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Abstract
1. Women who experience hot flashes as a side effect of tamoxifen therapy often try

botanical remedies such as black cohosh to alleviate these symptoms. Since
pharmacological activity of tamoxifen is dependent on the metabolic conversion into
active metabolites by the action of cytochromes P450 2D6 and 3A4, the objective of this
study was to evaluate whether black cohosh extracts can inhibit formation of active
tamoxifen metabolites and possibly reduce its clinical efficacy.

2. At 50 µg/ml, a 75% ethanolic extract of black cohosh inhibited formation of 4-hydroxy-
tamoxifen by 66.3%, N-desmethyl tamoxifen by 74.6% and α-hydroxy tamoxifen by
80.3%. In addition, using midazolam and dextromethorphan as probe substrates, this
extract inhibited CYP3A4 and CYP2D6 with IC50 values of 16.5 and 50.1 µg/ml,
respectively.

3. Eight triterpene glycosides were identified as competitive CYP3A4 inhibitors with IC50
values ranging from 2.3–5.1 µM, while the alkaloids protopine and allocryptopine were
identified as competitive CYP2D6 inhibitors with Ki values of 78 and 122 nM,
respectively.

4. The results of this study suggests that co-administration of black cohosh with tamoxifen
might interfere with the clinical efficacy of this drug. However, additional clinical studies
are needed to determine the clinical significance of these in vitro results.
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Introduction
The roots/rhizomes of black cohosh (Cimicifuga racemosa L. (Nutt.) (syn. Actaea racemosa
L.) have been used traditionally by Native Americans to treat colds, rheumatism as well as
for alleviating menopausal symptoms such as hot flashes (McKenna et al., 2001). Because
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of the risks of hormone replacement therapy (Rossouw et al., 2002), black cohosh
preparations are popular among women seeking alternative treatments for menopausal
complaints (Mahady et al., 2003). Extensive preclinical and clinical investigations have
provided conflicting evidence regarding effectiveness of black cohosh (Borrelli and Ernst,
2008). Early studies suggested that black cohosh extracts were effective in reducing the
frequency and intensity of hot flashes among perimenopausal and postmenopausal women
(Frei-Kleiner et al., 2005; Kronenberg and Fugh-Berman, 2002; Osmers et al., 2005; Wuttke
et al., 2003), while several trials including recent double-blind placebo-controlled studies
demonstrated no vasomotor symptom benefits (Geller et al., 2009; Jacobson et al., 2001;
Liske et al., 2002; Newton et al., 2006). However, the impact of the recent negative results
on consumer choices is hard to predict. Given the risks of hormone replacement therapy,
many women will probably continue to use black cohosh preparations. Thus, the issue of
potential interactions of black cohosh supplements with prescription medications remains
clinically relevant.

We are studying potential interactions of black cohosh with tamoxifen (TAM) which is
being used for the treatment or prevention of estrogen receptor-positive breast cancer. TAM
reduces the risk of breast cancer in women at high risk by almost 50% and the rate of
mortality by approximately 25% (EBCTCG; Fisher et al., 2005). Pharmacological effects of
TAM depend on its metabolic conversion into two active metabolites, 4-hydroxytamoxifen
(4-OH TAM) and N-desmethyl-4-hydroxytamoxifen (endoxifen), with endoxifen being
more abundant in vivo (Lien et al., 1989; Stearns et al., 2003). In vitro studies have
identified cytochromes P450 2D6 and CYP3A4 as the dominant, although not exclusive,
isoforms responsible for the production of active metabolites (Crewe et al., 1997; Desta et
al., 2004). In addition to active metabolites, TAM is converted into a number of other
metabolites most notably α-hydroxytamoxifen (α-OH TAM), which has been implicated as
a genotoxic metabolite of TAM (Phillips, 2001) (see Figure 1).

Based on these considerations, one can expect that co-administration of drugs or herbs that
inhibit CYP2D6 and/or CYP3A4 can negatively impact clinical efficacy of TAM. This issue
has received significant interest after Stearns and coworkers found that co-administration of
selective serotonin reuptake inhibitors (SSRIs) with TAM significantly reduced in vivo
concentrations of active TAM metabolites (Stearns et al., 2003). SSRIs are commonly
prescribed to treat depression and hot flashes, which are serious side-effects of TAM therapy
(Mortimer et al., 2008). However, some SSRIs, such as fluoxetine, are also potent CYP2D6
inhibitors, and there is a concern that these drugs may reduce effectiveness of TAM therapy.
This work has spurred debate as to whether drugs that inhibit CYP2D6 should be prescribed
together with TAM (Dezentje et al., 2010; Sideras et al., 2010).

Since hot flashes are the main indication for black cohosh use, women who experience this
side effect of TAM may choose to use black cohosh as a presumably safe remedy. Even
though the recent evidence suggests that black cohosh is ineffective for alleviation of
menopausal hot flashes, this per se may not prevent women from taking these supplements
to alleviate hot flashes associated with TAM therapy. Thus, it is of interest to understand
whether black cohosh supplements can inhibit CYP450 enzymes involved in the metabolism
of TAM. In this study, the potential of a 75% ethanolic extract of black cohosh to affect
metabolism of TAM was evaluated in vitro using human liver microsomes pooled from
multiple women donors as a model system.
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Materials and methods
Chemicals and reagents

All chemicals except as noted below were obtained from Sigma-Aldrich (St. Louis, MO). α-
OH TAM and the stable isotopically labeled internal standards, 4-OH TAM-ethyl-d5 and N-
desmethyl-TAM-ethyl-d5, were obtained from Toronto Research Chemicals Inc., (North
York, Ontario, Canada). Dextrorphan-d3, midazolam, 1’-hydroxy-midazolam and
flurazepam were purchased from Cerilliant (Round Rock, TX). Allocryptopine was
purchased from MP Biosciences (San Diego, CA) and protopine was purchased from
ChemDiv (San Diego, CA). The investigated triterpene glycosides were isolated from roots/
rhizomes and aerial parts of black cohosh using procedures described previously (Chen et
al., 2002a; Chen et al., 2002b; Fabricant, 2006). Human liver microsomes pooled from ten
women donors (protein content 20 mg/ml; cytochrome P450 total activity: 370 pmol/min ×
mg protein) were obtained from Gentest (Woburn, MA). All organic solvents were HPLC-
grade and were purchased from Fisher Scientific (Fair Lawn, NY).

Plant materials
The raw plant material and the corresponding 75% ethanolic extract used in this study were
identical to that used in a recent Phase II clinical trial and were previously described in
detail (Chen et al., 2002a; Chen et al., 2002b; Fabricant, 2006; Geller et al., 2009; Powell et
al., 2008; van Breemen et al., 2010). In brief, the plant material was acquired from Naturex
(previously Pure World, South Hackensack, NJ), botanically authenticated by the UIC/NIH
Center for Botanical Dietary Supplements Research, and characterized by PCR, vouchers
and microscopy (Xu et al., 2002). Milled roots/rhizomes were extracted with 75% ethanol
by large-scale percolation, vacuum-dried at 45 °C and milled though a 60-mesh screen to
yield a powdered extract. The extract was standardized to 5.6% of four triterpene glycosides
(Fabricant, 2006).

Bioassay-guided fractionation
Using the fractionation scheme outlined in Figure 2 (Powell et al., 2008), 75% ethanolic
extract was first partitioned with between water and ethyl acetate. The water partition was
fractionated on Amberlite XAD-2 resin to yield water and a methanol-soluble fractions. The
methanol fraction was then subjected to pH-zone refinement fast centrifugal partition
chromatography (FCPC) using water/butanol/ethyl acetate (5:4:1 v/v/v) as the solvent
system to produce six chemically distinct fractions (FCPC 1–6). More detailed description
of the fractionation procedure has been published elsewhere (Godecke et al., 2009b; Powell
et al., 2008).

Tamoxifen metabolism by liver microsomes
Prior to conducting enzyme inhibition studies, experimental conditions such as incubation
time and protein concentration were optimized to ensure that initial reaction rates could be
measured and that no secondary metabolism occurred. In the final method, incubation
mixtures (200 µL) consisting of 0.1 mg/ml liver microsomes, 2 µM TAM (diluted from 250
µM stock solution in 10 mM HCl) and black cohosh fractions (50 µg/ml) or isolated
compounds (10 µM) in potassium phosphate buffer (0.1 M, pH 7.4) were preincubated for
10 min at 37°C before enzymatic reactions were initiated by addition of NADPH (1 mM).
After a 20-min incubation period, the reactions were stopped by addition of ice-cold stop
solution (CH3CN/H2O/HCOOH; 90:10:4, v/v/v) containing internal standards (4-OH TAM
ethyl-d5 and N-desmethyl-TAM ethyl-d5). Positive controls were carried out with the
selective inhibitors ketoconazole (1 µM; CYP3A4 inhibitor) and quinidine (1 µM; CYP2D6
inhibitor). Test compounds were dissolved in DMSO, and the final DMSO concentration did
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not exceed 0.1%, which was significant since CYP3A4 and some other isoforms are strongly
inhibited by DMSO (Chauret et al., 1998).

LC-MS analysis of TAM metabolites
Reverse phase HPLC separations of TAM metabolites were carried out using an Atlantis®
T3 (Waters, Milford, MA) 2.1 × 100 mm (5 µm particle size) C18 column with an Agilent
(Palo Alto, CA) 1100 solvent delivery system. Metabolites were separated using a 30-min
linear gradient from 26–60% MeCN in 0.1% aqueous formic acid at a flow rate of 0.21 ml/
min. The column was thermostated at 30°C. The eluent from the column was introduced into
an Agilent (Palo Alto, CA) single quadrupole mass spectrometer operated in positive ion
electrospray mode. The data were acquired using selected ion monitoring (SIM) of
protonated molecules α-OH TAM and 4-OH TAM at m/z 388.2, N-desmethyl TAM at m/z
358.2 and internal standards 4-OH TAM ethyl-d5 at m/z 393.2 and N-desmethyl TAM
ethyl-d5 at m/z 363.2. Identification of metabolites was accomplished by comparison of
retention times with authentic standards. The accuracies of the measurement of the
investigated metabolites were >90%. The intra-assay coefficient of variation, which includes
variability in incubation conditions as well as analytical method variability, was 10% for α-
OH TAM, 12% for 4-OH TAM and 4% for N-desmethyl TAM (n=5).

CYP2D6 and CYP3A4 probe metabolism inhibition assay
Microsomal dextromethorphan N-demethylation (CYP2D6) and midazolam 1’-
hydroxylation (CYP3A4) assays were carried out as previously described (Walsky and
Obach, 2004). Metabolites were separated using a Zorbax Eclipse XDB (2.1 × 50 mm 1.8
µm) C18 column (Agilent, Santa Clara, CA) and a mobile phase consisting of 0.1 % formic
acid in water (mobile phase A) and methanol (mobile phase B). Dextromethorphan
metabolites were separated using the following linear gradient program: 19 % B for 2 min,
19 to 80 % B in 0.1 min, 80% B for 9 min, and finally returning to 19% B. Midazolam
metabolites were separated using the gradient program that consisted of 40% B for 2 min, 40
to 80% B in 1 min, 80% B for 4 min, and finally returning to 40% B. The flow rate was 0.2
ml/min, and the column temperature was 33°C for all analyses. Positive ion electrospray
was used with SIM to measure protonated molecules of dextrorphan at m/z 258.1 and
internal standard dextrorphan-d3 at m/z 261.1 or protonated molecules of 1’-hydroxy-
midazolam at m/z 342.2 and internal standard flurazepam at m/z 388.2.

LC-MS dereplication
Active fractions were analyzed by LC-MS using positive ion electrospray on a Waters
Synapt© hybrid quadrupole/time-of-flight mass spectrometer. Separations were carried out
on a Hypersil GOLD 2.1 × 150 mm 5 µm column using a gradient from 6–65% MeCN/0.1%
formic acid over 35 min at a flow rate of 0.2 ml/min. Product ion tandem mass spectra were
recorded at a collision energy of 25 eV. Elemental compositions and fragmentation data
were searched against Beilstein CrossFire Commander database of known natural products.
Final confirmation of proposed structures was carried out by comparison with authentic
standards.

Results
Metabolites of TAM formed by human liver microsomes are shown in the LC-MS
chromatogram in Figure 3. As expected, the most abundant metabolite was N-desmethyl
TAM eluting at 22.6 min, while active metabolite 4-OH TAM (retention time 17.4 min) was
a minor metabolite. The most abundant oxidation product was tamoxifen N-oxide eluting at
24 min. However, since tamoxifen N-oxide has not been implicated in the biological activity
of TAM, it was not investigated further After the analytical method had been optimized, a

Li et al. Page 4

Xenobiotica. Author manuscript; available in PMC 2013 February 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



75% ethanolic extract of black cohosh was tested for its ability to inhibit formation of TAM
metabolites. As shown in Figure 2, crude 75% ethanolic extract showed strong inhibition of
formation of α-OH TAM, 4-OH TAM, and N-desmethyl-TAM. Results of the bioassay-
guided fractionation indicate that most of the activity was concentrated in the ethylacetate
partition and FCPC fractions 5 and 6 (Figure 2) and these fractions were further investigated
in order to identify active components.

Identification and characterization of CYP3A4 inhibitors
Crude 75% ethanolic extract of black cohosh showed strong activity against CYP3A4 in the
midazolam hydroxylation assay with an IC50 value of 16.5 µg/ml. Since LC-MS analysis
revealed that the ethylacetate partition contained primarily triterpene glycosides (data not
shown), we tested several purified compounds that had been previously isolated from black
cohosh.. Among the 22 triterpenes tested, eight compounds showed more than 50%
inhibition of CYP3A4 at the test concentration of 10 µM (Table 1 and Figure 4). All active
compounds were moderately potent CYP3A4 inhibitors with IC50 values ranging from 2.3–
5.1 µM. None of the tested compounds had activity against CYP2D6.

Next, we sought to determine the mechanism of inhibition by carrying out classical kinetics
studies using several substrate and inhibitor concentrations. Due to sample limitations, only
two active compounds, 16 and 12, were evaluated. The Lineweaver-Burk plots (Figure 5)
indicate that both compounds are competitive inhibitors with Ki values of 1.1 µM and 1.7
µM for 16 and 12, respectively.

As shown in Table 2, triterpenes primarily inhibited formation of N-desmethyl TAM and α-
OH TAM, which is expected based on the known contribution of CYP3A4 to the formation
of these metabolites. Interestingly, two compounds, 12 and 2 also showed moderate
inhibition of 4-OH TAM formation. It is possible that these triterpenes inhibit other isoforms
that may contribute to the formation of this metabolite.

Identification of CYP2D6 inhibitors
Crude 75% ethanolic extract showed moderate activity against CYP2D6 in the
dextromethorphan demethylation assay with an IC50 value of 50.1 µg/ml. Since most known
CYP2D6 inhibitors contain nitrogen in their molecules, we first tested pure commercially
available nitrogen-containing compounds that had been previously identified in black
cohosh (Godecke et al., 2009a) (see Table S1 in the Supplement). None of these compounds
showed activity against either CYP2D6 or CYP3A4. Thus, it was clear that heretofore
unknown compound(s) were responsible for the observed inhibition.

Of particular interest were two compounds with protonated molecules of m/z 354 and m/z
370 present in FCPC Fraction 6 and whose product ion spectra are shown in Figure 6. High
resolution accurate mass measurements provided elemental compositions of C19H19NO5 and
C20H23NO5, respectively. By combining database searching and interpretation of tandem
mass spectra, these two compounds were identified as protopine and allocryptopine, two
members of the protopine class of alkaloids. Kinetic studies using dextromethorphan as the
probe substrate indicated that both compounds are competitive inhibitors of CYP2D6 with
the corresponding Ki values of 78 nM and 122 nM for protopine and allocryptopine,
respectively (Figure 7).

Using reference standards, the amounts of protopine and allocryptopine in the ethanolic
extract of black cohosh were determined to be 0.0063% and 0.0088%, respectively, while
their levels in the active FCPC fraction 6 were 0.038 and 0.045%, respectively. Since both
compounds are present in the same active fraction, we next determined whether there is any
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interaction between them by measuring inhibition by various combinations of the inhibitors.
The results of these experiments indicated that protopine and allocryptopine are mutually
exclusive inhibitors (see Yonetani and Theorell, 1964). As such, the total activity of the
mixture of these two alkaloids is a simple sum of activities of each compound.

The effects of protopine and allocryptopine on TAM metabolism are shown in Table 3. The
results show that these two alkaloids significantly reduced formation of 4-OH TAM while
they had marginal effects on the production of the other two TAM metabolites. This
indicates that they are quite selective for the CYP2D6 isoform. The data also indicate that
protopine and allocryptopine can account for approximately half of the observed activity of
FCPC Fraction 6. It is interesting to note that quinidine did not completely abolish formation
of 4-OH TAM. This finding is in agreement with previous studies that found that quinidine
does not completely block 4-OH TAM formation, indicating that CYP2D6 is not the
exclusive isoform responsible for its formation (Crewe et al., 1997; Dehal and Kupfer, 1997;
Desta et al., 2004).

Discussion
Treatment of hot flashes is the most common indication for black cohosh use, and
occurrence of hot flashes is a serious clinical issue with TAM therapy, which often leads to
poor compliance (Fisher et al., 1998). At least two clinical trials examined effects of black
cohosh extracts on TAM induced hot flashes with one finding no effect (Jacobson et al.,
2001) and another reporting significant efficacy of black cohosh (Hernandez Munoz and
Pluchino, 2003). Since women are continuing to use black cohosh, it is of interest to
understand whether black cohosh supplements have any effect on TAM efficacy.

In this study we found that a 75% ethanolic extract of black cohosh has the potential to
interfere with the metabolic conversion of TAM into active metabolite 4-OH TAM and N-
desmethyl-4-OH TAM (endoxifen) via inhibition of formation of N-desmethyl TAM.
Because of the dominant role of CYP3A4 and CYP2D6 in the metabolism of TAM, this
study primarily focused on the identification of inhibitors of these two isoforms. Specific
triterpene glycosides were found to inhibit CYP3A4 mediated metabolism of TAM. This
class of compounds has been the major focus of phytochemical investigations of black
cohosh for several decades, and numerous congeners have been isolated and characterized.
Two recent in vitro studies described weak inhibition of CYP3A4 by triterpenes (Huang et
al., 2010; Tsukamoto et al., 2005), and our data for the major triterpenes are in agreement
with these studies. Interestingly, 12, which was found moderately active in this study, was
determined to be only a weak inhibitor by Tsukamoto et al. (Tsukamoto et al., 2005). One
possible explanation of this discrepancy lies in different experimental conditions used in the
two studies. For example, Tsukamoto and coworkers used substrate concentration well
above Km, which effectively prevented competitive inhibitors from binding to the enzyme.
In addition, they used 0.5% DMSO which is known to significantly inhibit CYP3A4,
thereby masking inhibition by the triterpenes. Similarly, the study by Huang et al. only
mentions that organic solvent content was less than 1%, but did not specify the exact
amount.

Our data indicate that triterpene glycosides are moderately potent competitive inhibitors, but
with an apparent lack of structure-activity relationship. It is important to note that abundant
triterpenes, such as the standardization markers 1 and 11 as well as the cogeneric 4, were
inactive against CYP3A4 and CYP2D6. This suggests that chemical standardization based
on these abundant triterpene markers does not establish a quantitative measure for the
extract’s potential to inhibit CYP3A4 or CYP2D6. Because all of the active triterpenoids
identified in this study were minor constituents, one or a few individual compounds are
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unlikely to fully account for all the observed activity of the crude extract, suggesting the
presence of additional active compounds. For example, the most abundant active compound
was 12 which was present at a level of 1.6 mg/g of crude extract (Fabricant, 2006). In the
reaction mixture, this would amount to a concentration of 22 nM, which is below the
observed Ki.

The data from this study are in contrast with two clinical studies that reported no effect of
black cohosh on the activity of CYP3A4 in vivo (Gurley et al., 2006; Gurley et al., 2005),
although one of the studies noted a small trend toward CYP3A4 inhibition by black cohosh
(Gurley et al., 2005). One obvious explanation for this discrepancy is differences in the
types of extracts used. Although the in vivo studies reported the content of major (inactive)
marker triterpenoids such as 1 and 11, the content of active CYP3A4 inhibitors in those
extracts was not known, nor was activity of the crude extract tested in an in vitro assay to
establish possible in vitro-in vivo correlation. A recent pharmacokinetic study on 1 (van
Breemen et al., 2010) found that black cohosh triterpenes are orally bioavailable; however,
the pharmacokinetics of the CYP3A4 active triterpenes has not been investigated to date.
Thus, whether the extract investigated in the present study possesses in vivo activity needs
to be determined in a carefully designed clinical study.

Several in vitro and in vivo studies have addressed the potential of black cohosh to inhibit
CYP2D6. An in vivo study by Gurley et al. found a small, but statistically significant
inhibition of CYP2D6 (Gurley et al., 2005). In a follow-up study by the same group, black
cohosh was found to have no effect on CYP2D6 in vivo (Gurley et al., 2008). Recent in
vitro studies have provided conflicting reports with one reporting high (Ho et al., 2011), one
moderate (Huang et al., 2010), and one no activity against CYP2D6 (Sevior et al., 2010).
The identification of protopine and allocryptopine as potent CYP2D6 inhibitors is an
important new discovery in this study that may provide a possible explanation for apparent
discrepancies among these previous studies. Many alkaloids, particularly those that possess
methylenedioxyphenyl moiety, are potent (often mechanism-based) inhibitors of CYP2D6,
yet the presence of this class of compounds in black cohosh has largely been overlooked,.
Consequently, small differences in their quantities whether resulting from extraction
procedures or growing conditions, can have profound effects on the observed biological
activities of black cohosh extracts. It is also important to note that protopine and
allocryptopine cannot fully account for the observed CYP2D6 activity and that other
unidentified active compounds are still present.

When it comes to potential clinical significance of inhibition of TAM metabolism by black
cohosh there are a number of issues to consider. First, it is important to note that in vitro
inhibition observed in this study may or may not translate into measurable in vivo activity.
Second, it has been shown that serum concentrations of TAM metabolites do not always
predict clinical outcome (Bratherton et al., 1984; Langan-Fahey et al., 1990). The
concentrations of active TAM metabolites that trigger hot flashes and those necessary for
activity may or may not be the same or even linked. Thus, even if black cohosh inhibits
formation of TAM metabolites in vivo, the final clinical outcome of such interaction can be
determined only in a carefully designed clinical study. Unfortunately, the two studies that
examined effects of black cohosh on TAM induced hot flashes (Hernandez Munoz and
Pluchino, 2003; Jacobson et al., 2001) did not measure the concentrations of active
metabolites, thus it is not clear what effects, if any, black cohosh had on TAM metabolism.
Finally, due to the polymorphic nature of CYP2D6, co-administration of CYP2D6 inhibitors
with TAM may be more relevant for extensive and intermediate metabolizers than for poor
metabolizers (Sideras et al., 2010). Reduction in formation of α-OH TAM via inhibition of
CYP3A4 by black cohosh may be a potentially beneficial aspect of this interaction. This
metabolite has been implicated as a causative factor in increasing the risk of endometrial
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cancer during TAM therapy. Thus, black cohosh supplements might protect women from
this side effect of TAM therapy.

Conclusions
In this study, a 75% ethanolic extract of black cohosh was found to interfere with TAM
metabolism by inhibition of cytochrome P450 2D6 and CYP3A4. Eight triterpene
glycosides were found to inhibit CYP3A4 mediated metabolism, while two alkaloids,
protopine and allocryptopine were identified as potent inhibitors of CYP2D6. Based on
these in vitro results, black cohosh supplements have potential to interfere with clinical
efficacy of TAM. However, whether these findings will have any clinical significance needs
to be determined in a well-designed clinical trial. The results of this study do not provide
sufficient evidence for warning against concomitant use of black cohosh and TAM, but that
the patients consuming black cohosh supplements during TAM therapy should inform their
physicians so that they may be properly monitored for potential interactions.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Metabolic pathways of tamoxifen. The contribution of isoforms to the formation of
metabolites is labeled according to Desta et al. (Desta et al., 2004)
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Figure 2.
Results of the bioassay-guided fractionation. Crude extract and all fractions were tested at a
final concentration of 50 µg/ml. Data represent average of triplicates ± S.D. CYP2D6 and
CYP3A4 represent activities in standard assays for dextromethorphan demethylation and
midazolam hydroxylation, respectively.
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Figure 3.
LC-MS chromatogram of tamoxifen metabolites formed during incubation of 2 µM
tamoxifen with human liver microsomes pooled from women donors.
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Figure 4.
Structures of CYP3A4 inhibitors from black cohosh.
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Figure 5.
Lineweaver-Burk plots for cimiracemoside L (16) (panel A) and 23-O-acetylshengmanol-3-
β-D-xylopyranoside (12) (panel C) indicate that they are competitive inhibitors. Inhibitions
constants calculated from secondary plots of slopes (Kmapp/Vmaxapp) versus ligand
concentration (panels B and D) were 1.1 µM and 1.7 µM for 16 and 12, respectively. Kinetic
analyses were carried out using midazolam as a standard CYP3A4 substrate
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Figure 6.
Positive ion electrospray product ion tandem mass spectra of CYP2D6 inhibitors protopine
(A) and allocryptopine (B). The identity of each compound was confirmed by comparison
with an authentic standard.
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Figure 7.
Lineweaver-Burk and secondary plots of slopes (Kmapp/Vmaxapp) versus ligand
concentrations for protopine (panels A and C) and allocryptopine (panels B and D)
indicating that they are competitive inhibitors with Ki values of 78 nM and 122 nM,
respectively. Kinetics analyses were carried out using dextromethorphan as a standard
CYP2D6 substrate.
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Table 1

CYP3A4 inhibition by black cohosh triterpenes

Compound % inhibition (10 µM) IC50(µM)

1 23-epi-26-deoxyactein N/Aa

2 23-O-acetylshengmanol-3-α-L-arabinopyranoside (23R) 81.6±0.9b 2.3±0.2

3 25-anhydrocimigenol-3-O-β-xylopyranoside N/A

4 26-deoxyactein N/A

5 Cimiracemoside P N/A

6 Cimiracemoside J N/A

7 Cimiracemoside K 85.2±0.3 3.8±0.5

8 25-O-acetylcimigenol-3-O-β-xylopyranoside N/A

9 25-O-acetylcimigenol-3-O-α-arabinopyranoside N/A

10 25-anhydrocimigenol-3-O-β-arabinopyranoside N/A

11 Actein (R,S) N/A

12 23-O-acetylshengmanol-3-β-D-xylopyranoside 80.7±0.6 2.7±0.2

13 Cimiracemoside N N/A

14 2’-O-acetyl-Actein N/A

15 Cimiracemoside O 74.8±0.1 5.1±0.4

16 Cimiracemoside L 94.2±0.3 2.4±0.2

17 Cimicifugoside H-1 N/A

18 Cimicifugoside M 65.8±0.5 4.3±0.3

19 1-α-hydroxycimigenol-3-O- α-L-arabinopyranoside N/A

20 7-β-hydroxycimigenol aglycone 64.9±1.1 N/Dc

21 1-α-hydroxycimigenol-3-O-β-D-xylopyranoside N/A

22 25-O-acetyl-7-β-hydroxycimigenol-3-O-β-xylopyranoside 61.8±0.2 N/D

a
N/A, Not active = < 50% inhibition at 10 µM

b
Data represent average of triplicates ± S.D

c
N/D Not determined due to small quantities of available compound
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Table 2

Effects of triterpenes on TAM metabolism

% Inhibition

Compound 4-OH TAM N-desmethyl TAM α-OH TAM

23-O-acetylshengmanola-3-α-L-arabinopyranoside (23R) 58.8±3.4b 82.1±1.5 89.6±1.7

Cimiracemoside K 16.1±8.0 63.0±1.8 67.2±2.4

23-O-acetylshengmanol-3-β-D-xylopyranoside 55.2±5.3 76.7±1.6 83.7±2.9

Cimiracemoside O 36.7±6.7 53.3±5.0 58.3±5.7

Cimiracemoside L 39.1±3.6 72.6±2.5 75.0±2.8

Cimicifugoside M < 10 44.2±3.9 42.7±6.0

Ketoconazole (1µM) < 10 93.9 96.4

a
All compounds were tested at 10 µM

b
Data represent average of triplicate measurements ± S.D.
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Table 3

Effects of protopine and allocryptopine on TAM metabolism

% Inhibition

Compound 4-OH TAM N-desmethyl TAM α-OH TAM

Protopine (10 µM) 63.4±7.7a 15.8±1.3 12.4±6.3

Allocryptopine (10 µM) 57.9±4.3 16.8±2.8 < 10

Protopine+Allocryptopineb 32.1±6.3 < 10 < 10

FCPC Fraction 6 (50 µg/ml) 62.1±3.0 76.5±3.0 72.8±1.1

Quinidine (1 µM) 57.6±1.9 < 10 < 10

a
Data represent average of triplicates ±S.D.

b
Alkaloids were mixed in concentrations corresponding to those in FCPC Fraction 6. At 50 µg/ml of Fraction 6, the concentrations of protopine

and allocryptopine were 53 and 61 nM, respectively.
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