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Black cohosh (Actaea racemosa L., syn. Cimicifuga racemosa L.) has become increasingly popular
as a dietary supplement in the United States for the treatment of symptoms related to menopause,
but the botanical authenticity of most products containing black cohosh has not been evaluated, nor
is manufacturing highly regulated in the United States. In this study, 11 black cohosh products were
analyzed for triterpene glycosides, phenolic constituents, and formononetin by high-performance liquid
chromatography—photodiode array detection and a new selected ion monitoring liquid chromatog-
raphy—mass spectrometry method. Three of the 11 products were found to contain the marker
compound cimifugin and not cimiracemoside C, thereby indicating that these plants contain Asian
Actaea instead of black cohosh. One product contained both black cohosh and an Asian Actaea
species. For the products containing only black cohosh, there was significant product-to-product
variability in the amounts of the selected triterpene glycosides and phenolic constituents, and as
expected, no formononetin was detected.

KEYWORDS: Black cohosh; dietary supplements; quality control; triterpene glycosides; phenolic
constituents; formononetin;  Actaea racemosa ; Cimicifuga racemosa ; Asian Actaea species

INTRODUCTION led to the isolation of 42 triterpene glycosides from black cohosh

Actaea racemosé. (black cohosh) (synCimicifuga race-  Since 1962, including cimiracemoside F)(23-epi-26-deoxy-
mosaL.), a plant native to eastern North America, has a long actein (2), previously known as 27-deoxyactein, and ac®in (
and diverse history of medicinal use. Black cohosh was (12—14). Because triterpene glycosides are the major secondary
traditionally used by Native Americans and early colonists to compounds of black cohosh, many commercial black cohosh
treat a variety of conditions including general malaise, malaria, products are standardized to triterpene glycosides, most often
rheumatism, abnormalities in kidney function, sore throat, and to 2 (Figure 1). Additional chemical research reported 15
menstrual irregularitiesl( 2). During the past 40 years, in North  polyphenolic constituents including caffeic ac8),(fukiic acid,
America and Europe, the roots and rhizomes of this plant have piscidic acid, and their derivatives (1%6) (Figure 1). In a
been used as an herbal medicine primarily for the treatment of single report, an isoflavone, formononetin (6), was described
symptoms related to menopaus® 4). Considerable research  in black cohosh17). This compound was not detected in black
on this plant has been reported, including phytochemical studies,cohosh through a systematic study in our laboratds).(A
bioassays, and at least seven placebo and/or treatment-controlleghore recent report claimed to deteiin black cohosh 19),

clinical trials (5—11). . _ but additional work in our laboratory did not confirm this finding
The major secondary compounds in black cohosh include (o).

triterpene glycosides and phenolics. Phytochemical research has A number of studies looked at the estrogenic potential of

* To whom correspondence should be addressed. Tel: 718-960-8914, black cohosh. For example, in vivo studies found that black

Fa§<:C 7|18-%_60-32_36- E-mail: edward.kennelly@lehman.cuny.edu. cohosh extracts increased uterine and ovary weight (21—23)
olumbia University. . L
: City University of New York. and estrogen receptaFexpr_es_S|o_n:{4) and red_uc_:ed _Iute|n|2|ng

8 The Chinese Academy of Sciences. hormone levels33—26), pyridinoline/deoxypyridinoline levels,
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Figure 1. Some of the triterpene glycosides and phenolic constituents reported from Actaea species.

and bone loss (27). Some in vitro experiments with black cohosh
extract have shown estrogenic activiB3(-25). Other studies
indicate that black cohosh does not have estrogenic act28ty (
31). The phytoestroge®, which had been repeatedly cited to
explain the estrogen-like effect of black cohosh in reducing hot
flashes, has not been detected in our studi&sZ0). It is not
known currently which constituents of black cohosh might be
responsible for the reputed beneficial clinical effects on
menopausal symptoms.

In the U.S. market, there are varieties of black cohosh
products currently available directly to consumers in a range

ion monitoring (SIM) LC-MS method that observes multiple
ions in order to evaluate the quality of 11 black cohosh products.
For those products containing black cohosh, the amounts of
several selected triterpene glycosides and phenolic constituents
were quantitatively analyzed and compared. In the botanical
supplement industry and scientific research studies, different
alcohols are used to extract black cohosh, and there is insuf-
ficient information on whether, or the degree to which, this may
impact biological activity. To compare differences in the
chemical constituents due to extraction techniques, 80% metha-
nolic, 75% ethanolic, and 40% 2-propanolic extracts of the dried

of formulations and dosages. Because black cohosh is still roots and rhizomes of black cohosh were prepared to replicate
primarily wildcrafted in the United States, overharvesting is the extraction techniques of commercial black cohosh products
beginning to threaten its existence in the wiBR). Sourcing or for laboratory research. The phenolic and triterpenoid
and authentication of black cohosh are a concern to manufactur-glycoside profiles of our three alcohol extracts were examined
ers of dietary supplements. Some companies have begun tdy using the HPLC-PDA and LC-MS methods. All 11 black
cultivate black cohosh in Europe (personal communication). cohosh products were also examined@dyy a combination of
Some Actaea species are cultivated in China and can be thin-layer chromatography (TLC), HPLC, and LC-MS methods.
purchased at a lower cost than black cohosh. Thus, because of

economic factors, the possibility exists that black cohosh MATERIALS AND METHODS

products sold in the United States may be adulterated with less

expensive A3|qmctaea§peC|es$3). Reports that some herbal Phillipsburg, NJ), chloroform (Aldrich, Milwaukee, WI), and dimethyl
products contgln potentially harmful adulterants, varying amounts ¢ ¢o-ide (DMSO) (Aldrich) were used for sample preparation and
of th_e advertised extract/components, or even incorrect plantyp| ¢ analysis. Reagent grade methanol (E. Merck, Darmstadt,
species or plant parts have heightened these conca#rs3), Germany), formic acid (E. Merck), and sodium hydroxide (Fisher
and reports suggest that adulterated black cohosh extracts ar&cientific, Fair Lawn, NJ) were used in our study. The absorbents for
being found in American market83%). Therefore, it is critical open column chromatography were octadecyk@Dum) (J. T. Baker)

to examine the quality of the products commercially available. and Diaion HP-20 (Supelco, Bellefonte, PA).

Previous reports have indicated that certain marker com-  Black Cohosh Products.The black cohosh products were obtained
pounds, such as cimiracemoside 4) &nd cimifugin {), can from 2002 to 2004, primarily from stores in the metropolitan New York
be used to distinguish black cohosh from otAetaeaspecies Citydarea. Seven pro?ucts w(;arfe capslulelf, arrl1d f?}“r were tablets. MESt

P s products were manufactured from black cohosh extracts except the
5',307%'6(3,;8(52_(1,\%8(:)0 Tﬁgﬁy&%‘ifgggp Saé?/ge;?&y;s;m?g:; product C-4, which contained powdered plant material. Detailed
. . - information about all products is shown Trable 1.

species with black ,COhOSh’ ,bL_'t It ,'S not easy, to use these Standards and Controls.Compoundd. (86.39% purity).2 (60.74%
chromatograms routinely to distinguigtutaeaspecies because ity and7 were purchased from ChromaDex (Santa Ana, CA).
they are complex38). For the quality evaluation of the products,  compounds and ferulic acid 9) were obtained from Sigma Chemical
we developed a combined high-performance liquid chromatog- Co. (St. Louis, MO). Isoferulic acid (10) (97.37% purity), fukinolic
raphy—photodiode array detection (HPLC-PDA) and selected acid (11) (95.98% purity), cimicifugic acid A1@) (90.07% purity),

Chemicals and ReagentsHPLC grade acetonitrile (J. T. Baker,
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Table 1. Information Based on the Label Claims of the 11 Black Cohosh Products

stated extract extract standardized amount of triterpene
in each tablet/ by 23-epi-26- glycosides per
product form capsule (mg) deoxyactein (%) tablet/capsule (mg) direction
C-1 capsule 40 25 1.00 1 capsule/day
C-2 capsule 50 25 1.25 1 capsule/day
C-3 capsule 40 25 1.00 2 capsules/day
C-4 capsule 370 (rhizome and root) 0.75-1.25 3.70 in 370 mg of material 1-3 capsules/day
C-5 capsule 545 0.2 1.00 1-4 capsules/day
C-6 capsule 40 25 1.00 2 capsules/day
C-7 capsule 40 25 1.00 2 capsules/day
T-1 tablet 20 not stated not stated 2 tablets/day
T-2 tablet 40 25 1.00 2 tablets/day
T-3 tablet 200 25 5.00 1 tablet/day
T-4 tablet 325 not stated not stated 1 tablet/day
and cimicifugic acid B 13) (79.53% purity) were isolated from black Compound 6.Sample preparation for the analysistofias the same

cohosh extract by the following procedures. A dried ethanolic extract as the method used to prepare samples for the analysis of phenolics
of black cohosh (500 g, PureWorld Botanicals, Inc., South Hackensack, mentioned above. When a sample was found to display a peak with a
NJ) was re-exacted with 80% MeOH/water (2 L) at room temperature similar retention time td by HPLC-PDA, the sample was prepared
for 12 h. After the MeOH was removed in vacuo, the resulting aqueous again by the following method.

solution was partitioned with hexane (2 L) amdbutanol (3 L) The contents of two tablets/capsules of the black cohosh product
successively. A portion of the resultingbutanol extract (30 g) was  were dissolved in MeOH (510 mL). The solution was sonicated for
further separated over Diaion HP-20 (600 g) eluting with MeO/@'H 5 min and then filtered. The residue was repeatedly extracted with
(1:1 viv, 4 L) to give four fractions. From fraction Il (1.03 )0 (284.2 MeOH again using the same method. The filtrates were combined and
mg) was obtained as crystals. The water solution was separated ovefevaporated to yield a residue that was dissolved in 0.5 mL of MeOH.
Diaion HP-20 (600 g) eluting with MeOHA® (1:1 v/v, 5 L) to give The MeOH solution was further separated by preparative silica gel 60
five fractions (I—V). Fraction Il (300.0 mg) was further separated by Fus, TLC on 10 cmx 10 cm, 250um plates. The mobile phase was
Cis column chromatography eluting with 0.1% acetic acid/MeCN ethyl acetate:toluene:glacial acetic acid (17.5:80:2.5). The plates were
gradient solvent system (95:80:20 v/v, 5% steps) to yield a total of  visualized under UV light at 254 nm. Co-TLC with the standéythe

16 subfractions. Compourid (42.6 mg) was obtained from subfraction  silica gel within the range of the-formononetint 0.5 cm was scraped,

9 while 12 (8.1 mg) was obtained from subfraction 13. Subfraction 16 collected, and extracted with MeOH (5 mL). The MeOH solution was
was further separated by preparativg BPLC eluting with an isocratic evaporated, and the residue was redissolved in MeOH (0.2 mL) and
solvent system 0.1% acetic acid/MeCN (80:20 v/v), 48d2.8 mg) analyzed by HPLC-PDA.

was obtained. The purities dD—13were determined by HPLC-PDA Alcoholic Extracts from Black Cohosh Plant Material. Ground

at 320 nm. Compoun@ (purity >99% by TLC) was purchased from  plack cohosh plant material (10 g) was extracted with 100 mL of 80%

Fluka Chemie (CH-9470, Buchs, Switzerland). methanol at ambient temperature for 12 h and then filtered. The resulting
Sample Preparation for Analysis of Triterpene GlycosidesTo plant material was extracted repeatedly three more times using the same

partially purify the samples before HPLC-PDA analysis, a previously solvent, each time for 12 h. The filtrates were combined and evaporated
published solventsolvent partitioning scheme was employed for each in vacuo to give a dark brown extract (1.50 g). Ethanolic (75%) and
black cohosh product/extract to obtain fractions enriched in triterpene 2-propanolic (40%) extracts of black cohosh plant material were also
glycosides (37). The amounts of the black cohosh product used in this prepared using the same extraction method, and 1.68 and 2.25 g of the
study were shown as follows [product code/number of capsules or extracts were obtained, respectively.

tablets/weight (g)]: C-1/10/5.62, C-2/16/3.61, C-3/10/1.86, C-4/10/3.71,  Asian ActaeaSpecies.Three AsianActaeaspeciesActaea cimic-
C-5/10/5.54, C-6/8/2.02, C-7/12/5.43, T-1/15/4.17, T-2/12/2.99, T-3/ ifugal., Actaea dahuricaurcz. ex Fisch. and C. A. Mey., akttaea
6/4.80, and T-4/8/2.08. For the three alcoholic extracts of black cohosh, yunnanensi¢P. G. Xiao) J. Comptor3@), were collected from Yunnan
0.40 g of each extract was used for the analysis of triterpene glycosides.and Hebei provinces (P. R. China) in 2662005. The plant materials
Samples were prepared as follows: a composite of capsules/tabletsivere identified by Professors Ming-Hua Qiu and Zong-Yu Wang,
extracts was dissolved in 50 mL of 0.5% NaOH water solution. The researchers in the Kunming Institute of Botany, Chinese Academy of
solution was sonicated for 60 min, then transferred into a separatory Sciences. The vouchers are deposited in Kunming Institute of Botany
funnel, and extracted with chloroform (50 mL) by shaking vigorously with the identification numbers K2003061A.(cimicifugg, K20020082

for 2 min. The mixture was centrifuged for 20 min at 3000 rpm. After  (A. dahurica), and K20050825 (A. yunnanensis). Roots and rhizomes
the chloroform solution was removed, the NaOH aqueous solution was of A. cimicifuga(0.37 g),A. dahurica(0.43 g), andA. yunnanensis
extracted three more times using 50 mL of chloroform each time. All  (0.38 g) were powdered and extracted with 5 mL of 70% methanol at
chloroform solutions were combined and evaporated under reducedambient temperature, sonicated for 10 min, and then passed through a
pressure. The resulting residue was dissolved in 10 mL of DMSO and 0.45um nylon membrane filter.

filtered through a 0.4xm nylon membrane. The filtered sample was ~ |dentification and Quantitation of Triterpene Glycosides and
then analyzed for triterpene glycosides by HPLC and LC-MS. Phenolics.The samples and standards were analyzed using HPLC with
Sample Preparation for Analysis of Phenolics.Black cohosh a Waters 2695 separations module (Milford, MA) equipped with a 996

products (0.3—1.2 g) were dissolved in 10 mL of 70% MeOyDH PDA and operated with Empower software. Separations were carried
solution (25 mL for C-7). For the alcoholic extracts of black cohosh, out on a 150 mmx 3.9 mm i.d., 5um, Waters G column for the

the sample (7—9 mg) was dissolved with 2 mL of 70% MeOkOH triterpene glycosides, and a 250 my.6 mm i.d., 5um, Phenomenex
solution, sonicated for 10 min, and passed through a gSylon Aqua Gs column for the phenolics an@lat ambient temperature with
membrane filter. The amounts of the black cohosh products/extracts a flow rate of 1.0 mL/min. The sample volume injected wasulQ

used for the analysis of phenolics are shown below [product code/ and data were analyzed at 203 nm for triterpene glycosides, 320 nm
number of capsules or tablets/weight (g)]: C-1/2/1.02, C-2/2/0.45, C-3/ for phenolic compounds, and 258 nm fr The mobile phase for the
2/0.34, C-4/2/0.73, C-5/2/1.08, C-6/2/0.53, C-7/5/2.28, T-1/4/1.12, T-2/ analysis of triterpene glycosides consisted of a step gradient starting
2/0.49, T-3/1/0.79, T-4/2/0.52, 80% methanolic extract/7.5 mg, 75% with 5% (v/v) acetonitrile (solvent A) in water (B) and increasing to
ethanolic extract/9.0 mg, and 40% 2-propanolic extract/7.9 mg. 75% A over 55 min. The gradient profile was as follows:=18 min,
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Figure 2. SIM LC-MS chromatograms of black cohosh and three Asian Actaea species: (A) A. racemosa, (B) A. dahurica, (C) A. cimicifuga, and (D)
A. yunnanensis. Peaks: a, 4; b, 7.

5—28% A; 18-36 min, 28-35% A; 36-45 min, 35-55% A; and 45- mg for triterpene glycosides and2) in the powdered material of the

55 min, 55-75% A. The solvent system for the analysis of the phenolic three selected products, C-4, C-7, and T-2, and the recovery of the
constituents an@ was composed of acetonitrile (A) and 10% aqueous marker compounds was determined.

formic acid (B) using a step gradient elution of-55% A at 0-15

min, 15% A at 15-20 min, 15-50% A at 26-50 min, and 56-100% RESULTS AND DISCUSSION

A at 50-55 min. The UV/vis spectra were recorded from 200 to 500
nm. Preparative HPLC was carried out using a Waters 600 controller Methods Development.it has been reported thdtand 7

with a Waters 486 tunable absorbance detector and Waters EmpoweiCan be used as chemical markers Aotaeaspecies identifica-
software with a 250 mnx 21.1 mm i.d., 1um, Phenomenex Nucleosil  tion, becausé is only found in black cohosh whil@ is found
Cus column and an isocratic solvent system of 0.1% acetic acid/MeCN in some Asian species dfctaeabut not in black cohosh3(7).
(80:20 v/v), a flow rate of 5 mL/min, column at room temperature, We, therefore, developed a positive APCI SIM LC-MS tech-
and 60 min run time. nique simultaneously scanning for these three ian& 807,
Mass spectra were recorded on a LCQ Mass Spectrometer (Thermo-469, and 621) to generate a chromatogram for the identification
Finnigan, San Jose, CA) equipped with an atmospheric pressureof hlack cohosh. We have used this method to analyze three
chemical ionization (APCI) source. APCI was performed to analyze Asian Actaeaspecies and found that black cohosh displays a
triterpene glycosides with the discharge current af5The vaporizer unique chromatogramF{gure 2). We also found that black

and capillary temperatures were set to 450 and I50respectively.
The sheath gas and auxiliary gas, both nitrogen, had flow rates of 80 cohosh shows a HPLC-PDA chromatogram (at 320 nm) for the

and 10 units, respectively. A mass range of8000 amu was scanned.  Phenolic constituents significantly different from AsiAntaea

Validation of Analytical Method. The quantitative HPLC method ~ SPecies (Figure 3), and thus, the HPLC-PDA chromatogram
was validated with respect to linearity, recovery, and sensitivity. Eight can be used for the species distinction. We concluded that this

stock solutions containing about 1 mg/mL of standdrds and8—13, combined SIM LC-MS and HPLC-PDA method can be used
respectively, were prepared independently in DMSO (for compounds to identify black cohosh extracts and products. We have
1and2) and 70% MeOH/water (for compoun8s-13). For calibration examined the limit of detection (LOD) of this combined
purposes, working solutions were freshly prepared by diluting each analytical method and found that when black cohosh in the plant
stock solution with DMSO or 70% MeOH/water. Calibration curves mixture of Actaeaspecies is higher than 5%, it can be clearly
were established on five data points covering the concentration 50— detected. When black cohosh is present in,a plant mixture of

900 (for compounds and2) and +-400ug/mL (for compound8—13). . .
Each calibration curve was obtained by plotting the peak area vs the Actaeaspecies less than 75%, the oti#@taeaspecies can be

concentration of the standard. Limits of detection were determined by detécted in the mixture.

analysis of the peak height vs the baseline noise at a signal-to-noise Qualitative Analysis. All 11 products and the 80% metha-
ratio of 3:1. Reliabilities of the extraction methods were assessed by holic extract of black cohosh were analyzed using the combined
mixing marker compounds (2—4 mg for phenol@s13and 0.8—1.2 SIM LC-MS and HPLC-PDA technique. On the basis of the
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Figure 3. HPLC-PDA chromatograms for the phenolic constituents of black cohosh and several Actaea species (320 nm): (A) A. racemosa, (B) A.
dahurica, (C) A. cimicifuga, and (D) A. yunnanensis. Peaks: a, 8; b, 9; c, 10; d, 11; e, 12; f, 13; and g and h, cimicifugic acids E and F.

AU

SIM LC-MS analysis, eight of the products were determined of them were baseline separated in HPLC-PDA and LC-MS
to be made from black cohosh because they displayed the samehromatograms, making them suitable for quantitative analysis.
chromatograms as black cohosh extract, dndas observed  Although 2 and 3 overlap with each other in our study by a
from these eight products. Products C-1, C-3, and T-3 displayedspiking experiment, they were still chosen for the quantitative
chromatograms that were very different from black cohosh analysis because of the importance2dbr standardization in
extract. Compound (m/z621 [M + H]*) was not detected in  most commercial products. The amounts of the seven triterpene
C-1, C-3, and T-37 (m/z307 [M + H]*) was found in these  glycosides in the 11 products and three alcohol extracts of black
three products, as well as the product C-5, suggesting that theseohosh are shown iffable 2. Because of the different UV
three products were made using Asiactaeaspecies (Figure absorption, due to a double bond in the structure, the amount
4). Concerning product C-5, althou@lwas found, C-5 has the  of 1 was calculated based on the commercial standamhd
expected chemical profile for black cohosh, thereby indicating the amounts for other six triterpene glycosides were all
that this product contained both black cohosh and Asictaea calculated using the commercial standard
plant material (Figure 4). There was significant product-to-product variability in the
Results from the analysis of the phenolic constituents of the amounts of triterpene glycosides measured. For the eight
11 black cohosh products by HPLC-PDA method also supported products containing black cohosh, the total amount of the seven
the above conclusion. Most products displayed chemical profiles selected triterpene glycosides in each capsule/tablet varied 44-
of phenolic constituents similar with black cohosh except for fold (0.1311—5.7527 mg). On the basis of the label claim for
the products C-1, C-3, and T-3 (Figure 5), indicating that they the amount of the black cohosh extract in each capsule/tablet
were different from common black cohosh products. (Table 1), the total amount of the seven selected triterpene
Quantitative Analysis of Triterpene Glycosides.The 11 glycosides was further calculated as the proportion of the
products, as well as the three alcoholic extracts prepared fromtriterpene glycosides in the black cohosh extract. The proportions
black cohosh roots and rhizomes, were analyzed for the also varied 7-fold (0.664.74%) among the eight black cohosh
triterpene glycosides using HPLC-PDA and LC-MS methods. products, indicating significant differences among the black
The resulting chromatograms for the triterpene glycosides are cohosh extracts that were used to produce the 11 black cohosh
shown inFigures 6and7. products. Because information is not given on each label about
Seven of the major triterpene glycosides were selected for which and how many triterpene glycosides were used for the
the quantitative analysis. According to the LC-MS analysis, quantitative analysis for each product, it is impossible to
these compounds were identified ks 3, unknown triterpene  compare our results with label claims.
glycoside, unknown triterpene glycoside,and cimigenoside Quantitative Analysis of Phenolics.There were six major
(5) due to the characteristic fragments in the LC-MS spectra phenolic constituents in the HPLC-PDA chromatograms for all
(Figure 7) (37). The reason for selecting these seven triterpene products containing black cohoshigure 5). On the basis of
glycosides was that they were major triterpene glycosides in the spectroscopic analysis by HPLC-PDA, the six major
the black cohosh extract according to LC-MS analysis, and most phenolic compounds were identified &s-13.
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Figure 4. LC-MS SIM scan at m/z 307 for 7, 469 for cimifugin glycoside, and 621 for 4. Extract A, 80% MeOH black cohosh extract.

As shown inTable 3, there are significant differences in the proportions of the six selected phenolic compounds in the
amounts of phenolic constituents among the products made fromextracts varied 5-fold (0.462.23%) among the eight black
black cohosh. The total amount of six major phenolic com- cohosh products.
pounds in each capsule/tablet varied 64-fold (0.09259399 Analysis of 6.According to the HPLC-PDA chromatograms
mg). On the basis of the amount of the black cohosh extract in at 258 nm, eight of the 11 black cohosh products did not display
each capsule/tablet according to the label claiable 1), the any peaks between 45 and 46 min whérgould appear, while
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Figure 5. HPLC-PDA chromatograms for phenolic constituents in three black cohosh alcoholic extracts and 11 black cohosh products (320 nm).

Extracts: A, 80% MeOH; B, 75% EtOH; and C, 40% 2-propanol. Products: C-1 to C-7, black cohosh capsules; T-1 to T-4, black cohosh tablets. Peaks:
a, 8 b, 9 c 10; d, 11; e, 12; and f, 13.

products C-1 and C-3 revealed two minor peaks at this region TLC and HPLC experiments, b was not identified in this

but the peaks were determined not tofdeased on differences  sample.

in UV absorptions and an HPLC spiking experiment. Product  Validation of HPLC Method. The HPLC-PDA method was
T-4 displayed a minor peak, which had the same retention time validated with respect to linearity, recovery, and sensitivity.
as6 in the HPLC-PDA chromatogram. Therefore, a detailed Linear regression analysis for each standard was performed by
examination of T-4 was performed by a combined preparative the external standard method. Good linearity ¥ 0.999) of
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Figure 6. HPLC-PDA chromatograms for triterpene glycosides in three black cohosh alcoholic extracts and 11 black cohosh products (203 nm). Extracts:
A, 80% MeOH; B, 75% EtOH; and C, 40% 2-propanol. Products: C-1 to C-7, black cohosh capsules; T-1 to T-4, black cohosh tablets. Peaks: a, 1; b,
2; ¢, 3; d, unknown; e, unknown; f, 4; and g, 5.

five-point calibration curves was obtained for all standards phenolic constituents. The LOD 6fwas 0.6 ng. The recovery
between peak area and concentration over the range test (caof triterpene glycosides was determined to be 95.80% while
1—-400ug/mL for phenolic constituents and 5800ug/mL for the recovery of the phenolic constituents was between 98.54
triterpene glycosides). On the basis of the HPLC-PDA experi- and 102.34% based on spiking experiments. The LOD of
ments, LODs were determined to be from 0.11 to Q8%or was determined to be 1.3 ng by HPLC-PDA and 0.3 ng by
the triterpene glycosides and from 1.25 to 5.03 ng for the LC-MS.
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Figure 7. LC-MS APCI-TIC spectrum and mass spectra for seven triterpene glycosides from the black cohosh product C-2. Peaks: a, 1; b, 2; c, 3; d,

unknown; e, unknown; f, 4; and g, 5

Table 2. Amounts (mg) of the Seven Triterpene Glycosides in Each
Tablet/Capsule or Black Cohosh Extract

Table 3. Amounts (mg) of the Six Phenolic Constituents in Each
Tablet/Capsule or Black Cohosh Extract

compound

2 and % in

product 1 3 unknown unknown 4 5 total ext?
C-1 1.44 0.36 047 075 3.02 755
C-2 017 048 023 0.32 0.15 014 150 3.00
C-3 0.93 0.26 032 030 182 455
C-4 060 223 0.05 0.05 111 165 569 474
C-5 092 213 043 0.45 088 094 575 1.06
C-6 036 012 0.17 0.22 0.04 004 094 234
C-7 021 057 034 0.45 158 3.95
T-1 0.02 003 0.02 0.03 002 002 013 0.66
T2 0.07 018 0.09 0.12 0.09 008 063 158
T-3 0.71 overlap 0.71 036
T4 0.03 006 0.03 0.04 0.04 003 023 0.70
80% MeOH 558 12.62  4.20 418 6.39 841 4137 10.34
75% EtOH 527 1295 297 3.27 588 814 3849 961
40% 2-propanol 3.80 9.19 243 2.35 423 577 27177 6.94

2The amount of black cohosh extract in each capsule/tablet was based on the
label claim.

Black cohosh and othekctaeaspecies are rich in triterpene

compound %in

product 8 9 10 11 12 13 total ext?
C-1 014 007 001 080 037 001 140 350
C-2 005 003 010 036 030 028 111 223
C-3 016 007 001 172 066 0.01 264 659
C-4 003 003 008 045 098 046 202 168
C-5 006 007 054 214 154 159 594 1.09
C-6 001 001 002 016 014 015 050 124
C-7 001 001 012 009 009 011 044 1.09
T-1 tr tr 001 003 0.02 003 009 046
T-2 002 002 005 013 010 012 044 1.09
T-3 018 015 090 044 036 069 273 136
T-4 001 001 002 013 011 011 038 117
80% MeOH 001 001 005 015 010 011 043 582
75% EtOH 001 001 005 018 011 014 052 578
40% 2-propanol  0.01 001 003 016 0.09 011 040 515

2The amount of black cohosh extract in each capsule/tablet was based on the
label claim. 2tr, trace (<0.005 mg).

resulting chromatograms, including many similar peaks because

glycosides and polyphenolic constituents. When full scan mode black cohosh and otheActaea species have some similar
LC-MS is used for the analysis, there are many peaks in the constituents38). This increases the difficulty of distinguishing



Chemical Evaluation of Black Cohosh Products J. Agric. Food Chem., Vol. 54, No. 9, 2006 3251

black cohosh from othekctaeaspecies, especially when black Compound 2.According to the label claims, most products
cohosh coexists with other constituents or excipients. The SIM were standardized t8. However, becausg can be found in
LC-MS method developed in this study only examines several many Actaea species other thal\. racemosa, it is not an
selected constituents; therefore, the chromatograms are veryappropriate choice as a sole marker of identity. We deteted
clean and easily identified. in all 11 products although three of them probably contain Asian
Asian ActaeaSpeciesThe most notable finding of this study ~ Actaeaspecies, suggesting that some manufacturers may only
is the presence of and the absence @f in four of the 11 be using2 to verify the identity of their plant material/extract.
products tested, suggesting that these four products contained Ratios of Phenolics and Triterpene GlycosidesiVe inves-
Asian Actaeaspecies. Several Asiakctaeaspecies, including  tigated the total proportions of the seven triterpene glycosides
A. cimicifuga(syn. Cimicifuga foetidd, A. dahurica, andA. and the six phenolic constituents in our methanolic, ethanolic,
heracleifolia, are interchangeably called “shengm#0)( As a and 2-propanolic extracts of black cohosh roots and rhizomes
well-known traditional Chinese medicine, shengma is widely by an HPLC-PDA method. The total proportions in the three
cultivated and used for the treatment of a variety of diseases inalcoholic extracts ranged from 6.9 to 10.3% for the triterpene
China. Although shengma species contain some constituentsglycosides and from 5.2 to 5.8% for the phenolic constituents.
similar to black cohosh, such &sand some similar phenolics, ~However, the same proportions in most black cohosh products
the chemical profiles for both triterpene glycosides and phenolic Were from 1.1 to 4.7% for the seven triterpene glycosides and
constituents are different from those of black cohosh (38). The from 1.1 to 3.5% for the six phenolics. Because large-scale
medical uses of shengma are also different from those of black industrial methods of extracting plants are often not as effective
cohosh (4041). Therefore, the health consequences of inter- _as_small-scale extractions typically o_lone in research Iab_oratorles,
changing black cohosh with shengma are not known. it is reasonable that the proportions of the two kinds of

With the increasing demands for black cohosh plant material constituents would be lower in the large-scale industrial

for the production of menopausal dietary supplements in the extraction than that in the small-scale laboratory extraction. If
United States, the adulteration of black cohosh, especially with the ratio of triterpene glycosides to phenolics in the black cohosh

. . . extract can be regarded as approximateh21l, only products
Asian Actaeaspecies, may increase further. The fact that more : : :
. ' N C-4 and C-7 failed to meet this ratio among the seven products
than one-third of black cohosh products analyzed in this study 9 b

babl tain Asiamct ies indicates that black containing only black cohosh. This indicates that most of the
probably contain Asiarictaea species Indicates hat black — geyen plack cohosh products contain extracts similar to our
cohosh products commercially available in the United States

b laimed | q i alcoholic extract of black cohosh, but the efficiency of the
may not be as claimed. Not only may products contaifng  gytraction techniques employed differed from product to
racemosahave different amounts of the extract or key con- .qq,,ct. The amounts of both triterpene glycosides and phenolics
stituents but a newer problem of adulteration with extracts from i, the black cohosh extracts of the products were much lower

less expensive Asian species seems to be emerging. Effectivenan those in the black cohosh extracts obtained in our small-
enforcement and improvement of regulatory requirements for ¢.aje extraction.

the quality control of these products is necessary. We have little

information on safety profiles of Asiaictaeaspecies, but their Concerning products C-4 and C-7, the significantly different

. - . . . ratios of the triterpene glycosides to phenolics of those two
clln_lcal use in China differs from that of black cohosh in the products may be caused by the different extraction solvents
United Statgs. . . . employed. According to our experiments, when black cohosh
Quantitative Comparison. To exemplify the differences s extracted by methanol/water solution, the ratio of triterpene
among the black cohosh products, two of the capsules (C-2 andglycosides to phenolics in the extract depended upon the
C-4) and two of the tablets (T-1 and T-2) were chosen for proportion of methanol in the solution. For example, when the
comparison of the major constituents. The label recommendsproportion of methanol is 100, 80, 60, and 0%, the ratio of
doses of 1 capsule/day for the products C-2 and Cable 1) triterpene glycosides to phenolics is 4.3, 1.8, 1.3, and 0.6,
and 2 tablets/day for the products T-1 and T-2. However, respectively.
according to our experiments, the amount of the seven selected pitference between Capsule and TabletWe found that
triterpene glycosides in each capsule of product C-4 is :_3.8tin_1esb|ack cohosh capsules seem to contain higher amounts of
as large as that in the product C-2. The amount of six Major yiterpene glycosides than the tablets. If the amount of black
phenolic constituents in each capsule of product C-4 is 1.8 times cohosh extract in each capsule/tablet were normalized to 40 mg,
that in the product C-2. The amounts of triterpene glycosides the amounts of triterpene glycosides in each capsule would range
and phenolic constituents of the product T-2 are 4.8 and 4.7 from 0.42 to 1.58 mg in the five capsules while the amounts of
times those of the product T-1 in each tablet, respectively. The triterpene glycosides in each tablet would only be from 0.26 to
effect of taking these significantly different amounts of triterpene .63 mg in the three tablets. Perhaps specific formulation
glycosides and phenolic constituents is not known, particularly techniques are used to produce these tablets, to facilitate their
since we do not know whether these are the physiologically release in acidic conditions, such as in the stomach. Therefore,
relevant compounds for menopausal symptoms. Further researchr-1 was mixed with a small amount of 1.0 M HCI at 3 for
is necessary. 30 min and then extracted with 80% methanol/water solution.
According to the label claims, the proportion of triterpene However, according to HPLC-PDA analysis, the amount of the
glycosides for most products is declared to be 2.5% (w/w) of seven selected triterpene glycosides was similar to that of the
the black cohosh rhizomes and root extract, and each capsulesample without processing with strong acid. The reason that
tablet is stated to contain about 1 mg of triterpene glycosides T-1 black cohosh tablets display much lower amounts of
(or 40—50 mg of extract). However, we found that the total triterpene glycosides is not known.
amount of the selected triterpene glycosides that we analyzed Stability Testing. To understand whether the major con-
among most of the 11 black cohosh products was different from stituents of black cohosh in products are stable or not, we have
these label claims, suggesting that manufacturers of the productgested the stabilities of the two classes of constituents in one
may have different methods of standardizing the extracts. black cohosh product during the past 30 months. We selected
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10 constituents including triterpene glycosides and phenolics
and analyzed the amounts of those selected compounds every
6 months. No constituents changed qualitatively and quantita-
tively, suggesting the stability of the major constituents of black
cohosh in the products (results not shown). Therefore, the fact
that there are significant differences among the amounts of major
constituents of the eight black cohosh products is likely due to
differences in manufacturing processes or plant material, rather
than the instability of the constituents in black cohosh.

Commercially available black cohosh products in the United
States are produced from black cohosh extracted with different
alcohols. For example, one popular black cohosh product is an
40% 2-propanolic extract, while some other products are 58
75% ethanolic extractslQ). There is some suggestion that
differences in biological activities might be a function of
different extraction methods (30). For example, a black cohosh
methanol extract was compared to a 40% 2-propanol extract
and a 75% ethanol extract, and the methanol extract showed
the greatest inhibition of binding for the human serotonin
receptor 5-H¥F subtype (30).

To understand why different alcoholic black cohosh extracts
show different biological activities, we analyzed and compared
the triterpene glycosides and phenolic constituents in the 100%
methanolic, 80% methanolic, 75% ethanolic, and 40% 2-pro-
panolic black cohosh extracts. We found that the four extracts
had similar chemical profiles for the major phenolic constituents,
but the relative amounts and ratios of some of the major
triterpene glycosides in the methanolic extract were significantly
different from those in the other extracts (results not shown).
Therefore, different chemical profiles, different proportions of
the major constituents, and even different ratios of some
constituents in the black cohosh extracts all may result in
different bioactivities. The fact that the eight black cohosh
products in this study have different proportions and contents
of the major constituents suggests the possibility that the
products could have different biological activities.

A method is required to standardize and evaluate the quality
of the black cohosh products. This is also an urgent priority to
conduct the basic science and clinical studies to evaluate efficacy
and mechanism of action and to accurately access safety and
adverse events claims.
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Supporting Information Available: Table of HPLC-PDA

calibration curves and limits of detection of the eight standards

and LC-MS APCI-TIC spectra of the triterpene glycosides of

the 11 black cohosh products. This material is available free of (17

charge via the Internet at http://pubs.acs.org.
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