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Abstract
Echinacea spp. phytomedicines are popular for treating upper respiratory infections. The purpose of
this investigation was to examine the immunomodulatory properties of Echinacea tinctures from
seven species after being stored at −20°C for 2 years. Two experimental techniques were employed
using human peripheral blood mononuclear cells (PBMC). In the first set of experiments, PBMCs
were stimulated in vitro with tinctures alone and assayed for proliferation and production of
interleukin-10 (IL-10), IL-12, and tumor necrosis factor-α (TNF-α). In the second set of experiments,
subjects were immunized with influenza vaccine. PBMCs from vaccinated individuals were
stimulated in vitro with Echinacea tinctures and influenza virus; cytokine production (IL-2, IL-10,
and interferon-γ [IFN-γ]) was compared prevaccination and postvaccination. In the first experiments,
(1) tinctures from E. angustifolia, E. pallida, E. paradoxa, and E. tennesseensis stimulated
proliferation and tended to increase IL-10, (2) E. sanguinea and E. simulata stimulated only
proliferation, (3) E. purpurea stimulated only IL-10, and (4) none of the extracts influenced IL-12
or TNF-α. In the second experiments, (1) tinctures from E. pallida, E. paradoxa, E. sanguinea, and
E. simulata diminished influenza-specific IL-2, and (2) none of the extracts influenced influenza-
specific IL-10 or IFN-γ. For in vitro models using Echinacea, immune response may vary based on
stimulus (Echinacea alone vs. Echinacea + recall stimulation with virus).

INTRODUCTION
Herbal remedies (phytomedicines) and supplements made from plants of the genus
Echinacea are becoming increasingly popular.1 Known in vernacular as coneflowers, this
group of plants has been used to treat upper respiratory infections caused by rhinoviruses or
other cold viruses or influenza viruses.1,2 Other medicinal benefits have been attributed to
Echinacea, including anti-inflammatory3,4 and wound-healing5 properties.

The scientific literature regarding the efficacy of Echinacea in the context of upper respiratory
infection is conflicting, some supporting6,7 and others refuting8,9 its efficacy. Discrepancies
among scientific reports may be attributable to many factors. Studies differ in the plant species
used, type of extract made (including commercially prepared vs. laboratory prepared), and
precise method of extraction. Three species (E. angustifolia, E. pallida, and E. purpurea) are
used most widely1; however, it has been demonstrated that several other species in the genus
also harbor medicinal activities.10,11 Differences in subject demographics (e.g., age) and
experimental protocols may also yield different results.
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Although variables, such as species used, type of extract, method of extraction, and subject
demographics, are frequently detailed in scientific reports, other unreported factors may also
explain inconsistencies between studies. One such factor may be extract storage conditions.
For example, rarely do scientific reports state at what temperature or for how long their
Echinacea extracts are stored before or during use. In a previous publication,10 we prepared
Echinacea root tinctures and infusions using methods similar to those employed by lay
herbalists and demonstrated that these extracts, when stored for 4 days at 4°C, changed in their
immunomodulatory properties.

In the present investigation, we tested aliquots from the same stock tinctures10 after 2 years
storage at −20°C for their abilities to modulate peripheral blood mononuclear cell (PBMC)
proliferation and cytokine production. To our knowledge, no study has yet documented the
effects of such storage on changes in Echinacea extract immunomodulatory activity, yet
research laboratories typically freeze and reuse extracts over months or years. We expected
that these extracts would show diminished immunomodulatory properties after storage
compared with when they were tested fresh but that these properties might be altered when an
antigen (influenza virus) was cocultured with the cells of immunized donors. Immune
parameters were selected according to their potential importance in the immune response to
viral infection. The proliferation of lymphocytes in response to pathogen is an important
component of the adaptive immune response, as expansions of such lymphocytes as T cells is
essential to combat infection. Tumor necrosis factor-α (TNF-α) is a cytokine that promotes an
inflammatory response, which in the context of viral infection may be deleterious to the
pathogen. However, excessive or prolonged levels of TNF-α may contribute to certain disease
states, such as the pathology of influenza infection12 or chronic inflammatory conditions.13–
15 In contrast to TNF-α, interleukin-10 (IL-10) is associated with anti-inflammatory activities.
During viral infection, upregulation of IL-10 may lead to faster quelling of the inflammatory
response, in turn leading to faster symptoms resolution.16 IL-12 has the ability to stimulate
CD8+ T cell (cytotoxic T cell) responses; as CD8+ T cells can directly attack virally infected
cells, augmentation of IL-12 may lead to enhanced viral clearance. IL-2 is relevant in the
context of viral infection, as it enhances T helper (Th) cell function and is thus a potential key
player in the adaptive immune response. Finally, unique among the cytokines in this paper,
interferon-γ (IFN-γ) has direct antiviral activity and is also important in activating the cytotoxic
lymphocyte response.

MATERIALS AND METHODS
Plant material, extraction procedure, and extract storage conditions

Three-year-old plant specimens grown from seed in outdoor fields were obtained from the
USDA North Central Regional Plant Introduction Station (Ames, IA) in October 2003. Seven
species were harvested: E. angustifolia var. angustifolia Ames 24994 (ANG), E. pallida PI
631256 (PAL), E. paradoxa var. paradoxa PI 633664 (PAR), E. purpurea (unknown
parentage) (PUR), E. sanguinea Ames 23879 (SAN), E. simulata PI 631251 (SIM), and E.
tennesseensis PI 631250 (TEN). Voucher specimens for each plant used have been filed in the
Ada Hayden Herbarium, Iowa State University (Ames, IA: ISC 435974–435980). Seven
separate tinctures were made for each species by dicing root material and combining it with a
50% ethanol/50% water solvent at a ratio of 1 part plant/9 parts solvent within 2.5 h after harvest
and incubating for 20 min at ambient temperature before filtering to remove particulate matter.
10 Tinctures were stored in scintillation vials containing ambient air and remained undisturbed
at −20°C for 24 months. Phytochemical profiling of these species has been published
elsewhere.17 Briefly, ANG, PUR, and SAN had the highest concentration and greatest
diversity of amides, PAL and TEN had few amides, and no amides were detected from PAR
and SIM. Ketones were present in PAL, PAR, and SIM but were absent in others; and caffeic
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acid derivatives were represented in all species, although molecules and quantities varied by
species. Extracts were diluted 1:12.5 in AIM-V medium (GIBCO/Invitrogen, Carlsbad, CA)
immediately prior to use.

Subject recruitment and immunization protocol
Human subject protocols were filed and approved by the Institutional Review Board for Human
Subjects. Our inclusion criteria were that subjects had to be healthy and aged between 19 and
36 years. Our exclusion criteria were such that subjects could not be allergic to eggs (i.e., they
would be capable of receiving the standard influenza vaccine), be on immunosuppressive
medications or other medical or dietary supplements that might alter immune response, have
had surgery in the past 12 months, or had cancer in the previous 5 years. After screening for
inclusion and exclusion criteria, 20 subjects participated in the first experiments not involving
immunization, and 21 subjects participated in the second experiments using influenza antigen
as the immune stimulus. Twelve subjects participated in both studies.

In fall 2005, 21 subjects between the ages of 19 and 36 were immunized with the 2005/2006
trivalent influenza Fluzone vaccine (A/New Caledonia/20/99 H1N1 [A1]; A/New York/55/04
H3N2 [A2]; B/Jiangsu/10/03) (Aventis Pasteur, Swiftwater, PA) within 8 h after a
preimmunization blood draw. A second blood draw was performed at 4 weeks
postimmunization. One subject withdrew from the study, and one subject had insufficient
PBMC counts, resulting in a count of 19 subjects.

PBMC isolation
PBMCs were isolated using Ficoll-Paque plus (Amersham Pharmacopia Biotech, Piscataway,
NJ) gradient centrifugation. Cell counts were performed with a hemacytometer using try-pan
blue to assess viability; all cell suspensions were adjusted to 2.0 × 106 cells/mL in AIM-V
medium.

Cell culture for cell proliferation
In the Echinacea alone model, 100 µL AIM-V medium containing 2.0 × 106 cells were plated
per well in 96-well flat-bottomed Costar plates (Cambridge, MA). Cells were stimulated with
5 µL Echinacea preparations diluted as described or AIM-V medium (control, CON). All trials
were conducted in triplicate. Cells were incubated for 5 days at 37°C, 5.0% CO2 in a humidified
atmosphere, and proliferation was assessed via CellTiter (Promega, Madison, WI) and read in
a Bio-Rad plate reader (Hercules, CA). Previous data from our laboratory indicated that cells
incubated for 5 days did not show reduced viability compared with cells incubated for 3 or 4
days. Our sample size for proliferation was n = 15.

Cell culture for cytokine production
In the Echinacea alone model, 1 mL AIM-V medium containing 2.0 × 106 cells was plated per
well in 24-well Costar tissue culture plates. Fifty microliters of one of the Echinacea
preparations diluted 1:12.5 was added per treatment well; the control well received 50 µL AIM-
V medium (CON). This extract concentration was determined from preliminary studies of
human PBMC ethanol tolerability (data not shown). Cell cultures were incubated for 24 h at
37°C, 5.0% CO2 in a humidified atmosphere. Supernatants were harvested and stored at −20°
C until used in cytokine quantification assays for IL-10, TNF-α, and IL-12 via ELISA (BD
Biosciences Pharmingen, San Diego, CA). Because of low PBMC counts, our sample size for
IL-10 and TNF-α was n = 14 and for IL-12 was n = 17.

In the Echinacea + virus model, 1 mL AIM-V medium containing 2.0 × 106 cells was plated
per well in 24-well Costar tissue culture plates. Fifty microliters of one of the Echinacea
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preparations diluted 1:12.5 was added per treatment well. All treatment wells received 50 µL
of a 10 hemagglutination units (HAU)/mL solution containing the same type A H1N1 virus
(A/New Caledonia/20/99) as in the vaccine. Two control wells were designated, one received
100 µL AIM-v medium (CON), and the other received 50 µL AIM-V medium and 50 µL virus
(VIR). Cell cultures for IL-2 and IFN-γ were incubated for 48 h at 37°C, 5.0% CO2 in a
humidified atmosphere. Cell cultures for IL-10 were incubated at both 24 h and 48 h under the
same conditions. Supernatants were harvested and stored at −20°C until used in cytokine
quantification assays for IL-2, IL-10, and IFN-γ via ELISA (BD Biosciences Pharmingen).
Due to experimental complications during testing of the extracts, our sample size for IFN-γ
was reduced to n = 8; for all other cytokines, the full n = 19 was used. Control experiments
indicated that for all assays, wells receiving no virus produced less cytokine than wells
receiving virus alone (all p ≤ 0.01).

Statistical analyses
For the Echinacea alone model, a one-way ANOVA was used to compare the effects of the
different species of Echinacea on cytokine production and cell proliferation. Post hoc tests
were performed when a significant effect of treatment was found. For the Echinacea + virus
model, a general linear model of repeated measures was used to test for main effects of time,
treatment, and treatment X time interactions (SPSS, Chicago, IL). When significant effects
were discovered, follow-up post hoc tests (LSD) were performed.

Endotoxin determination
Glassware used in the extract preparation was baked at 180°C for 16 h prior to use to minimize
endotoxin contamination. Sterile water was obtained from Hospira, Inc. (Lake Forest, IL) and
used for all tinctures. Endotoxin levels were determined from both sterile water (0 experimental
units [EU]/mL), and all stock tinctures were determined using Bio-Whitaker QCL 1000 kits
(Cambridge, MA).

Extract physiochemical profiling
We wished to document changes in biochemical composition of extracts over a similar period
to see if changes in immune results may be attributable to changes in composition. However,
our original report10 did not include phytochemical profiling, and we, therefore, had to use a
second set of extracts by proxy. For each Echinacea species except E. paradoxa, 6 g was
extracted with 95% ethanol for 6 h using a Soxhlet apparatus. After extraction, the ethanol was
roto-evaporated at 30°C to obtain the dry residue. The residues were redissolved in 10 mL
DMSO and stored at −20°C until HPLC analysis. Extracts were profiled shortly after generation
and again after 20 months of uninterrupted storage at −20°C.

Regent-grade ethanol (100%) was purchased from Chemistry Stores, Iowa State University.
HPLC-grade acetonitrile and certificated-grade DMSO were purchased from Fisher Scientific
(Fair Lawn, NJ). Milli-Q water prepared by Milli-Q system (Millipore Co., Bedford, MA) was
used to prepare all the mobile phase for HPLC analysis.

Four Echinacea alkamides, undeca-2Z, 4E-diene-8,10-diynoic acid isobutylamide (alkamide
2), dodeca-2E, 4E, 8Z-trienoic acid isobutylamide (alkamide 10), dodeca-2E-ene-8,10-diynoic
acid isobutylamide (alkamide 14), and 9-hydroxytrideca-2E-ene-10, 12-diynoic acid
isobutylamide, synthesized by Dr. Kraus’ group (Department of Chemistry, Iowa State
University), were used as the external standards for Echinacea alkamide HPLC gradient.18–
20 The stock solutions of all the standards were stored under nitrogen at −80°C.

The Echinacea extracts were analyzed by HPLC, which consisted of a Beckman System Gold
126 solvent module, a Beckman model 508 autosampler, a Beckman model 168 detector
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(Beckman Coulter, Inc., Fullerton, CA) and an RP-C18, 5 µm, 250 × 10 mm i.d. YMC-ODC-
AM-303 column (YMC, Inc., Wilmington, NC). All Echinacea extracts were filtered through
0.45-µm polytetrafluoroethylene filters (Alltech Associates Inc., Deerfield, IL) before being
injected into the HPLC.

A modification of the Bauer HPLC method21 of alkamide analyses formed the Echinacea
alkamide gradient. The two mobile phases for the alkamide gradient were (A) degassed Milli-
Q water and (B) acetonitrile. A linear gradient of increasing 40% B to 80% B was developed
within 45 min at a flow rate of 1.0 mL/min with UV detection from 200 to 600 nm with a
Beckman 32 Karat software (version 5.0) and UV profiles at 210 nm and 260 nm for alkamides.
The injection volume was 15 µL. Alkamides were identified by comparison of relative retention
times and UV absorbance patterns using the procedures in references 21 and 22 and authentic
standards.

RESULTS
Extracts from seven Echinacea species were tested in two different in vitro models using
PBMCs from young adults. The first set of experiments used the tinctures themselves as the
sole cell stimulus (Echinacea alone model). The second set of experiments compared the effects
of Echinacea tinctures when used in conjunction with influenza virus (antigen) in vaccinated
individuals (Echinacea + virus model). We chose to use two different experimental designs,
as some researchers have demonstrated in vitro immune outcomes may yield contrasting results
contingent on mitogen/antigen differences.23

Endotoxin levels
Endotoxin levels were determined from all extracts previously and are as follows (in EU/mL):
ANG (0.088), PAL (0.031), PAR (0.116), PUR (0.395), SAN (0.03), SIM (0), and TEN (0.108).
All extracts were diluted following a procedure outlined in Materials and Methods, with final
endotoxin concentrations in the wells (expressed as EU/mL) being ANG (0.0003), PAL
(0.0001), PAR (0.0004), PUR (0.0014), SAN (0.0001), SIM (0), and TEN (0.0004). We have
shown experimentally17 that these low levels of endotoxin do not influence our immune
outcomes. These results suggest that the effects observed in our assays are caused by
Echinacea extracts themselves rather than possible contaminating bacterial endotoxin.

PBMC proliferation at 5 days in the Echinacea alone model
Results for PBMC proliferation following 5 days of incubation are shown in Figure 1. A main
effect of treatment was observed (p = 0.003). Wells treated with ANG (p < 0.001), PAL (p <
0.001), PAR (p < 0.001), SAN (p = 0.036), SIM (p < 0.001), and TEN (p < 0.001) showed a
significant increase in PBMC proliferation compared with control (CON).

Cytokine production in Echinacea alone model
Table 1 displays our results for TNF-α and IL-12. No main effect of treatment was observed
(p = 0.164 and p = 0.142, respectively). IL-10 production following 24 h incubation is shown
in Figure 2. Results indicate a trend toward a significant effect of treatment (p = 0.085) such
that Echinacea treatment may enhance IL-10 production.

Cytokine production in Echinacea + virus model
Results for IL-2 production after 48 h of culture are presented in Figure 3. There was a main
effect of treatment (p = 0.029), such that Echinacea tended to cause a decrease in IL-2
production. Wells treated with PAR (p = 0.012) and SAN (p = 0.044) demonstrated
significantly decreased IL-2 production compared with wells receiving virus alone, whereas
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wells treated with PAL (p = 0.084) and SIM (p = 0.08) showed a trend in this direction. No
time or treatment X time interaction was found. It is possible that IL-2 production peaked at
an earlier time point; hence, by 48 h, secreted IL-2 may have already been taken up by target
cells so that the overall amount detected in supernatants appears to be lower.

Production of IL-10 after 24 h and 48 h of culture is shown in Table 2. There was a main effect
of time (p < 0.001) such that subjects produced more IL-10 at the postvaccination time point
compared with prevaccination time point in both the 24-h and 48-h cultures. There were no
main effects of treatment or any treatment X time interactions for either incubation time.

Results for IFN-γ production after 24 h culture are shown in Table 2. Subjects produced more
IFN-γ postvaccination than prevaccination indicating a main effect of time (p = 0.005). There
was no main effect of treatment or treatment X time interaction.

Phytochemical profiling
Results of our alkamide analysis are shown in Figure 4, Figure 5, Figure 6, Figure 7, Figure 8,
and Figure 9. The HPLC chromatograms for E. pallida (Fig. 5) and E. sanguinea (Fig. 7) show
almost no change in peak heights for the major alkamide constituents. The chromatograms for
E. angustifolia (Fig. 4), E. purpurea (Fig. 6), E. simulata (Fig. 8), and E. tennesseensis (Fig.
9) show peaks slightly higher in the 2-year-old extracts compared with the fresh extracts,
although the pattern of peaks remains unchanged.

DISCUSSION
PBMC proliferation in Echinacea alone model

All Echinacea tinctures except those from E. purpurea enhanced PBMC proliferation at 5 days
in the Echinacea alone model (Fig. 1). The tincture from E. purpurea produced a similar mean
level of proliferation as E. angustifolia and E. sanguinea, but the standard deviation was larger,
leading to a lack of significance. Data on the effects of Echinacea on PBMC proliferation or
proliferation of specific lymphocyte subpopulations are conflicting. Some studies have
demonstrated minimal impact by Echinacea supplementation,24,25 whereas others have
shown proliferation-enhancing effects by Echinacea polysaccharides.26,27 It is possible that
Echinacea may impact PBMC proliferation indirectly; for example, Echinacea may stimulate
macrophages, which in turn drive proliferation of lymphocytes, such as T cells.28

Cytokine production in Echinacea alone model
None of the 2-year-old extracts modulated TNF-α production (Table 1). The majority of studies
examining the effects of Echinacea on TNF-α production have shown a stimulatory effect in
both human and rodent models.10,26,29–31 Transiently elevated TNF-α levels, which may be
achieved by short-term Echinacea supplementation, may be beneficial in combating viral
infections but may be deleterious if a chronic inflammatory disease is present. Echinacea
alkylamides31,32 and polysaccharides26,33 are known to influence TNF-α production.

Regarding IL-12, none of the 2-year-old extracts modulated production (Table 1). Few reports
have documented a stimulatory effect of Echinacea preparations on IL-12,10,30 and one study
showed it had little effect.34 The biochemical fraction responsible for this activity is unknown.
The limited data thus suggest that Echinacea holds only modest abilities to influence IL-12
production.

The augmentation of IL-10 observed here (Fig. 2) is so low that it may not be of physiologic
relevance. Using these same extracts tested fresh, we previously found that only E.
angustifolia and E. purpurea augmented IL-10.10 Several publications have reported a

McCann et al. Page 6

J Interferon Cytokine Res. Author manuscript; available in PMC 2008 March 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stimulatory effect of Echinacea spp. extracts on IL-10 production.10,29,30 The accumulated
data imply that most Echinacea extracts harbor the ability to augment IL-10 production, which
may lead to a faster resolution of viral infection symptoms. It is unknown which Echinacea
constituents may be responsible for modulating IL-10 production.

Cytokine production in Echinacea + virus model
Extracts from E. paradoxa and E. sanguinea and, to a lesser extent, E. pallida and E.
simulata, diminished IL-2 production (Fig. 3). In our prior investigation using the same
tinctures fresh,10 only E. angustifolia influenced IL-2. Echinacea products have been shown
to increase35,36 or have no effect26,37 on IL-2 levels in a variety of human and rodent models;
however, our laboratory is the only one that has used an antigen component. Thus, the effect
of Echinacea on IL-2 is currently ambiguous, possibly attributable to differences in
experimental methods between studies.

Interestingly, when virus was not employed during the 24-h culture (Table 2), E. angustifolia,
E. pallida, E. paradoxa, E. purpurea, and E. tennesseensis all slightly increased IL-10
synthesis, but again these increases are of dubious physiologic relevance. Therefore, a
comparison of Figure 2 and Table 2 suggests that Echinacea’s effects are not contingent on
the presence of virus. In the context of viral infection, our results seem to suggest that the
effects of Echinacea on IL-10 may be unrelated to the presence of the virus in the host.

Echinacea did not seem to increase production of IFN-γ in this study (Table 2). Extracts from
Echinacea have been shown to increase IFN-γ synthesis27,36,38,39 in most models, although
some teams found no effect of Echinacea on IFN-γ.26,37 In a separate investigation,
Echinacea stimulation increased gene expression of IFN-α, also antiviral.40 One in vivo model
showed oral supplementation with E. purpurea increased circulating IFN-γ titers.34 Taken
together, these results suggest that Echinacea extracts may be able to augment IFN-γ
production, which may directly reduce viral load in the host during infection, although the
enhancement is general rather than specific to antigen.

Effects of 2 years’ storage at −20°C
We observed that alkamide concentrations of Echinacea extracts followed one of two patterns
after 2 years’ storage at −20°C. Alkamide concentrations appeared to increase with storage in
E. purpurea, E. simulata, and E. tennesseensis, whereas no changes were seen in E.
angustifolia, E. pallida, or E. sanguinea. All extracts were tightly sealed and stored similarly,
but solvent evaporation may explain these results. The pattern of peaks remains almost the
same. Other researchers also have observed changes in alkamide concentrations of
Echinacea extracts stored at freezing temperatures. One study found that alkamide
concentrations did not change with 7 months of storage at −20°C.41 Another team found that
alkamide levels declined after approximately 1 year with storage at −18°C.42 These three
studies thus all report different effects of cold storage on Echinacea alkamide concentrations.

The results presented here (Fig. 1 and Fig. 2 and Table 1) allow for a comparison between the
same extracts tested under the same assays fresh10 and after 2 years’ storage at −20°C. Using
the original data from this study and reference 10, we performed a GLM analysis in SAS with
a least squares means analysis as a follow-up to statistically compare results between the two
time points. It should be noted that we had a larger pool of subjects in the present study than
in the previous investigation. Because different subjects and different sample sizes were used
between the two studies, it is most accurate to compare mean fold changes in immune outcomes
(relative to control) across time points instead of absolute values.
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We observed changes in both proliferation and cytokine production capacities between time
points. When tested fresh, none of the extracts enhanced proliferation10; in this study, all but
E. purpurea extract enhanced proliferation (Fig. 1). There were significant time, treatment,
and treatment X time interactions between the two studies (all p ≤ 0.029), suggesting that
proliferation was enhanced by the 2-year-old extracts moreso than the fresh extracts. Mean
fold changes in proliferation were not much different for extracts from E. angustifolia, E.
purpurea, and E. sanguinea across studies; however, extracts from both E. pallida and E.
tennesseensis exhibited a greater capacity to increase proliferation after 2 years’ storage
(change in proliferation was 1.1-fold increase fresh vs. 1.7-fold increase after 2 years for E.
pallida extract, p < 0.001; 1.1-fold increase fresh vs. 1.6-fold increase after 2 years for E.
tennesseensis extract, p = 0.014).

In contrast, cytokine production was stimulated to a greater extent with fresh extracts than with
extracts stored for 2 years. When tested fresh, E. angustifolia and E. purpurea extracts were
able to increase TNF-α synthesis10; in this study, none of the extracts increased production of
this cytokine (Table 1). Significant time, treatment, and treatment X time interactions were
found for TNF (all p < 0.001). Mean fold stimulation of TNF by the E. sanguinea and E.
tennesseensis extracts was not much different between the two studies, but it was much greater
when the extracts were tested fresh vs. after 2 years’ storage for E. angustifolia (10.5-fold
increase fresh vs. 1.3-fold increase stored), E. pallida (10.5-fold increase fresh vs. 1.1-fold
increase stored), and E. purpurea (20-fold increase fresh vs. 1.2-fold increase stored; all
comparisons p < 0.001).

E. angustifolia extract was the only extract able to augment IL-12 production when tested
fresh10; none of the extracts significantly enhanced IL-12 in this study (Table 1). Significant
time, treatment, and treatment X time interactions were found for TNF (all p < 0.03). E.
angustifolia extract demonstrated the most notable difference in IL-12 production across
studies (3.5-fold increase fresh vs. 1-fold increase stored, p < 0.001), but E. sanguinea
demonstrated a similar pattern (1.5-fold increase fresh vs. 0.9-fold increase stored, p = 0.048).

When tested fresh, only E. angustifolia and E. purpurea enhanced IL-10 production10; in this
study, five of the seven species statistically increased IL-10 production (Fig. 2). Significant
time and treatment X time interactions were found (both p ≤ 0.009). Most interesting were
differences in mean fold IL-10 production for E. angustifolia (4.9-fold increase fresh vs. 1.5-
fold increase stored, p < 0.001), E. purpurea (2.5-fold increase fresh vs. 1.3-fold increase
stored, p = 0.0596), and E. sanguinea (2.8-fold increase fresh vs. 1.5-fold increase stored, p =
0.0582).

Taken together, our findings indicate that 2 years’ storage at −20°C alters the
immunomodulatory properties of Echinacea tinctures. Time seems to augment the abilities of
the extracts to stimulate proliferation but diminish their abilities to enhance cytokine
production. We could not discern any patterns between results seen in our HPLC
chromatograms and our immunomodulatory results.

Effects by species
We have focused on the effects of Echinacea extracts overall on the immune parameters studied
here, but it is important to clarify that these effects vary by the species selected. This
phenomenon is highlighted in Table 3. Four species (E. pallida, E. paradoxa, E. sanguinea,
and E. simulata) behaved similarly in all eight immune assays, increasing PBMC proliferation
in the nonviral model and decreasing IL-2 production in the viral model. E. angustifolia and
E. tennesseensis also behaved similarly, as they both increased PBMC proliferation and IL-10
production in the nonviral model and had no effect on IL-2 in the viral model. Additionally,
E. tennesseensis was able to augment IL-10 production at 24 h in the viral model. By contrast,
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the only statistically significant activity seen from E. purpurea was an enhancement of IL-10
production in the nonviral model. However, results variability was greater for E. purpurea in
some instances, and this may explain why E. purpurea appeared to be the least active.

In conclusion, a summary of our results is shown in Table 3. These findings contribute to our
understanding of Echinacea in the context of viral infection. We found that after 2 years’
storage, Echinacea tinctures had no effect on TNF-α (a proinflammatory cytokine produced
by macrophages) in the nonviral model but did alter response to several T cell-associated
parameters (such as IL-2 and IL-10) in both the nonviral and viral models and proliferation in
the nonviral model. Reductions in IL-2 (a Th1 cytokine) may inhibit T cell proliferation,
whereas increases in IL-10 (a Th2 cytokine) may minimize an inflammatory response such as
that produced in the presence of TNF-α. Thus, in the context of viral infection, the tinctures in
this investigation might exert their effects by downregulating an immune response. This
behavior may be physiologically beneficial, as it may expedite the healing process after
infection. In the context of viral infection, Echinacea tinctures may induce a shift in the Th1/
Th2 balance. If this is true, the benefit of consuming Echinacea preparations may not be to
fight the viral infection per se but moreso to alleviate the symptoms wrought by the immune
response to infection, as other investigators have also suggested.7,43

Our findings may have important ramifications for scientists examining Echinacea extracts.
Length of time under storage is likely an important factor in determining how Echinacea
extracts may behave under laboratory conditions. Also, immune response may vary based on
stimulus (Echinacea alone vs. Echinacea + recall stimulation with virus) in in vitro models. It
is likely that these factors may also lead to variable results in the studies of other medicinal
plant species.

ACKNOWLEDGMENTS

This publication was made possible by grant P01ES012020 from the National Institute of Environmental Health
Sciences (NIEHS) and the Office of Dietary Supplements (ODS), NIH. Its contents are solely the responsibility of the
authors and do not necessarily represent the official views of the NIEHS, NIH. D.A.M., F.M., D.S.S., Michaela C.
Carlson, and Neil M. Johannsen performed the phlebotomy. Laboratory assistance was provided by Gina N. Flinn,
Amber L. Reighard, and Cole R. Sanderson. The SAS analysis comparing data between the fresh and 2-year old
extracts was performed by David A. Jackson.

REFERENCES
1. Barnes J, Anderson LA, Gibbons S, Phillipson JD. Echinacea species (Echinacea angustifolia (DC.)

Hell., Echinacea pallida (Nutt.) Nutt., Echinacea purpurea (L.) Moench): a review of their chemistry,
pharmacology and clinical properties. J. Pharm. Pharmacol 2005;57:929–954. [PubMed: 16102249]

2. Barrett BP. Medicinal properties of Echinacea: a critical review. Phytomedicine 2003;10:66–86.
[PubMed: 12622467]

3. Raso GM, Pacilio M, Di Carlo G, Esposito E, Pinto L, Meli R. Invivo and in-vitro anti-inflammatory
effect of Echinacea purpurea and Hypericum perforatum. J. Pharm. Pharmacol 2002;54:1379–1383.
[PubMed: 12396300]

4. Tubaro A, Tragni E, Del Negro P, Galli CL, Della Loggia R. Anti-Inflammatory activity of
polysaccharidic fraction of Echinacea angustifolia. J. Pharm. Pharmacol 1987;39:567–569. [PubMed:
2886631]

5. Speroni E, Govoni P, Guizzardi S, Renzulli C, Guerra MC. Anti-inflammatory and cicatrizing activity
of Echinacea pallida Nutt. root extract. J. Ethnopharmacol 2002;79:265–272. [PubMed: 11801391]

6. Barrett BP, Vohmann M, Calabrese C. Echinacea for upper respiratory infection. J. Fam. Pract
1999;48:628–635. [PubMed: 10496642]

7. Goel V, Lovlin R, Chang C, Slama JV, Barton R, Gahler R, Bauer R, Goonewardene L, Basu TK. A
proprietary extract from the echinacea plant (Echinacea purpurea) enhanced systemic immune
response during a common cold. Phytother. Res 2005;19:689–694. [PubMed: 16177972]

McCann et al. Page 9

J Interferon Cytokine Res. Author manuscript; available in PMC 2008 March 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Melchart D, Walther E, Linde K, Brandmaier R, Lersch C. Echinacea root extracts for the prevention
of upper respiratory tract infections. Arch. Fam. Med 1998;7:541–545. [PubMed: 9821828]

9. Turner RB, Bauer R, Woelkart K, Hulsey TC, Gangemi JD. An evaluation of Echinacea
angustifolia in experimental rhinovirus infections. N. Engl. J. Med 2005;353:341–348. [PubMed:
16049208]

10. Senchina DS, McCann DA, Asp JM, Johnson JA, Cunnick JE, Kaiser MS, Kohut ML. Changes in
immunomodulatory properties of Echinacea spp. root infusions and tinctures stored at 4°C for four
days. Clin. Chim. Acta 2005;355:67–82. [PubMed: 15820480]

11. Binns SE, Hudson J, Merali S, Arnason JT. Antiviral activity of characterized extracts from
Echinacea spp. (Heliantheae:Asteraceae) against herpes simplex virus (HSV-I). Planta Med
2002;68:780–783. [PubMed: 12357386]

12. Kostense S, Sun WH, Cottey R, Taylor SF, Harmeling S, Zander D, Small PA, Bender BS. Interleukin
12 administration enhances Th1 activity but delays recovery from influenza A virus infection in mice.
Antiviral Res 1998;38:117–130. [PubMed: 9707374]

13. Gwozdziewiczova S, Lichnovska R, Yahia RB, Chlup R, Hrebicek J. TNF-alpha in the development
of insulin resistance and other disorders in metabolic syndrome. Biomed. Pap. Med. Fac. Univ.
Palacky Olomouc Czech Repub 2005;149:109–117. [PubMed: 16170397]

14. Otani T, Yamaguchi K, Scherl E, Du B, Tai HH, Greifer M, Petrovic L, Daikoku T, Dey SK,
Subbaramaiah K, Dannenberg AJ. Levels of NAD+ -dependent 15-hydroxyprostaglandin
dehydrogenase are reduced in inflammatory bowel disease. Evidence for involvement of TNF-α. Am.
J. Phys. Gastroint. Liv. Phys 2005;290:G361–G368.

15. Papadakis KA, Targan SR. Role of cytokines in the pathogenesis of inflammatory bowel disease.
Annu. Rev. Med 2000;51:289–298. [PubMed: 10774465]

16. Durbin JE, Fernandez-Sesma A, Lee CK, Rao TD, Frey AB, Moran TM, Vukmanovic S, Garcia-
Sastre A, Levy DE. Type I IFN modulates innate and specific antiviral immunity. J. Immunol
2000;164:4220–4228. [PubMed: 10754318]

17. Senchina DS, Wu L, Flinn GN, Konopka DN, McCoy JA, Widrlechner MP, Wurtele ES, Kohut ML.
Year-and-a-half old, dried Echinacea spp. roots retain cytokine-modulating capabilities in an in
vitro human older adult model of influenza vaccination.

18. Kraus GA, Bae J. Synthesis of N-(2-methylpropyl)-2-3-undecene-8,10-diynamide, a novel constituent
of Echinacea angustifolia. Tetrahedron Lett 2003;44:5505–5506. [PubMed: 16971964]

19. Kraus G, Bae J, Schuster J. Synthesis of a novel diynone from Echinacea pallida. Synthesis
2005:3502. [PubMed: 17106483]

20. Wu L, Bae J, Kraus G, Wurtele ES. Diacetylenic isobutylamides of Echinacea: synthesis and natural
distribution. Phytochemistry 2004;65:2477–2484. [PubMed: 15381412]

21. Bauer R, Remiger P, Wagner H. Alkamides from the roots of Echinacea angustifolia. Phytochemistry
1989;28:505–508.

22. Bauer R, Remiger P. TLC and HPLC analysis of alkamides in Echinacea drugs. Planta Med
1989;55:367–371. [PubMed: 17262436]

23. Callahan TA, Moynihan JA. Contrasting pattern of cytokines in antigen-versus mitogen-stimulated
splenocyte cultures from chemically denervated mice. Brain Behav. Immun 2002;16:764–773.
[PubMed: 12480505]

24. Percival SS. Use of Echinacea in medicine. Biochem. Pharmacol 2000;60:155–158. [PubMed:
10825459]

25. South EH, Exon JH. Multiple immune functions in rats fed Echinacea extracts. Immunopharmacol.
Immunotoxicol 2001;23:411–421. [PubMed: 11694031]

26. Luettig B, Steinmuller C, Gifford GE, Wagner H, Lohmann-Matthes M-L. Macrophage activation
by the polysaccharide arabinogalactan isolated from plant cell cultures of Echinacea purpurea. J.
Natl. Cancer Inst 1989;81:669–675. [PubMed: 2785214]

27. Morazzoni P, Cristoni A, Di Pierro F, Avanzini C, Ravarino D, Stornello S, Zucca M, Musso T. In
vitro and in vivo immune stimulating effects of a new standardized Echinacea angustifolia root extract
(Polinacea trademark). Fitoterapia 2005;76:401–411. [PubMed: 15949903]

McCann et al. Page 10

J Interferon Cytokine Res. Author manuscript; available in PMC 2008 March 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



28. Mishima S, Saito K, Maruyama H, Inoue M, Yamashita T, Ishida T, Gu Y. Antioxidant and immuno-
enhancing effects of Echinacea purpurea. Biol. Pharm. Bull 2004;27:1004–1009. [PubMed:
15256730]

29. Burger RA, Torres AR, Warren RP, Caldwell VD, Hughes BG. Echinacea-induced cytokine
production by human macrophages. Int. J. Immunopharmacol 1997;19:371–379. [PubMed:
9568541]

30. Hwang S-A, Dasgupta A, Actor JK. Cytokine production by non-adherent mouse splenocyte cultures
to Echinacea extracts. Clin. Chim. Acta 2004;343:161–166. [PubMed: 15115689]

31. Gertsch J, Schoop R, Kuenzle U, Sutter A. Echinacea alkylamides modulate TNF-α gene expression
via cannabinoid receptor CB2 and multiple signal transduction pathways. FEBS Lett 2004;577:563–
569. [PubMed: 15556647]

32. Goel V, Chang C, Slama JV, Barton R, Bauer R, Gahler R, Basu TK. Alkylamides of Echinacea
purpurea stimulate alveolar macrophage function in normal rats . Int. Immunopharmacol
2002;2:381–387. [PubMed: 11811940]

33. Roesler J, Emmendorffer A, Steinmuller C, Luettig B, Wagner H, Lohmann-Matthes M-L.
Application of purified polysaccharides from cell cultures of the plant Echinacea purpurea to test
subjects mediates activation of the phagocyte system. Int. J. Immunopharmacol 1991;13:931–941.
[PubMed: 1761359]

34. Hayashi I, Ohotsuki M, Suzuki I, Watanabe T. Effects of oral administration of Echinacea
purpurea (American herb) on incidence of spontaneous leukemia caused by recombinant leukemia
viruses in AKR/J mice. Nihon Rinsho Meneki Gakkai Kaishi 2001;24:10–20. [PubMed: 11280896]

35. Cundell DR, Matrone MA, Ratajczak P, Pierce JD Jr. The effect of aerial parts of Echinacea on the
circulating white cell levels and selected immune functions of the aging male Sprague-Dawley rat.
Int. Immunopharmacol 2003;3:1041–1048. [PubMed: 12810361]

36. Bodinet C, Lindequist U, Teuscher E, Freudenstein J. Effect of an orally applied herbal
immunomodulator on cytokine induction and antibody response in normal and immunosuppressed
mice. Phytomedicine 2002;9:606–613. [PubMed: 12487324]

37. Elsasser-Beile U, Willenbacher W, Bartsch HH, Gallati H, Sculte Monting J, von Kleist S. Cytokine
production in leukocyte cultures during therapy with Echinacea extract. J. Clin. Lab. Anal
1996;10:441–445. [PubMed: 8951617]

38. Brovelli E, Rua D, Roh-Schmidt H, Chandra A, Lamont E, Noratto GD. Human gene expression as
a tool to determine horticultural maturity in a bioactive plant (Echinacea purpurea L. Moench). J.
Agric. Food Chem 2005;53:8156–8161. [PubMed: 16218658]

39. Skwarek T, Tynecka Z, Glowniak K, Lutostanska E. Echinacea L—inducer of interferons. Herba.
Pol 1996;42:110–117.

40. Randolph RK, Gellenbeck K, Stonebrook K, Brovelli E, Qian Y, Bankaitis-Davis D, Cheronis J.
Regulation of human immune gene expression as influenced by a commercial blended Echinacea
product: preliminary studies. Exp. Biol. Med 2003;228:1051–1056.

41. Livesey J, Awang DV, Arnason JT, Letchamo W, Barrett M, Pennyroyal G. Effect of temperature
on stability of marker constituents in Echinacea purpurea root formulations. Phytomedicine
1999;6:347–349. [PubMed: 11962542]

42. Perry NB, van Klink JW, Burgess EJ, Parmenter GA. Alkamide levels in Echinacea purpurea: effects
of processing, drying, and storage. Planta Med 2000;66:54–56. [PubMed: 10705735]

43. Sharma M, Arnason JT, Burt A, Hudson JB. Echinacea extracts modulate the pattern of chemokine
and cytokine secretion in rhinovirus-infected and uninfected epithelial cells. Phytother. Res
2006;20:147–152. [PubMed: 16444669]

McCann et al. Page 11

J Interferon Cytokine Res. Author manuscript; available in PMC 2008 March 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIG. 1.
PBMC proliferation in the Echinacea alone model. Species abbreviations are described in
Materials and Methods. *Statistically significant (p ≤ 0.05) increases in wells receiving
Echinacea tincture compared with control (medium alone) wells. Bars = standard errors.
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FIG. 2.
IL-10 production in the Echinacea alone model. Species abbreviations are described in
Materials and Methods. *Statistically significant (p ≤ 0.05) increases in wells receiving
Echinacea tincture compared with control (medium alone) wells. Bars = standard errors.
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FIG. 3.
IL-2 production in the Echinacea + virus model. (A) Preimmunization. (B) Postimmunization.
Species abbreviations are described in Materials and Methods. **Statistically significant (p ≤
0.05) decreases in wells receiving Echinacea tincture compared with control (medium alone)
wells. ††Statistical trend (0.1 ≤ p ≤ 0.05) toward a decrease in wells receiving Echinacea
tincture compared with control. Bars = standard errors.
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FIG. 4.
HPLC chromatography of Echinacea angustifolia extract both before (top) and after (bottom)
20 months storage at −20°C.
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FIG. 5.
HPLC chromatography of Echinacea pallida extract both before (top) and after (bottom) 20
months storage at −20°C.
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FIG. 6.
HPLC chromatography of Echinacea purpurea extract both before (top) and after (bottom) 20
months storage at −20°C.
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FIG. 7.
HPLC chromatography of Echinacea sanguinea extract both before (top) and after (bottom)
20 months storage at −20°C.
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FIG. 8.
HPLC chromatography of Echinacea simulata extract both before (top) and after (bottom) 20
months storage at −20°C.
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FIG. 9.
HPLC chromatography of Echinacea tennesseensis extract both before (top) and after (bottom)
20 months storage at −20°C.
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