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Abstract
Certain botanical dietary supplements have been associated with idiosyncratic organ-specific
toxicity. Similar toxicological events, caused by drug-induced mitochondrial dysfunction, have
forced the withdrawal or U.S. FDA “Black Box” warnings of major pharmaceuticals. To assess
the potential mitochondrial liability of botanical dietary supplements, extracts from 352
authenticated plant samples used in traditional Chinese, Ayurvedic, and Western herbal medicine
were evaluated for the ability to disrupt cellular respiration. Blue cohosh (Caulophyllum
thalictroides) methanol extract exhibited mitochondriotoxic activity. Used by some U.S. midwives
to help induce labor, blue cohosh has been associated with perinatal stroke, acute myocardial
infarction, congestive heart failure, multiple organ injury, and neonatal shock. The potential link
between mitochondrial disruption and idiosyncratic herbal intoxication prompted further
examination. The C. thalictroides methanol extract and three saponins, cauloside A (1), saponin
PE (2), and cauloside C (3) exhibited concentration- and time-dependent mitochondriotoxic
activities. Upon treatment, cell respiration rate rapidly increased and then dramatically decreased
within minutes. Mechanistic studies revealed that C. thalictroides constituents impair
mitochondrial function by disrupting membrane integrity. These studies provide a potential
etiological link between this mitochondria-sensitive form of cytotoxicity and idiosyncratic organ
damage.

Drug-induced mitochondrial dysfunction only recently has become recognized as a serious
limiting factor for drug development and has forced the withdrawal of major drugs used to
treat diabetes (e.g., troglitazone) and hyperlipidemia (e.g., cerivastatin).1 Nearly half of the
drugs with hepatotoxicity- and cardiotoxicity-associated U.S. FDA “Black Box” Warnings
are known to interfere with mitochondrial function.1 These safety issues highlight the
importance of assessing potential mitochondrial toxicity early in the drug development
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process.1 The use of certain botanical dietary supplements has been associated with a variety
of similar, often idiosyncratic, organ-specific intoxication events.2 While the pharmaceutical
industry has begun to evaluate the potential mitochondrial liability of new therapeutic
agents, similar efforts have not been applied to the plethora of phytochemicals in dietary
supplement products.3 According to the 2007 National Health Interview Survey, the number
of Americans that use and/or have used Complementary Alternative Medicine (CAM) for
health and wellness is in the millions (38% adults and 12% children).4 Thus, it is critical to
identify potential mitochondria-disrupting botanical dietary supplement constituents to
protect public health.

In an exploratory study, extracts from 352 species of plants and other organisms used in
traditional Chinese, Ayurvedic, and Western herbal medicine were evaluated for their
potential to disrupt mitochondrial function. Primary screening identified an extract of
Caulophyllum thalictroides (L.) Michx. (Berberidaceae) that may contain mitochondrial
toxins. A native plant grown in eastern United States, C. thalictroides (also known as blue
cohosh) has a history of being used as herbal medicine. As a dietary supplement, blue
cohosh is used as an antispasmodic, emenagogue (menstrual flow stimulator), parturifacient
(labor inducer), and abortifacient.5 In 1999, it was estimated that 64% of American
midwives used blue cohosh to induce labor.6 The side effects associated with blue cohosh
administration include diarrhea, increases in blood pressure and blood sugar, and stomach
cramps.5 Neonates born to women that have taken C. thalictroides tincture/dietary
supplements may suffer perinatal stroke, acute myocardial infarction, congestive heart
failure, shock, and multiple organ injury.5 While blue cohosh is known to produce a variety
of bioactive natural products, toxic alkaloids (e.g., N-methylcytisine) have been considered
the most likely cause of intoxication events.7 Based on the hypothesis that mitochondrial
disruption may contribute to the toxic side effects exerted by blue cohosh, cell-based studies
were conducted to examine the impact of blue cohosh extract and purified compounds on
cellular respiration and to determine mechanisms of action.

RESULTS AND DISCUSSION
The transcription factor hypoxia-inducible factor-1 (HIF-1) promotes cellular adaptation and
survival under hypoxic conditions by regulating gene expression.8 Our HIF-1 targeted
natural product discovery effort has revealed that mitochondrial disruptors exhibited
stimulus-dependent effects on HIF-1 activation. Inhibitors of mitochondrial respiration
selectively suppress HIF-1 activation by hypoxia (decreased oxygen tension) relative to that
induced by chemical hypoxia (i.e., iron chelators).9–12 Protonophores that uncouple
mitochondrial electron transport from oxidative phosphorylation inhibit both hypoxia- and
iron chelator-induced HIF-1 activation.13,14 Mitochondrial function has been monitored
traditionally by polarographic electrode-based measurement of oxygen consumption.15

Although reliable at detecting mitochondria-disrupting substances, this method is low-
throughput (one sample at a time) and not suitable for examining a large number of samples.
Therefore, a T47D cell-based HIF-1 reporter assay was used to prescreen natural products
for potential mitochondrial poisons. Extracts from 352 species of authenticated plants and
other organisms used in traditional Chinese, Indian, African, and Western herbal medicine
were evaluated at the concentration of 20 μg mL−1 for their effects on HIF-1 activation.
Forty-six samples that inhibited hypoxia-induced HIF-1 activation by >70% were selected
for further T47D cell-based respiration studies to assess their effects on mitochondria, using
an Oxytherm Clarke-type electrode system.16 Derived from human breast ductal carcinoma,
T47D cells are estrogen-dependent, utilize oxidative phosphorylation for ATP production,
and respond predictably to standard mitochondrial substrates and inhibitors.16 Oxygen
consumption rates in T47D cells were measured in the presence of extracts at the
concentrations of 20, 40, and 100 μg mL−1 and presented as “% Inhibition” of the untreated
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control. In this system, the prototypical mitochondrial electron transport chain (ETC)
complex I inhibitor rotenone suppressed cellular respiration by 24%, 46%, and 80% at 1, 10,
and 100 nM, respectively. Extracts from 16 different plant species exhibited pronounced
inhibition of cellular respiration (> 50% inhibition), samples from nine other species weakly
suppressed respiration (25% – 50% inhibition), and extracts from five species increased the
rate of oxygen consumption. Among the actives, an extract of blue cohosh displayed time-
and concentration-dependent biphasic effects on cellular respiration and was selected for
further evaluation.

Previous phytochemical studies of C. thalictroides afforded a small chemical library for
biological evaluation. A panel of ten purified compounds was assembled and examined in
the T47D cell-based HIF-1 reporter assay (Figure S1, Supporting Information). Based on the
relatively high total saponin content of commercial dietary supplements (e.g., up to >300
mg/day suggested intake),17 these compounds were tested at low micromolar (1, 10, and 30
μM) concentrations. Cauloside A (1), saponin PE (2), and cauloside C (3) inhibited both
hypoxia and 1,10-phenanthroline-induced HIF-1 activation. This form of stimulus-
nonselective HIF-inhibitory effect was observed with protonophores that uncouple
mitochondrial respiration,13,14 prompting further evaluation of 1–3 in cell-based respiration
assays. T47D and human hepatocarcinoma-derived Hep3B cells were employed as in vitro
models to determine the effects of the blue cohosh extract and purified compounds 1–3 on
cellular respiration. Test samples were added to intact cells and oxygen consumption (cell
respiration) rates were measured at 30, 115, and 295 s after sample addition. Respiration
rates were compared to the rates of untreated cells. Both the C. thalictroides extract and pure
compound samples exerted cell line-, concentration-, and time-dependent effects on cellular
oxygen consumption (Figure 1). Hep3B cells were more sensitive than T47D cells to the
respiration disruptive activity. At each of the active concentrations, a short burst in oxygen
consumption was followed by an immediate decrease. Cell respiration was inhibited at
higher concentrations. Compounds 1 and 2 exerted more pronounced effects on cellular
respiration than 3. In previous studies, protonophores increased oxygen consumption at
lower concentrations and decreased oxygen consumption at higher concentration.13 A time-
course study was performed with a prototypical protonophore uncoupler FCCP [2-([4-
(trifluoromethoxy)phenyl]hydrazinylidene)propanedinitrile]. At the concentration that
stimulated oxygen consumption (0.3 μM),13 FCCP did not exhibit a time-dependent
biphasic effect on respiration (Figure S2, Supporting Information) as those observed with
the blue cohosh extract and compounds 1–3.

Datta et al. Page 3

J Nat Prod. Author manuscript; available in PMC 2015 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Structurally, 1–3 are plant saponins and certain saponins have been reported to interact with
and solubilize biological membranes.18 To test the hypothesis that blue cohosh saponins
disrupt respiration by permeabilizing plasma and mitochondrial membranes, a
concentration-response and time-course respiration study was performed with digitonin (4),
a plant saponin commonly used to disrupt cellular membranes in mitochondria mechanistic
studies. Similar to the response observed with the blue cohosh saponins, compound 4
exerted a time-dependent biphasic effect on cellular oxygen consumption at higher
concentrations (17.8 and 30 μM, Figure 2).

Compound 4 is used routinely to selectively permeabilize the plasma membrane in cell-
based mechanistic studies to manipulate substrate availability at specific mitochondrial
complexes.19 Succinate, a substrate for mitochondrial ETC complex II, is anionic at
physiological pH in solution and cannot freely penetrate the plasma membrane. The
mitochondrial inner membrane dicarboxylate transporter that imports succinate into the
mitochondrial matrix is not expressed on the plasma membrane. When the plasma
membrane is permeabilized, exogenously added succinate acts as a complex II substrate that
reinitiates cellular respiration blocked by complex I inhibitors. To determine if blue cohosh
saponins can permeabilize cellular membranes, 1 was selected as a representative compound
for mechanistic studies. Substrates and inhibitors of specific mitochondrial ETC complexes
were added to T47D cells in a sequential manner to monitor their effects on cell respiration.
Exogenously added pyruvate can be transported across plasma membrane by the
monocarboxylate carrier to stimulate mitochondrial respiration at ETC complex I (reflected
by a decrease in oxygen tension). The complex I inhibitor rotenone reduced the rate of
cellular oxygen consumption. Under these conditions, the ability of extracellular succinate
(ETC complex II substrate) to reinitiate rotenone-inhibited respiration depends on plasma
membrane permeabilization to make substrate available (Figure 3). In the presence of the
solvent control (DMSO), succinate failed to overcome rotenone-inhibited respiration (Figure
3A). However, addition of either 1 (10 μM) or the prototypical membrane disruptor 4 (4
μM) enabled succinate to reinitiate rotenone-suppressed respiration (Figures 3B and 3C). At
these active concentrations, neither 1 nor 4 strongly affected T47D cell respiration fueled by
glucose (Figures 1B and 2). At lower concentrations, 1 (3 and 5.6 μM) failed to make
externally supplemented succinate available to the mitochondria (data not shown).
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As a complimentary line of investigation, a microscopy-based method was used to assess the
effects of blue cohosh saponins on cellular membranes. In order to achieve a mitochondrial
membrane potential, membrane integrity must be maintained. The fluorescent dye
tetramethylrhodamine methyl ester (TMRM+) accumulates in the mitochondrial matrix due
to its cationic charge and is used as an indicator of the magnitude of the mitochondrial
membrane potential.20 T47D cells loaded with TMRM+ dye were exposed to test
compounds and controls, and examined by epifluorescence microscopy (Figure 3D). As
expected, the uncoupler FCCP (control) reduced the fluorescent intensity by dissipating the
mitochondrial membrane potential.20 Compound 1 displayed a concentration-dependent
biphasic effect. At 10 μM, 1 augmented cellular fluorescence. While this effect is not clearly
understood, it is possible that 1 may disrupt ion flux or alter proton gradient due to its
slightly acidic nature, and thus affect mitochondrial membrane potential. However, at
increased concentrations, compound 1 (30 μM) diminished TMRM+ fluorescence, consistent
with cellular membrane disruption. While structurally related, compound 2 collapsed the
membrane potential at 10 μM, and the less active 3 did not exert significant effect, even at
30 μM. Addition of the membrane permeabilizer 4, as a positive control, resulted in loss of
fluorescence. In combination with the cell-based respiration study results (Figures 1, 2, and
3A–3C), these observations support the hypothesis that C. thalictroides saponins
significantly disrupt oxygen consumption by membrane permeabilization. While the
mechanism responsible for the observed transient increase in respiration rate is not clear,
extended exposure and/or high concentration treatment leads to complete membrane
disruption that correspondingly blocks oxygen consumption and interferes with oxidative
phosphorylation. As a result, active concentrations of these non-selective mitochondrial
inhibitors impose concentration- and time-dependent biphasic effects on cellular oxygen
consumption.

To determine the effects of blue cohosh saponins on cell viability, concentration-response
studies were performed in T47D and Hep3B cells. Exponentially grown cells were exposed
to 1–3 and blue cohosh extract at a range of concentrations for 48 h and 6 d, respectively.
Cell viability was measured using the sulforhodamine B method and the IC50 values shown
in Table 1. Both the C. thalictroides methanol-soluble extract and purified saponins
suppressed cell proliferation/viability. More pronounced inhibitory effects were observed in
Hep3B cells, relative to the effects on T47D cells. This form of cell line-selective
cytotoxicity was consistent with the results obtained in the respiration studies. Extended
exposure (6 days) enhanced growth inhibitory effect relative to the 48 h exposure studies.
This pattern of exposure time- and cell line-dependent cytotoxicity resembles the previously
observed cytotoxicity profiles of compounds that interfere with mitochondrial function.16,21

In human umbilical vein endothelial cells (HUVEC), blue cohosh saponins exhibited
antiproliferative activities comparable to those observed in T47D cells (HUVEC, 48 h,
Figure 4). However, at concentrations up to 30 μg/mL, the blue cohosh extract did not affect
HUVEC cell proliferation/viability (data not shown).

Saponins are ubiquitous plant secondary metabolites with surfactant properties.22 Multiple
dietary supplements that contain saponin glycosides are marketed in the United States for
various applications.27,23 Among the bioactivities attributed to this class of compounds,
hemolytic or membrane permeabilizing effects are prominent.24 Due to their surfactant
properties, saponins interact with the lipid bilayers of cellular membranes and alter
membrane permeability by irreversibly forming pores. Proposed saponin mechanisms of
action range from cholesterol sequestration to aquaporin disruption-associated unregulated
water transport.25 Numerous saponin intoxication events have been recorded in animals,
although limited bioavailability make some saponins less toxic when ingested orally in
comparison to peritoneal administration.26 Recent studies indicate that saponin absorption,
bioactivity, and potential toxicity may be enhanced significantly when consumed with other
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plant extract components.28 In cultured cells, plant saponins such as avicins and OSW-1
were found to activate apoptosis by directly permeabilizing mitochondrial membranes.27

Saponins have been reported to affect a number of cellular pathways that result in
cytotoxicity.29 However, it is unclear whether the observed effects on cellular signaling are
secondary to a toxic mitochondrial insult. These results suggest that the ability of saponins
to induce biphasic concentration- and time-dependent alterations in mitochondrial function
may contribute to their antiproliferative activity.

Mitochondrial toxicity has recently been recognized as a major contributor of drug-induced
toxicity that has led to the withdrawn of major drugs,1 yet its relevance to botanical dietary
supplement intoxication is not known. Annonaceous acetogenins found in antitumor dietary
supplement products (e.g., Paw Paw Cell-Reg®, Graviola Max®, Royal Graviola®,
Graviola Liquid Extract®) disrupt mitochondrial ETC at complex I30 and interfere with
hypoxic signaling.31 Prenylated coumarins from Mammea americana produce
mitochondriotoxic effects by functioning as anionic protonophores that potently uncouple
the mitochondrial ETC.13,32 Protoliminoids and other constituents found in Bael tree (Aegle
marmelos) products act as mitochondrial poisons that disrupt the ETC and interfere with
global protein translation through an endoplasmic reticulum (ER)-stress activated signaling
pathway.21,33 These A. marmelos studies further indicate that even auraptene (a purported
cancer chemopreventative agent) potentially may act as a mitochondrial poison. One of the
major challenges for the identification of botanical dietary supplement-induced
mitochondrial toxicity is that these products are often consumed in conjunction with
clinically approved drugs, which may also produce off-target effects on the mitochondria.1

In addition, consumption of botanical dietary supplements is perceived as safe and often
goes unreported. This study represents an initial systematic effort to evaluate these materials
for mitochondrial toxins.

Among other factors, inherently elevated metabolic status and the ability to enzymatically
activate toxic metabolites predispose liver cells to mitochondrial impairment and drug-
induced hepatotoxicity.34 In this study, Hep3B cells were more sensitive to the inhibitory
effects exerted by blue cohosh compounds, relative to T47D cells (Figures 1A–1D). As
Hep3B cells are of neoplasmic origin, evaluation of these C. thalictroides metabolites in
primary hepatocytes will be required to distinguish some form of tumor cell-selective, rather
than liver cell-selective, cytotoxicity. Such primary hepatocyte-based studies may also
provide additional information regarding the potential hepatotoxicity of C. thalictroides
saponins. In summary, our studies suggest that the relatively broad distribution of
mitochondriotoxic substances in botanical dietary supplements may pose a potential health
hazard, and that it is important to identify and characterize such molecules to better
understand, and prevent, potential idiosyncratic adverse reactions associated with dietary
supplement consumption.

EXPERIMENTAL SECTION
Sample Acquisition and Preparation

Preparation of a methanol extract from authenticated C. thalictroides sample (NCNPR code
#2973), isolation and chemical characterization of the purified compounds 1–3, N-
methylcytisine, cauloside H, cauloside D, cauloside B, cauloside G, leonticin D, and
ciwujianoside A1 (Figure S1, Supporting Information) were previously described.17 The
ground roots of C. thalictroides (NCNPR code #2973) were purchased from Mountain Rose
HerbsTM (www.mountainherbs.com) in 2006. A detailed analytical characterization/
authentication of the major alkaloid and triterpene saponins found in this extract were
reported (with HPLC, UPLC, HPTLC chromatograms).17b The material was deposited at the
NCNPR repository. Digitonin (4) and prototypical mitochondrial respiration inhibitors were
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from Sigma. The samples were dissolved in either DMSO or isopropanol as 10 mM stock
solutions and stored at −20 °C. Unless specified, all reagents and solvents were from Sigma
and prepared following manufacturer’s instructions.

Cell-Based Reporter and Proliferation/Viability Assays
Human breast tumor T47D and hepatoma Hep3B cells were from ATCC, HUVEC cells
were from Lonza, and the cells were maintained as previously described.16 The T47D cell-
based reporter assay with the pHRE3-TK-Luc construct to monitor HIF-1 activity and the
cell-based proliferation/viability assay were the same as previously described.13,16

Cycloheximide (protein synthesis inhibitor) and rotenone (mitochondrial respiration
inhibitor) were used as positive controls for the reporter assays (results shown in Figure S2,
Supporting Information). Emetine and digitonin (4) were used as positive controls for the
T47D and Hep3B cell proliferation/viability studies (Table 1) and 4 was used as a positive
control for the HUVEC viability study (Figure 4). Cell viability was determined by the
sulforhodamine B method and presented as ‘% Inhibition’ of the untreated control using the
formula: . IC50 and 95% CI values were
calculated from concentration-response studies that examined test compounds at
concentrations in quarter-log increments, using GraphPad Prism 5.

Cell-Based Respiration Assay
An Oxytherm Clark electrode system (Hansatech) was used to monitor oxygen consumption
by T47D and Hep3B cells. The experimental procedure was similar to that previously
reported.13,16 The prototypical complex I inhibitor rotenone was added from an EtOH stock
solution to achieve a final concentration of 1 μM where indicated. The final concentration of
solvent was less than 0.3% (v/v). The following formula was used for data presentation:

Mitochondrial Membrane Potential Assay
The fluorescent dye TMRM was employed as an indicator for mitochondrial membrane
potential as described.13,16 MDA-MB-231 and T47D cells loaded with TMRM for 2 h at 37
°C were treated with compounds for 30 min and live cell imaging was performed with an
Axiovert 200M epifluorescence microscope (Zeiss).

Statistical Analysis
Data analyses were performed with GraphPad Prism 5. Differences between data sets were
considered statistically significant when p < 0.05.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Blue cohosh extract and purified saponins exert biphasic effects on cellular oxygen
consumption. (A) Blue cohosh extract disrupted cellular oxygen consumption in a
concentration- and time-dependent manner (left panel: Hep3B cells; right panel: T47D
cells). Extract sample was tested at the concentrations of 10, 30, 50, and 100 μg mL−1.
Oxygen consumption rates were recorded 30, 115, and 295 s (◢) after the addition of
samples to intact cells and presented as “% Inhibition” of the untreated control. Negative
values indicate stimulation of oxygen consumption. Data shown are average + SD from two
independent experiments for Hep3B cells (n = 3), and average + SD of three independent
experiments for T47D cell. (B) Effect of 1 on cellular respiration. Compound 1 was tested at
5.6, 10.0, 17.8 and 30.0 μM. Data presentation is the same as that described in (A) except
that data shown are average + SD of three independent experiments. (C) Effect of 2 on
cellular oxygen consumption. Experimental conditions, data collection, and presentation are
the same as described in (B) except that n = 1 for Hep3B cells and n = 3 for T47D cells. (D)
Effect of 3 on cellular respiration. Experimental conditions, data collection, and presentation
are the same as described in (B). The uncoupler, FCCP (0.3 μM), was used as a positive
control in the initial experiments. FCCP increased respiration at all time points [T47D cells:
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30 s (108%, ± 9% SD); 115 s (114%, ± 9% SD); 295 s (103%, ± 14% SD); Hep3B cells: 30
s (149%, ± 13% SD); 115 s (157%, ± 24% SD); 295 s (148%, ± 30% SD)]; representative
results from one independent experiment (n = 3), controls produced similar results in
multiple independent experiments. Additionally, a separate digitonin (mechanistically
similar) positive control experiment was performed, Figure 2).
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Figure 2.
Digitonin (4) exerts concentration- and time-dependent biphasic effect on cellular
respiration. Compound 4 was added at 10.0, 17.8 and 30.0 μM, respectively, to intact T47D
cells. Oxygen consumption rates were recorded 30, 115 and 295 s (◢) after compound
addition. The data were presented as percentage inhibition of cellular respiration in
comparison to that of the untreated cells. Negative values indicate a relative stimulation of
oxygen consumption. Data shown are from one experiment performed in triplicate.
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Figure 3.
Blue cohosh saponins exert their effects on cellular respiration by permeabilizing cellular
membranes. (A) The solvent control DMSO was added to T47D cells, followed by a mixture
of malate/pyruvate (5 mM each) to stimulate mitochondrial respiration at ETC complex I,
rotenone (1 μM) to inhibit complex I, and the complex II substrate succinate (5 mM).
Oxygen consumption rates were determined after each treatment and provided in the
parentheses for each section. (B) Effect of digitonin (4, 4 μM)-induced membrane
permeabilization on oxygen consumption in T47D cells. (C) Effect of cauloside A (1, 10
μM) on T47D cellular respiration. Data shown in A–C are recordings from one experiment,
representative of at least two independent experiments. (D) T47D cells loaded with the
TMRM+ dye were exposed to compounds and controls as specified and representative
images are shown. For cauloside A (30 μM), saponin PE, and digitonin treatments, images
before compound addition are shown as inserts inside each panel.
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Figure 4.
Concentration-response results of 1–4 on HUVEC proliferation/viability. HUVEC cells
were exposed to compounds at 3, 10 and 30 μM for 48 h, cell viability was determined by
the SRB method, and presented as ‘% Inhibition’ of the untreated control. Digitonin (4) was
used as a positive control for a cytotoxic saponin that disrupts cell membranes. Data shown
are average ± standard deviation (n = 3).
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Table 1

IC50 Values of C. thalictroides Methanol Extract and Purified Saponins on Cell Proliferation/Viability after 48

hours and 6 day Treatment (n = 3).a,b

number

T47D Hep3B

48 h 6 d 48 h 6 d

1 (μM) 13.0 (12.2 – 13.8) 11.5 (11.2 – 11.8) 7.5 (7.11 – 7.98) 6.6 (6.41 – 6.87)

2 (μM) 12.6 (12.2 – 13.0) 10.2 (10.1 – 10.4) 7.0 (6.63 – 7.39) 3.5 (3.32 – 3.58)

3 (μM) 30.1 (29.3 – 30.9) 25.6 (25.0 – 26.2) 27.8 (22.3 – 34.7) 9.0 (8.46 – 9.56)

4 (μM) 9.5 (8.7 – 10.4) 10.5 (9.8 – 11.3) 7.4 (6.5 – 8.5) 8.8 (7.4 – 10.4)

C. thalictroides extract (μg/mL) 55.6 (52.7 – 58.7) 32.0 (30.9 – 33.2) 30.8 (29.9 – 31.6) 24.7 (23.9 – 25.4)

emetinec (1 μM) 60% (+/− 5%)c 86% (+/− 11%)c 66% (+/− 10%)c 93% (+/−6%)c

a
95% confidence interval values (95% CI) were provided inside the parentheses.

b
The Digitalis saponin, digitonin (4), and protein translation inhibitor, emetine, were used as positive controls.

c
Emetine data were expressed as % inhibition of the untreated control (average +/− SD).

J Nat Prod. Author manuscript; available in PMC 2015 January 24.


