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Abstract:
Alkylamides present in Echinacea species have reported immunomodulatory actions, yet their
direct effects on T lymphocytes, key mediators of antiviral immunity, are poorly understood. We
hypothesized that constituents present in ethanolic extracts of Echinacea species exert direct
immunomodulatory effects on human Jurkat T cells. Modulation of IL-2 production by
submaximally stimulated Jurkat cells was determined in response to treatment with extracts
prepared from dried aerial parts of Echinacea purpurea. Cells were treated with the extracts,
with alkylamides or caffeic acid derivatives isolated from Echinaceaspecies, or with
corresponding ethanol vehicle, in the absence or presence of phytohemagglutinin and phorbal
ester. E. purpurea extracted in a solvent mixture of 95:5 ethanol/water dose-dependently
inhibited IL-2 production. This IL-2 inhibitory activity correlated with the presence of
alkylamides but not caffeic acid derivatives, as determined by high performance liquid
chromatography/electrospray ionization-mass spectrometry analysis. Simultaneous measurement
of secreted IL-2 by ELISA and cell viability by the XTT assay showed that the 95:5
ethanol/water extract of E. purpurea was both IL-2 suppressive and cytotoxic at 50 and
100 μg/mL. Lower concentrations from 6.25 to 25 μg/mL significantly decreased IL-2
production but not cell viability. Alkylamides at concentrations found in a 50 μg/mL extract
decreased IL-2 production by approximately 50%. Two Echinacea-derived alkylamides
significantly depressed IL-2 production but not cell viability in a dose-dependent manner. Thus,
alkylamides present in E. purpurea suppress the ability of activated Jurkat T cells to produce IL2 independently of direct, cytotoxic effects.
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1. Introduction
Perennial plants in the genus Echinacea have been traditionally used by Native Americans to
treat cold and flu symptoms, reduce inflammation and heal wounds [1]. One of the main
constituent groups present in ethanol/water extracts of Echinacea with reported bioactivity is the
alkylamides. Reported activities ofEchinacea alkylamides include both anti-inflammatory and
macrophage modulatory effects. Dose-dependent inhibition of 5-lipoxygenase by an alkylamide
fraction of Echinacea purpurea roots (92.5% at 50 μM) has been reported [2].
Specific Echinacea alkylamides have since been identified that inhibit both 5-lipoxygenase and
cyclooxygenase, upstream enzymes involved in the production of leukotrienes and
prostaglandins [3] and [4]. Evidence that alkylamides from Echinacea induce tumor necrosis factor
α (TNF-α) mRNA but not protein in LPS-treated primary human monocyte/macrophages has
been reported in vitro[5], as has their inhibition of LPS-induced NO production in human
macrophages [6]. In vivo, 4-day oral administration of 12 μg/kg/day E. purpurea alkylamides
significantly enhanced phagocytic activity of alveolar macrophages in mice [7]. Caffeic acid
derivatives also present in Echinacea extracts are reported to have direct antiviral
activity [8] and [9]. These data suggest that alkylamides have the dual actions of anti-inflammatory
and indirect antiviral effects, which together may influence the course of upper respiratory
infection (URI) [10]. However, no data on the effects of alkylamides on measures of T cellspecific immunity, known to play a key role in cell mediated immune responses to
URI [11] and [12] have been reported.
Few studies report the modulation of T cell activation markers, such as IL-2, by Echinacea. IL-2
is a critical autocrine growth factor upregulated upon T cell activation that is required for the
clonal expansion of T cells[13]. IL-2 is also an important cytokine involved in regulatory T cell
activation and expansion [14]. The production of IL-2 has been linked to decrease in symptoms
and reduction of virus recovery in experimental rhinovirus infection [15]. Thus, modulatory
effects on IL-2 protein production may influence T cell specific immune responses to infection.
In vivo, 4 weeks of oral administration of Echinacea aerial parts increased serum IL-2 levels
320-fold in rats [16]. In vitro, IL-2 mRNA production was decreased over a 24-h period in human
peripheral blood leukocytes treated with an E. purpurea fresh plant extract [5]. Neither of these
studies assessed the effects of Echinacea on IL-2 induction by activated T cells. Thus, the effects
ofEchinacea and alkylamides on T cell activation-induced IL-2 production are unknown. To test
the hypothesis that Echinacea extracts modulate mitogen-induced IL-2 secretion, we assessed the
effects of four aerial E. purpurea extracts and two classes of reportedly bioactive constituents,
alkylamides and caffeic acid derivatives, on IL-2 production and cell viability upon PHA/PMA
stimulation of Jurkat E6.1 T cells.

2. Material and methods
2.1. Echinacea extracts
Extracts were prepared at HerbPharm, Inc. (Williams, OR) from 2-year-old cultivated E.
purpurea leaves and flowers by drying at 80 °C for 8 days and macerating for 7 days at a starting
ratio of 1:5 (w/v) in four different ethanol/water menstruums (95:5, 75:25, 50:50, and 25:75). A
voucher specimen was independently species verified (Steven Foster Group, Inc., Fayetteville,
Arkansas). Undiluted extracts tested negative for microbial contamination by triple sugar iron
plate inoculation. Extracts tested negative for endotoxin contamination by the Limulus
Amebocyte Lysate (LAL) gel assay (Cambrex Corp., East Rutherford, NJ) at the limit of
detection (< 0.125 EU/mL). For testing, dry plant masses were measured after lyophilization, and
mg dry plant material per mL diluent determined. E. purpurea extracts were diluted to 0.1 to
100 μg dry plant material/mL final concentration for assay of IL-2 production alone, and diluted
to 1.25 to 100 μg/mL for the IL-2 production/cell viability experiments, with ethanol adjusted to
0.5% final concentration.
2.2. Echinacea reference standards
Reference standards of Echinacea spp. (ChromaDex, Inc., Santa Ana, CA), known to be present
in E. purpurea extracts, included:
Alkylamides:
1) Dodeca-2(E),4(E),8(Z),10(Z)-tetraenoic acid isobutylamide;
2) Dodeca-2(E),4(E)-dienoic acid isobutylamide
Caffeic acid derivatives: (1) Caftaric acid; (2) Cichoric acid; (3) Chlorogenic acid
Alkylamides and cichoric acid were reconstituted in 95% ethanol, and caftaric acid and
chlorogenic acid in 47.5% ethanol (in distilled water) to prepare 5 mg/mL stock solutions.
Reconstituted stock solutions were diluted to 0.625–25 μg/mL final concentration for assay. The
25-μg/mL standard solutions tested negative for endotoxin contamination at the limit of detection
(< 0.125 EU/mL).
2.3. Mitogenic stimulation
Optimal stimulant conditions and incubation time to elicit sub-maximal IL-2 production by
Jurkat cells were determined using phytohemagglutinin (PHA, Sigma-Aldrich, Milwaukee, WI)
and phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich). Jurkat cells (1 × 106 cells in 1 mL)
were treated with 5 μg/mL PHA; 10 ng/mL PMA; or 1 μg/mL PHA + 1 ng/mL PMA and
incubated at 37 °C, 5% CO2, and 95% relative humidity. Supernatants were harvested after 4, 12,
and 24 h and stored at − 80 °C until IL-2 ELISA (IL-2 DuoSet, R&D Systems Minneapolis,
MN). Optimal conditions for sub-maximal IL-2 production in the IL-2 production/cell viability

assay were determined by titrating PHA concentrations at a fixed PMA concentration (1 ng/mL)
at four different cell concentrations from 5 × 103–4 × 104 cells/mL. Secreted IL-2 concentration
vs. PHA concentration was plotted and IL-2 concentration determined by the association curve
produced using LABfit® Curve Fitting Software v.7.2.33 [17].
2.4. Cell culture followed by ELISA
Jurkat E6.1 cells (ATCC, Manassas, VA) were cultured in RPMI 1640 containing phenol red,
25 mM HEPES, 1 mM sodium pyruvate, 2 mM l-glutamine and 10% fetal bovine serum (Life
Technologies, Inc., Rockville, MD) and plated at 1 × 106 cells in 1 mL final volume. Cells were
either untreated or treated with E. purpurea extracts (0, 0.1, 1, 10, 50, and 100 μg/mL in 0.5%
ethanol final concentration) and either unstimulated or stimulated with PHA (2.5 or 5 μg/mL)
and PMA (1 ng/mL). Supernatants from single wells per test condition were collected at 24 h and
stored at − 80 °C until IL-2 ELISA. IL-2 levels of triplicate samples were determined by
subtracting background absorbance at 550 nm (OD550) from absorbance at 450 nm (OD450) using
a microplate reader (FL-600, Bio-Tek, Inc., Woburn, MA) and extrapolation from IL-2 standard
curves using accompanying KC4 software (Bio-Tek, Inc., Woburn, MA).
2.5. Simultaneous IL-2 production/cell viability assay
An assay was developed to measure cell viability and IL-2 concentration of supernatants from
the same wells following treatments. Medium as described in Section 2.4 but without phenol red
was used. Triplicate cultures for each test condition served as three independent measurements of
IL-2 production and cell viability. Jurkat cells were plated in 96-well plates at 2 × 104 cells/well
in 200 μL. For the cell viability standard curve, cells plated in triplicate wells at 2.5 × 104;
2 × 104; 1.5 × 104; 7.5 × 103; 5.0 × 103; 2.5 × 103; and 0 cells/well (in 250 μL) were
unstimulated. Test samples (25 μL E. purpurea (95:5 ethanol/water), 0.5% ethanol vehicle
control, or standard isolates) and 25 μL stimuli (6 μg/mL PHA + 1 ng/mL PMA final
concentration) were added. After 24 h at 37 °C, 5% CO2, 95% relative humidity, supernatant
(100 μL) was removed without disturbing cells and tested for IL-2 using ELISA.
For the XTT/PMS assay to assess cell viability [18], 100 μL of supernatant was removed from cell
standard wells, and 100 μL of 1 mg/mL 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2Htetrazolium-5-carboxanilide (XTT, Sigma-Aldrich) plus 0.02 mM phenazine methosulfate (PMS,
Sigma-Aldrich) in medium added. After 5 h at 37 °C, 5% CO2 and 95% humidity, OD450–
OD650 was measured and a cell concentration standard curve generated, from which viable cell
numbers of the test wells were extrapolated. The caffeic acid derivatives reacted with XTT/PMS,
adding color that interfered with absorbance readings. Interference was compensated for by
creating no cell control wells of the XTT/PMS reagent and caffeic acid derivatives at each test
concentration, and subtracting calculated cell number of corresponding control well from sample
cell number.
2.6. Analysis of caffeic acid derivatives and alkylamides with HPLC/ESI-MS

The caffeic acid derivatives and alkylamides in the E. purpurea extracts were analyzed using
high performance liquid chromatography/electrospray ionization-mass spectrometry (HPLC/ESIMS). For each sample, an aliquot (1 mL) of E. purpurea extract was centrifuged at 200×g to
remove particulate matter and filtered with a 0.2-μm nylon filter. A binary pump HPLC
(HP1100, Agilent, Palo Alto, CA) with a C18 column (Alltech, 50 × 2.1 mm, 3.0 μM particle
size) was used, and duplicate injections of 10 μL performed. The gradients employed were
(A = 1% acetic acid in nanopure water and B = HPLC grade acetonitrile):
1) Caffeic acid derivatives: t = 0 to 4 min, 90% A; t = 4 to 15 min, 90% A to 60%
A; t = 15.1 to 19 min, 0% A; t = 19.1 to 24 min, 90% A.
2) Alkylamides: t = 0 to 4 min, 50% A; t = 4 to 11 min, 50% A to 23% A; t = 11.1 min to
16 min, 0% A;t = 16.1 to 19 min, 50% A.
The HPLC was interfaced to an ion trap mass spectrometer with an electrospray ionization
source (LCQ Advantage, Thermo Finnigan, San Jose, CA) for detection. Caffeic acid derivatives
were analyzed in the negative ion mode and alkylamides in the positive ion mode. The scan
range was 150 to 1500 m/z, capillary temperature was 275 °C, and spray, capillary, and tube lens
voltages were 4.5 kV, 10 V, and 50 V, respectively.
Constituents in the extracts were identified according to their molecular weights, HPLC retention
times, and MS–MS fragmentation patterns using a previously published method [19].
Quantification was accomplished as described [19]. Standards (Chromadex, Santa Ana, CA) were
used to quantify caffeic acid derivatives, and alkylamide concentrations were estimated based on
a calibration curve for undeca-2Z,4E-diene-8,10-diyonic acid isobutylamide, which was isolated
from an E. purpurea extract.
2.7. Statistical calculations
Data were subjected to one-way ANOVA using SPSS 13.0 (SPSS Inc., Chicago, IL) with each
extract or constituent as a factor and each concentration as a different treatment. The treatment
means (N = 3) were compared to vehicle control using Tukey's Honestly Significant Different
(HSD) post hoc analysis (two-tail, alpha level 0.01).
3. Results
3.1. PHA titration to determine submaximal IL-2 production
Jurkat cell stimulants were selected based on earlier published studies [20] and confirmatory
experiments. PHA or PMA alone did not stimulate IL-2 production over 24 h, but the
combination did. The optimal mitogenic stimulation conditions for sub-maximal IL-2 production
in the IL-2 production/cell viability assay were determined in PHA titration experiments, with
PMA held constant at 1 ng/mL. For 2 × 104 cells/well, the PHA concentration yielding
approximately half maximal IL-2 concentration (714 pg/mL) was calculated to be 6 μg/mL PHA

(Fig. 1). A confirmatory ELISA of the same supernatant showed 654 ± 50 pg/mL IL-2 induced
by 6 μg/mL PHA and 1 ng/mL PMA, verifying these conditions as appropriate for the IL-2
production/cell viability assay.

Fig. 1. IL-2 response of Jurkat T cells to increasing PHA and fixed PMA concentrations. PHA
concentrations were tested at 1/2 log dilutions from 0.1 to 100 μg/mL. The association curve was
extrapolated by specifying the maximum of 4-point parameters with the lowest chi-square value
for the best fit. Maximum IL-2 at 24 h was calculated to be 1032.9 pg/mL at the PHA
concentration of 19.2 μg/mL and 714.7 pg/mL at 6 μg/mL PHA, with cell concentration at
2 × 104 cells/well.
3.2. E. purpurea extracts suppressed IL-2 production
Echinacea treatment alone did not stimulate IL-2 production (data not shown). The effect of
treatment with four distinct E. purpurea extracts (95:5, 75:25, 50:50, or 25:75 ethanol/water
menstruums) on IL-2 production upon PHA/PMA-stimulation of Jurkat cells was determined
( Fig. 2). Mean percent IL-2 production relative to the stimuli alone condition and standard
deviations from three independent experiments are shown. E. purpurea extracted in 95:5
ethanol/water suppressed IL-2 production by approximately 65% at 50 μg/mL, compared to
0.5% ethanol vehicle-treated cells. This IL-2 suppressive effect was statistically significant
(p < 0.0001) at 50 and 100 μg plant material/mL.

Fig. 2. IL-2 response of PHA/PMA stimulated Jurkat T cells to E. purpurea extracts. PHA/PMA
stimulated Jurkat T cells were incubated with stimuli alone, vehicle (0.5% ethanol), or increasing
concentrations of extracts, prepared from four distinct solvent mixtures: 95:5; 75:25; 50:50; and
25:75 (ethanol/water). For each treatment condition, the ratio of measured IL-2 level was divided
by the mean of stimuli alone control. Error bars represent the variability of three independent
assays. Final ethanol concentration of each extract on cells was adjusted to 0.5%. The treatment
means (N = 3) were compared to vehicle control using Tukey's Honestly Significant Difference
(HSD) post hoc analysis (two-tail, alpha level 0.01).
3.3. Alkylamides and caffeic acid derivative content varied in distinct E. purpurea extracts
The alkylamides and caffeic acid derivatives detected in E. purpurea extracts are known
constituents of this plant, and their structures have been published elsewhere [21]. The most
abundant alkylamides were dodeca-2(E),4(E),8(Z),10(E/Z) tetraenoic acid isobutylamide and
undeca-2(Z),4(E)-diene-8,10-diynoic acid isobutylamide. Table 1 indicates the amount of each
compound found in the original, undiluted E. purpureaextracts. Alkylamides were extracted at
the highest level by 95:5 ethanol/water (964 μg/mL), while no alkylamides were present in the
25:75 ethanol/water extract. In contrast, the highest amount of cichoric acid (1030 μg/mL) was
found in the 50:50 extract, with much less in the 95:5 extract (13 μg/mL).
Table 1. Constituent concentrations in original E. purpurea extracts
E.
purpurea constitu
ent

95:5a(26.7 mg/
mL)

75:25a(85.3 mg/
mL)

50:50a(93.0 mg/
mL)

25:75a(95.3 mg/
mL)

Concentration ± absolute standard deviation in μg/mL
Undeca-dienediynoic acid
isobutylamide

24 ± 1

6±1

4±1

0±0

Dodecatetraenoic acid
isobutylamide

940 ± 30

720 ± 20

215 ± 6

0±0

Caftaric acid

8±1

112 ± 2

461 ± 5

422 ± 5

Cichoric acid

13 ± 7

580 ± 20

1030 ± 40

660 ± 20

Chlorogenic acid

4±6

19 ± 6

12 ± 6

4±5

Total alkylamides

964 ± 30

726 ± 20

219 ± 6

0±0

Total caffeic acid
derivatives

25 ± 9

711 ± 20

1503 ± 40

1086 ± 30

Undiluted E. purpurea extracts prepared with solvents of different ethanol/water ratios were
analyzed by HPLC/ESI-MS. Caffeic acid derivatives (caftaric, cichoric, chlorogenic acid) and
alkylamides were eluted by different HPLC water/acetonitrile gradients. Quantification of caffeic
acid derivatives was performed using commercially available standards and alkylamides were
quantified using an isobutylamide isolated from an E. purpurea extract. The constituent profiles
differed considerably depending on the ethanol content used in the extraction solvent.
a
Ethanol/water ratio of solvent mixtures used to prepare each E. purpurea extract.
Concentrations in parentheses indicate dry plant material/mL solvent.
Because the 95:5 ethanol/water E. purpurea extract exerted a significant IL-2 inhibitory effect at
50 μg plant material/mL ( Fig. 2), the concentrations of total alkylamides and caffeic acid
derivatives in each E. purpureaextract at this concentration were calculated ( Fig. 3) based on
quantities of these constituents in the undiluted extracts. Concentrations of caftaric acid, cichoric
acid, and chlorogenic acid in the 50 μg/mL 95:5 ethanol/water extract were 15.0, 24.4, and
7.5 ng/mL, respectively, totaling 0.05 μg/mL caffeic acid derivatives. Concentrations of the
alkylamides undeca-2(Z),4(E)-diene-8,10-diynoic acid isobutylamide and dodea2(E),4(E),8(Z),10(E/Z) tetraenoic acid isobutylamide were 0.05 and 1.76 μg/mL, respectively,
giving a total of 1.81 μg/mL alkylamides in this extract. Total alkylamide concentration in the
75:25 ethanol/water extract was 0.42 μg/mL. The total caffeic acid derivative content was
highest in the 50:50 ethanol/water extract (0.81 μg/mL).

Fig. 3. Total alkylamide and caffeic acid derivative concentrations in E. purpurea extracts at
50 μg plant material/mL dilution. Concentrations were calculated based on the data obtained
from quantities of constituents present in undiluted extracts as determined by HPLC/ESI-MS.
3.4. Echinacea alkylamides suppressed IL-2 production
We devised the simultaneous IL-2 production/cell viability assay to measure percent change in
IL-2 production and cell viability relative to vehicle control following PHA/PMA stimulation of
Jurkat T cells with or without E. purpurea extracts or chemical constituents thereof ( Fig. 4a–f).
The 95:5 ethanol/water E. purpurea extract dose-dependently suppressed IL-2 ( Fig. 4a). At
dilutions of 50 and 100 μg plant material/mL, this extract was also cytotoxic to the cells; the
decreases in both IL-2 production and cell viability at these extract concentrations were
statistically significant compared to vehicle control. However, at concentrations between 6.25
and 25 μg/mL, a statistically significant difference was observed in the IL-2 suppressive effect of
this extract compared to vehicle (p < 0.003), but not in change in cell viability (p > 0.219).

Fig. 4. Percent changes of IL-2 production and viable cell number relative to stimuli alone
control. Cells were stimulated by PHA/PMA in the presence of vehicle or increasing
concentrations of Echinacea 95:5 ethanol/water extract (a), or standard isolates (b–f). Percent
change in IL-2 production or viable cell number relative to stimuli alone control is shown.
Vehicle control is shown as 0 μg/mL. One-way ANOVA was performed on IL-2 change or
viable cell number change with 95:5 extract or each constituent as a factor and each
concentration as a different treatment. The treatment means (N = 3 independent wells) were

compared to vehicle control using Tukey's Honestly Significant Difference (HSD) post hoc
analysis (two-tail, alpha level 0.01).
The effects of two standards of alkylamides, compounds which were present in the E.
purpurea extracts with high ethanol content, were evaluated. Cells were treated with dodeca2(E),4(E),8(Z),10(Z)-tetraenoic acid isobutylamide ( Fig. 4b) or dodeca-2(E),4(E)-dienoic acid
isobutylamide ( Fig. 4c) at 0.625 to 25 μg/mL, which bracketed the concentration range of
alkylamides present in the E. purpurea extract at test concentrations on cells. Both alkylamides
showed a consistent and statistically significant dose-dependent IL-2 suppressive effect
compared to vehicle (p < 0.001), while the slight changes in cell viability induced by these
agents compared to the vehicle control were neither consistent nor statistically significant
(p > 0.08).
3.5. Echinacea caffeic acid derivatives did not suppress IL-2 production
The effects of caffeic acid derivatives at concentrations relevant to the extract concentration were
also evaluated. No caffeic acid derivative significantly altered IL-2 production at any
concentration evaluated (Fig. 4d–f). However, the Tukey's HSD test showed a statistically
significant decrease in cell viability caused by chlorogenic acid at the 0.625 μg/mL concentration
(p < 0.008) ( Fig. 4e). Cichoric acid showed a statistically significant proliferative effect on
Jurkat cells at 2.5 (p < 0.004) and 10 μg/mL (p < 0.006) ( Fig. 4f).
4. Discussion
Alkylamides were found at highest concentration in aerial 95:5 ethanol/water E.
purpurea preparations, and correlated with dose-dependent inhibition of IL-2 production by
PHA/PMA-stimulated Jurkat T cells. This is the first report of an inhibitory effect
of Echinacea alkylamides on production of IL-2, an important factor involved in expansion of
clonal T cell populations in response to infection. By simultaneous assay of IL-2 production and
cell viability, Echinacea alkylamide isolates were shown to significantly inhibit IL-2 but not cell
viability. Studies to determine if the reported suppression is specific to IL-2 or whether
alkylamides are more generally inhibiting to cytokine secretion are ongoing. One site of action of
alkylamides has been identified as the cannabinoid 2 receptor (CB2) on
monocytes/macrophages [5]. Jurkat T cells express CB2[22], so experiments to determine if the IL2 suppressive effect is dependent on alkylamide binding to the CB2 receptor are warranted.
Determination of the mechanism of alkylamide-induced IL-2 suppression is expected to
contribute to the identification of appropriate and effective uses of Echinacea.
The physiological relevance of these results depends on a number of factors, including
alkylamide pharmacokinetics and combination effects of different alkylamides and other
constituents. Alkylamides do appear to be capable of reaching T cells in vivo. Alkylamides were
detected in human serum at 17.4 ng/mL only 30 min after a single oral dose of E.
angustifolia tincture [23]; at 44 ng/mL after 1 h of a single dose of E. purpurea tincture [24]; and at

336 ± 131 ng/mL within 20 min after ingestion of an ethanolic extract of E. purpurea and E.
angustifolia in tablet form [25]. The concentrations found in this last study are only two- to fourfold lower than the IL-2 suppressive alkylamide concentrations in this study. Thus, the
hypothesis that alkylamide-induced IL-2 suppression modulates immune responsiveness in vivo
warrants future testing.
Acknowledgements
The authors acknowledge the financial support from NIH/NCCAM Grants K01 AT00065-01;
T32-AT00815, R15 AT001466-01, and from the Research Corporation Cottrell College Award
CC5972 and Geraldine Brady Fund for Research on Natural Products. We thank Katrina Tutor
and Valerie Phillips for laboratory assistance and David Eghbali of ChromaDex, Inc.
References
[1] Foster S. Echinacea. The cold and flu remedy. Alternative and Complementary Therapies
June/July 1995:254–7.
[2] Wagner H, Breu W, Willer F, Wierer M, Remiger P, Schwender G. In vitro inhibition of
arachidonate metabolism by some alkamides and prenylated phenols (letter). Planta Med
1989;55:566–7.
[3] Muller-Jakic B, Breu W, Probstle A, Redl K, Greger H, Bauer R. In vitro inhibition of
cyclooxygenase and 5-lipoxygenase by alkamides from Echinacea and Achillea species. Planta
Med 1994;60(1):37–40.
[4] Clifford LJ, Nair MG, Rana J, Dewitt DL. Bioactivity of alkamides isolated from Echinacea
purpurea (L.) Moench. Phytomedicine 2002;9(3):249–53.
[5] Gertsch J, Schoop R, Kuenzle U, Suter A. Echinacea alkylamides modulate TNF-alpha gene
expression via cannabinoid receptor CB2 and multiple signal transduction pathways. FEBS Lett
2004;577(3):563–9.
[6] Chen Y, Fu T, Tao T, Yang J, Chang Y, Wang M, et al. Macrophage activating effects of
new alkamides from the roots of Echinacea species. J Nat Prod 2005;68(5):773–6.
[7] Goel V, Chang C, Slama JV, Barton R, Bauer R, Gahler R, et al. Alkylamides of Echinacea
purpurea stimulate alveolar macrophage function in normal rats. Int Immunopharmacol
2002;2(2–3):381–7.
[8] Reinke RA, Lee DJ, McDougall BR, King PJ, Victoria J, Mao Y, et al. L-Chicoric acid
inhibits human immunodeficiency virus type 1 integration in vivo and is a noncompetitive but
reversible inhibitor of HIV-1 integrase in vitro. Virology 2004;326(2):203–19.

[9] 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(9):780–3.
[10] Winther B, Gwaltney Jr JM, Mygind N, Hendley JO. Viralinduced rhinitis. Am J Rhinol
1998;12(1):17–20.
[11] Welliver RC, Ogra PL. Immunology of respiratory viral infections. Annu Rev Med
1988;39:147–62.
[12] Herring AC, Hernandez Y, Huffnagle GB, Toews GB. Role and development of TH1/TH2
immune responses in the lungs. Semin Respir Crit Care Med 2004;25(1):3–10.
[13] Gillis S, Watson J. Biochemical and biological characterization of lymphocyte regulatory
molecules: V. Identification of an interleukin 2-producing human leukemia T cell line. J Exp
Med 1980;152(6):1709–19.
[14] Antony PA, Restifo NP. CD4+CD25+ T regulatory cells, immunotherapy of cancer, and
interleukin-2. J Immunother 2005;28(2):120–8.
[15] Hsia J, Goldstein AL, Simon GL, Sztein M, Hayden FG. Peripheral blood mononuclear cell
interleukin-2 and interferongamma production, cytotoxicity, and antigen-stimulated
blastogenesis during experimental rhinovirus infection. J Infect Dis 1990;162(3):591–7.
[16] Cundell DR, Matrone MA, Ratajczak P, Pierce JD. 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(7):1041–8.
[17] LABfit Curve Fitting Software. [computer program]. Version 7.2.33. Campina Grande,
Paraíba, Brazil: LABfit; 2003.
[18] Scudiero DA, Shoemaker RH, Paull KD, Monks A, Tierney S, Nofziger TH, et al.
Evaluation of a soluble tetrazolium/formazan assay for cell growth and drug sensitivity in culture
using human and other tumor cell lines. Cancer Res 1988;48 (17):4827–33.
[19] Cech NB, Eleazer MS, Shoffner LT, Crosswhite MR, Davis AC, Mortenson AM, et al. High
performance liquid chromatography/electrospray ionization mass spectrometry for simultaneous
analysis of alkamides and caffeic acid derivatives from Echinacea purpurea extracts. J
Chromatography A 2006;1103 (2):219–28.
[20] Fernandez LP, Schlegel PG, Baker J, Chen Y, Chao NJ. Does thalidomide affect IL-2
response and production? Exp Hematol 1995;23(9):978–85.

[21] Binns SE, Livesey JF, Arnason JT, Baum BR. Phytochemical variation in Echinacea from
roots and flowerheads of wild and cultivated populations. J Agric Food Chem 2002;50
(13):3673–87.
[22] McKallip RJ, Lombard C, Fisher M, Martin BR, Ryu S, Grant S, et al. Targeting CB2
cannabinoid receptors as a novel therapy to treat malignant lymphoblastic disease. Blood
2002;100 (2):627–34.
[23] Woelkart K, Koidl C, Grisold A, Gangemi JD, Turner RB, Marth E, et al. Bioavailability
and pharmacokinetics of alkamides from the roots of Echinacea angustifolia in humans. J Clin
Pharmacol 2005;45(6):683–9.
[24] Dietz B, Heilmann J, Bauer R. Absorption of dodeca-2E,4E,8Z,10E/Z-tetraenoic acid
isobutylamides after oral application of Echinacea purpurea tincture. Planta Med 2001;67
(9):863–4.
[25] Matthias A, Addison RS, Penman KG, Dickinson RG, Bone KM, Lehmann RP. Echinacea
alkamide disposition and pharmacokinetics in humans after tablet ingestion. Life Sci 2005;77
(16):2018–29

