts), which
were still active at dilutions of 1:8,000. Depending on the dry mass
content the minimal inhibitory concentrations fell in the low g/ml
range (p<0.01). In contrast, tinctures made from the dried aboveground plant parts showed substantially less antiviral activity than
those prepared from the freshly harvested parts (1:800 versus
1:8,000 p<0.0001), indicating that the active ingredient/s were
unstable during the drying process.
High levels of potency were observed in a combination
product consisting of 95% of above-ground plant parts
supplemented with 5% of E. purpurea roots (standardized
Echinaforce®, EF). Again, usage of fresh plant material
significantly (p<0.0001) increased the antiviral potency of the
preparation (Fig. 3), and evidently the herb component contributed
to the difference in activity (Fig. 2 and 3). In an attempt to
correlate the observed antiviral effects with the known
marker substances of EP, alkylamides, cichoric acid, rutoside, total
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Fig. 3: Echinaforce® (EF fresh) is produced from 95% Echinacea purpurea
herb and 5% roots while using fresh plant material. The manufacturing process
(drying) evidently has a critical influence on the antiviral activity of the
preparation.

phenols and the total dry mass were measured. However, no
correlation was observed (Table 2). Extracts with the highest
antiviral activity (fresh herb) demonstrated lower total dry mass
than samples with lowest activity (petals or dried roots).
Moreover, the alkylamide and cichoric acid rich samples from the
roots and flower heads proved to have less activity in the antiviral
assay. Phenols and rutoside were mainly found in the petals
without any apparent link with bioactivity. Interestingly, although
the content in phenols increased during the drying process, the
antiviral activity diminished, which further substantiated the
observation that the antiviral principle of E. purpurea does not
belong to this substance group.

Table. 1: Echinacea purpurea plants were dissected into the individual plant parts (stem + leaves, flowerheads, petals and roots). Alcoholic tinctures were
prepared from both the freshly harvested and the dried plant material.
Batch No.
Plant species
Plant parts
Processing
Extraction solvent
FE120703
E. purpurea
Aerial parts (herb)
fresh
65% ethanol (V/V)
FE120704
E. purpurea
Stem + leaves
fresh
65% ethanol (V/V)
FE120705
E. purpurea
Flower heads (w/o petals)
fresh
65% ethanol (V/V)
FE120706
E. purpurea
Petals
fresh
65% ethanol (V/V)
FE120901
E. purpurea
Roots
fresh
65% ethanol (V/V)
FE120802
E. purpurea
Aerial parts (herb)
dried
65% ethanol (V/V)
FE120902
E. purpurea
Roots
dried
65% ethanol (V/V)
Echinaforce (EF fresh)
FE120905
E. purpurea
95% Aerial parts [FE120703]
fresh
65% ethanol (V/V)
5% Roots [FE120901]
FE120906
E. purpurea
Echinaforce (EF dried)
dried
65% ethanol (V/V)
95% Aerial parts [FE120802]
5% Roots [FE120902]

Table. 2: Composition of known marker compounds in the tinctures. No correlation with antiviral activity (MID’s) was observed.
Dodecatetraene
Cichoric acid
Rutoside
Phenols
Extract
Dry mass [%]
[mg/100g]
[mg/100g]
[mg/100g]
[mg/100g]
Dried root s
1.6
15.87
136.53
1.06
195.2
Fresh roots
1.34
15.06
25.97
1.05
64.8
Fresh petals
1.93
0.96
170.68
37.94
313
Fresh flower heads
2.35
11.61
29.36
2.53
95.4
Dried herb
1.5
1.98
79.1
5.87
150.5
Fresh herb
1.9
3.14
19.91
4.11
78
Fresh Herb w/o Flower heads
1.63
1.95
25.42
3.99
82.3

MID [1/x]
10
10
10
800
800
8000
8000
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DISCUSSION
Originally, Echinacea was discovered as a medicinal
plant by the First Nations people of the Great Plains of North
America. According to anecdotal reports the therapeutic and
medicinal benefits were mainly obtained from fresh plants and
roots or the sap and crushed pulp derived from them.
Contemporary Echinacea extracts show a wide variation in regard
to the species and their plant parts used, and in the details of
processing (e.g. manufacturing of fresh or dried plant material).
Such variation leads to significant differences in chemical
composition and activity (Binns et al., 2002; Barnes et al., 2005).
However, the production of effective cold and influenza remedies
relies on optimized isolation of antiviral and anti-inflammatory
principles (Johnston, 1997; Hudson and Vimalanathan, 2011). The
characterization of these activities from Echinacea is important
since to date no chemical marker is known for the antiviral
principle which could guide the processing.
Isolation of the antiviral activity
It has often been noted that the process of drying
(generally the exposure to temperature) can adversely affect the
chemical composition of medicinal plant extracts, with loss of
certain chemicals and consequent decrease in bioactivity (Tobler et
al., 1994). In the case of Echinacea extracts we do not know which
ingredients are vital for the antiviral activity but they appear to be
lipophilic since ethanol provides an efficient solvent for their
isolation (Vimalanathan et al., 2005). The present data show that,
at least for retention of the highly potent anti-influenza activity
freshly extracted herb is important. The fresh plant material used
in our experiments was chopped and immediately exposed to
alcoholic extraction within 24h post harvesting. Enzymatic
degradation of ingredients was thus minimal. Preliminary
chromatographic fractionation indicated that several compounds
appear to be antiviral (data not shown). This could explain the low
tendency of influenza viruses to develop resistance against such
extracts (Pleschka et al., 2009).
Isolation of anti-inflammatory activity
More is known about the anti-inflammatory principles in
Echinacea. In previous studies, Chicca et al. (2009) evaluated a
standard E. purpurea ethanol tincture, derived from herb and root
of fresh plant material, for anti-inflammatory activity against
TNF in cultured human peripheral blood cells. This activity was
ascribed to the alkylamides, which are known to be prevalent in
EP roots and which function through the endocannabinoid system.
The isolated alkylamides influence anandamide transport, and the
specific compounds undeca- and dodeca-2E, 4Z-diene-8,10diyonic acid isobutylamides were considered to play an important
role at this stage. Furthermore the isomers dodeca-2E, 4E, dienoic
acid isobutylamides are likely to increase the efficacy of 2arachidonoylglycerol (2-AG) and are also strong inhibitors of fatty
acid amide hydrolase (FAAH), the enzyme responsible for the
degradation of anandamide and 2-AG (Fowler, 2000).
Alkylamides were demonstrated to be bioavailable after per-oral

application of alcoholic E purpurea extracts, and the effects on
inflammatory mediators were confirmed in ex vivo experiments
(Ritchie et al., 2011)
As already demonstrated by Tobler et al. (1994)
alkylamides appear to be temperature sensitive and consequently
drying reduces their content in herb and roots significantly.
Combination of antiviral and anti-inflammatory activities
Virus infection, replication and subsequent spread are
central to the pathogenesis of respiratory tract infections.
Substances which block the viral life-cycle are therefore
medicinally very important. The herb and roots of Echinacea
purpurea provide an arsenal of substances that block both the virus
and the inflammation respectively. Depending on the processing
techniques, the resulting products comply with the actual
requirement for cold and flu remedies.
Evidence for the therapeutic value of fresh EP herb and
root combinations comes from clinical trials as well. Jawad et al.(
2012) investigated the therapeutic and preventive benefits of a
root/herb combination product in a large clinical trial. A 4-month
consumption of Echinaforce® significantly reduced the frequency
of recurrent infections, the number of days with colds, and the
need for co-medication during acute episodes (Jawad et al., 2012).
In agreement with our observations, fewer patients tested positive
for respiratory viruses than in the placebo group. In several other
clinical studies combination products that employed freshly
manufactured EP herb and roots proved effective in acute
treatment of respiratory tract infections (Brinkeborn et al., 1999;
Goel et al., 2004). Clinical evidence for the anti-inflammatory
effects of Echinacea in rhinovirus infection studies finally comes
from meta-analyses. Products devoid of ethanolic EP herb extracts
could not directly prevent viral infections. Nevertheless they
prevented the symptomatic development of infections into clinical
colds by lowering the inflammatory reaction (Schoop et al., 2006).
CONCLUSION
The most potent antiviral extracts of Echinacea purpurea
were tinctures derived from freshly extracted herb. This antiviral
activity however did not correlate with content of dry mass, caffeic
acids, rutoside, total phenols or alkylamides. In order to obtain
maximum potential bioactivities from the medicinal plant, the
presence of root extract is also desirable, providing antiinflammatory alkylamides. Such an optimized preparation
containing herb and roots from fresh Echinacea plants, delivers
effective relief from the symptoms associated with influenza and
other respiratory virus infections, as well as inactivation of the
virus.
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