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Abstract: Cancer constitutes the second main mortality cause in the world, after 
cardiovascular diseases. In spite of the progresses in the chemotherapeutics 
treatments, many patients fail chemotherapy, mainly because of side effects or multi-
drugs resistance, proving the need and importance of the research for new molecules 
with anticancer activity, more effective and with smaller adverse effects. Various 
compounds derived from plant secondary metabolites are commonly used in the 
chemotherapy against cancer and the natural products play an important role in the 
research for new molecules. Among several molecules of natural origin evaluated by 
MTT assay in murine tumor cell lines [breast (LM3) and lung (LP07)] the quinona-
methide triterpenes tingenone and pristimerin showed marked cytotoxic activity 
presenting IC50 around 2 and 5 µM respectively. The structure-activity relationship 
suggests that rings A and B containing an α, ß-unsaturated carbonyl group are 
essential for the observed cytotoxic activity. The interaction between these positions 
and acetylcisteyne residues suggests a probable mechanism of action. The in vitro 
mutagenic activity was also evaluated by the Salmonella microsome assay (Ames 
test) for pristimerin and tingenone with and without metabolic activation (S9) in the 
strains TA98, TA97a, TA100 and TA102, none of which showed mutagenic potential 
in any strains. Estrogenic and anti-estrogenic activities were also studied by the 
e-screen assay in MCF-7 cells with negative results. The present data point to the 
importance of pristimerin and tingenone as representative of an emerging class of 
potential anticancer chemicals. 
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Introduction

 Therapeutic and special dietary use of plants 
is a worldwide habit. Herbal remedies are believed by 
the general public to be safe, cause less side-effects 
and less likely to cause dependency (Linchy and 
Berry, 2007). Today, drugs derived from plants are 
investigated for the possible presence of mutagenic and/
or carcinogenic substances, as well as other biological 
activities. Moreover, there is an intense discussion in 
the scientific and even more so in the public community 
about the potential (benefits or detrimental) effects of 
plant-derived compounds that may affect the endocrine 
system, especially estrogen signaling pathways 
(Messina and Wood, 2008). Dimitrakakis et al. (2004) 
reported adverse events included the development of 
male breast cancer after prolonged consumption of a 
phytoestrogen.

 Various compounds derived from plant 
secondary metabolites are commonly used in cancer 
treatment, such as paclitaxel, campothecin and 
tenoposide. Chemotherapy has been improved over the 
past years, but to date, many patients fail chemotherapy, 
mainly because of side effects or multi-drugs resistance. 
Natural products continue to perform an essential role 
in the research for new anticancer molecules (Costa et 
al., 2008). 
 Pristimerin and tingenone, naturally occurring 
quinonemethide triterpenoid compounds, are 
traditional medicines derived from the Celastraceae 
and Hippocrateaceae families and have long been 
used as anti-inflammatory, antioxidant, antimalarial, 
and insecticidal agents (Brinker et al., 2007; Gao 
et al., 2007). It has been reported that they have 
promising clinical potential as both a therapeutic and 
chemopreventive agent for cancer (Salminen et al., 
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2008).
 Since many herbal medicines have undergone 
little or no research, often there is little objective 
information about the potential risks and benefits of 
their use. Despite the popular notion of herbs as safe, 
a variety of adverse events associated with their use 
alone or in combination with conventional anticancer 
therapy has been reported including the occurrence 
of severe bone marrow depression. Oncologists and 
medical practitioners should be aware of the adverse 
effects associated with these herbs, and be sure to obtain 
a thorough history of the use of such compounds from 
their patients. In this context, the assays of cytotoxicity 
associated with mutagenic and estrogenic activities are 
important.
 Salmonella typhimurium/microsome assay 
(Ames test) is a widely accepted short-term bacterial 
assay for identifying substances that can produce 
genetic damage that leads to gene mutations. The Ames 
test is used world-wide as an initial screen to determine 
the mutagenic potential of new chemicals and drugs 
(Mortelmans & Zeiger, 2000). 
 The e-screen is a quantitative test that 
compares the growth among cultures of MCF-7 cells 
treated with 17-β-estradiol and cultures treated with 
different concentrations of the substance suspects of 
presenting estrogenic activity (Soto et al., 1995).The 
phytoestrogens can exert estrogenic or antiestrogenic 
effects depending on the dose, when they adhere to the 
hormonal receptors (Roberts, 2010; Xin, 2010). The 
e-screen assay is based in the concept that human cells 
of breast cancer MCF-7 proliferate in the presence of 
chemical substances that activate estrogenic receptors 
direct or indirectly (Soto et al., 1995; Spink et al., 
2006). 
 The present study was carried out to evaluate 
the in vitro cytotoxicity from natural products such as 
pristimerin (1), tingenone (2), plumericin, chromeno 
(methyl 2,2 -dimethyl-4-oxo-3,4,6,8a-tetrahydro-
2H-chromene-6-carboxilate), bauerenyl acetate, 
p-coumaric acid, chlorogenic acid and scandenin in the 
cell lines of adenocarcinoma murine of breast (LM3) 
and lung (LP07), seeking for molecules with promising 
anticancer activity. Pristimerin and tingenone was also 
evaluated in assays with Salmonella typhimurium using 
the strains TA100, TA102, TA98 and TA97a with and 
without metabolic activation (S9) and their estrogenic 
and antiestrogenic activities in MCF-7 cells. The study 
attempted to identify possible correlations between 
molecular structure of these natural products and 
anticancer activity.

Materials and Methods

Natural products

 Pristimerin (1), tingenone (2), plumericin, 
chromeno (methyl 2,2 -dimethyl-4-oxo-3,4,6,8a-
tetrahydro-2H-chromene-6-carboxilate), bauerenyl 
acetate, p-coumaric acid, chlorogenic acid and scandenin 
were provided by Dr. Wagner Vilegas, São Paulo State 
University (Araraquara-SP, Brazil). These compounds 
were isolated from several plants and identified by 
proper techniques. Their purity was checked by HPLC 
and is higher than 98%. Pacitaxel was purchased from 
Sigma, >99% pure.

Assays

 Cytotoxicity against tumor cell lines (MTT 
assay): 

 The cytotoxic potential of the natural products 
was evaluated by the MTT assay (Mosmamm, 1983) 
against two adenocarcinomas murines of breast (LM3) 
and lung (LP07) cell lines kindly provided by Dr. Lucas 
L. Colombo (Angel H. Roffo Oncology Institute, Buenos 
Aires, Argentina). Both cell lines were maintained in 
MEM medium (Gibco) supplemented with 10% fetal 
bovine serum (Gibco) and 0.1% gentamicin sulfate 
(80 mg/mL - Mantecorp), at 37 °C and 5% CO2. 
Tumor cell growth was quantified by the capability of 
living cells to reduce the yellow dye 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT - Sigma Co.) to a purple formazam product. 
Cells were previously plated in 96-well plates (200 
µL of 5x104 cell/mL solution in each well) for 24 h, 
when the supernatant was replacement for 200 µL/well 
solution of the natural products (0.24-500 µg/mL) with 
maximum 0.5% DMSO. After 24 h, the supernatant was 
replaced by fresh medium containing MTT (1 mg/mL). 
Three hours later the supernatant was wasted and added 
100 µL/well of isopropyl alcohol for dissolving the 
MTT formazan product. The absorbance was promptly 
measured at 540 nm and reference filter at 620 nm 
(Multiskan ascent, Labsystem). Paclitaxel was used 
as positive control. Each concentration was analyzed 
in triplicate, and two independent experiments were 
realized.
 Pristimerin (1) and tingenone (2) are also assayed 
by the same protocol in presence of N-acetylcisteyne 
(1 µmoL/mL). The source of N-acetylcisteyne was the 
medicine Fluimucil (200 mg - effervescent granulate-
Zambon).

 Spectrophotometric analysis

 The absorbance from each solutions of 
pristimerin and tingenone (0.02 g/mL) in methanol 
(HPLC/spectro - Tedia), were measured at λ=200-700 
nm by DR/4000U Spectrophotometer (Hach). The 
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same procedure was repeated for the mixture of each 
triterpene with N-acetylcisteyne (1:5 mol) in milli-Q 
water (Direct-QTM -Millipore) after 30 min in ambient 
temperature. 

 Mutagenicity assay (Ames test)

 The Salmonella mutagenicity assay was 
performed with S. typhimurium strains TA97a, TA98, 
TA100 and TA102, pre-incubated for 20-30 min with 
and without metabolic activation (Maron & Ames, 
1983). The S9-mix (mixture from several liver enzymes 
and cofactors) was freshly prepared before each test 
using Aroclor-1254-induced rat liver fraction purchased 
(lyophilized) from Moltox (Molecular Toxicology Inc.). 
S. typhimurium strains were kindly provided by Dr. B. 
Ames, University of California (Berkeley, CA, USA).
 Selected concentrations of pristimerin and 
tingenone were used; dissolved in DMSO (Sigma 
Chemical Co. - St. Louis, MO, USA). The concentrations 
were chosen in a preliminary test on the basis of 
bacterial toxicity. In all subsequent assays, the upper 
limit of the dose range tested was either the highest 
non-toxic dose or the lowest toxic dose determined in 
this preliminary assay. Toxicity was apparent either as 
a reduction in the number of his+ revertants, or as an 
alteration in the auxotrophic background lawn. The 
various concentrations of samples were added to 500 µL 
of buffer (pH 7.4) and 100 µL of bacterial culture and 
then incubated at 37 ºC for 20-30 min. After this time, 
2 mL of top agar were added to the mixture and poured 
on to a plate containing minimal agar. The plates were 
incubated at 37 ºC for 48 h and his+ revertant colonies 
were manually counted. The influence of metabolic 
activation was tested by adding 500 µL of S9 mixture 
(4%) to the pre-incubation mixture. All experiments 
were analyzed in triplicate.
 The standard mutagens used as positive 
controls in experiments without S9-mix were 4-nitro-
O-phenylenediamine (10 µg/plate) for TA98 and 
TA97a, sodium azide (2.5 µg/plate) for TA100 and 
mitomycin (3.0 µg/plate) for TA102. In tests with 
metabolic activation, 2-antramine (3.0 µg/plate) was 
used for all strains. DMSO (75 µL/plate) served as the 
negative (solvent) control. All standards were purchase 
from Sigma Chemical Co.
 The statistical analysis was performed with 
Salanal computer program, adopting the Bernstein 
et al., (1982) model. The mutagenic index (MI) was 
calculated for each dose, defined as the average number 
of revertants per plate divided by the average number of 
revertants per plate in the negative (solvent). A sample 
was considered positive when the mutagenic index was 
equal to or greater than 2 for at least one of the tested 
doses or if it had a reproducible dose-response curve 

(Cardoso et al. 2006; Santos et al. 2010).

Estrogenic and anti-estrogenic test 

 Cell line and culture conditions

 Cloned MCF-7 (human breast cancer-
BUS) cells were grown for routine maintenance in 
Dulbecco’s modification of Eagle’s medium (DMEM) 
supplemented with 10% FBS in an atmosphere of 5% 
CO2 and 95% air under saturating humidity at 37 ºC. 
The cells were subcultivated at weekly intervals using 
a mixture of 0.05% trypsin and 0.01 EDTA (Sigma, St. 
Louis, MO, USA).

 Charcoal-dextran treatment of serum to remove 
sex steroids

 Sex steroids were removed from FBS by 
charcoal-dextran (CD) stripping. Briefly, a suspension 
of 5% charcoal (Sigma Chemical Co, St. Louis, MO, 
USA) with 0.5% dextran T-70 (Pharmacia-LKB, 
Uppsala, Sweden) was prepared. Aliquots of the CD 
suspension of a volume similar to the serum aliquot 
to be processed were centrifuged at 1000 x g for 10 
min. Supernatants were aspirated and serum aliquots 
were mixed with the charcoal pellets. This CD-serum 
mixture was maintained in suspension by rolling at 
6 cycles/min at 37 ºC for 1 h. The suspension was 
centrifuged at 2000 x g for 20 min, and the supernatant 
was then cultured through a 0.22 mm filter (Millipore). 
CD-treated FBS (CD-FBS) was stored at -20 ºC until 
needed.

 Cell proliferation experiments

 MCF-7 cells were used in the test of 
estrogenicity according to a technique slightly modified 
(Villalobos et al., 1995) from that originally described 
by Soto (Soto et al., 1992). Briefly, MCF-7 cells were 
trypsinized and plated in 24-well plates at initial 
concentrations of 1x104 cells per well in 10% FBS in 
DMEM. Cells were allowed to attach for 24 h; then, 
the seeding medium was removed and replaced by the 
experimental medium (10% CD-FBS-supplemented 
phenol red-free DMEM). 
 A range of concentrations of the test compound 
was added to this medium into the sample wells. In each 
experiment, a dose-response curve (0.1 pM-1000 pM) 
of β-estradiol (E2), and a negative control (cell treated 
only with hormone-free medium) were included. The 
bioassay was terminated on day 6 (late exponential 
phase) by removing the media from the wells, fixing the 
cells and staining them with sulforhodamine B (SRB). 
The cells were treated with cold 10% trichloracetic 
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acid and incubated at 4 ºC for 30 min, washed five 
times with tap water and left to try. Trichloroacetic-
fixed cells were stained for 10 min with 0.4% (w/v) 
SRB dissolved in 1% acetic acid. Wells were rinsed 
with 1% acetic acid and air dried. Bound dye was 
solubilized with 10 mM Tris base (pH 10.5) in a shaker 
for 20 min. Finally, aliquots were transferred to a 96-
well plate and read in a Titertek Multiscan apparatus 
(Flow, Irvine, CA) at 492 nm. Linearity of the SRB 
assay with cell number was verified prior to cell growth 
experiments. Mean cell numbers from each experiment 
were normalized to the hormone-free control cultures 
to correct for differences in the initial seeding density.

 Agonist and antagonist assays

 Estrogenic activity in MCF-7 cells was tested 
in the presence of increasing concentrations (0.001-10 
µM) of pristimerin and tingenone. Tests were performed 
in quadruplicate for each concentration. For each 
compound, the ratio between the cell yield obtained 
with the compounds tested and the proliferation of 
hormone-free control cells (negative control) was 
calculated. Results were expressed as proliferative effect 
(PE) [MCF-7 cell proliferation (fold-over control)]. 
Maximal MCF-7 cell proliferation was obtained in 
the presence of 100 pM E2. Antagonistic assays were 
performed using a concentration of agonist yielding 
approximately 85% of maximal cell proliferation. The 
antagonistic activities of these compounds (tested at 
0.001-10 µM) were determined by coincubation with 
the agonist E2 at 50 pM. Data were also expressed as PE 
for each compound tested.
 For proliferation assays, each compound 
was tested at various concentrations in at least three 
independent experiments and data were expressed as 
mean±SD. Individual dose-response curves, in the 
absence and presence of agonist, were fitted using 
the sigmoid dose-response function of a graphics and 
statistics software package (Graph-Pad Prism, version 
4.0, 2003, Graph-Pad Software Inc., San Diego, CA, 
USA). Results are presented as PE values. Data were 
analyzed for significant differences using one-way 
ANOVA followed by Dunnett’s post-comparison test 
(vs. control). Differences were considered statistically 
significant when p<0.05.

Results and Discussion 

 This study evaluated the in vitro cytotoxicity 
of eight natural products such as tingenone, pristimerin, 
plumericine, cromene, scandenin, bauerenyl acetate, 
p-coumaric acid and chlorogenic acid. The compounds 
were evaluated in the cell lines of adenocarcinoma 
murine of the breast (LM3) and lung (LP07) and the 

results are showed in the Table 1. The sequence for 
cytotoxic activity (including paclitaxel) observed in the 
LM3 line was: tingenone> pristimerin> plumericine> 
cromene> paclitaxel> scandenin> bauerenyl acetate> 
p-coumaric acid> chlorogenic acid. This sequence was 
similar to the LP07 cell line, the exception was the 
inverse order between chlorogenic and p-coumaric acid 
and between scandenin and paclitaxel. 

Table 1. IC50 as average and standard deviation of each 
natural product assayed in the breast (LM3) and lung (LP07) 
tumor cell lines.

Natural products
IC50 (µM)

LM3 LP07
chromene 6 3±10 134± 9
p-coumaric acid 506±10 3,075±275
chlorogenic acid 942±119 864±351
scandenin 127±10 152±13
plumericin 32±10 25±9
pristimerin (1) 5±0 5±0
tingenone (2) 3±1 2±1
bauerenyl acetate 170±47 852±192
paclitaxel 74±0 191±61

 The quinona-methide triterpenes tingenone 
(IC50 2 µM in LP07 and 3 µM in LM3) and pristimerin 
(IC50 5 µM in both LP07 and LM3) showed the 
largest level of cytotoxicity in the cell lines among the 
investigated compounds, even more active than the 
positive control adopted, paclitaxel (IC50 74 µM in 
LP07 and 191 µM in LM3).
 Pristimerin (1) and tingenone (2) belong 
to the class of quinona-methides triterpenes. They 
are secondary metabolites isolated exclusively from 
barks and roots of plants from Celastraceae and 
Hippocrateaceae, and are considered chemotaxonomic 
markers to these families (Alvarenga at al., 1999). 
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 Pristimerin (1) and tingenone (2) have 
demonstrated potent in vitro biological activities; most 
of them associated with their cytotoxic activity (Klaid 
et al., 2007; Tahir et al., 2001; Mena-Rejo et al., 2007; 
Pavanad et al., 1989), especially in several cancer cell 
lines (Costa et al., 2008). Other publications also reveal 



Antitumoral, mutagenic and (anti)estrogenic activities of tingenone and 
pristimerin

Juliana P. M. Gomes et al.

Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 21(6): Nov./Dec. 2011 967

of action involved the nucleophilic attack of CCDO to 
protein sulfidryl groups from cisteyne residues through 
Michael’s reaction. 
 Yang et al. (2008) evaluated the nucleophilic 
susceptibility of pristimetin by Quantum CAChe 
program. Results showed high susceptibility to 
nucleophilic attack in C2 and C6. These regions are 
interaction points between the triterpenes and hydroxyl 
groups from N- terminal portion of β5 proteasome 
subunit threonine amino acid. 
 Acurate evaluation of the structures using 
the ACD/Chem Sketch 4.0 program evidenced that 
positions C2 and C6 of pristimerin are less hindered 
that those in CCDO, due the planar orientation of the A 
and B rings, which might result in a higher nucleophilic 
susceptibility than CCDO. 
 Michael’s reaction is reversible, what makes 
difficult to isolate and identify the complex formed. 
Liby et al. (2007) described that the treatment of tumor 
cells in vitro with CCDO in presence of thiol-containing 
reagents as N-acetylcisteyne promoted a decreasing in 
the CCDO cytotoxicity, thus suggesting the interaction 
between CCDO and sulfidryl groups (Scheme 1).
 The interaction between pristimerin and 
tingenone with N-acetylcisteyne was also evaluated by 
spectrophotometric analysis (Table 2). The hypochromic 
effect after 30 min of reaction for both pristimerin and 
tingenone reinforced the interaction between these 
triterpenes and sulfidryl groups.

that pristimerin has anti-inflammatory action in animal 
models (Hui et al., 2003), while tingenone, even at low 
concentrations, exerted a marked inhibitory effect on 
protein and RNA synthesis (Angeleti & Marini-Betollo, 
1974).
 It is known that pristimerin exhibits 
cytotoxicity in several cancer cell lines (Costa et al., 
2008), but the mechanism involved in the cytotoxic 
effect of pristimerin has not been completely explored. 
Wu et al. (2005) observed that human breast cancer 
cells (MDA/MB-231) treated with pristimerin induced 
the release of cytochrome c from mitochondria and a 
decreasing of the mitochondrial potential, leading to 
a caspase-dependent apoptosis. The same authors also 
reported that pristimerin may have potential selectivity 
toward tumor cells.
 Costa et al. (2008) reported that pristimerin 
inhibited DNA synthesis and triggered cell death 
apparently by apoptosis, however, it was not able to 
inhibit human topoisomerase I. Yang et al. (2008) 
verified that pristimerin induces death of human 
prostate cancer cells (PC-3 and C4-2B) due its potent 
proteasome inhibition, and also by interaction with 
caspase, leading to apoptosis.
 Liby et al. (2007) described the importance of 
carbonyl α,ß-unsaturated groups to anti-inflammatory 
and antitumoral action of triterpenoids as 28-(2-cyan)-
3,12-dioxooleanan-1,9(11)-dienoic acid (CCDO), an 
oleanoic acid derivative. The suggested mechanism 

Figure 1. Pristimerin (1) and CCDO tridimensional chemical structures.
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Scheme 1. Representation of Michael’s reaction between N-acetylcisteyne and C6 from pristimerin or tingenone.
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 Therefore, we tested tumor cell lines LM3 and 
LP07 treated with pristimerin and tingenone in presence 
of N-acetylcisteyne. The results evidenced a significative 
increase of the IC50 values for both substances in both 
cell lines, and thus a decrease in the cytotoxicity of these 
triterpenes (Table 2).

Table 2. IC50 and spectrophotometrical analysis of pristimerin 
and tingenone with and without N-acetylcisteyne.

Tumor 
 cell line Treatment

Triterpenes

pristimerin tingenone

IC50 (µM)

LM3

without 
N-acetylcisteyne 5±0 3±1

with 
N-acetylcisteyne 10±3 12±5

IC50 increase 100% 283.3%

LP07

with 
N-acetylcisteyne 5±0 2±1

without 
N-acetylcisteyne 9±0 34±1

IC50 increase 80% 1,575%

Spectrophoto- 
metric analysis Absorbance 

(λ= 420nm)

without 
N-acetylcisteyne 0.57 0.47

with 
N-acetylcisteyne 0.47 0.27

Hypocromic 
effect -0.10 -0.25

 The interaction between tingenone and DNA was 
appointed as one likely mechanism for its cytotoxicity 
(Godjiman et al., 1985) and antineoplastic activities 
(Campanelli et al., 1980). This interaction was noticed by 
spectral methods, but no evidence could be concerning 
about a relationship between the binding mode and the base 
composition. The size and shape of tingenone molecule are 
favorable for its inclusion in the narrow groove of DNA 
and, furthermore, hydrogen bonds can be formed between 
the hydroxyl group of tingenone and the phosphate 
group of DNA. Since tingenone is a bulky molecule, an 
intercalation mechanism seems to be unlikely, unless only 
the nearly planar A and B rings are engaged. The same 
mechanism could be applicable for pristimerin, since the 
only modification is on E ring.
 The mutagenicity results reinforce the hypothesis 
where resulting effects of the intercalation of the 
pristimerin and tingenone in DNA were not observed. The 
strains TA98 and TA97a detect frameshift mutations that 
are usually induced by intercalating agents in DNA. 
 The mutagenic activity data obtained in the 
Salmonella/microsome assays for pristimerin and 
tingenone are shown in Table 3. Pristimerin and tingenone 
did not show mutagenic activity, evaluated by the Ames 
test that detects point mutations with and without metabolic 
activation (S9).
 Morita et al. (2008) reported the antimitotic 
activity of pristimerin and tingenone. Antimitotic agents 

that inhibit the microtubule formation and the mitotic arrest 
of eukaryotic cells, such as paclitaxel and vinblastine, are 
important components on current anticancer therapy and 
have potential applications in drug development. Recently 
much effort has been directed to the isolation and synthesis 
of the antimitotic drugs that target the tubulin/microtubule 
system and display efficacy against drug-refractory 
carcinomas.
 In the present work, we also studied the effects 
of pristimerin and tingenone on cell proliferation for 
evaluation of the estrogenic activity of these compounds. 
The MCF-7 proliferation assay (e-screen) which is based 
on proliferation of human mammary adenocarcinoma 
cells ERα (estrogen receptor α) positive, is a well 
accepted method for evaluation of estrogenic effects 
initiated by phytochemicals (Mesa-Siverio et al., 2008; 
Cherdshewasart et al., 2008). This system has also been 
used in evaluating the anti-estrogenic activity of chemicals 
(Silva et al., 2006; Nielsen & Rasmussen, 2004). Cells 
were incubated for 144 h at 37 °C in the presence of E2 
at the indicated concentrations (Figure 2). Results are 
expressed as proliferative effect (ratio between the highest 
cell yield obtained with the chemical and the proliferation 
of hormone-free control cells). Values were the mean±SD 
from three separate experiments. As expected, in this cell 
line E2 strongly induced significant proliferation in a clear 
dose-dependent manner (Figure 2). By contrast, pristimerin 
and tingenone did not stimulate MCF-7 cell proliferation 
in the concentration range of 0.001-10 µM (Table 4), 
indicating that these compounds are not estrogenic. At the 
highest tested concentration (10 µM), cytotoxic events 
occurred with pristimerin and tingenone, explaining the 
lack of cell proliferation for this concentration.

 
Figure 2: Dose-proliferative response curve for E2 in MCF-7 
cells. **p<0.01 (versus hormone-free control).

 Prompted by reports on the strong 
antiproliferative activity of pristimerin in several cell 
lines (Wu et al., 2005), we also examined the potential 
anti-estrogenic activity of these compounds using 
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the estrogen-sensitive MCF-7 cells. Pristimerin and 
tingenone failed to antagonize E2-induced proliferation 
(Figure 3). Consistent with the data obtained in 
proliferation assays, the two compounds caused cell 
toxicity at the highest tested concentration.

Table 4. MCF-7 cell proliferation. Cells were incubated for 
144 h at 37 °C in the presence of pristimerin and tingenone at 
the indicated concentrations.
Compounds PE (Fold-over control) P (vs. control)

E2 (10-10 M) 6.50±0.20 <0.01

Pristimerin (10-9 M) 1.07±0.04 >0.05

Pristimerin (10-8 M) 1.06±0.05 >0.05

Pristimerin (10-7 M) 1.11±0.01 >0.05

Pristimerin (10-6 M) 1.06±0.07 >0.05

Pristimerin (10-5 M) 0.15±0.15* <0.01

Tingenone (10-9 M) 1.03±0.04 >0.05

Tingenone (10-8 M) 1.04±0.09 >0.05

Tingenone (10-7 M) 1.10±0.02 >0.05

Tingenone (10-6 M) 1.10±0.01 >0.05

Tingenone (10-5 M) 0.10±0.04* <0.01

 In conclusion the quinona-methide triterpenes 
tingenone (2) and pristimerin (1) showed the highest 
cytotoxicity in the LP7 and LM3 cell lines. The structure-
activity relationship suggests that rings A and B containing 
an α-, ß-unsaturated carbonyl group are essential for the 
observed cytotoxic activity. The interaction between 
pristimerin and tingenone with N-acetylcisteyne was 
evaluated by biological and spectrophotometric methods. 
These results and literature data taken together reinforce 
the evidence that pristimerin and tingenone may induce 
apoptosis by interaction to caspases, an important family 
of proteins with cisteyne residues. 
 The in vitro mutagenic activity was evaluated 
for the most promising compounds: pristimerin and 
tingenone and they did not show mutagenic potential. 
Finally, (anti)estrogenic activity of pristimerin and 
tingenone were analyzed in vitro by measuring the 
proliferation of estrogen-sensitive MCF-7 cells. In 
contrast to E2, included as positive control, these 
compounds failed to induce cell proliferation in this 
cell line at concentrations between 0.001 and 10 µM. 
Pristimerin and tingenone also failed to act as an anti-
estrogen, but the two compounds caused cell toxicity at 
the highest tested concentration. 
 Therefore, these molecules seem to be lead 
compounds for new anticancer drugs.

Table 3. Mutagenic activity expressed as the mean and standard derivation of the number of revertants/plate in bacterial Salmonella 
typhimurium strains TA98, TA97a, TA100 and TA102 treated with pristimerin and tingenone at various doses, with (+S9) and 
without (-S9) metabolic activation.

Treatment 
(µM/plate)

Revertants colonies/plate in S. typhimurium strains

TA98 
 -S9                    +S9 TA97a 

    -S9                     +S9 -S9 TA100                
+S9

TA102 
-S9                   +S9

Pristimerin

0.000a 67±3 29±7 168±31 199±32 131±21 127±8 371±12 291±18

0.010 66±9 (1.0) 33±6 (1.1) 202±29 (1.2) 201±28 (1.0) 157±9 (1.2) 121±8 (1.0) 382±11 (1.0) 240±34 (0.9)

0.020 62±3 (0.9) 36±4 (1.2) 168±9 (1.0) 204±17 (1.0) 126±9 (1.0) 108±8 (0.9) 368±32 (1.0) 277±27 (1.0)

0.040 70±9 (1.0) 42±8 (1.4) 178±14 (1.1) 186±17 (0.9) 124±16 (1.0) 148±41 (1.2) 399±38 (1.0) 271±46 (0.9)

0.080 71±4 (1.1) 33±6 (1.1) 162±5 (1.0) 175±13 (0.9) 114±21 (0.9) 117±22 (0.9) 321±9 (1.0) 306±27 (1.0)

0.120 58±6 (0.9) 28±8 (0.9) 161±14 (1.0) 181±16 (0.9) 110±9 (0.8) 101±18 (0.8) 383±22 (1.0) 313±22 (1.0)

Tingenone

0.000a 67±3 29±7 168±31 199±32 131±21 127±8 371±12 291±18

0.003 60±1 (0.9) 32±11 (1.1) 188±14 (1.1) 192±4 (1.0) 136±6 (1.0) 116±8 (0.8) 371±31 (1.0) 237±10 (0.8)

0.006 59±11 (0.9) 28±4 (1.0) 177±15 (1.0) 204±17 (1.1) 153±10 (1.1) 117±8 (0.9) 345±11 (0.9) 262±27 (0.9)

0.012 54±1 (0.8) 38±2 (1.3) 131±23 (0.8) 170±34 (0.9) 131±9 (1.0) 111±7 (0.9) 285±21 (0.8) 276±36 (0.9)

0.024 62±11 (0.9) 31±7 (1.1) 86±14 (0.5) 151±6 (0.8) 122±5 (0.9) 138±36 (1.1) 147±12 (0.4) 269±36 (0.9)

0.031 69±2 (1.0) 34±2 (1.1) 79±10 (0.5) 180±12 (0.9) 117±11 (0.9) 111±4 (0.9) 130±27 (0.4) 307±7 (1.0)

0.008 37±3 (1.2) 26±8 (0.9) 211±3 (1.3) 274±24 (1.4) 161±30 (1.2) 141±43 (1.1) 376±12 (1.2) 295±35 (1.0)

0.014 32±4 (1.0 35±2 (1.2) 209±29 (1.2) 260±7 (1.3) 112±3 (0.8) 108±10 (0.9) 365±28 (1.2) 305±17 (1.0)

Control +b 1480±243 2222±78 1617±450 1250±269 992±249 1638±547 1737±92 1354±41

a negative control (DMSO, 75 µL/plate). b positive control: sodium azide (2.5 µg/plate,TA100), mitomycin (3.0 µg/plate,TA102) and 4-nitro-O-
phenylenediamine (10 µg/plate,TA98,TA97a) without S9; and 2-antramine (3.0 µg/plate,TA98, TA97a, TA100, TA102) with S9. The values in 
parenthesis = mutagenic index. No statistical differences were observed.

Results are expressed as PE: proliferative effect (ratio between the highest 
cell yield obtained with the chemical and the proliferation of hormone-free 
control cells). Values were the mean±SD from three separate experiments. 
p<0.05 and p<0.01 (versus hormone-free control). *Cell toxicity.
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