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a b s t r a c t
The herb Echinacea purpurea, also called purple coneﬂower, is regarded as an immune modulator. This
study examined changes in cytokine production in blood samples from 30 volunteers before and during 8day oral administration with an ethanolic extract of fresh Echinacea purpurea (Echinaforce® ). Daily blood
samples were ex vivo stimulated by LPS/SEB or Zymosan and analysed for a series of cytokines and haematological and metabolic parameters. Treatment reduced the proinﬂammatory mediators TNF-␣ and IL-1␤
by up to 24% (p < 0.05) and increased anti-inﬂammatory IL-10 levels by 13% (p < 0.05) in comparison to
baseline. This demonstrated a substantial overall anti-inﬂammatory effect of Echinaforce® for the whole
group (n = 28). Chemokines MCP-1 and IL-8 were upregulated by 15% in samples from subjects treated
with Echinaforce® (p < 0.05). An analysis of a subgroup of volunteers who showed low pre-treatment
levels of the cytokines MCP-1, IL-8, IL-10 or IFN-␥ (n = 8) showed signiﬁcant stimulation of these factors
upon Echinaforce® treatment (30–49% increases; p < 0.05), whereas the levels in subjects with higher pretreatment levels remained unaffected. We chose the term “adapted immune-modulation” to describe this
observation. Volunteers who reported high stress levels (n = 7) and more than 2 colds per year experienced a signiﬁcant transient increase in IFN-␥ upon Echinaforce® treatment (>50%). Subjects with low
cortisol levels (n = 11) showed signiﬁcant down-regulation of the acute-phase proteins IL1-␤, IL-6, IL-12
and TNF-␣ by Echinaforce® (range, 13–25%), while subjects with higher cortisol levels showed no such
down-regulation. This is the ﬁrst ex vivo study to demonstrate adapted immune-modulation by an Echinacea preparation. While Echinaforce® did not affect leukocyte counts, we speculate that the underlying
therapeutic mechanism is based on differential multi-level modulation of the responses of the different
types of leukocytes. Echinaforce® thus regulates the production of chemokines and cytokines according
to current immune status, such as responsiveness to exogenous stimuli, susceptibility to viral infection
and exposure to stress.
Crown Copyright © 2011 Published by Elsevier GmbH. All rights reserved.

Introduction
Virally transmitted respiratory tract infections are the most
common diseases in Western countries. On average, adults suffer
from 2 to 4 colds per year, whereas children can be affected up to
12 times annually (Fendrick, 2003).
Echinacea purpurea, also known as purple coneﬂower, is a
medicinal plant. Echinacea extracts are currently used to prevent and treat inﬂuenza infections as well as the common cold
(Blumenthal et al., 2007; Woelkart et al., 2008). A meta-analysis of
Echinacea studies concluded that it is clinically beneﬁcial (Schoop
et al., 2006a; Shah et al., 2007; Linde et al., 2006), and various pharmacodynamic actions have been proposed (Gertsch et al., 2004).
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However, current knowledge about the mechanism of action of
Echinacea is based mainly on in vitro research, and studies have
reported different effects due to the use of different preparations from the same plant species (Gertsch et al. 2004; Rininger
et al. 2000). In vitro studies have limited usefulness, as they
do not reﬂect the bioavailability of phytochemical compounds,
which are often investigated at non-physiological concentrations.
In addition, a single dose of the test compound is commonly
used in in vitro cultures, making this an inadequate model for
investigating the effects of multiple dosing to simulate prophylactic intake of the compound. Ex vivo studies are better models
for investigating drug actions, as they better reﬂect the effects
of digestion, resorption and metabolism. Notably, the combined
use of different plant parts may enhance synergistic activity:
when investigating the effects of complex plant extracts, it is
necessary to investigate the effect of the extract of the whole
plant during and after administering the extract to the whole
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organism. To date, few studies have investigated the effects of
repeated oral administration of Echinacea purpurea extracts on a
series of chemokines and cytokines in humans using an ex vivo
model.
Clinical investigations have reported the immunomodulatory
effects of extracts of (mainly) freshly harvested Echinacea purpurea: prolonged 14-day treatment with single daily doses has
an anti-inﬂammatory effect via regulation of TNF-␣, interleukins,
leucocytes and hsp70 as well as via superinduction of superoxide during some viral infections (i.e. common colds) (Randolph
et al., 2003; Woelkart et al., 2006; Goel et al., 2004, 2005; Guitto
et al., 2008; Agnew et al., 2005). Jurcic et al. (1989) observed
increased phagocytosis after oral administration of an alcoholic
extract of Echinacea purpurea, with peak induction of 120% after
5 days compared to placebo. Some preparations increased the
number of leucocytes, neutrophils and monocytes, as well as the
percentage of natural killer cells (Goel et al., 2005; Agnew et al.,
2005); others induced no changes, and so the data remain inconclusive.
The trials cited above involved small cohorts and, in many cases,
only single time point measurements i.e. before and after treatment with Echinacea. Some studies investigated isolated immune
mediators in serum, while others employed ex vivo stimulation
protocols to investigate the effects of Echinacea on immune cell
response.
The aim of this study was to investigate the effects of repeated
daily doses of a commercial Echinacea extract, Echinaforce® , on
the production of several immune mediators in a heterogeneous
group of subjects using an ex vivo stimulation model. Adapted
effects were also observed in a subanalysis of subjects with a
higher susceptibility to colds and exposure to stress and who were
classiﬁed as either “strong” or “weak” immune producers based
on their production of immune mediators. Sampling time points,
nutritional and stress status and the presence of infections and
adverse events were taken into account when assessing the effects
of Echinaforce® .

Materials and methods
Study design and patients
After study approval (Eudract number 2005-004013-15) by the
appropriate ethics committees (Bute Medical School, University of
St. Andrews and Fife and Forth Valley Local Research Ethics Committee, NHS Five) and by the Medicines and Healthcare Products
Regulatory Agency (MHRA), healthy subjects (n = 30) were enrolled
in the study after providing written informed consent. The age
range of the 12 women and 18 men was 18–57 years, and each
reported ≥2 colds per year. The subjects were studied once during a period of increased stress (during examinations) and again
5 weeks after the stressful situation. The stress levels of the participants during these two periods were assessed by the perceived
stress score-10 questionnaire (PSS-10) (Cohen et al., 1983), which
takes into account live events and the ability to cope in the previous
4 weeks. We included subjects that were experiencing heightened stress in order to investigate the effects of Echinaforce® on
a population expected to have compromised immune responses.
Subjects were asked not to take any other medications or therapies,
to restrain from vigorous physical activity and to avoid excessive
drinking or smoking during the study periods. The time points for
visits were ﬁxed at the hour of the ﬁrst blood donation; a delay in
subsequent visits of more than 1.5 h was considered a violation of
the protocol. A study diary was provided to each subject for recording cold symptoms during the treatment periods. Compliance was
monitored throughout the study.
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Table 1
Phytochemical proﬁle of the hydro-ethanolic extract of Echinacea purpurea
(Echinaforce® ) used in this study.
Compound
Caffeic acid
Caftaric acid
Chlorogenic acid
Cichoric acid
Cynarin
Echinacoside
Dodeca tetraene

Concentration (ug/ml)
0
264.4
40.2
313.8
0
6.9
35.9

Treatment
Echinaforce® is a hydro-alcoholic extract made from the freshly
harvested herbs and roots of Echinacea purpurea in a 95:5 ratio.
Batch 018451 was tested for activity i.e. inhibition of LPS-induced
production of TNF-␣ in vitro in peripheral blood mononuclear cells
(PBMC) (data not shown). This preparation has been demonstrated
to be endotoxin-free and to contain alkylamides in bioavailable form with pharmacological activities (Gertsch et al., 2004;
Woelkart et al., 2006). The levels of several markers used to characterize Echinacea preparations are shown in Table 1. Caffeic acid,
cynarin and polysaccharide were not detected in the preparation.
After two days of baseline measurements, treatment commenced
with oral administration of 4 1-ml doses per day of Echinaforce®
for 5 days, increasing to 10 1-ml doses per day for 3 days. The study
thus lasted 10 days for each subject for each study period (i.e. the
stressful period and the non-stressful period). All subjects reported
to the study site daily during the study period for blood sampling
and to report potential adverse events.
Ex vivo stimulation
Within 15 min of collection, blood samples were ex
vivo-stimulated with either Zymosan® – (333 g/ml) or
LPS (lipopolysaccharide, variant O55:B5 from E. coli at
100 ng/ml)/super-antigen SEB (staphylococcal enterotoxin B
at 25 ng/ml) in pre-coated tubes for 24 h at 37 ◦ C. After incubation,
the serum was separated from the sediment using a valve septum
(Instant Leukocyte Culture System, ILCS® , EDI GmbH, Reutlingen,
Germany) and stored at −20 ◦ C until analysis. ILCS® was developed
speciﬁcally to minimize variability in conventional leukocyte cell
cultures.
After stimulation with Zymosan® , blood samples were analysed for elastase and after stimulation by LPS/super-antigen SEB,
blood samples were analysed for interleukin-1␤ (IL-1␤), IL-6, IL8, IL-10, IL-12, macrophage chemotactic protein-1 (MCP-1), tumor
necrosis factor ␣ (TNF-␣) and interferon-␥ (IFN-␥). These analyses
were performed by EDI GmbH, an EN ISO 13485-certiﬁed facility
(11.2000).
Efﬁcacy evaluation
The effects of Echinaforce® were expressed as cytokine production during treatment/mean cytokine production on days 1 and 2
prior to Echinaforce® administration (baseline). The resulting stimulation indices were analysed for statistical signiﬁcance based on
a = 0.1 (*) or a = 0.05 (**). The effects are reported in the ﬁgures for
either individual days or for the whole treatment period, each relative to baseline levels. Only results obtained from subjects who
strictly adhered to the protocol were used for analysis (n = 28).
Wilcoxon tests for paired differences were used to detect overall
effects (entire study population), and Wilcoxon two-sample rank
sum tests were used to detect differences between subgroups, e.g.
adapted effects.
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Fig. 1. (a and b) Ex vivo-stimulated whole blood cultures from Echinaforce® -treated subjects (n = 28) show increased production of an anti-inﬂammatory protein, IL-10 (a),
and the chemotactic mediators MCP-1 and IL-8 (b), with concomitant down-regulation of pro-inﬂammatory TNF-␣ and IL-1␤. Effects of Echinaforce® – in comparison to
baseline – are expressed for every day, as well as for the two treatment phases (“low” and “high”) and the whole treatment period (“overall”). Error bars indicate the standard
error of the means (SEM).

Cytokines and chemokines were analysed not only as isolated
parameters but also in groups regarding their respective actions
(e.g. TNF-␣, IL-1␤ and IL-10 levels for overall inﬂammatory induction or MCP-1 or IL-8 for chemotactic processes (Bry and Hallman,
1991; Dinarello, 1997)). Effects on the whole population (overall
effects) are given, but also on immunologically distinct groups of
subjects, selected by immune performance, by stress levels and
by endogenous cortisol production (adapted effects in subgroups).
Due to complexity reasons we decided to leave out the discussion
of different dosing effects by the drug.
Results
A total of 30 subjects were included in the study. The mean
age was 24.1 ± 11.7 years, the mean mass was 67.7 ± 13.8 kg, the
mean height was 171.4 ± 9.5 cm and the mean body mass index
was 23 ± 3.7. Results from 28 subjects were used in the per protocol analysis: compliance could not be calculated in one subject, and
one subject dropped out of the study due to difﬁculty in providing
blood samples.
Evaluation of individual stress levels showed a mean PSS-10
score of 19.1 ± 7.6 in the ﬁrst period (during examinations) and
a mean PSS-10 score of 12.0 ± 5.0 in the second (low stress) period.
None of the subjects reported cold symptoms over the entire treatment period. There were also no signiﬁcant or clinically relevant
changes in the differential cell blood counts during the treatment
period.
Overall effects (whole group)
The synergistically acting, pro-inﬂammatory cytokines IL-1␤
and TNF-␣ were reduced by up to 24% (p < 0.05) with concomitant
augmentation of the anti-inﬂammatory factor IL-10 in comparison to the respective baseline values (13%, p < 0.05). Qualitative
integration of these events revealed that Echinaforce® had an antiinﬂammatory effect, although the contributions of single cytokines
were small (overall inﬂammatory induction; Fig. 1).
A similar effect was noted for the production of IL-8 and MCP1. Both were weakly up-regulated in parallel by ∼15%, but when
combined these factors showed signiﬁcant induction in terms
of chemotactic parameters. Fig. 1 illustrates the pharmacodynamic effects on inﬂammatory and chemotactic processes during

Echinaforce® treatment. Analysis of all subjects revealed trends for
elastase and IL-6, but the trends did not appear to be biologically
relevant (data not shown).
Adapted effects (subgroups)
Evaluation of the whole group (overall effects) demonstrated
relatively small changes in individual chemokine and cytokine
levels that, taken together (related cytokines), had a biologically
important effect on the immune system. To identify the adapted
effects related to Echinaforce® treatment, subjects were classiﬁed
into two subgroups, “strong” and “weak” producers, according to
cytokine production at baseline.
Data from 8 strong producers i.e. subjects with high constitutive
cytokine production, were compared to data from weak producers
in order to evaluate the immune system response to Echinaforce®
treatment in these subgroups. Echinaforce® extract induced initially low IFN-␥, IL-8, IL-10 and MCP-1 production by 18%, 35%,
28% and 49%, respectively [expressed as average induction for the
whole treatment period (p < 0.05)]. In strong producers, there were
no changes in these immune mediators during Echinaforce® treatment (Fig. 2). In contrast, initially high levels of TNF-␣ and IL-1␤
decreased with Echinaforce® treatment, starting on the very ﬁrst
day (Fig. 3).
Adapted effects were also apparent when participants were
classiﬁed based on their self-reported susceptibility to cold infections and their PSS-10 stress levels, accounting for the negative
impact of the latter on the performance of the immune system.
When subjects were treated with Echinaforce® during a stressful period (the ﬁrst part of the study; during examinations), there
was a signiﬁcant increase in IFN-␥ of over 25%, with peak induction
of 50% (p < 0.05) after one day of high-dose treatment and subsequent decrease to baseline on the last day of treatment. This effect
was not observed in volunteers whose perceived stress (PSS-10)
dropped by more than 5 points in the second part of the study
(treatment during a non-stressful time) (Fig. 4). The same induction on IFN-␥ was noted in subjects who reported having more
than 2 colds per year i.e. who had greater susceptibility to infections
leading to the common cold (data not shown).
Safety was assessed by adverse events reporting and by other
laboratory measurements. Speciﬁcally, a differential blood cell
count was measured on 4 days under treatment and was compared
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Fig. 2. (a–c) Cytokine levels prior to treatment with Echinaforce® were used to classify subjects as “strong” from “weak” producers as a measure of immune system
performance. IFN-␥, IL-8, IL-10 and MCP-1 were clearly up-regulated by Echinaforce® treatment in weak producers (solid red line). Despite considerable variation in data
(SEM), the increases in all four factors were statistically signiﬁcant. The response in subjects who showed high cytokine production at baseline remained unaffected (dashed
blue line). Echinaforce® therefore showed immunomodulatory action. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web
version of the article.)
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article.)
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Fig. 4. IFN-␥ was induced rapidly by Echinaforce® treatment and returned to baseline production at the end of the high-dose treatment. This was observed only in
subjects with increased stress or higher susceptibility to cold infections.
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to the values obtained before treatment (baseline). When baseline
values were compared to those obtained during low- or high-dose
Echinaforce® treatment, there were no changes in haemoglobin
levels, haematocrit, erythrocytes, MCV, MCH, MCHC, leukocytes,
neutrophils, lymphocytes, monocytes, eosinophils, basophils and
thrombocytes. The metabolic markers GGT, bilirubin, creatinine,
total cholesterol, HDL cholesterol and the total cholesterol:HDL
cholesterol ratio remained stable during Echinaforce® treatment,
with no clinically relevant changes. During Echinaforce® treatment, the mean C-reactive protein (CRP) level decreased from
15.50 ± 15.13 g/l at baseline to 7.10 ± 3.28 g/l. However, this did
not reach statistical signiﬁcance. No adverse events were observed
aside from reddening of the skin at the puncture site.

Discussion
Cytokines and chemokines play critical roles in the immune
response and contribute to symptoms during respiratory tract
illness. Local production of immune mediators like IL-1␤, IL-6,
IL-8 and TNF-␣ increases during the common cold and during
inﬂuenza infections in normal and asthmatic subjects (de Kluijver
et al., 2003). Modulation of these mediators and of leukocyte activity might represent an effective strategy for the prevention and
treatment of respiratory tract diseases and their consequences
(Johnston, 1997).
The current study investigated a series of immune mediators
that act speciﬁcally at different levels of the immune defence. Elastase, IL-1␤, IL-6, IL-8, IL-10, IL-12, MCP-1, TNF-␣ and IFN-␥ levels
were measured under highly controlled conditions after ex vivo
stimulation of whole blood from Echinaforce® -treated subjects.
Overall, 8 days of treatment with Echinaforce® resulted in small but
consistent effects on individual immune mediators that, in combination, resulted in biologically relevant effects on the immune
system. Interestingly, IL-1␤ and TNF-␣ were both down-regulated,
while IL-10 levels increased. The inverse regulation of pro- and antiinﬂammatory cytokines clearly indicated an overall inhibition of
inﬂammatory processes by Echinaforce® .
These results are in agreement with previous in vitro and in
vivo studies that showed down-regulation of TNF-␣ plus parallel
induction of IL-10 after exposure to Echinaforce® and other extracts
(Gertsch et al., 2004; Randolph et al., 2003; Woelkart et al., 2006;
Chicca et al., 2009; Kim et al., 2002). Since IL-10 is under the control of TNF-␣, effects on IL-10 may be directly due to the effects
of Echinaforce® or be caused indirectly by down-regulation of IL1␤ and TNF-␣. However, the rapid changes in IL-10 production in
response to Echinaforce® suggest a direct effect.
Intriguingly, the effects of Echinaforce® on IL-1␤ and TNF-␣
were more pronounced when subjects were analysed according
to their endogenous cortisol levels. The IL-1␤ and TNF-␣ levels
decreased by up to 32% compared to baseline (p < 0.05) in subjects with lower levels of cortisol (≤350 nmol/l, n = 11). The same
was observed for IL-6 and IL-12 levels, which were not signiﬁcantly
altered in the whole population (data not shown). In contrast, subjects with cortisol levels >350 nmol/l (n = 17) were not affected by
Echinaforce® .
The acute-phase proteins IL-1␤, IL-6 and TNF-␣ are upregulated early in rhinovirus infection, and their production likely
underlies the clinical manifestation of cold infections (Johnston,
1997; Subauste et al., 1995; Terajima et al., 1997). These proteins make epithelial cells susceptible to viral infection (Subauste
et al., 1995) and are associated with rhinovirus-induced asthma
exacerbation and airway hyperreactivity. IL-6, TNF-␣ and IL-1␤
are regulated directly by cortisol levels during viral infection
(Dobbs et al. 1996). Echinaforce® therefore appears both to directly
and indirectly reduce inﬂammation associated with viral infec-

tions, which might in turn ameliorate the inﬂammation-induced
development of cold symptoms during acute phases of infection
(Johnston, 1997; Gentile et al., 2003; Hakonarson et al., 1995). Thus,
cortisol-dependent inhibition of acute-phase proteins reﬂects the
speciﬁc effects of Echinaforce® in subjects with low endogenous
production of anti-inﬂammatory control.
Substantial up-regulation of chemokines during Echinaforce®
treatment was observed in the whole group. Increased chemokine
production may have beneﬁcial effects on respiratory infections
by increasing the ability of peripheral lymphocytes to inﬁltrate
the infected tissue (Subauste et al., 1995; Noah and Becker, 1993;
Larsen et al., 1989). Neutrophils and macrophages are involved
in localized immune reactions to respiratory viruses in the nasal
lumen (Levandowski et al., 1988; Teran et al., 1997).
The results of the present study contradict some studies that
reported that Echinaforce® potently blocks production of IL-8 by
airway epithelial cells upon viral induction (Sharma et al., 2008);
however, the results of the current study are in agreement with
previous ﬁndings that Echinaforce® super-induces the production
of IL-8 in systemic peripheral blood monocytes (unpublished data).
We surmise that Echinaforce® increases migration of systemic leucocytes to the site of infection but blocks epithelial cell production
of IL-8 that is associated with cold symptoms.
Since viruses are intracellular, an efﬁcacious cellular immune
reaction is essential for pathogen clearance. IFN-␥ is a potent activator of macrophages, NK cell function and antigen-speciﬁc B-cell
proliferation. In addition, IFN-␥ shifts the immune reaction towards
a Th1 response, which is crucial in overcoming viral infections
(Romagnani, 1992). In the present study, marked up-regulation
of IFN-␥ by Echinaforce® was noted in weak cytokine producers, in subjects after a period of increased stress, and in subjects
with an increased susceptibility to cold infections. The result that
Echinacea induces IFN-␥ is not new, but it has previously been
observed only in vitro and in mice fed Echinacea over a 3-week
period (Mishima et al., 2004; Hayashi et al., 2001). Glaser et al.
(1986) found that increased stress is associated with decreased production of IFN-␥ and a decline in NK cells and T lymphocyte activity
in students during ﬁnal examinations. Furthermore, stress induces
a shift from Th1 towards Th2 immune responses, which would
negatively affect the clearance of viral infections (Kiecolt-Glaser
et al., 1995; Mittwoch-Jaffe et al., 1995). The beneﬁcial effects of
Echinacea on the production of IFN-␥, which strengthens anti-viral
defences, could explain its traditional use, especially by people with
increased susceptibility to infection and for recurrent infections.
The differential blood cell count during treatment with
Echinaforce® did not differ from baseline measurements. This was
also observed in a previous study in which Echinaforce® was
administered to 80 subjects over a two-month period (Schoop et al.,
2006b). We therefore assume that the effects of Echinaforce® on
cytokine level resulted from changes in activity rather than changes
in the number of blood cells (i.e. leukocytes, granulocytes or lymphocytes).
The results of the current study have implications for the clinical use of Echinaforce® . We hypothesize that Echinaforce® exerts
adapted immune-modulatory effects by inducing chemotaxis and
by inducing anti-viral and anti-inﬂammatory effects, especially (or
even primarily) in subjects who are immunologically vulnerable. In
addition, Echinaforce® acts speciﬁcally on pro-inﬂammatory proteins such as TNF-␣ by inhibiting excessive production. During this
study, no cold symptoms were reported by the subjects, illustrating
on a macroscopic level the cellular effects of Echinaforce® on the
immune system.
In conclusion, we hypothesize that the efﬁcacy of Echinaforce®
in prevention and treatment of cold and inﬂuenzal infections is the
result of its ability to reduce inﬂammatory processes, to increase
leukocyte chemotaxis to the site of infection and to activate antivi-
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ral defences. The beneﬁcial effects of Echinaforce® were observed
primarily in subjects with weak immune responses and in those
with increased stress levels or greater susceptibility to infections
leading to the common cold. The mechanism of action underlying
these effects of Echinaforce® appears to be adapted immunomodulation.
Disclosure
This research has been founded by A. Vogel Bioforce AG,
Switzerland.
Funding
This study was funded by Bioforce, Switzerland.
Acknowledgements
The authors thank Mr. Vincent Wong, Mr. Alisdair Gilmour and
Miss Sarah Gates, medical students at St. Andrews University, for
their outstanding assistance.
References
Agnew, L.L., Guffogg, S.P., Matthias, A., Lehmann, R.P., Bone, K.M., Watson, K., 2005.
Echinacea intake induces an immune response through altered expression of
leucocyte hsp70, increased white cell counts and improved erythrocyte antioxidant defences. J. Clin. Pharm. Ther. 30, 363–369.
Blumenthal, M., Milot, B., Oliff, H.S., 2007. Three systematic reviews of Echinacea
clinical trials suggest efﬁcacy with cold symptoms. HerbalGram 74, 28–31.
Bry, K., Hallman, M., 1991. Synergistic stimulation of amnion cell prostaglandin
E2 synthesis by interleukin-1, tumor necrosis factor and products from activated human granulocytes. Prostaglandins Leukot. Essent. Fatty Acids 44,
241–245.
Chicca, A., Raduner, S., Pellati, F., Strompen, T., Altmann, K.H., Schoop, R., Gertsch, J.,
2009. Synergistic immunopharmacological effects of N-alkylamides in Echinacea
purpurea herbal extracts. Int. Immunopharmacol. 9, 850–858.
Cohen, S., Kamarck, T., Mermelstein, R., 1983. A global measure of perceived stress.
J. Health Soc. Behav. 24, 385–396.
de Kluijver, J., Grünberg, K., Pons, D., de Klerk, E.P., Dick, C.R., Sterk, P.J., 2003.
Interleukin-1beta and interleukin-1ra levels in nasal lavages during experimental rhinovirus infection in asthmatic and non-asthmatic subjects. Clin. Exp.
Allergy 33, 1415–1418.
Dinarello, C.A., 1997. Proinﬂammatory and anti-inﬂammatory cytokines as mediators in the pathogenesis of septic shock. Chest 112, 321–329.
Dobbs, C.M., Feng, N., Beck, F.M., Sheridan, J.F., 1996. Neuroendocrine regulation
of cytokine production during experimental inﬂuenza viral infection: effects
of restraint stress-induced elevation in endogenous corticosterone. J. Immunol.
157, 1870–1877.
Fendrick, A.M., 2003. Viral respiratory infections due to rhinoviruses: current knowledge. Am. J. Ther. 10, 193–202.
Gentile, D.A., Villalobos, E., Angelini, B., Skoner, C., 2003. Cytokine levels during symptomatic viral upper respiratory tract infection. Ann. Allergy. Asthma
Immunol. 91, 362–367.
Gertsch, J., Schoop, R., Kuenzle, U., Suter, A., 2004. Echinacea alkylamides modulate
TNF-alpha gene expression via cannabinoid receptor CB2 and multiple signal
transduction pathways. FEBS Lett. 577, 563–569.
Glaser, R., Rice, J., Speicher, C.E., Stout, J.C., et al., 1986. Stress depresses interferon
production by leukocytes concomitant with a decrease in NK cell activity. Behav.
Neurosci. 100, 675–678.
Guitto, P., Woelkart, K., Grabnar, I., Voinovich, D., Perisutti, B., Invernizzi, S.,
Granzotto, M., Bauer, R., 2008. Pharmacokinetics and immunomodulatory
effects of phytotherapeutic lozenges (bonbons) with Echinacea purpurea extract.
Phytotherapy 15, 547–554.
Goel, V., et al., 2004. Efﬁcacy of a standardized Echinacea preparation (EchinilinTM )
for the treatment of the common cold: a randomized, double-blind, placebocontrolled trial. J. Clin. Pharm. Ther. 29, 75–83.

831

Goel, V., Lovlin, R., Chang, C., Slama, J.V., Barton, R., Gahler, R., Bauer, R., Goonewardene, L., Basu, T.K., 2005. A proprietary extract from the Echinacea plant
(Echinacea purpurea) enhances systemic immune response during a common
cold. Phytother. Res. 19, 689–694.
Hakonarson, J., Henrick, D.A., Grunstein, M.M., 1995. Mechanism of impaired
bAdrenoceptor responsiveness in atopic sensitized airway smooth muscle. Am.
J. Physiol. Lung Cell. Mol. Physiol. 269, 645–652.
Hayashi, I., Ohotsuki, M., Suzuki, I., Watanabe, T., 2001. Effects of oral administration
of Echinacea purpurea (American herb) on incidence of spontaneous leukemia
caused by recombinant leukemia viruses in AKR/J mice. Niho Rinsho Meneki
Gakkai Kaishi 24, 10–20.
Johnston, S.L., 1997. Problems and prospects of developing effective therapy for
common cold viruses. Trends Microbiol. 5, 58–63.
Jurcic, K., Melchart, D., Holzmann, M., Martin, P., Bauer, R., Doenecke, A., Wagner, H.,
1989. Zwei Probendenstudien zur Stimulierung der Granulozyten-phagozytose
durch Echinacea-Extrakt-haltig Präparate. Zeitschrift für Phytotherapie 10,
67–70.
Kiecolt-Glaser, J.K., Marucha, P.T., Malarkey, W.B., Mercado, A.M., Glaser, R., 1995.
Slowing of wound healing by psychological stress. Lancet 346, 1194–1196.
Kim, L.S., Waters, R.F., Burkholder, P.M., 2002. Immunological activity of larch
arabinogalactan and Echinacea: a preliminary, randomized, double-blind,
placebo-controlled trial. Altern. Med. Rev. 7, 138–149.
Larsen, C.G., Anderson, A.O., Appella, E., Oppenheim, J.J., Matsushima, K., 1989. The
neutrophil-activating protein (NAP-1) is also chemotactic for T lymphocytes.
Science 243, 1464–1466.
Levandowski, R.A., Weaver, C.W., Jackson, G.G., 1988. Nasal-secretion leukocyte population determined by ﬂow cytometry during acute rhinovirus infection. J. Med.
Virol. 25, 423–432.
Linde, K., Barrett, B., Woelkart, K., Bauer, R., 2006. Echinacea for preventing and treating the common cold. Cochrane Database Syst. Rev. 25 (1), CD000530 (Review).
Mishima, S., Saito, K., Maruyama, H., Inoue, M., Yamashita, T., Ishida, T., Gu, Y., 2004.
Antioxidant and immuno-enhancing effects of Echinacea purpurea. Biol. Pharm.
Bull. 27, 1004–1009.
Mittwoch-Jaffe, T., Shalit, F., Srendi, B., Yehuda, S., 1995. Modiﬁcation of cytokine
secretion following mild emotional stimuli. Neuroreport 6, 789–792.
Noah, T.L., Becker, S., 1993. Respiratory syncytial virus-induced cytokine production
by a human bronchial epithelial cell line. Am. J. Physiol. 265, 472–478.
Randolph, R.K., Gellenbeck, K., Stonebrook, K., Brovelli, E., Qian, Y., Bankaitis-Davis,
D., Cheronis, J., 2003. Regulation of human immune gene expression as inﬂuenced by a commercial blended echinacea product: preliminary studies. Exp.
Biol. Med. (Maywood) 228, 1051–1056.
Rininger, J.A., Kickner, S., Chigurupati, P., McLean, A., Franck, Z., 2000. Immunopharmacological activity of Echinacea preparations following simulated digestion on
murine macrophages and human peripheral blood mononuclear cells. J. Leukoc.
Biol. 68, 503–510.
Romagnani, S., 1992. Induction of Th1 and Th2 responses: a key role for the natural
immune response? Immunol. Today 13, 379–381.
Schoop, R., Büechi, S., Suter, A., 2006a. Open, multicenter study to evaluate the
tolerability and efﬁcacy of Echinaforce Forte tablets in athletes. Adv. Ther. 23,
823–833.
Schoop, R., Klein, P., Suter, A., Johnston, S.L., 2006b. Echinacea in the prevention of
induced rhinovirus colds: a meta-analysis. Clin. Ther. 28, 174–183.
Shah, S.A., Sander, S., White, M., Rinaldi, M., Coleman, C., 2007. Evaluation of Echinacea for the prevention and treatment of the common cold: a meta-analysis.
Lancet Infect. Dis. 7, 473–480.
Sharma, M., Schoop, R., Hudson, J.B., 2008. Induction of Pro-inﬂammatory cytokine
secretion by respiratory viruses and reversal by Echinacea. Phytother. Res. 22,
1–5, doi:10.1002/ptr.2714.
Subauste, M.C., Jacoby, D.B., Richards, S.M., Proud,.D., 1995. Infection of a human
respiratory epithelial cell line with rhinovirus. Induction of cytokine release and
modulation of susceptibility to infection by cytokine exposure. J. Clin. Invest. 96,
549–557.
Terajima, M., Yamaya, M., Sekizawa, K., Okinaga, S., Suzuki, T., Yamada, N., Nakayama,
K., Ohrui, T., Oshima, T., Numazaki, Y., Sasaki, H., 1997. Rhinovirus infection of
primary cultures of human tracheal epithelium: role of ICAM-1 and IL-1beta.
Am. J. Physiol. 273, 749–759.
Teran, L., Johnston, S.L., Schröder, J.M., et al., 1997. Relationship of interleukin-8 to
neutrophil inﬂux in naturally occurring colds in asthmatic children. Am. J. Respir.
Crit. Care Med. 155, 1362–1366.
Woelkart, K., Marth, E., Suter, A., Schoop, R., Raggam, R.B., Koidl, C., Kleinhappl,
B., Bauer, R., 2006. Bioavailability and pharmacokinetics of Echinacea purpurea
preparations and their interaction with the immune system. Int. J. Clin. Pharmacol. Ther. 44, 401–408.
Woelkart, K., Linde, K., Bauer, R., 2008. Echinacea for preventing and treating the
common cold. Planta Med. 74, 633–637.

