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Cytochrome P450 inhibitory action of Echinacea 
preparations differs widely and co-varies with 
alkylamide content 

M. Modarai, J. Gertsch, A. Suter, M. Heinrich and A. Kortenkamp 

Abstract 

Echinacea preparations are one of the best selling herbal medicinal products with a well established
therapeutic use in the prophylaxis of upper respiratory tract infections. Their consumption is increas-
ing, but information about their ability to inhibit cytochrome P450 enzymes (CYP) is fragmentary.
The picture is further complicated by a lack of phytochemical characterization of previously tested
preparations. Due to its well characterized immunomodulatory activity, the standardized Swiss regis-
tered Echinacea purpurea (L.) Moench Echinaforce extract was selected for detailed study. With the
single baculovirus-expressed CYP isoforms 1A2, 2C19, 2D9 and 3A4, inhibitory actions were measured
by monitoring fluorescent metabolites derived from enzyme substrates (supersome assay). The Echin-
aforce extract induced mild inhibition of all these isoforms, with CYP 3A4 being the most, and CYP
2D6 the least sensitive enzyme. To assess whether CYP inhibition might be a general feature of
Echinacea preparations, an additional nine commercially available preparations were screened using
CYP 3A4. All tested preparations were able to inhibit CYP 3A4, but inhibitory potencies (expressed as
median inhibitory concentration, IC50) varied by a factor of 150. The alkylamides are thought to be
responsible for the immunomodulatory activity of Echinacea, and so the concentration of
2E,4E,8Z,10E/Z-tetranoic acid isobutylamide (1) and total alkylamide content were determined in all
preparations, and the latter was found to be associated with their CYP 3A4 inhibitory potency. The
chemically pure alkylamides dodeca-2E,4E,8Z,10E/Z-tetranoic acid isobutylamide (1) and dodeca-
2E,4E-dieonoic acid isobutylamide (2) showed inhibitory activity on CYP 2C19, 2D6 and 3A4. How-
ever, unlike the Echinaforce extract, the alkylamides did not induce CYP 1A2 inhibition. Thus, other,
as yet unidentified constituents also contribute to the overall weak inhibitory effects seen with
Echinacea preparations in-vitro. 

Interactions between drugs often derive from differential induction or inhibition of drug
metabolizing enzymes such as cytochrome P450 (CYP). The five CYP isoforms 1A2, 2C9,
2C19, 2D6 and 3A4 are thought to be responsible for the metabolic conversion of the
majority of currently used prescription drugs (Guengerich 1997; Wrighton 1993), and for
this reason, the screening for drug–drug interactions has focused on these isoforms. For
newly developed drugs, regulatory agencies now require that interactions involving CYP
isoforms be assessed before licensing, and heightened awareness of the possibility that
herbal medicinal products might also interfere with drug metabolising enzymes has led to
proposals to extend such assessments to herbal medicines (BfArM 2004). A well docu-
mented case in point is St John’s wort (Hypericum perforatum), which can affect the plasma
concentrations of a number of conventional medicines, including digoxin, indinavir, irinote-
can and ciclosporin, by inducing or inhibiting various CYP isoforms (Izzo 2005). 

Echinacea preparations are one of the best selling herbal medicinal products with a well
established therapeutic use in the prophylaxis of upper respiratory tract infections (Barnes
et al 2005). Their consumption is increasing, but published information about possible inter-
actions with other medicines is scarce. Of the nine Echinacea species, only three (E. pallida
(Nutt.) Nutt., E. purpurea (L.) Moench and E. angustifolia (D.C.) Hell.) are commonly used
in herbal medicinal preparations (Baum et al 2006). Echinacea preparations are well known
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for their immunomodulatory activity, and it is this property
which is exploited therapeutically. Several constituents
including polysaccharides, alkylamides, and caffeic acid
derivatives are thought to be involved in these effects (Barnes
et al 2005). 

Information about the ability of Echinacea preparations to
inhibit CYP enzymes is fragmentary, and the picture is further
complicated by a lack of characterization of the extracts used
for analysis. For example, Budzinski et al (2000) demonstrated
inhibitory effects of Echinacea extracts on purified CYP 3A4
preparations by using enzyme substrates that produced fluo-
rescing metabolites. However, details about the procedures
used for the preparation of Echinacea extracts were not
provided. 

Yale & Glurich (2005) assessed inhibitory effects of
extracts of Echinacare (Phytopharmica, Green Bay, WI) cap-
sules (E. purpurea—aerial portion only) on baculovirus-
expressed CYP isoforms (so-called supersomes (Crespi et al
1997)). The extract inhibited CYP 3A4 and CYP 2C9, but
little effect was seen with CYP 2D6. Studies with volunteers
have yielded conflicting results about the inhibitory activity of
Echinacea preparations. Gorski et al (2004) administered drug
probes specific for certain CYP isoforms together with E. pur-
purea root tablets (400 mg, E. purpurea root extract lot no:
47266-05, Nature’s Bounty, Inc., Bohemia, NY) four times
daily, to 12 healthy non-smokers for eight days. There was
selective inhibition of CYP 3A and some inhibition on CYP
1A2, but effects on CYP 2D6 or CYP 2C9 were not apparent.
In contrast, Gurley et al (2004) failed to observe inhibitory
effects on CYP 1A2, CYP 2D6, CYP 3A4 or CYP 2E1 with E.
purpurea tablets (Wild Oats Markets, Inc, Boulder, CO) given
to 12 healthy volunteers. It is likely that variation in the com-
position of the Echinacea preparations used in those studies
was one factor contributing to the differences in their out-
comes, but conclusive information is missing. 

Even less is known about the nature of Echinacea constitu-
ents that might lead to CYP inhibition. In a study with chemi-
cally pure alkylamides, Matthias et al (2005) observed that
some alkylamides could prevent the CYP-mediated conver-
sion of others in human liver microsomes, suggesting that
those agents had CYP inhibiting potential. However, that idea
has not been tested directly. 

In this study we have aimed to fill some of the gaps in this
knowledge. To get a better understanding of the possible
range of CYP-inhibiting potencies of Echinacea extracts, we
have tested a large selection of commercially available Echi-
nacea extracts. The immunomodulatory activity of Echinacea
is well characterized (Brinkborn et al 1999; Gertsch et al
2004), and so the standardized Swiss registered Echinacea
purpurea (L.) Moench fresh plant tincture Echinaforce
extract formed the focus of our studies. To test the idea that
possible inhibitory effects of Echinacea extracts might be due
to the action of alkylamides, we characterized all tested Echi-
nacea preparations in terms of their alkylamide content and
determined median CYP inhibitory concentrations (IC50).
These potency estimates were then compared with IC50 val-
ues of the chemically pure alkylamide components, dodeca-
2E,4E,8Z,10E/Z-tetranoic acid isobutylamide (1, Figure 1)
and dodeca-2E,4E-dieonoic acid isobutylamide (2, Figure 1)
isolated from Echinacea extracts (Gertsch et al 2004). 

Extracts 

Two different batches of Echinaforce extract (015232 and
018451) were kindly provided by Bioforce UK. The other
Echinacea extracts used in this study are listed in Table 1. 

The alkylamides dodeca-2E,4E,8Z,10E/Z-tetranoic acid
isobutylamide (1) and dodeca-2E,4E-dieonoic acid isobutyla-
mide (2) were isolated as described by Gertsch et al (2004).
The alkylamides were 95% pure as checked by 1H NMR. 

Chemicals 

Glucose-6-phosphate disodium hydrate salt, glucose-
6-phosphate dehydrogenase, b-nicotinamide adenine dinucle-
otide phosphate, magnesium chloride hexahydrate, sodium
citrate tribasic hydrate, ketoconazole, tranylcypromine,
furafylline, quinidine hydrochloride monohydrate and trizma
base were purchased from Sigma-Aldrich (Poole, Dorset,
UK). Potassium dihydrogen orthophosphate and dipotassium
hydrogen orthophosphate 3-hydrate were obtained from
VWR International Ltd. Organic solvents were of HPLC
grade and were obtained from Sigma-Aldrich (Poole, Dorset,
UK). The CYP substrates and metabolite standards
7-benzyl-4-(trifluoromethyl)-coumarin (BFC), 7-hydroxy-4-
(trifluoromethyl)-coumarin (HFC), 3-[2-(N, N-diethyl-N-
methylamino)ethyl]-7-methoxy-4-methylcoumarin (AMMC)
and 3-[2-(N, N-diethylamino)ethyl]-7-hydroxy-4-methylcou-
marin hydrochloride (AHMC) were from Gentest (Woburn,
UK). 3-Cyano-7-ethoxycoumarin (CEC) and 3-cyano-7-
hydoxycoumarin (CHC) were obtained from Molecular
Probes (Eugene, OR). 

Materials and Methods 

Dodeca-2E,4E,8Z,10E/Z-tetranoic acid isobutylamide (1)
 (MW = 247) 

N

O

H

N

O

H

Dodeca-2E,4E-dienoic acid isobutylamide (2) (MW = 251)  

N

O

H

Figure 1 Structures of alkylamides assessed for inhibitory potency
against CYP P450 enzymes. 
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Analytical data 

The concentration of total dry mass (g/100 g m/m) of each
extract was assessed using the standard method described in
the German ‘Homöopathisches Arzneibuch’ (HAB 2005).
Each extract (3 g) was dried over 2 h at a temperature of
105°C. Using density calculations for each extract, the
concentration per mL of extract was calculated. 

The analytical determination of the alkylamides was
performed according to Bioforces’ validated ‘Prüfvorschrift
PV0988.d07’, which used an RP18 column with a gradient of
acetonitrile and water with phosphoric acid. The alkylamides
were determined against an external working standard at
260 nm. 

Supersome assay 

A modified in-vitro fluorometric microtitre plate assay was
utilised based upon the method described by Crespi et al
(1997) and Stresser (2000). The substrates BFC, CEC, and
AMMC were used to assess the activity of the CYP isoforms
CYP 3A4, CYP 1A2 and CYP 2C19 and CYP 2D6,
respectively. Stock solutions of the substrates, 20 mM CEC,
10 mM AMMC and 50 mM BFC were prepared in acetonitrile
under reduced lighting conditions and sonicated to ensure
homogeneity. 

Assays were conducted in black, flat bottomed microtitre
96-well plates (655096) with lids obtained from Greiner
(Bio-One Ltd, Gloucestershire, UK). The following human
CYP supersomes were purchased from Gentest (Woburn):
CYP 3A4 (with cytochrome b5), CYP 1A2 (with cytochrome
b5), CYP 2C19 and CYP 2D6*1. 

To assess the performance of the assay, the potency of
reference inhibitors of each CYP isoform was measured. Solu-
tions of the inhibitors furafylline (5 mM), ketoconazole
(0.25 mM), quinidine (0.025 mM) and tranylcypromine (25 mM)
were made in acetonitrile. The assay was carried out according
to Stresser (2000) and to the manufacturer’s instructions
(www.gentest.com), with minor modifications. The amount of
enzyme used was optimized so that the final amounts of
enzyme per well were as follows: CYP 1A2 0.5 pmol, CYP
2C19 1.0 pmol, CYP 2D6 1.5 pmol and CYP 3A4 1.0 pmol.
The plates were read in FLUOstar Optima (BMG, Labtech Ltd)
for the production of the fluorescent metabolites at the follow-
ing excitation and emission wavelengths, respectively: CHC
405–410 nm, 460 nm; AHMC 405–410 nm, 460 nm; and HFC
405–410 nm, 530 nm. 

Stock solutions of each alkylamide (4 mM) were prepared
in ethanol and stored at −20°C before use. The final max-
imum concentration of alkylamide was 200 mM with a corre-
sponding ethanol concentration of 5%. 

Blanks, positive controls, and corrections 
for solvent effects and intrinsic/quenching 
fluorescent effects 

The activity of CYP isoforms can be inhibited by solvents,
including ethanol (Busby et al 1999). To distinguish possible
inhibitory actions of the tested Echinacea extracts from
unspecific inhibition due to the inevitable presence of ethanol

in these extracts, we investigated which concentrations of
ethanol could be tolerated by the enzymes. Inhibition by etha-
nol was low at the concentration ranges tested for the individ-
ual Echinacea extracts (maximum ethanol concentration 2%). 

The degree of CYP inhibition by test agents was computed
as the ratio between the fluorescence measured in the pres-
ence of test substance and the fluorescence observed after the
enzyme was allowed to act on its substrate in the absence of
any inhibitors (positive control, P). To correct for small
solvent effects, these positive controls were run with ethanol
concentrations equivalent to those present in the reactions
with the test substances. The positive control values were
corrected for background fluorescence introduced by the
enzymes and their substrates (blanks, b). Similarly, the
fluorescence readings obtained in the presence of Echinacea
extracts were corrected for fluorescence introduced by the
extracts. This was achieved by subtracting the readings
recorded for extract tests (T) with those recorded for co-factor
solutions with extracts but with enzyme and substrate added
after addition of the STOP solution (extract blanks, e) (eqn 1): 

None of the Echinacea extracts led to quenching of the fluo-
rescing products of the enzyme reactions. This was ascer-
tained by comparing the fluorescence yielded by a complete
reaction with the readings obtained from reactions where
extracts were added after termination with STOP solution. 

Regression analysis 

Three independent experiments run in duplicate were carried
out for Echinaforce (Batch 015232) and the alkylamides
effects on all four CYP isoforms. Two independent experi-
ments were conducted to record the effects of the other extracts
on CYP 3A4. The latter enzyme was chosen due to its abun-
dance in the liver and large involvement in drug interactions. 

To estimate median inhibitory concentrations of extracts
and alkylamides, non-linear regression analysis was carried
out by using the four parameter Hill model (eqn 2): 

% Enzyme activity= Min+ (Max − Min) / 
(1 + 10^ ((LogEC50 − x) *p)) (2)

where Min and Max are the minimal and maximal observed
effects, respectively; x is the concentration of test agent;
EC50 is the concentration yielding half-maximal response
(i.e. IC50); and p is the slope parameter. Due to the correction
for readings, the minimal values were equal to 0% and the
maximal values were equal to 100%. IC50 values and 95%
confidence belts of the regression model were calculated
using Graph Pad Prism v.4.03 (Inc, USA). 

The accurate functioning of the supersome assay was
assessed by analysing the potency of reference inhibitors of

Results 

% Enzyme activity =  
( )

( )

T e

P b

−
−

⎡

⎣
⎢

⎤

⎦
⎥ × 100
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specific CYP isoforms. Median inhibitory concentrations
(IC50) were estimated using non-linear regression analysis
(four parameter Hill model). The IC50 value of the 1A2
inhibitor furafylline was 1.68 mM, for trancylcypromine
(2C19) it was 9.45 mM, for quinidine (2D6) it was 0.0077 mM
and for ketoconazole (3A4) it was 0.12 mM, all in good agree-
ment with literature data (Gentest; Yamamoto et al 2002; Zou
et al 2004). 

At concentrations below 10 mgmL−1, ethanolic Echina-
force extracts did not show significant inhibitory activity on
any of the CYP isoforms, 1A2, 2C19, 2D6 or 3A4. The
enzymes became sensitive to inhibition in the concentration
range between 10 and 500 mgmL−1. For potency comparisons,
median inhibitory concentrations (IC50) were estimated by
non-linear regression modelling (Hill model). Between-
experiment variation was small, and data variation changed
little with increases in extract concentration, as illustrated by
the response data for CYP 2D6 in Figure 2. All other iso-
forms yielded data of similar quality (Table 2). Although
CYP 3A4 was the most sensitive isoform, and CYP 2D6 most
resistant to inhibition by Echinaforce extracts, the differences

were not very pronounced. The IC50 values differed by only
a factor of three. 

A survey of the inhibitory activity of other commercially
available Echinacea extracts on CYP 3A4 isoform was
conducted. Although all extracts were able to inhibit CYP
3A4, we observed surprisingly large potency differences
(Figure 3 and Table 1). The IC50 value of the most potent
extract K (12.71 mgmL−1) was 150 times lower than that of
the least effective extract A (1812 mgmL−1). 

There were also considerable variations in the alkylamide
content of these Echinacea extracts. Extract K contained
approximately 1400-fold alkylamide levels than extract A
(1384mgmL−1 vs 1mgmL−1) (Table 1). Higher alkylamide con-
tent was associated with greater CYP 3A4 inhibitory activity
(with a correlation coefficient of r2 = 0.89), but dry mass con-
tent did not correlate with the IC50 values of the extracts. 

The association between alkylamide content and CYP 3A4
inhibitory potency prompted us to assess directly whether
alkylamides known to be present in Echinacea extracts were
able to interfere with CYP isoforms. Studies with the chemi-
cally pure alkylamides 1 and 2 (Figure 1) revealed that CYP
2C19, 2D6 and 3A4 could all be inhibited. Generally,
1 showed more pronounced inhibitory action than 2. The
potency differences were particularly marked with CYP 3A4,
where over twice the concentration of 2 was required to pro-
duce 50% enzyme inhibition (Table 2, Figure 4). The inhibi-
tion of CYP 2C19 by 1 was slightly stronger than that by
2 (IC50 of 76.6 vs 93.0 mM). CYP 2D6 was inhibited by both
alkylamides, with approximately twice as much 2 required
than 1 to cause 50% loss in enzyme activity (40.2 vs 27.4mM).
However, both alkylamides lacked any inhibitory effects on
CYP 1A2. The alkylamides were weaker inhibitors of CYP
isoforms than their respective reference inhibitors (Table 2). 

We have shown that all Echinacea extracts studied had the
potential to inhibit CYP 3A4. However, it is noteworthy that
the inhibitory potency was overall relatively weak and varied
considerably between extracts. Our data showed that inhibi-
tion of CYP 3A4 was not limited to preparations from E. pur-
purea, but was also seen with extracts derived from E. pallida

Concn Echinaforce (µg mL–1)
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Figure 2 Concentration–response relationship for Echinaforce (batch
no. 015232-extract H) on CYP 2D6. Data points are duplicates from
three independent experiments with the corresponding regression model
(black solid sigmoidal line) and 95% upper and lower confidence limits
(dotted lines). 

Table 2 Median inhibitory concentrations (IC50) and the upper and lower 95% confidence limits (depicted in brackets) for Echinaforce, dodeca-
2E,4E,8Z,10E/Z-tetranoic acid isobutylamide (1) and dodeca-2E,4E-dienoic acid isobutylamide (2) against the CYP isoforms (CYP 1A2, CYP 2C19,
CYP 2D6 and CYP 3A4) 

Test substance CYP isoforms 

CYP 1A2 CYP 2C19 CYP 2D6 CYP 3A4 

Echinaforce Batch 
015232 (mg mL−1) 

30.21 (27.11–33.66) 60.87 (36.66–101.0) 69.40 (57.25–84.14) 22.18 (21.40–23.00)

Alkylamide 1 (mg mL−1) No inhibition 18.9 (14.9–24.0) 6.8 (5.2–8.8) 1.9 (1.7–2.1) 
(mM)  76.6 (60.2–97.4) 27.4 (21.1–35.5) 7.7 (7.0–8.5) 

Alkylamide 2 (mg mL−1) No inhibition 23.4 (17.4–31.4) 10.1 (7.2–14.2) 5.2 (4.1–6.5) 
(mM)  93.0 (69.2–125.10) 40.2 (28.7–56.4) 20.6 (16.4–26.0) 

Reference inhibitors 
(mM) 

Furafylline
1.68 (1.36–2.08) 

Tranylcypromine 
9.45 (8.05–11.10) 

Quinidine
0.0077 (0.0069–0.0086) 

Ketoconazole
0.12 (0.10–0.14) 

Discussion 
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radix and E. angustifolia. The Echinaforce extract was tested
more extensively and revealed weak in-vitro inhibitory activ-
ity also on CYP 1A2, CYP 2C19 and CYP 2D6. It appeared
likely that the other preparations were able to inhibit these
isoforms, although this awaits experimental confirmation. 

Our results agreed with the observations made by Yale &
Glurich (2005) with the CYP 3A4 isoform, of which they
reported a mild inhibitory activity (IC50 value: 75% full
extract concentration) using the same substrate. However,
this was not the case for CYP 2D6 for which they reported no
effect. It is conceivable that this lack of activity was due to
the relative insensitivity of this isoform to Echinacea that
became apparent in our studies. The study by Yale & Glurich
(2005) assessed a 70% methanol extract of E. purpurea that
was prepared in house from one Echinacare capsule (Phyto-
pharmica, Green Bay, WI). They employed an assay set up
similar to the one used by us, but without a control for intrin-
sic fluorescence or assessment of quenching effects. The
authors acknowledged that this contributed to interferences in
the assay. 

For the first time, we have demonstrated that alkylamides
found in Echinacea species contributed to the inhibitory
activity on CYP isoforms 2C19, 2D6 and 3A4. The isomeric
alkylamide 1 showed more potent inhibitory activity on CYP
isoforms. It is well known that 1 is one of the main compo-
nents among the numerous alkylamides present in Echinacea
species (Gertsch et al 2004). With the exception of the
extracts A, C, D and F, 1 was by far the most prevalent of all
the alkylamides, representing 30–70% of the total alkylamide
content present in the extracts analysed here (Table 1). The
good correlation between the alkylamide content of the
extracts and their potency in inhibiting CYP 3A4 has pro-
vided evidence that alkylamides, at least in part, contributed
to the overall inhibitory actions of Echinacea preparations.
The CYP inhibition seen with the extracts could not solely be
attributed to alkylamides. While the Echinaforce extract
inhibited CYP 1A2, this effect was not observed with 1 and 2
in the concentration range where both these alkylamides
showed activity with the other CYP isoforms. Furthermore,

alkylamides are unstable in aqueous preparations (Gertsch
et al 2004) and are better preserved in ethanolic solutions, but
the ethanol content of the preparations had little influence on
the inhibitory potency of the extracts. For example, extract C
did not contain any ethanol, but induced some, albeit weak,
inhibition on CYP 3A4. We concluded that other, as yet uni-
dentified constituents also contributed to the overall inhibi-
tory effects seen with Echinacea preparations in-vitro. 

Taken together, we have shown that the supersome assay
system based on probes that give rise to fluorescent reaction
products was useful for the effective and rapid assessment of
inhibitory activity of herbal medicinal products on CYP
enzymes. Therefore it could be applied to meet the large-
scale screening requirements of regulatory authorities. 

Although in-vitro screening assays such as the one used in
our studies can reveal the potential of Echinacea herbal
medicinal products to lead to adverse drug interactions invol-
ving CYP inhibition, this cannot indicate that CYP inhibition
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Figure 3 Regression models for the effects of all 10 extracts on CYP
3A4 based on duplicates from two independent experiments for all
extracts except extract H where three independent experiments were con-
ducted. For details about the extracts refer to Table 1. 
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Figure 4 Regression models for the effect of (A) dodeca-2E,4E,8Z,
10E/Z-tetranoic acid isobutylamide (1) and (B) dodeca-2E,4E-dienoic
acid isobutylamide (2) on CYP 2D6 (open squares, short dashed line),
CYP 3A4 (open circles, long dashed line) and CYP 2C19 (closed trian-
gles, solid line). No inhibitory effect was seen with CYP 1A2. Data
points are duplicates from three independent experiments. Upper and
lower 95% confidence limits of the regression response are shown as
dotted lines. 
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will necessarily occur at the doses of Echinacea extracts
normally encountered in a clinical situation. An interesting
bioavailability study in ten volunteers (Woelkart et al 2006) is
available that might provide some guidance in answering this
question. A single maximum daily dose of Echinaforce drops
(4 mL) or Echinaforce tablets (12 tablets) was administered to
volunteers. With a single dose of Echinaforce drops equival-
ent to 0.07 mg 1, a maximum serum level of 0.4 ngmL−1

(± 0.31 ngmL−1) of 1 was measured after 30 min. Hypotheti-
cally, making the worst-case assumption that the same level
was reached inside hepatocytes, and ignoring potential losses
through distribution, uptake etc., the lowest IC50 recorded for
1 in our study (1.96 mgmL−1) was 4900-fold higher than the
anticipated concentration inside hepatocytes. Even taking into
account that other, unknown ingredients are likely to be at
play, it appears highly unlikely that inhibitory concentrations
of 1 will be reached inside the liver. This conclusion needs to
be tempered by considering the possibility that the serum lev-
els may be higher after prolonged use of Echinaforce, and
that hepatocytes may be more sensitive to CYP inhibition
than the purified enzyme preparations used in this study.
However, there are currently no data available that would
support these possibilities. 

The in-vivo findings by Gorski et al (2004) of selective
inhibition of CYP 3A4 and 1A2 in volunteers given E. purpu-
rea root tablets deserve serious consideration. Interestingly,
inhibition of CYP 2D6 was not observed by Gorski et al
(2004). Once again this lack of activity may have been due to
the relative insensitivity of this isoform that became apparent
in our studies. However, in view of the general lack of CYP
inhibition in the volunteer study by Gurley et al (2004) the
evidence remains somewhat contradictory and it is hard to
draw definitive conclusions about the ability of Echinacea
preparations to interfere with CYP in “real life”. Considering
the large variations in inhibitory potency we observed with
commercial preparations, and the absence of phytochemical–
analytical characterizations of the extracts used in the above
human studies, it is essential that future studies, especially
with volunteers, are conducted with phytochemically–
analytically characterized preparations. Furthermore, con-
clusions drawn using one specific extract cannot necessarily
be generalized to other ones derived from the same botani-
cal drug. 
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