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Purple Coneflower (Echinacea purpurea) at a Glance

ORIGIN:
Purple coneflower is Echinacea purpurea. Root extracts, preparations from the fresh plant, fluid extracts and standardised preparations are investigated.
"Echinacea purpurea” therefore does not refer to a uniform preparation, but to extracts from different plant parts.

EVIDENCE BASE:

195 evaluated studies - 41 controlled human studies - 28 observational studies - 18 review articles - 13 animal studies - 17 cell-culture studies
STRONGEST EVIDENCE:

« Prevention: The 2019 systematic review evaluated randomised, placebo-controlled studies; for the prevention of upper-respiratory-tract infections the risk
ratio was 0.78 (95 % Cl 0.68-0.88) *.

« Safety: The 2012 randomised, double-blind, placebo-controlled study in 755 healthy participants over 4 months reported 293 adverse events with
Echinacea and 306 with placebo 22.

Viral infections: In the same study the alcohol extract from freshly harvested Echinacea purpurea reduced the number of cold episodes and inhibited
virally confirmed infections with enveloped viruses (P < 0.05) 28,

« Cold severity: The 2010 randomised controlled study in 719 patients with a newly occurring cold reported mean global severity scores of 264 under
placebo and 236 and 258 in the Echinacea groups °.

« Prevention and treatment: The 2000 review found 16 studies with a total of 3396 participants; some Echinacea preparations may be superior to placebo,
but a quantitative meta-analysis was not possible .

LIMITATIONS:

« The studies differ in species, plant part, preparation and endpoint, from disease incidence through duration to immune markers; this complicates
comparison of results.

« The 2002 randomised, placebo-controlled study in 148 students with an incipient cold found no significant differences between Echinacea and placebo for
any endpoint ',

« The 2015 review reports contradictory adverse effects, ranging from beneficial actions without serious events to abdominal pain, angio-oedema, dyspnoea
and urticaria .

CLASSIFICATION:

Purple coneflower preparations are not uniform but comprise extracts from different plant parts whose tested effects vary according to the preparation.

1. What Purple Coneflower Is

Purple coneflower is a plant genus of which three species appear most frequently in research: Echinacea angustifolia, Echinacea pallida and Echinacea
purpurea. A 2005 review summarises the chemistry, pharmacology and clinical properties of these species. Even the study titles show that “Echinacea”
does not denote a uniform substance but a group of preparations from different species and plant parts. Anyone reading a study must therefore first clarify
which material was tested.

One point is decisive for understanding all studies: the studies use different preparations, different plant parts and different outcome measures. Some of the
controlled studies examine whether a cold can be prevented, others whether it runs a shorter or milder course, and a third group tests laboratory parameters
of the immune system. Studies on safety and absorption are also included: one study compares the influence of several substances, including Echinacea, on
blood levels of digoxin. Anyone wishing to compare results must therefore first ask which preparation, which plant part and which endpoint are meant.

2. What the Studies Show in Detail

The key human studies and the most important reviews — by indication, with population, duration, preparation, outcome measure and result as reported in
the original papers. Numbers appear only where the study states them.

Distribution of controlled human studies by indication — the numbers are not additive because one study may be assigned to several indications:

INDICATION CONTROLLED STUDIES
Immune system 32

Safety and tolerability 23

Viral infections 10

Inflammatory processes 8

Fatigue and stress 4

Musculoskeletal system 2

Absorption and bioavailability 2
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INDICATION CONTROLLED STUDIES

Oncology 1

Immune System

The 2019 systematic review evaluated randomised, double-blind, placebo-controlled studies of Echinacea preparations. For the prevention of upper-
respiratory-tract infections the risk ratio was 0.78 (95 % CI 0.68-0.88); for treatment duration a mean difference of -0.45 days (95 % Cl 1.85-0.94); for
safety a risk ratio of 1.09 (95 % CI 0.95-1.25) “. The authors note clinical heterogeneity as a limitation. The 2000 review found 16 studies with a total of 3396
participants, but could not perform a quantitative meta-analysis because of differing preparations and methodological quality; the results suggested that
some Echinacea preparations might be superior to placebo °.

The 1999 controlled study examined 109 patients with more than three colds in the previous year. They received 4 ml liquid extract from Echinacea purpurea
or placebo juice twice daily for 8 weeks. In the Echinacea group 35 of 54 (65 %) had at least one cold, in the placebo group 40 of 54 (74 %) (RR = 0.88; 95
% C1 0.60-1.22). The average number of colds was 0.78 in the Echinacea group and 0.93 in the placebo group (difference = 0.15; 95 % Cl -0.12-0.41; P =
0.33) ", Infections occurred in 29.3 % of the E. purpurea group (RR 0.80; 95 % CI 0.53-1.31) versus 36.7 % under placebo 2°.

The randomised, double-blind, placebo-controlled study from 2002 in 148 students with an incipient cold tested a capsule mixture of unprocessed
Echinacea purpurea herb (25 %) and root (25 %) as well as E. angustifolia root (50 %). Intake was in 1-g doses six times on the first day and three times on
each subsequent day, for a maximum of 10 days. There were no statistically significant differences between this mixture and placebo in all measured
endpoints. The mean cold duration was 6.01 days in both groups overall, 5.75 days in the placebo group and 6.27 days in the mixture group (difference -0.52
days; 95 % CI -1.09-0.22) '°.

The 2004 study in 282 persons aged 18-65 years with at least two colds in the previous year tested a standardised formulation from freshly harvested
Echinacea purpurea plants with alkamides, cichoric acid and polysaccharides in concentrations of 0.25, 2.5 and 25 mg/ml. Intake began at the first
symptom. The results are not fully reported in the abstract "'. The systematic review from 1994 identified 26 controlled clinical trials (18 randomised, 11
double-blind); 6 examined three different mono-extracts, 20 examined three different preparations with additional ingredients. The authors of the primary
studies claimed that 30 of 34 treatment strategies showed superior efficacy compared with the control groups °.

The 2003 review summarises that Echinacea purpurea extracts showed significant immunomodulatory activities in a series of experiments, with
macrophage activation demonstrated most convincingly. Phagocytosis indices and macrophage-derived cytokine concentrations responded to Echinacea in
various assays. Activation of polymorphonuclear leukocytes and natural killer cells was also shown sufficiently. Changes in the number and activity of T-
and B-cell leukocytes were reported but are less certain. The most robust data come from studies of Echinacea purpurea extracts in acute upper respiratory
tract infections; however, these studies are limited in size and methodological quality *®. The 2018 review analyses the immunomodulatory and anti-
inflammatory activity of Echinacea spp. alongside another plant-derived compound and emphasises phytochemical research as well as new strategies for
obtaining active substances; it therefore covers more than Echinacea *’.

The 2008 study in human dendritic cells examined gene expression after treatment with a butanol fraction from stems and leaves of Echinacea purpurea
([BF/S+L/Ep]). DNA-microarray analyses showed significant upregulation of specific genes for cytokines (IL-8, IL-1beta, IL-18) and chemokines (CXCL 2,
CCL 5, CCL 2) within 4 hours after treatment. Bioinformatic analyses revealed a signal network with activation of adenylate cyclase 8. Proteome analyses
showed increased expression of antioxidants and cytoskeletal proteins after treatment with [BF/S+L/Ep] and cichoric acid *°. The 2008 study in 18 healthy
volunteers examined the effect of Echinacea (267 mg three times daily) on digoxin pharmacokinetics. Echinacea did not significantly affect the digoxin
parameters 6.

The inconsistent results of the treatment studies could be due to different preparations, dosages and extraction methods. The 2004 study
in 282 persons used a standardised formulation with defined contents of alkamides, cichoric acid and polysaccharides, yet the results are not fully
reported in the present abstract ''. What is missing are independent replications with standardised preparations and sufficient statistical power to
measure clinically relevant effects reliably.

Safety and Tolerability

The randomised, double-blind, placebo-controlled study from 1999 in 559 recruited healthy adults examined different dosages and preparations of
Echinacea purpurea for colds. 246 participants caught a cold and took three tablets twice daily of either Echinaforce (Echinacea purpurea preparation from
95 % herb and 5 % root), Echinacea purpurea concentrate (the same preparation in sevenfold higher concentration), a special Echinacea purpurea root
preparation (completely different from Echinaforce) or placebo until they felt well, for a maximum of 7 days. The primary endpoint was the relative reduction
of the symptom index from 12 symptoms according to medical recording. Echinaforce and its concentrate were significantly more effective than the special
Echinacea extract or placebo. All treatments were well tolerated. In the Echinacea groups the frequency of adverse events was not significantly higher than
in the placebo group 2.

The randomised, double-blind, placebo-controlled study from 2012 in 755 healthy persons examined the safety and efficacy of an alcohol extract from
freshly harvested Echinacea purpurea (95 % herb and 5 % root) for the prevention of cold episodes over 4 months. A total of 293 adverse events occurred
under Echinacea and 306 under placebo. Nine and 10 % of participants respectively experienced adverse events that were at least possibly related to the
study medication (adverse drug reactions). The safety of Echinacea was therefore not inferior to placebo. Echinacea reduced the total number of cold
episodes, the cumulative episode days within the group and the episodes treated with analgesics. Echinacea inhibited virally confirmed colds and in
particular prevented infections with enveloped viruses (P < 0.05). The strongest effects were seen in recurrent infections, and the preventive effects
increased with treatment adherence and protocol compliance 28,

The 2015 review reports that clinical studies on adverse effects are contradictory. While some studies showed beneficial effects and no serious adverse
effects, others reported serious adverse effects such as abdominal pain, angioedema, dyspnoea, nausea, pruritus, skin rash, erythema and urticaria *. The
systematic review from 2019 found a risk ratio of 1.09 (95 % CI 0.95-1.25) for safety .
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The reported adverse effects come from different preparations and study populations, so the tolerability of individual preparations is not
directly comparable. What is missing are systematic surveys of adverse events with uniform criteria and sufficient case numbers to capture rare or
delayed reactions.

Inflammatory Processes

The randomised controlled study from 2010 in 719 patients aged 12 to 80 years with a newly occurring cold compared four groups: no pills, placebo pills
(blinded), Echinacea pills (blinded) and Echinacea pills (unblinded, open). The Echinacea groups received the equivalent of 10.2 g dried Echinacea root
during the first 24 hours and 5.1 g each on the following 4 days. The primary endpoint was the area under the curve for global severity, measured twice daily
with the Wisconsin Upper Respiratory Symptom Survey (short version). Secondary endpoints included interleukin-8 levels and neutrophil counts from nasal
lavages, determined at admission and 2 days later. Mean global severity was 236 and 258 for the blinded and unblinded Echinacea groups, 264 for the
placebo group and 286 for the no-pill group °.

The randomised crossover study from 2006 in 10 volunteers (8 test persons, 2 placebo) examined the bioavailability of alkamides from liquid and tablet
preparations of Echinacea purpurea (Echinaforce) and the effect on ex-vivo stimulated blood cells. Participants received either 4 ml of the standardised
Echinacea purpurea tincture or 12 tablets or placebo. Both doses contained the same amount (0.07 mg) of the main alkamides dodeca-2E,4E,8Z,10E/Z-
tetraenoic acid isobutylamides. The mean Cmax of the alkamides after oral administration of the tincture occurred after 30 minutes (0.40 ng/ml serum), that
of the tablets after 45 minutes with a Cmax of 0.12 ng/ml. Ex-vivo stimulation of the blood with LPS showed that both Echinacea purpurea preparations had
the same effect 23,

The 2003 review, which considers Echinacea and its preparations as a whole, states that extracts showed significant immunomodulatory activities in a
series of experiments, with macrophage activation demonstrated most convincingly. Despite these cellular indications of immune stimulation, pathways to
increased resistance to infectious diseases were not sufficiently described *°.

The observed immunological changes are predominantly laboratory-based and cannot readily be transferred to clinical endpoints such as
symptom duration or severity. What is missing are studies that bridge the gap between cellular and molecular effects and patient-relevant outcomes.

Viral Infections

The randomised, double-blind, placebo-controlled study from 2012 in 755 healthy persons examined the prevention of cold episodes over 4 months with an
alcohol extract from freshly harvested Echinacea purpurea (95 % herb and 5 % root). Participants documented adverse events and rated cold-related
complaints in a diary. Nasal secretions were collected during acute colds and examined for viruses.

The randomised, double-blind, placebo-controlled study from 2004 in 48 previously healthy adults examined the ability of Echinacea purpurea to prevent
infection with rhinovirus type 39 (RV-39). Participants received either Echinacea or placebo, 2.5 ml three times daily, for 7 days before and 7 days after
intranasal inoculation with RV-39. Symptoms were recorded to assess clinical illness; virus culture and serological examinations served to detect rhinovirus
infection. 92 % of Echinacea recipients and 95 % of placebo recipients were infected. Administration of Echinacea before and after exposure did not reduce
the infection rate; however, because of the small sample the statistical hypothesis test had relatively low power to detect statistically significant differences
in frequency and severity of illness °.

The randomised, double-blind, double-dummy, multicentre non-inferiority study from 2015 compared a new Echinacea formulation with the neuraminidase
inhibitor oseltamivir in 473 patients with early influenza symptoms (<48 hours) in primary care in the Czech Republic. Patients received either 5 days of
oseltamivir followed by 5 days of placebo or 10 days of an Echinacea purpurea-based formulation called Echinaforce Hotdrink. The proportion of recovered
patients (influenza symptoms rated as absent or mild in the evening) was analysed for non-inferiority between the treatment groups. Recovery was
comparable: 1.5 % versus 4.1 % after 1day, 50.2 % versus 48.8 % after 5 days and 90.1 % versus 84.8 % after 10 days of treatment with Echinaforce
Hotdrink versus oseltamivir. Non-inferiority was shown for each day and overall (95 % CI 0.487-0.5265 in the generalised Wilcoxon test) 2.

The controlled study from 2005 in 437 volunteers examined three different extracts from Echinacea angustifolia roots, a different species from Echinacea
purpurea (obtained with supercritical carbon dioxide, 60 % ethanol or 20 % ethanol), in rhinovirus infection. Participants received either prophylaxis
(beginning 7 days before virus exposure) or treatment (beginning at the time of exposure) with one of the extracts or placebo. The results of 399 volunteers
who were inoculated with rhinovirus type 39 and observed for 5 days in an isolated environment were included in the analysis. There were no statistically
significant effects of the three extracts on infection rates or symptom severity. Likewise, no significant effects were shown on the volume of nasal
secretions, on polymorphonuclear leukocytes or interleukin-8 concentrations in nasal lavage samples or on quantitative virus titre. These findings cannot
establish effects of Echinacea purpurea 2.

The in-vitro study from 2020 examined the virucidal and antiviral effect of Echinaforce®, an Echinacea purpurea preparation, against human coronavirus
229E, MERS- and SARS-CoV as well as SARS-CoV-2. The authors found that HCoV-229E was irreversibly inactivated when exposed to Echinaforce® at an
IC50 of 3.2 ug/ml. However, pretreatment of cell lines did not inhibit infection with HCoV-229E, and treatment after infection also showed no effect. The
study also examined the protection of reconstituted nasal epithelium **. These findings are preclinical; an effect in humans has not been investigated.

The laboratory markers included interleukin-8, nasal neutrophil count, mucus weight, virus titre and seroconversion. The questionnaires included the SF-8,
the eight-item Jackson Cold Scale and the 44-item Wisconsin Upper Respiratory Symptom Survey (WURSS). Statistically significant associations were
found between almost all variables. The correlations between the questionnaires were: WURSS-Jackson = 0.81; WURSS-SF-8 = 0.62; Jackson-SF-8 = 0.60.
The correlations with laboratory values were: WURSS-mucus weight = 0.53; Jackson-mucus weight = 0.55; WURSS-virus titre = 0.37; Jackson-virus titre =
0.46; WURSS-IL-8 = 0.31; Jackson-IL-8 = 0.36; WURSS-PMN = 0.31; Jackson-PMN = 0.28. Neither WURSS nor Jackson provided satisfactory cut-off values
for the diagnosis of infection .

The heterogeneous results of the viral studies reflect different viral pathogens, transmission routes and endpoints. What is missing are
studies that systematically examine the transferability of in-vitro findings to the clinical situation in humans and test efficacy against specific viruses in
controlled infection models with sufficient power.
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Further Investigations

The randomised, double-blind, placebo-controlled study from 2001 in 80 adult patients with first signs of a cold examined Echinaceae purpureae herba
(Echinacin, EC31J0). The primary endpoint was the number of illness days with a complete cold picture (defined by a modified Jackson score of at least 5
points and rhinorrhoea and/or subjective cold feeling). In the verum group the median illness duration was 6.0 days versus 9.0 days in the placebo group,
with time set to zero for patients without a complete picture (one-sided p = 0.0112). EC31J0 was well tolerated and showed faster symptom relief compared
with placebo 2°.

The structured review article from 2005 identified 322 articles on Echinacea and colds, including 9 placebo-controlled clinical studies. Eleven characteristics
of the experimental design were used for evaluation: validated case definition, quantifiable hypothesis, sample size calculation, randomised allocation,
double-blinding, verification of blinding, measurement of compliance, measurement of drop-out rate, intention-to-treat analysis, description of analysis
methods and measurement of probability. Of the 9 studies, 2 fulfilled all 11 criteria; both were judged negative by the authors. Of the remaining 7 studies, 6
were rated positive and 1 negative. The most frequently unfulfilled criterion was the verification of blinding *'.

The review article from 2015 addresses the clinical question of whether Echinacea products are associated with reduced incidence and shorter duration of
colds compared with placebo. Individual prophylaxis studies show no association with prevention of colds, but an exploratory meta-analysis suggests that
Echinacea products may be associated with a small reduction in cold incidence. In treatment studies, no association was found between Echinacea products
and shorter cold duration “°.

The differing results of the review articles may be related to the selection of included studies and the assessment of methodological
quality. What is missing are large, methodologically rigorous studies with uniform endpoints and standardised preparations that permit a robust statement
on clinical efficacy.

Absorption and Bioavailability

Participants received lopinavir 400 mg-ritonavir 100 mg twice daily with meals for 29.5 days. On day 16 they received Echinacea purpurea 500 mg three
times daily for 28 days: 14 days in combination with lopinavir-ritonavir and 14 days of Echinacea purpurea alone. To assess CYP3A and P-glycoprotein
activity, participants received single doses of midazolam 8 mg and fexofenadine 120 mg before and after the 28 days of Echinacea. On days 15 and 30 of
lopinavir-ritonavir administration, blood samples were collected over 12 hours. Neither lopinavir nor ritonavir pharmacokinetics were significantly altered by
the 14-day Echinacea administration. The post- to pre-Echinacea ratio showed significant induction of CYP3A activity 2°.

The small number of participants and the open design of the 2010 study limit the conclusiveness regarding the clinical relevance of CYP3A
induction. What is missing are studies with larger samples and blinded design that systematically capture the interaction potential of Echinacea with other
medicinal products.

Cognition and Psyche

The review article from 2001 examined the methodological quality of 207 randomised controlled trials from five earlier systematic reviews on homeopathy,
herbal medicinal products (Hypericum in depression, Echinacea in colds) and acupuncture (in asthma and chronic headache). Quality was assessed using
the validated Jadad scale and individual quality characteristics. Methodological quality was highly variable; the majority had important deficiencies in
reporting and/or methodology. The main problems in most studies were the description of allocation concealment and the reporting of drop-outs and
withdrawals. There were relevant differences in individual quality components between the therapy forms: acupuncture studies less frequently reported
adequate allocation concealment (6 % versus 32 % for homeopathy and 26 % for herbal studies), and studies on herbal extracts had better overall scores
(mean score 3.12 versus 2.33 for homeopathy and 2.19 for acupuncture). Larger studies published in shorter form in MEDLINE-listed and English-language
journals achieved significantly higher values 8. This review covers many agents and therapy forms, not only Echinacea.

The methodological weaknesses affect the entire research landscape on the investigated therapy forms, including Echinacea, and
complicate the interpretation of results. What is missing are studies with improved reporting, particularly regarding blinding and the handling of study
withdrawals, to increase the reliability of the results.

Overall Picture

Across all areas, a mixed picture emerges. The systematic review article from 2019 with meta-analyses on prevention, duration and safety found a risk ratio
of 0.78 (95 % CI 0.68-0.88) for prevention, a mean difference of -0.45 days (95 % CI 1.85-0.94) for treatment duration and a risk ratio of 1.09 (95 % CI 0.95-
1.25) for safety “. The review article from 2000 with 16 studies and 3396 participants was unable to perform a quantitative meta-analysis due to
heterogeneity, but found indications of possible superiority of some preparations °. The review article from 2015 concluded that individual prophylaxis
studies show no association with prevention, yet an exploratory meta-analysis suggests a small reduction in incidence, while treatment studies found no
shorter duration “°.

The clinical studies on Echinacea in colds differ considerably in preparation, dosage, duration and endpoints. The 2010 study in 719 patients showed only
minor differences in global severity °. The transferability of in-vitro findings to the clinical situation is unclear, and the safety studies predominantly report
good tolerability, but also isolated serious adverse effects *3. What is missing are large, independent studies with standardised preparations and uniform,
clinically relevant endpoints that could resolve the heterogeneity of previous results.

Methodology of the research situation

The studies on Echinacea include randomised, double-blind, placebo-controlled designs, open and crossover studies as well as systematic reviews and
meta-analyses. Typical study durations range from 7 days in acute infections to 4 months in prevention studies. Endpoints vary widely: self-reported
symptom duration and severity, physician-assessed complaint indices, virological confirmation, laboratory parameters such as interleukin-8, neutrophil
counts and alkamide bioavailability. Participant numbers range from 10 in pharmacokinetic studies to 755 in large prevention studies. Frequent methodological
limitations include inadequate description of allocation concealment, missing data on drop-outs and lack of verification of blinding; the review behind that
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assessment covers homeopathy, herbal medicines and acupuncture, not Echinacea alone 3¢ 3!

. What is systematically missing are studies with standardised
preparations, uniform endpoints and sufficient statistical power to reliably measure clinically relevant effects, as well as independent replications of promising

findings.

Not whether coneflower works, but which one

The most common question directed at the research situation is whether coneflower shortens colds. The studies only appear to answer it. One part examines
the frequency of infections, one part the duration, one part the severity, one part experimentally induced rhinoviruses. Some investigate root extracts, others
fresh-plant preparations, others standardised preparations. Anyone who lumps these results together averages across different substances. The review

articles from 2000 and 2003 precisely reflect this difficulty.
HYPOTHESIS:

Part of the inconsistent findings arises from the diversity of preparations and not from coneflower as such.

A second point concerns transferability. Many studies work with experimentally induced rhinoviruses in healthy adults. This is a controlled model, but not the

natural cold in everyday life. Other studies examine children or adults with an already existing illness.
PLAUSIBLE:

A model cannot be directly extrapolated to the other context. In addition, some of the studies examine not Echinacea purpurea but Echinacea angustifolia.
The question of which preparation was tested in which situation must therefore be posed anew for every individual statement.

3. How Reliable the Research Is

The research is broadly distributed. The largest block consists of controlled human studies; observational studies, mechanistic reviews, cell-culture and
animal studies are also present. Within the controlled studies, the immune system dominates, closely followed by safety. Antiviral questions, inflammation
and exhaustion are represented far less frequently; the musculoskeletal system, bioavailability and oncology appear only marginally. Plausible: Safety is
investigated almost as frequently as efficacy. The field therefore does not examine its tolerability incidentally, but as a separate focus.

Methodologically, the field is better positioned than many expect. There are randomised, double-blind and placebo-controlled studies, a systematic review
of controlled studies already from 1994 and several critical review articles. The weakness does not lie in the number of studies, but in their comparability:
different species, plant parts and preparations, different endpoints from disease frequency through duration to immune markers, and different populations
from children to experimentally infected adults. A 2001 study explicitly addresses the methodological quality of randomised studies in this area. What is
missing are studies that repeat the same preparation with the same endpoints.

4. What Is Frequently Claimed — and What the Data Provide

STATEMENT RESEARCH SITUATION

Coneflower This was tested in several controlled studies, but with different preparations and endpoints. The titles list duration, severity and frequency separately; a uniform 1
shortens a
cold

Coneflower Own studies are available on this, including on root extracts and on experimental rhinoviruses. They investigate prevention as a separate endpoint, not treatment
prevents
colds

Coneflower A study examines the influence of several substances on digoxin blood levels. It compares substances; a statement about Echinacea alone cannot be derived frc
can be

combined

arbitrarily

Purple Safety is a separate, frequently investigated focus. The studies examine tolerability as its own endpoint, not merely as a by-product of efficacy testing.
coneflower

is well

tolerated

5. Profile: Molecule and Charge

Purple coneflower (Echinacea purpurea) is not a single molecule but a mixture — there is no molecular formula and no fixed molecular mass. What can be
described are functional groups, charge behaviour and redox properties; that is exactly what the next section covers.
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6. Interactions with Other Substances

With which other substances on the platform this substance has been jointly investigated or discussed in human studies and systematic reviews —
combination, comparison or shared mechanism of action. The number indicates works in which both appear.

SUBSTANCE SHARED WORKS OF WHICH CONTROLLED IN HUMANS
Acceptance and Commitment Therapy (ACT) 37 12
Chronic Inflammation 23 8
Art Therapy 13 4
Vitamin C 12 5
Zinc n 3
Saw Palmetto (Serenoa repens) n 1
Adaptogens 9 3
High-Intensity Interval Training (HIIT) 9 6
Turmeric and Curcumin 7 1
Homeopathy 5 2

A randomised single-dose crossover study with ten volunteers compared the bioavailability of alkamides from liquid and tablet preparations of E. purpurea;
another study examined bioavailability and pharmacokinetics 23. Observations on concomitant administration: The pharmacokinetics of lopinavir and
ritonavir remained unchanged after 14 days of co-administration of E. purpurea 500 mg three times daily 2°, 2°. For darunavir the geometric mean ratios with
Echinacea versus alone were 0.84 (90 % CI 0.63-1.12) for the concentration at the end of the dosing interval, 0.90 (90 % CI 0.74-1.10) for the area under the
curve from 0 to 12 hours and 0.98 (90 % CI 0.82-1.16) for the maximum concentration 2°.

For nutrients a controlled study showed: Echinacea purpurea together with zinc, selenium and vitamin C alleviated exacerbation symptoms after upper
respiratory tract infections in COPD; the combination, not Echinacea alone, produced shorter and less severe episodes versus placebo, suggesting a
synergistic effect 4. No effect of the single substance can be inferred from combination data. For enzymes the literature describes E. purpurea as an
inducer of CYP3A4 in vitro and in humans, investigated via the pharmacokinetics of docetaxel 2. It remains to be clarified which CYP enzymes and transport
proteins change measurably in humans under E. purpurea.

7. Overdose, Tolerability, Limits

All data on adverse effects come from controlled human studies. In one study in children aged 2 to 11 years rash occurred during 7.1 % of Echinacea-treated
infections and 2.7 % of placebo-treated infections (P = .008); the overall rate of reported adverse events did not differ between the groups °.

In children 76 events were reported under Echinacea and 105 under vitamin C (p = 0.016), only three of which were possibly related to Echinacea '*; the
extract EC31J0 was considered well tolerated 2°. It remains to be clarified at which dose and over which duration of use adverse effects occur more
frequently and for which population groups use is not appropriate.

8. The Most Robust Works

Ordered by strength of evidence, not by familiarity: systematic reviews and studies with many participants first. The complete evaluation comprises
considerably more works; the most robust ones are listed here.

Controlled Human Studies

- TEfficacy and safety of Echinacea purpurea in treating upper respiratory infections and complications of otitis media in children: Systematic review ...
(2025) — Systematic review, 1.651 participants

- 2 Efficacy and Safety of Echinacea purpurea in Treating Upper Respiratory Infections and Complications of Otitis Media in Children: Systematic Review ...
(2025) — Systematic review, 1.651 participants

% Immunomodulation with echinacea - a systematic review of controlled clinical trials (1994) — Systematic review

« “Echinacea for the prevention and treatment of upper respiratory tract infections: A systematic review and meta-analysis (2019) — Systematic review
- 5 Echinacea for treating the common cold: a randomized trial (2010) — 719 participants

- 5 Echinacea for preventing and treating the common cold (2000) — 3.396 participants

« 7 Rationale and methods for a trial assessing placebo, echinacea, and doctor-patient interaction in the common cold (2007) — 720 participants

- 8 Echinacea purpurea for prevention of upper respiratory tract infections in children (2005) — 524 participants

- 9 Efficacy and safety of echinacea in treating upper respiratory tract infections in children: a randomized controlled trial (2003) — 407 participants
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INTERNATIONAL HEALTH RESEARCH Purple Coneflower (Echinacea Purpurea)

= 1 A randomized controlled trial of the effect of fluid extract of Echinacea purpurea on the incidence and severity of colds and respiratory infections
(1999) — 109 participants

« " Efficacy of a standardised echinacea preparation (Echinilin) for the treatment of the common cold: a randomized, double-blind, placebo-controlled ...
(2004) — 282 participants

« 12 Effect of an Echinacea-Based Hot Drink Versus Oseltamivir in Influenza Treatment: A Randomized, Double-Blind, Double-Dummy, Multicentre ... (2015)
— 473 participants

- '3 Echinacea reduces antibiotic usage in children through respiratory tract infection prevention: a randomized, blinded, controlled clinical trial (2021) —
103 participants

« Placebo effects and the common cold: a randomized controlled trial (2011) — 120 participants

« Efficacy and safety of a fixed combination phytomedicine in the treatment of the common cold (acute viral respiratory tract infection): results of a ...
(1999) — 263 participants

« % Echinacea/sage or chlorhexidine/lidocaine for treating acute sore throats: a randomized double-blind trial (2009) — 154 participants

« ' Randomised, double blind, placebo-controlled trial of echinacea supplementation in air travellers (2012) — 175 participants

- '8 Novel Echinacea formulations for the treatment of acute respiratory tract infections in adults-A randomized blinded controlled trial (2023) — 246
participants

« 7 Evaluating the Efficacy and Safety of EZC Pak, a 5-Day Combination Echinacea-Zinc-Vitamin C Dose Pack with or without Vitamin D, in the
Management of ... (2023) — 360 participants

- '8 Gauging the clinical significance of P-glycoprotein-mediated herb-drug interactions: comparative effects of St. John's wort, Echinacea ... (2008)

« '° Treatment of the common cold with unrefined echinacea. A randomized, double-blind, placebo-controlled trial (2002)

« 20 Echinacea root extracts for the prevention of upper respiratory tract infections: a double-blind, placebo-controlled randomized trial (1998) — 18
participants

- 2" Echinaforce and other Echinacea fresh plant preparations in the treatment of the common cold. A randomized, placebo controlled, double-blind clinical
... (1999)

+ 22 Echinacea purpurea therapy for the treatment of the common cold: a randomized, double-blind, placebo-controlled clinical trial (2004)

9. Summary

Safety is investigated in this field almost as frequently as efficacy; the field examines its tolerability as a separate focus. The systematic
review from 2019 evaluated randomised, double-blind, placebo-controlled studies on Echinacea preparations and found a risk ratio of 0,78 (95% CI 0,68-
0,88) for the prevention of upper respiratory tract infections and a risk ratio of 1,09 (95% CI 0,95-1,25) for safety *; the authors point to clinical
heterogeneity as a limitation. The 2012 study on 755 healthy individuals over 4 months reports 293 adverse events under Echinacea versus 306 under
placebo and does not show inferiority in safety 2.

Echinacea purpurea extracts showed immunomodulatory activities in a series of experiments; the most convincingly demonstrated is
macrophage activation, activation of polymorphonuclear leukocytes and natural killer cells was also sufficiently shown, while changes in number and
activity of T- and B-cell leukocytes are less certain *°. These findings are predominantly laboratory-based and thus preclinical. It follows that a result
remains initially tied to the tested preparation, the plant part and the endpoint.

A study that repeats the same preparation with the same endpoints would need to clarify whether the reduction in upper respiratory tract infections reported
in the 2019 review is confirmed for a standardised preparation. The 2004 study on 282 persons used a standardised formulation from freshly harvested
Echinacea purpurea plants with defined contents of alkamides, cichoric acid and polysaccharides ". Likewise, systematic surveys of adverse events with
uniform criteria and sufficient case numbers are an open question to capture rare or delayed reactions. Also open is bridging the gap between cellular and
molecular effects and patient-relevant outcomes such as symptom duration or severity.

10. What Remains Open

« Preparation: Which preparation from which plant part was tested in which study, and can the results be transferred to the same preparation?
« Endpoint: Which endpoint decides — frequency, duration or severity of the disease — and how are they measured uniformly?

« Transfer: How well can the model of experimental rhinovirus infection be transferred to natural colds in everyday life?

11. Further Paths

Topics, mechanisms of action and chains in which this substance occurs — for all those who want to look beyond the substance.

« Interaction network
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INTERNATIONAL HEALTH RESEARCH Purple Coneflower (Echinacea Purpurea)

Frequently Asked Questions

Which preparation of purple coneflower is tested in the studies?

Very different ones. The study titles mention root extracts, fluid extracts, preparations from the fresh plant and standardised preparations, as well as
different species. A single preparation therefore cannot be described as the tested form. For the evaluation of a study, it is first necessary to clarify
which material was used.

Are the studies in humans controlled?

A large part yes: randomised, double-blind and placebo-controlled. In addition, there are observational studies and a number of review articles. The
controlled studies predominantly examine the immune system and safety, as well as antiviral and inflammatory questions.

What is known about children?

One controlled study examines the treatment of upper respiratory tract infections in children. Whether its results can be transferred to other age
groups is an open question. Children do not form a separate focus in the research on purple coneflower.
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Efficacy and safety of Echinacea purpurea in treating upper respiratory infections and
complications of otitis media in children: Systematic review and meta-analysis
Pham TP, Vu TM, Doan PM, Nguyen TT, Bui TT, Ha TH et al. - 2025

Efficacy and Safety of Echinacea purpurea in Treating Upper Respiratory Infections and
Complications of Otitis Media in Children: Systematic Review and Meta-Analysis

Pham T, Vu T, Doan P, Nguyen T, Bui T, Ha T et al. - 2025

Immunomodulation with echinacea - a systematic review of controlled clinical trials
Melchart D, Linde K, Worku F, Bauer R, Wagner H - 1994

Echinacea for the prevention and treatment of upper respiratory tract infections: A systematic
review and meta-analysis
David S, Cunningham R - 2019

Echinacea for treating the common cold: a randomized trial
Barrett B, Brown R, Rakel D, Mundt M, Bone K, Barlow S et al. - 2010

Echinacea for preventing and treating the common cold

Melchart D, Linde K, Fischer P, Kaesmayr J - 2000

Rationale and methods for a trial assessing placebo, echinacea, and doctor-patient
interaction in the common cold

Barrett B, Rakel D, Chewning B, Marchand L, Rabago D, Brown R et al. - 2007

Echinacea purpurea for prevention of upper respiratory tract infections in children
Weber W, Taylor JA, Stoep AV, Weiss NS, Standish LJ, Calabrese C - 2005

Efficacy and safety of echinacea in treating upper respiratory tract infections in children: a
randomized controlled trial
Taylor JA, Weber W, Standish L, Quinn H, Goesling J, McGann M et al. - 2003

A randomized controlled trial of the effect of fluid extract of Echinacea purpurea on the
incidence and severity of colds and respiratory infections
Grimm W, Miiller HH - 1999

Efficacy of a standardized echinacea preparation (Echinilin) for the treatment of the common
cold: a randomized, double-blind, placebo-controlled trial

Goel V, Lovlin R, Barton R, Lyon MR, Bauer R, Lee TD et al. - 2004

Effect of an Echinacea-Based Hot Drink Versus Oseltamivir in Influenza Treatment: A
Randomized, Double-Blind, Double-Dummy, Multicenter, Noninferiority Clinical Trial

Raus K, Pleschka S, Klein P, Schoop R, Fisher P - 2015

Echinacea reduces antibiotic usage in children through respiratory tract infection prevention:
arandomized, blinded, controlled clinical trial

QOgal M, Johnston SL, Klein P, Schoop R - 2021

Echinacea/sage or chlorhexidine/lidocaine for treating acute sore throats: a randomized
double-blind trial
Schapowal A, Berger D, Klein P, Suter A - 2009

Randomised, double blind, placebo-controlled trial of echinacea supplementation in air
travellers
Tiralongo E, Lea RA, Wee SS, Hanna MM, Griffiths LR - 2012

Novel Echinacea formulations for the treatment of acute respiratory tract infections in adults-
A randomized blinded controlled trial
Sumer J, Keckeis K, Scanferla G, Frischknecht M, Notter J, Steffen A et al. - 2023

Evaluating the Efficacy and Safety of EZC Pak, a 5-Day Combination Echinacea-Zinc-Vitamin
C Dose Pack with or without Vitamin D, in the Management of Outpatient Upper Respiratory
Infections

Radhakrishnan A, Spencer S, Yanamala N, Malepati S - 2023

Gauging the clinical significance of P-glycoprotein-mediated herb-drug interactions:
comparative effects of St. John's wort, Echinacea, clarithromycin, and rifampin on digoxin
pharmacokinetics

Gurley BJ, Swain A, Williams DK, Barone G, Battu SK - 2008

Treatment of the common cold with unrefined echinacea. A randomized, double-blind,

placebo-controlled trial
Barrett BP, Brown RL, Locken K, Maberry R, Bobula JA, D'Alessio D - 2002
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Purple Coneflower (Echinacea Purpurea)

Echinacea root extracts for the prevention of upper respiratory tract infections: a double-
blind, placebo-controlled randomized trial
Melchart D, Walther E, Linde K, Brandmaier R, Lersch C - 1998

Echinaforce and other Echinacea fresh plant preparations in the treatment of the common
cold. A randomized, placebo controlled, double-blind clinical trial
Brinkeborn RM, Shah DV, Degenring FH - 1999

Echinacea purpurea therapy for the treatment of the common cold: a randomized, double-
blind, placebo-controlled clinical trial
Yale SH, Liu K - 2004

Bioavailability and pharmacokinetics of Echinacea purpurea preparations and their
interaction with the immune system....
- 2006

EP+, but not EP resulted in significantly less severe and shorter exacerbation episodes
following URTI as compared with ...
-20M

On day 16, subjects received E. purpurea 500 mg 3 times/day for 28 days: 14 days in
combination with lopinavir-ritonavir...
- 2010

The GMR for darunavir coadministered with echinacea relative to that for darunavir alone was
0.84 (90% Cl, 0.63-1.12) fo...
-20m

The effect of Echinacea purpurea on the pharmacokinetics of docetaxel. Aims The herbal
medicine Echinacea purpur...
- 2013

Nine and 10% of participants experienced adverse events, which were at least possibly
related to the study drug (adverse...
- 2012

EC31J0 was well tolerated and clinically effective in alleviating symptoms more rapidly than
placebo in patients with a ...
- 2001

Echinacea purpurea for prevention of experimental rhinovirus colds
Sperber SJ, Shah LP, Gilbert RD, Ritchey TW, Monto AS - 2004

Treatment of the common cold with echinacea: a structured review

Caruso TJ, Gwaltney JM - 2005

An evaluation of Echinacea angustifolia in experimental rhinovirus infections
Turner RB, Bauer R, Woelkart K, Hulsey TC, Gangemi JD - 2005

Echinacea purpurea: Pharmacology, phytochemistry and analysis methods
Manayi A, Vazirian M, Saeidnia S - 2015

In vitro virucidal activity of Echinaforce®, an Echinacea purpurea preparation, against
coronaviruses, including common cold coronavirus 229E and SARS-CoV-2
Signer J, Jonsdottir HR, Albrich WC, Strasser M, Ziist R, Ryter S et al. - 2020

Relations among questionnaire and laboratory measures of rhinovirus infection
Barrett B, Brown R, Voland R, Maberry R, Turner R - 2006

Medicinal properties of Echinacea: a critical review
Barrett B - 2003

Immunomodulators Inspired by Nature: A Review on Curcumin and Echinacea
Catanzaro M, Corsini E, Rosini M, Racchi M, Lanni C - 2018

The methodological quality of randomized controlled trials of homeopathy, herbal medicines
and acupuncture

Linde K, Jonas WB, Melchart D, Willich S - 2001

Genomics and proteomics of immune modulatory effects of a butanol fraction of echinacea
purpurea in human dendritic cells

Wang CY, Staniforth V, Chiao MT, Hou CC, Wu HM, Yeh KC et al. - 2008

Echinacea for preventing and treating the common cold

Karsch-Volk M, Barrett B, Linde K - 2015

Research, put in context. Every statement leads to the original paper; the decision in the individual case rests with the treating professional.
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