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1. ABSTRACT 
 

Breast cancer remains a major cause of death in 
the United States as well as the rest of the world. In view of 
the limited treatment options for patients with advanced 
breast cancer, preventive and novel therapeutic approaches 
play an important role in combating this disease. The plant-
derived triterpenoids, commonly used for medicinal 
purposes in many Asian countries, posses various 
pharmacological properties. A large number of 
triterpenoids are known to exhibit cytotoxicity against a 
variety of tumor cells as well as anticancer efficacy in 
preclinical animal models. Numerous triterpenoids have 
been synthesized by structural modification of natural 
compounds. Some of these analogs are considered to be the 
most potent antiinflammatory and anticarcinogenic 
triterpenoids known. This review examines the potential 
role of natural triterpenoids and their derivatives in the 
chemoprevention and treatment of mammary tumors. Both 
in vitro and in vivo effects of these agents and related 
molecular mechanisms are presented. Potential challenges 
and future directions involved in the advancement of these 
promising compounds in the prevention and therapy of 
human breast cancer are also identified. 

 
2. INTRODUCTION  
 

Breast cancer is the leading worldwide cause of 
death among women between the ages of 40 and 55 (1) 
with an estimated 1 million women diagnosed annually (2). 
According to the American Cancer Society, nearly 193,000 
new cases and more than 40,000 deaths are estimated to 
occur in 2009 in women in the United States alone (3). In 
the United States, a woman will die from breast cancer 
every 13 min and over 1 million women have died from 
this disease since 1970. Surprisingly, the incidence of male 
breast cancer is also on the rise (4). In 2009, nearly 2,000 
cases of breast cancer and about 450 deaths are expected to 
occur among men in the United States (3). 

 
Breast cancer is known to be influenced by several 

hormones, specifically estrogen and progesterone which are 
known to be capable of increasing breast cancer risk. 
Approximately two-thirds of breast cancers are positive for 
estrogen and/or progesterone receptors. In premenopausal 
women, the primary source of estrogen is the ovaries and in 
postmenopausal women, estrogen is produced in adipose 
tissue and the adrenal glands. The enzyme aromatase plays 
a critical role in the production of estrogen in 
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postmenopausal women. At present, tamoxifen is widely 
used for estrogen receptor (ER)-positive breast cancers (5). 
Trustazumab is used in HER2/neu-positive breast cancers and 
have proven benefits (6). Nevertheless, these drugs carry 
significant adverse effects along with their known benefits. 
Tamoxifen shows a positive effect on bone decreasing the 
osteoporosis and on the other hand increases the risk of 
endometrial cancer and venous thromboembolism (5). 
Trustazumab, a monoclonal antibody, has potential concern of 
severe cardiac dysfunction (7).  

 
 Unfortunately, the significant morbidity of breast 

cancer has been only somewhat impacted by current treatment 
modalities including surgery, radiotherapy, and adjuvant 
chemotherapy and/or hormone therapies (8, 9). There is still no 
effective cure for the vast majority of patients with advanced 
stages of the disease (10). There is a critical and urgent need 
for developing agents that will be effective in decreasing the 
incidence of breast cancer in high-risk women. These 
necessitate the search for novel preventive and therapeutic 
approaches for this disease. One such approach to consider is 
chemoprevention, an approach by which the occurrence of the 
disease can be prevented, slowed, or reversed by the 
administration of one or more naturally occurring and/or 
synthetic compounds (11-13). Due to generally being an 
estrogen-dependent cancer, breast carcinomas are ideal 
candidates for hormonal and other types of chemoprevention 
(14). During the last decade several bioactive agents have been 
identified in plants and in human diets and are being developed 
as chemopreventive and therapeutic agents for various cancers 
including breast cancer (14-20). One such group of 
phytochemicals, the terpenoids, is found widely in nature. 
Terpenoids, also referred to as terpenes or isoprenoids, are the 
largest group of natural compounds found in plants and are 
synthesized from two five-carbon building blocks. Based on 
the number of building blocks, terpenoids are classified as 
monoterpenes, sequiterpenes, diterpenes, sesterterpenes, 
triterpenes, tetraterpenes, and polyterpenes (21) with almost 
40,000 different terpenoids having been isolated from plants, 
animals and microbial species (22-23). Among the terpenoids, 
triterpenoids have recently emerged as a unique group of 
phytochemicals with multifunctional anticancer activities as 
demonstrated by promising results in preclinical studies.  

 
The use of triterpenoids and related compounds for 

either chemoprevention or therapy of mammary carcinoma 
has not been extensively discussed previously although 
several excellent articles provide an overview of the 
antitumor potential of these agents against various cancers 
(24-27). Accordingly, this review critically examines the 
current knowledge about naturally occurring and semi-
synthetic triterpenoids and their mechanisms of breast 
cancer chemopreventive and therapeutic activity both in 
vitro and in vivo with a goal of finding realistic use of these 
compounds for the prevention and treatment of breast 
cancer.  
 
3. TRITERPENOIDS 
 

Triterpenoids are metabolites of isopentenyl 
pyrophosphate oligomers and represent the largest group 
of phytochemicals. It has been estimated that more than 

20,000 triterpenoids exist in nature (25). They 
predominantly are found in various plants including sea-
weeds as well as in wax-like coatings of various fruits 
and medicinal herbs, including apples, cranberries, figs, 
olives, mistletoe, lavender, oregano, rosemary and thyme 
(21, 26, 28-30). Triterpenoids are biosynthesized in 
plants by the cyclization of squalene, a triterpene 
hydrocarbon and precursor of all steroids (31). They can 
further be subclassified into diverse groups including 
cucurbitanes, cycloartanes, dammaranes, euphanes, 
friedelanes, holostanes, hopanes, isomalabaricanes, 
lanostanes, limonoids, lupanes, oleananes, protostanes, 
sqalenes, tirucallanes, ursanes and miscellaneous 
compounds (24, 27, 32).  Although triterpenoids were 
considered to be biologically inactive for a long period 
of time, accumulating evidence on their broad spectrum 
pharmacological activities coupled with a low toxicity 
profile has sparked renewed interest with regard to 
human health and disease. Triterpenoids are used for 
medicinal purposes in many Asian countries for 
antiinflammatory, analgesic, antipyretic, 
hepatoprotective, cardiotonic, sedative and tonic effects 
(28, 33, 34). Recent studies have not only confirmed 
some of the aforementioned pharmacological properties 
of several triterpenoids, but also identified a variety of 
additional biological activities including antioxidant, 
antimicrobial, antiviral, antiallergic, antipruritic, 
antiangiogenic and spasmolytic activity (35, 36). An 
increasing number of triterpenoids have been reported to 
exhibit cytotoxicity against a variety of cancer cells 
without manifesting any toxicity in normal cells (24, 26, 
27). They also demonstrate antitumor efficacy in preclinical 
animal models of cancer (26, 27). A large number of 
triterpenoids have been synthesized by structural 
modification of natural compounds for optimization of 
bioactivity, and some of these semi-synthetic analogs are 
considered to be the most potent antiinflammatory and 
anticarcinogenic triterpenoids known to mankind (25). The 
antitumor efficacy of several triterpenoids are currently 
being evaluated in phase I clinical trials (27). 
 
4. TRITERPENOIDS AND BREAST CANCER 
 

The following sections of this review present in 
vitro and in vivo studies carried out to explore 
chemotherapeutic as well as chemopreventive potential of 
triterpenoids of plant origin and their semi-synthetic 
analogs in breast cancer. Saponins as well as triterpenoids 
derived from animal and microbial species are not 
included.  
 
4.1. In vitro studies 

There are studies being done in vitro that 
demonstrate the inhibitory effects of various triterpenoids 
against proliferation, growth and invasion of a large variety 
of breast cancer cell lines (Table 1).   

 
4.1.1. Cucurbitanes 

Cucurbitacins, originally isolated from several 
plants of the Cucurbitaceae family which possess medicinal 
properties, represent a group of diverse triterpenoids
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Table 1. In vitro effects of natural and semi-synthetic triterpenoids on various breast cancer cells 
Triterpenoids  Compounds Cellular  effects Mechanisms IC50  References 

Cucurbitacin I 
Suppressed the proliferation of MDA-
MB-468 cells 

↑Apoptosis; ↓phospho-
STAT3 

 Blaskovich et 
al. (40) 

Cucurbitacin Q Induced apoptosis in MDA-MB-435 
and MDA-MB-453 cells 

  Sun et al. (41) 

2-Deoxycucurbitacin D, 25-
Acetylcucurbitacin F, Cucurbitacin 
D 

Demonstrated cytotoxicity against 
MCF-7 cells 

 0.02 – 0.11 
µg/ml 

Rodriguez et 
al. (42) 

Cucurbitacin B, Cucurbitacin D, 
Cucurbitacin E, Cucurbitacin I 

Displayed inhibitory effects on the 
growth of MCF-7 cells 

↓COX-2  Jayaprakasam 
et al. (43) 

23,24-Dihydro-cucurbitacin F, 
23,24-Dihydro-25-
acetylcucurbitacin F 

Showed antitumor activity against 
MCF-7 cells 

 1.9 – >10  
µg/ml 
 
 

Olmedo et al. 
(44) 

23,24-Dihydro-cucurbitacin B 

Possessed antiproliferative activities 
against Bcap37 and MCF-7 cells 

⊥G2-M; ↑apoptosis; 
cyt. c release; PARP 
cleavage; caspase 
activation 

 Yang et al. 
(45) 

Cucurbitacin B 
Inhibited the proliferation of BT474, 
MCF-7, T47D, ZR-75-1, MDA-MB-
231 and MDA-MB-453 cells 

Disruption of 
microtubules and F-
actin 

3.03 x 10-2 – 
4.18 x 10-1  

µM 

Wakimoto et 
al. (46)  
 

Cucurbitacin B 
 

Exhibited cytotoxicity in MCF-7, 
T47D, MDA-MB-435 and SKBR3 
cells 

 25.8 – 73.3  
µg/ml 

Kongtum et 
al. (47) 

Cucurbitanes 

 

Balsaminapentanol, Balsaminol A,  
Balsaminol B, Cucurbalsaminol B 

Suppressed the growth of MCF-7 cells   30.7 – 55.3 
µM 

Ramalhete et 
al. (48) 

Dammaranes Cabraleadiol, 
Cabraleahydroxylactone, 
Cabralealactone, Eichlerialactone 

Exhibited week cytotoxic effects in 
breast cancer cell line 

 12.5 – 18.0 
µg/ml 

Phongmaykin 
et al. (49) 

Ergostanes Methyl antcinate B, Zhankuic acid 
A, Zhankuic acid C 

Inhibited the proliferation of MCF-7 
and MDA-MB-231 cells 

 25.1 – 57.8  
µM 

Yeh et al. (51) 

Netzahualcoyonol, 
Tigenone 

Showed cytotoxic effect in MDA-MB-
231 cells 

 1.2 – 1.5 
µM 

Setzer et al. 
(52) 

Celastrol, Pristimerin Exhibited cytotoxic effect in MCF-7 
cells 

 0.14 – 0.21 
µg/ml 

Chang et al. 
(53) 

Pristimerin 
Inhibited cell viability of MCF-7 and 
MDA-MB-231 cells 

↑Apoptosis; cyt. c 
release; caspase 
activation 

0.42 
µM 

Wu et al. (54) 

Celastrol 
Inhibited the proliferation and 
migration of W256 cells 

↑Apoptosis; ↓IL-1β;  
↓NF-κB; IKKα/β; 
↓MMP-9; ↓uPA 

0.43 
µM 

Idris et al. 
(55) 

Celastrol 

Potentiated cytotoxic effect of TRAIL 
in T47D and MDA-MB-231cells 

↑Apoptosis; ↓cFLIP; 
↓cIAP-1; ↓Bcl-2; ↓Bcl-
xL; ↓survivin; ↓XIAP; 
↑Bax 

 Sung et al. 
(56) 

Friedelanes 

 

Fridelin, Fridelin-1-3-dione Suppressed the proliferation of MDA-
MB-231 cells 

 39.6 – >40.0 
µg/ml 

Ee et al. (57) 

Lanostanes 15α-Acetyl-dehydrosulphurenic 
acid, Sulphurenic acid 

Inhibited the proliferation of MCF-7 
and MDA-MB-231 cells 

 55.9 –  >500 
µM 

Yeh et al. (51) 

Meliavolkenin 
Showed cytotoxicity in MCF-7 cells  4.3 

µg/ml 
Zeng et al. 
(58) 
 

Limonoids 

Melianin B, Melianin C, 
Meliavolkinin 

Exhibited cytotoxicity in MCF-7 cells  3.3  – 27.8 
µg/ml 

Rogers et al. 
(59) 

Betulinic acid 
Displayed cytotoxic activity in MDA-
MB-231 cells 

 9.6 
µM 

Setzer et al. 
(61) 

Betulinic acid 
Displayed antiproliferative activity in 
MCF-7 cells 

 0.27 
µM 

Amico  et al. 
(62) 

Betulinic acid 
Suppressed the proliferation of T47D 
cells 

↓Bcl-2; ↓cyclin D1; 
↑Bax 

2.4 
µM 

Rzeski et al. 
(63) 

Betulinic acid 
Demonstrated lethal effects in SKBR3 
cells  

↑Apoptosis; caspase 
activation 

 Basu et al. 
(64) 

Betulinic acid 
Exhibited cytotoxicity in SKBR3, 
MDA-MB-231, MDL13E, BT438, 
BT474, BT549 and T47D cells 

 5.5  – 16.2 
µg/ml 

Kessler et al. 
(65) 

Betulin 
Inhibited the proliferation of T47D 
cells 

 5.2 
µM  

Rzeski et al. 
(66) 

Lupanes 

Lupeol 
Suppressed the proliferation of MDA-
MB-231 cells 

↑ERα protein and 
mRNA 

 Lambertini et 
al. (67) 
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Remangilones A, 
Remangilones C 

Elicited cytotoxic effects in MDA-
MB-231 and MDA-MB-435 cells 

↑Apoptosis 1.6  – 8.5 
µM 

Deng et al. 
(68) 

3β,23,28-Trihydroxy-12-oleanene 
23-caffeate, 3β,23,28-Trihydroxy-
12-oleanene 3β-caffeate 

Exhibited cytotoxicity in MCF-7 cells ↓Lipid peroxidation 1.8  – 2.2 
µg/ml 

Yun et al. 
(69) 

Oleanolic acid Displayed negligible cytotoxicity in 
MCF-7 and MDA-MB-231 cells 

  Hsu et al. (70) 

CDDO 
Inhibited the proliferation of MCF-7, 
MDA-MB-231, 21-MT-1, 21-MT-2, 
21-NT and 21-PT cells 

 3 x 10-2 – 1  
µM 

Suh et al. (71) 

CDDO 
Exerted the growth inhibition of MCF-
7, MDA-MB-231 and MDA-MB-435 
cells 

↑Apoptosis; ⊥G1-S; 
⊥G2-M  

 Lapillonne et 
al. (74) 

CDDO 
Inhibited the growth of MCF-7 and 
MDA-MB-435 cells  

↓HER2 phospho-
rylation; ↓HER2 
kinase; ↓caveolin-1 

3.5  – 7.5 
µM 

Konopleva et 
al. (75) 

CDDO, 
CDDO-Im 

Displayed the growth suppression of 
MCF-7 cells 

 10 – 30 
nM 

Place et al. 
(76) 

CDDO, 
CDDO-Im 

Sensitized T47D and MDA-MB-468 
cells to TRAIL 

↑Apoptosis; ↑DR4;    
↑DR5; ↓FLIPL 

 Hyer et al. 
(77) 

CDDO, 
CDDO-Me 

Suppressed the proliferation of MCF-7 
cells 

 0.06 – 0.16 
µM 

Honda et al. 
(78) 

CDDO-Me 
Suppressed the proliferation and 
invasion of 4T1 cells 

⊥G2-M; ↓STAT3; ↓Src; 
↓Akt; ↓c-Myc 

  Ling et al. 
(79) 

CDDO-Me 
Inhibited IL-6-induced and 
constitutive JAK1 activity in MDA-
MB-231 cells 

↓JAK1; ↓STAT3  Ahmad et al. 
(78) 

AMR 
 

Displayed the growth inhibitory effect 
in MCF-7 cells  

 2.5 
µg/ml 

Rabi et al. 
(84) 

AMR 
 

Exhibited cytotoxicity to MCF-7 and 
MCF-7/TH cells 

↑Apoptosis; ⊥G2-M; 
↑total caspase; 
↑caspase-8  

3.8 – 6.8  
µg/ml  

Rabi et al.  
(85) 
 

AMR 
Inhibited the survival of MCF-7 and 
MDA-MB-468 cells 

↑Apoptosis; ⊥G2-M;   
↑caspase-3/7; ↑p53; 
↑Bax; ↓Bcl2 

1.8 – 7.0  
µM 

Rabi et al. 
(86) 

AMR-Me 
Showed cytotoxic effects against 
MCF-7 cells 

 1.8  
µg/ml 

Rabi et al. 
(84) 

Oleananes 

AMR-Me 

Suppressed the proliferation of MCF-7 
and MCF-7/p53siRNA cells 

↑Apoptosis; ⊥G2-M;   
↑caspase-3/7; ↑Bax; 
↓Bcl2; ↓cyclin A; 
↓cyclin B1; ↑JNK; 
↑MAPK  

0.5 – 0.6 
µM 

Rabi and 
Banerjee (87) 

Tirucallanes Masticadienonic acid, 
Masticadienolic acid,  3-α-
Hydroxy-masticadienolic acid, 
24,25S-Dihydro-masticadienoic 
acid 

Possessed cytotoxic effects against 
MCF-7 cells 

 18.4 – 31.5 
µg/ml 
 

Chávez et al. 
(88) 

Ursolic acid 
Exhibited cytostatic and cytotoxic 
effects in MCF-7 cells 

⊥G1  Es-Saady et 
al. (89) 

Ursolic acid, Promolic acid, 
2-Oxopromolic acid, 3-O-acetyl 
promolic acid 

Elicited cytotoxicity in MCF-7 cells  13.7 – 184 
µg/ml 

Neto et al. 
(90) 

Ursolic acid 
Inhibited PMA-mediated induction of 
COX-2 and PGE2 in 184B4/HER cells 

↓PKC; ↓ERK; ↓JNK; 
↓p38 MAPK; ↓AP-1 

 Subbaramaiah 
et al. (91) 

Ursolic acid, 
α-Amyrine 

Displayed cytotoxicity in MCF-7 cells  11.2 – 22.5 
µM 

Martín-Cordero 
et al. (92) 

Ursolic acid Displayed the growth inhibitory 
effects in MCaIV and BT-20 cells 

↓O2 consumption 14 – 48 
µM 

Lee et al. (93) 

Ursolic acid Elicited the antiproliferative activity in 
MCF-7 cells 

 11.7 
µM 

He and Liu (94) 

cis- and trans-3-O-p-
Hydroxycinnamoyl ursolic acid 

Suppressed the growth of MCF-7 cells  18.8 – 100 
µM  

Murphy et al. 
(95) 

Ursolic acid 
Exhibited cytotoxicity against MCF-7 
cells 

↑NO 17.5 
µg/ml 

Chávez et al. 
(88) 

Ursolic acid 
Showed cytotoxicity against MDA-
MB-231 cells 

 1.5 
µg/ml 

Chen et al. 
(96) 

Ursolic acid, 2α-Hydroxyursolic 
acid, 3β-trans-p-Coumaroyloxy-
2α-hydroxyolean-12-en-28-oic 
acid 

Prevented the proliferation of MCF-7 
cells 

 4.7 – 20.9 
µM 

He and Liu (97) 

Ursanes 

2α-Hydroxyursolic acid Suppressed the proliferation of MCF-7 
cells 

↓NF-κB; ↓proteosomal 
activity 

37.1 
µM 

Yoon and Liu 
(98) 
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Ursolic acid 
Displayed cytotoxicity in MCF-7 cells ↑Apoptosis; ↓Bcl-2; 

PARP cleavage; GR 
modulation 

53 
µM 

Kassi et al. 
(99) 

Ursolic acid 

Exerted inhibitory effects on growth, 
migration and invasiveness of MDA-
MB-231 cells 

↓MMP-2; ↓uPA; 
↓VEGF; ↓NF-κB;  
↓c-Jun; ↓c-Fos; ↓JNK; 
↓Akt; ↓mTOR 

 Yeh et al. 
(100) 

Uncarinic acid C, Uncarinic acid 
D, Uncarinic acid E 

Inhibited the proliferation of MCF-7 
cells 

 0.6 – 5.9 
µg/ml 

Lee et al. 
(101) 

 

Asiatic acid 

Exhibited growth inhibition in MCF-7 
and MDA-MB-231 cells 

↑Apoptosis; ⊥S-G2/M;  
↑p21/WAF1; ↓cyclin 
B1; ↓cyclin A; ↓Cdc2; 
↓Cdc25C; ↓Bcl-2; 
↑Bax; ↑ERK 1/2; ↑p38  

5.9 – 8.2 
µM 

Hsu et al. 
(102) 

9,19-Cycloart-23-ene-3β,25-diol, 
9,19-Cycloart-25-ene-3β,24-diol 

Displayed inactivating effects in MCF-
7 cells 

 7.5 – 15 
µM 

Smith-Kielland 
et al. (103) 

Bryonolic acid 
Exhibited cytotoxicity in MCF-7, 
T47D, MDA-MB-435 and SKBR3 
cells 

 90.5 – 131.9  
µg/ml 

Kongtum et 
al. (47) 

Miscellaneous 

AECHL-1 
Suppressed the proliferation of MCF-7 
and MDA-MB-231 cells 

↑Apoptosis; ⊥S-G2/M; 
↓microtubules  

 Lavhale et al. 
(104) 

Abbrevaitions: AECHL-1, Ailanthus excelsa chloroform extract-1; AMR, amooranin; AMR-Me, methyl ester of amooranin; AP-
1, activator protein-1; CDDO, 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid; CDDO-Im, 1-(2-cyano-3,12-dioxooleana-1,9-
dien-28-oyl) imidazole; CDDO-Me, methyl ester of 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid; COX-2, cyclooxygenase-2; 
DR4, death receptor 4; DR5, death receptor 5; cyt. c, cytochrome c; GR, glucocorticoid receptor; IC50, inhibitory concentration 
50%; ERα, estrogen receptor α; ERK, extracellular signal-regulated kinase; IKKα/β, IkB kinase α/β; IL-1β, interleukin 1β; IL-6, 
interlukin-6; JAK1, Janus-activated kinase 1; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; MMP-2, 
matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9; mTOR, mammalian target of rapamycin; NO, nitric oxide; 
PARP, polypeptide poly(ADP-ribose) polymerase; PGE2, prostaglandin E2; PKC, protein kinase C; PMA, phorbol 12-myristate; 
NF-κB, nuclear factor-kappa B; STAT3, signal transducer and activator of transcription 3; TRAIL, tumor necrosis factor-related 
apoptosis-inducing ligand; uPA, urinary plasmogen activator; VEGF, vascular endothelial growth factor. 
 
containing a cucurbitane skeleton (37). Cucurbitaceae 
plants have been used as folk medicine for centuries in 
India and China. Accumulating evidence indicates that 
constitutively activated, tyrosine-phosphorylated signal 
transducer and activators of transcription 3 (STAT3) plays 
a vital role in several human malignancies including breast 
cancer (38, 39). It has also been found that aberrant STAT3 
activation is required for growth and survival of these 
neoplastic cells. In an attempt to discover disruptors of 
aberrant STAT3 signaling as novel anticancer agents, 
Blaskovich et al. (40) have identified cucurbitacin I from 
the National Cancer Institute Diversity Set of nearly 2,000 
compounds. Cucurbitacin I has been found to inhibit the 
proliferation of MDA-MB-468 human breast cancer cells 
that express constitutively activated STAT3 (40). 
Cucurbitacin I also reduced the levels of phosphotyrosine 
of constitutively activated STAT3 and induced apoptosis in 
the same tumor model. The structure-activity relationship 
studies carried out by Sun and colleagues (41) with five 
cucurbitacin analogs, cucurbitacin A, B, E, I and Q, led to 
the discovery of cucurbitacin Q, which has also been shown 
to inhibit the STAT3. The same study has documented that 
cucurbitacin Q induces apoptosis more potently in MDA-
MB-435 human breast cancer cells that contain 
constitutively activated STAT3 compared to MDA-MB-
453 cells that do not. A new cucurbitacin D analog, 2-
deoxycucurbitacin D as well as cucurbitacin D and 25-
acetylcucurbitacin F have been isolated from the leaves of 
Sloanea zuliaensis. All these compounds have exhibited 
potent cytotoxic activity against MCF-7 human breast 
cancer cells (42). Bioassay-guided purification of the fruit 
extract of Cucurbita andreana yielded cucurbitacin B, D, E 
and I, which were evaluated for their inhibitory effects on 

the growth of MCF-7 cells. All these compounds displayed 
antitumor effects with specific cyclooxygenase-2 (COX-2) 
enzyme inhibition; however, cucurbitacin B (Figure 1) has 
been found to be the most potent compound (43). 23,24-
Dihydrocucurbitacin F and 23,24-dihydro-25-
acetylcucurbitacin F have been isolated from the ethanolic 
extract of Coutarea hexandra fruits. Both compounds have 
shown moderate cytotoxic activity against MCF-7 cells 
(44). Another cucurbitacin-derived compound, 23,24-
dihyderocucurbitacin B, isolated from the roots of 
Trichosanthes kirilowli, possesses anticancer activity in a 
dose- and time-dependent manner against human breast 
cancer cell lines including Bcap37 and MCF-7. 
Mechanistic studies have shown that this triterpenoid exerts 
cell cycle arrest at G2/M phase and induces apoptosis in 
Bcap37 cells through mitochondria-dependent pathway 
(45). In another study (46), cucurbitacin B, the most 
abundant member, has been tested for antiproliferative 
effects against six human breast cancer cell lines that 
represent a diverse mix of breast cancer subtypes varying in 
the expression of ER, HER2/neu, and p53 mutation. The 
results indicate that MDA-MB-231 cells are the most 
sensitive to cucurbitacin B and no relationship has been 
observed between the sensitivity and ER, HER2/neu, and 
p53 mutation status of cells under investigation. Another 
interesting finding of this study is cucurbitacin B-induced 
rapid morphological changes within 20 min of exposure 
which was associated with disruption of microtubules and 
F-actin as observed by confocal microscopy. Thus, 
cucurbitacin B may represent the third member of 
antimicrotubule drugs (after taxol and vincristine) with 
antitumor activity in breast cancer. Cucurbitacin B, isolated 
from the fruit juice of Trichosanthes curcumerina, has been
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Figure 1. Chemical structures of selected natural and semi-synthetic triterpenoids studied to explore the breast cancer 
chemopreventive and therapeutic potential. 
 
tested for cytotoxicity against four breast cancer cell lines, 
namely SKBR3, MCF-7, T47D and MDA-MB-435. 
Though cucurbitacin B exhibited antiproliferative effects 
against all the cell lines tested, MDA-MB-435 was found to 
be the most sensitive (47). Phytochemical investigation of 
the aerial parts of Momordica balsamina, commonly 

known as African pumpkin, has led to the isolation of 
several new cucurbitane-type triterpenoids, including 
balsaminapentanol, balsaminol A, balsaminol B and 
cucurbalsaminol B. All these compounds have suppressed 
the growth of MCF-7 cells with varying potency (48). 
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4.1.2. Dammaranes 
Six dammarane triterpenoids have been isolated 

from the leaves and wood of the tropical plant Chisocheton 
penduliflorus and four of them namely, cabraleadiol, 
carbraleahydroxylactone, carbralealactone and 
eichlerialactone possess weak anti-breast cancer activity in 
vitro (49).  
 
4.1.3. Ergostanes 

Antrodia camphorata, a parasistic fungus, has been 
widely used in China for treatment of various ailments 
including cancer (50). Three ergostane-type triterpenoids 
(methyl antcinate B, zhankuic acid A and zhankuic acid C), 
isolated from the fruiting bodies of A. camphorate, 
displayed potent cytotoxic effects against MCF-7 as well as 
MDA-MB-231 cells (51). 

 
4.1.4. Friedelanes 

Several members of the genus Salacia find use as 
traditional herbal medicine (33). Bioactivity-directed 
isolation, purification and elucidation of biological 
activities of the active components from the bark extract 
of Salacia petenensis led to the discovery of tingenone 
and netzahualcoyonol, which exhibited cytotoxicity 
against MDA-MB-231 cells (52). Chang et al. (53) have 
found that two major triterpenoids, celastrol and its 
methyl ester pristimerin, are significantly active against 
the proliferation of MCF-7 cell lines. These compounds 
have been derived from the plant Reissantia buchananii. 
Subsequent studies by the same group have shown that 
pristimerin inhibited the viability of MCF-7 and MDA-
MB-231 cells. Mechanistic studies using MDA-MB-231 
cell culture model have revealed that pristimerin induces 
rapid apoptosis characterized by caspase activation, 
decrease of mitochondrial membrane potential and a 
rapid release of cytochrome c. Pristimerin, however, has 
no effect on the protein expression of Bcl-2 family 
members and also on the generation of reactive oxygen 
species (54). Recently, celastrol has been shown to 
inhibit the growth and induce apoptosis of W256 cells as 
evidenced by caspase-3 activation and nuclear 
morphology. Celastrol also abolished interlukin-1β- and 
tumor necrosis factor-α (TNF-α)-induced IκB 
phosphorylation, IκB kinase activation and prevented 
nuclear translocation of nuclear factor-kappa B (NF-κB) 
and DNA binding, reduced the expression of matrix 
metalloproteinase-9 (MMP-9) and urinary plasminogen 
activator (uPA) leading to inhibition of migration of 
W256 cells (55). Very recently, celastrol has been 
reported to potentiate tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL)-induced cytotoxicity 
and apoptosis of T47D and MDA-MB-231 cells. This 
triterpenoid also downregulated the expression of cell 
survival proteins, namely cFILP, IAP-1, Bcl-2, Bcl-xL, 
survivin and XIAP and upregulated Bax expression. The 
cell surface expression of both the TRAIL receptors – 
death receptor 4 (DR4) and DR5 – have also been found 
to be induced by celastrol treatment (56). Ee et al. (57) 
have isolated several phytochemicals, including two 
triterpenoids namely friedelin and friedelan-1,3-dione, 
from the stem bark extract of Mesua daphnifolia. Both 

compounds have exhibited growth inhibitory activities 
against MBA-MD-231 cells. 
 
4.1.5. Lanostanes 

Yeh and coworkers (51) have recently isolated five 
lanostane-type triterpenes from the fruits of A. camphorate 
and investigated for their potential as anticancer agents 
against MCF-7 and MDA-MB-231 breast cancer models. 
Two compounds, namely sulphurenic acid and its analog 
15α-acetyl-dehydrosulphurenic acid have also shown 
antitumor efficacy with both compounds being more potent 
against MDA-MB-231 cells as compared to MCF-7 cells.  

 
4.1.6. Limonoids 

Meliavolkenin, a new limonoid triterpene, has been 
isolated from the root bark of Melia volkensii and found to 
be cytotoxic against MCF-7 cells (58). The same plant has 
been used to isolate other limonoids, namely melianin B, 
melianin C and meliavolkinin – all of which are active in 
killing MCF-7 cells (59). 
 
4.1.7. Lupanes 

Betulinic acid, a pentacyclic triterpene found in 
many plant species especially the white-barked birch tree 
such as Betula alba, has been discovered through a drug 
screening program of the National Cancer Institute and is 
known to possess diverse pharmacological properties (60). 
Subsequently, betulinic acid has been isolated from the 
bark extract of Syncarpia glomulifera and almond hulls of 
Prunus delcis and has shown antiproliferative activities 
toward MCF-7 as well as MDA-MB-231 cells (61, 62). 
Betulinic acid also exhibited a remarkable cytotoxic effect 
against T47D cells with a simultaneous induction of 
apoptosis, decrease of Bcl-2 and cyclin D1 and increase of 
Bax gene expression (63). Basu and colleagues (64) have 
demonstrated lethal effects of betulinic acid in another 
breast cancer cell line – SKBR3. Additionally, betulinic 
acid has been shown to induce early apoptotic events 
accompanied by flopping of phosphatidylserine on the 
outer lamella of the plasma membrane as evidenced by 
elegant fluorescent microscopy. The mitochondrial 
signaling pathway has been implicated in the observed 
apoptosis-inducing property of betulinic acid. Using nine 
breast cancer cell lines, Kessler et al. (65) have confirmed 
the antitumor effects of betulinic acid against mammary 
carcinoma with various degree of sensitivity. Unlike 
betulinic acid, betulin, a pentacyclic triterpene present in 
white birch bark, has not been subjected to extensive 
studies for its anticancer efficacy in breast malignancy. In a 
recent study, betulin has been found to inhibit the 
proliferation of T47D breast carcinoma cells (66). Lupeol, 
another natural pentacyclic triterpenoid present in many 
fruits and vegetables such as mango, olive and fig, 
possesses a wide variety of biological activities including 
antiinflammatory and antioxidant properties (27). Gas 
chromatographic/mass sprectromeric analysis has enabled 
researchers to identify lupeol as the major bioactive 
component of Aegle marmelos plant extract. Lupeol has 
caused significant inhibition of growth of MDA-MB-231 
cells in a dose-responsive manner. Interestingly, it has also 
been able to induce ERα expression in this ERα-negative 
breast cancer cell line (67). 
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4.1.8. Oleananes 
In 1999, three new 24,28-dinorolean-3-one 

derivatives, namely remangilones A, B and C, were 
isolated from the dried leaves of Physena 
madagascariensis. Remangilones A and C have been 
found to be cytotoxic against MBA-MD-231 and MDA-
MB-435 cells (68). In the same year, two new triterpene 
caffeates (3β,23,28-trihydroxy-12-oleanene 23-caffeate 
and 3β,23,28-trihydroxy-12-oleanene 3β-caffeate) have 
been derived from the root bark of Hibiscus syriacus. 
Both compounds have exhibited antiproliferative 
response against MCF-7 cells possibly due to 
antioxidative properties (69). Oleanolic acid, isolated 
from Glossogyne tenuifolia, has been reported to possess 
negligible antioxidant activity and also displayed weak 
cytotoxicity against MCF-7 and MDA-MB-231 cells 
(70). Since the biological activities of naturally occurring 
oleanolic acid are relatively weak, efforts have been 
undertaken to synthesize new analogs with the objective 
of enhancing their potency. Suh et al. (71) has been 
successful in developing one such synthetic oleanane 
triterpenoid, 2-cyano-3,12-dioxoolean-1,9-dien-28-oic 
acid (CDDO), which has been found to be 100-500 fold 
more potent than any previous triterpenoid in 
suppressing inducible nitric oxide synthase and COX-2 – 
two inflammatory enzymes having important roles in the 
development of malignancy (72, 73). Consequently, 
CDDO inhibits the proliferation of an array of 
premalignant and malignant cells including ER-positive 
and ER-negative breast cancer cells (71). In another 
study, CDDO (at 1 µM) completely abrogated ER-
negative, p53-mutated and HER2-expressing breast 
cancer cells. In all of these in vitro mammary cancer 
models, CDDO transactivated peroxisome prolifeartor-
activated receptor γ, induced cell cycle arrest in G1-S and 
G2-M as well as apoptosis. It has been confirmed that 
CDDO regulated the expression of cyclin D1, 
p21Waf1/CIP1, and Bcl-2 in the aforementioned tumor 
models (74). The effect of HER2 overexpression on the 
sensitivity of breast cancer cells to the growth-inhibitory 
properties of CDDO has been investigated. While both 
tumor cell growth and colony formation were 
preferentially suppressed in HER2-overexpressing cell 
lines at low concentrations, the growth-inhibitory effects at 
high concentrations did not correlate with the expression 
level of HER2. CDDO also inhibited phosphorylation of 
HER2 in HER2-overexpressing cells, diminished HER2 
kinase activity and induced breast tumor suppressor gene 
caveolin-1 (75). In order to increase the potency of CDDO, 
various C-28 derivatives have been synthesized. One such 
synthetic triterpenoid, 1[2-cyano-3,12-dioxooleana-1,9(11)-
dien-28-oyl]imidazole (CDDO-Im), has been found to be 
more potent than CDDO in inhibiting the proliferation of 
MCF-7 cells as measured by thymidine incorporation (76). 
In a separate study, CDDO and CDDO-Im sensitized 
TRAIL-resistant T47D and MDA-MB-468 breast cancer 
cells to TRAIL-mediated apoptosis. Sensitization of these 
tumor cells to TRAIL by both compounds have been 
associated with upregulation of cell surface DR4 and DR5 
and downregulation of the antiapoptotic protein FLIPL (77). 
Another synthetic triterpenoid, C-28 methyl ester of CDDO 
(CDDO-Me), inhibited the proliferation of MCF-7 cells 

(78). To investigate the effect of CDDO-Me on 
constitutively activated STAT3 signaling, Ling and 
coworkers (79) have utilized chemotherapy-resistant 
murine 4T1 breast cancer cells. These investigators have 
found that CDDO-Me diminished the invasive growth of 
4T1 cells with a parallel accumulation of cells in G2-M 
phase, inactivation of STAT3, Src and Akt as well as 
inhibition of c-Myc. CDDO-Me has also been shown to 
block the janus-activated kinase-1 (JAK1)→STAT3 
pathway by directly inhibiting both JAK1 and STAT3 
leading to suppression of growth and survival genes (80, 
81). 

 
Amoora rohituka, a tropical tree that grows wild in 

India, has been traditionally used for the treatment of 
human malignancies (82, 83). Amooranin (AMR), a 
triterpene acid (25-hydroxy-3-oxoolean-12-en-28-oic 
acid) with a novel structure (Figure 2) isolated from the 
stem bark of A. rohituka, has been shown to inhibit the 
growth of MCF-7 cells (84). Subsequent studies by Rabi 
and coworkers (85, 86) have investigated underlying 
mechanisms of action of AMR using breast cancer cell 
lines of diverse origin. In one study, AMR has been 
found to induce oligonucleosome-sized DNA ladder 
formation (characteristic of apoptosis) in breast 
carcinoma cells accompanied by the elevation of total 
caspase and caspase-8 activities (85). In another study, 
AMR has displayed a strong inhibitory effect on survival 
of MCF-7 and MDA-MB-468 breast carcinoma cells 
compared to MCF-10A normal breast epithelial cells. 
Ancillary studies suggest that AMR induces apoptosis in 
human breast carcinoma cells via caspase activation 
pathway which could be independent of p53 involvement 
(86). Because the antineoplastic activity of the plant-
derived compound AMR is relatively weak, new 
analogues of this molecule have been prepared by 
chemical transformations in an attempt to identify more 
potent agents. One of these analogues, methyl ester of 
AMR (AMR-Me, Figure 2), has been found to inhibit 
proliferation of MCF-7 cancer cells with greater potency 
than the parent compound AMR (84). Additional studies 
have confirmed the astonishing potency of AMR-Me (at 
nanomolar range) against MCF-7 breast cancer cells. 
Killing of MCF-7 cells proceeded more effectively (IC50 
= 0.5 µM) than killing of normal breast epithelial cells, 
which required a 25-fold increase in the concentration of 
AMR-Me (IC50 = 12.5 µM). Moreover, AMR-Me has 
been shown to induce apoptosis in MCF-7 cells through a 
mitochondrial apoptotic pathway associated with DNA 
fragmentation and poly(ADP-ribose) polymerase (PARP) 
degradation. Such degradation is preceded by altering 
the Bax:Bcl-2 ratios, cytochrome c release, and 
subsequent induction of caspases. AMR-Me also 
stimulated two different mitogen-activated protein 
kinase (MAPK) signaling pathways of p38 MAPK and 
c-jun N-terminal kinase (JNK) for amplifying the 
apoptosis cascade (87).  

 
4.1.9. Tirucallanes 

Several tirucallane triterpenoids have been extracted 
from the bark of Amphipterygium adstringens and all these 
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Figure 2. Chemical structures of novel oleanane 
triterpenoids: AMR, amooranin (25-hydroxy-3-oxoolean-
12-en-28-oic acid); AMR-Me, methyl ester of amooranin 
(methyl-25-hydroxy-3-oxoolean-12-en-28-oate). 

 
gents exhibited cytotoxicity               against MCF-7 cells 
with varying sensitivity (88). 
 
4.1.10. Ursanes 

The first study on the anti-mammary cancer effects 
of ursolic acid was published by Es-Saady and coworkers 
(89) who obtained this agent from several sources including 
Calluna vulgaris. According to this study, ursolic acid 
acted as a potent inhibitor of MCF-7 cell proliferation, 
exerting an early cytostatic response at G1 phase of cell 
cycle followed by cell death.  Neto et al. (90) have isolated 
ursolic acid, promolic acid and related compounds from the 
bark and stem extract of Polylepis racemosa and all these 
natural products elicited cytotoxicity in MCF-7 cells. 
Ursolic acid suppressed phorbol 12-myristate 13-acetate-
mediated induction of COX-2, prostaglandin E2, protein 
kinase C, extracellular signal-regulated kinase 1/2, JNK, 
p38 MAPK and activator protein in 184B4/HER cells (91). 
Ursolic acid and α-amyrine, both isolated from the aerial 
parts of Erica andevalensis, have been reported to display 
tumor cell killing effects in MCF-7 tumor model (92). 
Ursolic acid has been shown to exhibit tumoricidal effects 
with induction of apoptosis and inhibition of oxygen 

consumption in MCaIV murine mammary adenocarcinoma 
and BT-20 human breast carcinoma cells (93). Bioactivity-
guided fractionation of the cranberry fruit (Vaccinium 
macrocarpon) has led to identification of ursolic acid and 
novel ursolic acid esters with antitumor activities against 
MCF-7 cells (94, 95). Ursolic acid has also been isolated from 
A. adstringens and Hydrotis biflora and found to inhibit the 
growth of various human breast cancer cells (88, 96). He and 
Liu (97) have isolated ursolic acid along with its natural 
analogs from the apple (Malus pumila) peel that show 
antiproliferative activities against MCF-7 cells. In another 
study (98), 2α-hydroxyursolic acid was isolated from apple 
peel and its antitumor mechanisms were examined using 
MCF-7 cells. The results have shown that this natural 
compound inhibited tumor cell proliferation, suppressed TNF-
α-induced NF-κB activation and diminished proteasomal 
activity (a critical step in the NF-κB activation pathway). 
These studies suggest that apple peel should not be considered 
as waste since it contains important triterpenoids with the 
potential to prevent and treat breast cancer. Ursolic acid has 
been found to induce apoptosis, PARP cleavage and also 
decrease in Bcl-2 protein in MCF-7 cells, thus supporting the 
hypothesis that the compound induces apoptosis through the 
intrinsic mitochondrial pathway. Additionally, ursolic acid has 
been shown to bind to glucocorticoid receptor (GR) and 
translocate GR into nucleus suggesting its potential as an 
anticancer agent in breast cancer through GR modulation (99). 
Very recently, it has been observed that ursolic acid exerted 
dose- and time-dependent suppressive effects on the 
migration and invasion of highly metastatic MDA-MB-
231 cells at non-cytotoxic concentrations. This effect has 
been associated with inhibition of JNK, Akt, and 
mammalian target of rapamycin phosphorylation and 
reduction of NF-κB p65 in the nucleus leading to 
downmodulation of MMP-2 and uPA expression (100).  
All these results underscore the potential of its potential 
both as a preventive and therapeutic agent for metastatic 
breast cancer. Phytochemical investigation of the hooks 
of Uncaria rhynchophylla resulted in the isolation of 
three uncarinic acids that inhibited the proliferation of 
MCF-7 cells (101). Another triterpenoid, asiatic acid, has 
been reported to exhibit breast cancer cell growth 
inhibition by inducing cancer cells to undergo S-G2/M 
phase arrest and apoptosis. The cell cycle arrest has been 
associated with the elevation of p21/WAF1 and reduction 
in cyclinB1, cyclinA, Cdc2, and Cdc25C in a p53-
dependent manner. Additional studies have indicated that 
asiatic acid triggered the mitochondrial apoptotic 
pathway as evidenced by a shift in Bax/Bcl-2 ratio, 
caspase-9 and caspase-9 activation and cytochrome c 
release (102).  
 
4.1.11. Miscellaneous 

Two stereoisomeric cyclic triterpenoids have been 
isolated from the leaves of Euphorbia pulcherrima and 
investigated for anticancer efficacy in MCF-7 cells with 
positive results (103). The root extract of T. cucumerina 
has been found to contain bryonolic acid which shows 
antitumor activities against four different breast cancer cell 
lines, namely MCF-7, T47D, MDA-MB-435 and SKBR3 
with a maximum antitumor effect on MDA-MB-435 cells 
(47). Ailanthus excelsa chloroform extract-1 (AECHL-1), a 
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new triterpenoid isolated from the root bark of A. excelsa 
(Tree of Heaven), has been evaluated for anti-cancer 
activity using breast cancer cells of different lineage. 
AECHL-1-mediated growth suppression has been linked to 
S-G2/M arrest, apoptosis induction and microtubule 
disruption (104).  
 
4.2. In vivo studies 

As a large number of in vitro studies 
(discussed above) have successfully shown that 
triterpenoids possess potent cytotoxic effects against 
several breast cancer cell lines, in vivo studies by 
different laboratories have investigated whether some 
of these triterpenoids and their semi-synthetic analogs 
lead to positive outcomes in preclinical animal 
models of breast cancer (Table 2). Most of these 
studies have utilized tumor growth in 
immunocompromised mouse model whereas a few 
investigators have used the chemically-induced 
mammary tumor development protocol.  

 
4.2.1. Cucurbitanes 

In order to evaluate the efficacy of cucurbitacin I 
in inhibiting breast tumor growth, nude mice have been 
injected subcutaneously (s.c.) MDA-MB-468 human 
breast carcinoma cells and subsequently dosed with 
cucurbitacin I (1 mg/kg/day) when tumor volume 
reached around 150 mm3. This treatment regimen has 
been found to significantly inhibit tumor growth by 76% 
with a prolongation of survival time compared to control 
animals (40). Wakimoto et al. (46) have examined the 
antitumor activity of cucurbitacin B against MDA-MB-
231 human breast cancer cells orthotopically grown in 
the mammary glands of female nude mice. 
Intraperitoneal (i.p.) administration of cucurbitacin B 
that was initiated one day following tumor cell 
implantation and continued for 6 weeks significantly 
reduced the tumor volume. Additionally, cucurbitacin B-
treated animals exhibited lack of ascitic fluid 
accumulation, elevated platelet counts, increased serum 
uric acid and reduced serum glutamic pyruvic 
transaminase and glucose levels compared to control 
mice.  

 
4.2.2. Friedelanes 

Administration of celastrol has been found to 
suppress trabecular bone loss and lessened the number 
and size of osteolytic bone lesions following intracardiac 
injection of W256 mammary carcinosarcoma tumor cells 
in male Wistar rats (55). Accompanying 
histomorphometric analysis has revealed that celastrol 
decreased osteoclast number and inhibited bone 
resorption indicating its potential in the prevention and 
treatment of bone metastases associated with breast 
cancer.  

 
4.2.3. Oleananes 

Lapillonne and coworkers (74) have 
investigated the effects of CDDO on the growth of breast 
tumors in female nude immunodeficient mice inoculated 
(s.c.) with MDA-MB-435 cells. Following the 
establishment of tumors (10 days after tumor cell 

inoculation), mice were injected intravenously with 
CDDO for three weeks. The results demonstrated a 
significant reduction in tumor growth in CDDO-treated 
animals compared to their control counterparts. 
Konopleva et al. (75) have confirmed the antitumor 
activity of CDDO using a xenograft model of breast 
cancer. According to this study, parenteral 
administration of liposomally encapsulated CDDO 
abrogated the rate of tumor growth and the percentage of 
change in the mean tumor size in female nude mice 
injected with highly tumorigenic MCF-7/HER2 cells. 
Mechanistic studies showed that CDDO significantly 
decreased HER2 phosphorylation and nuclear cyclin D1 
expression in tumors as well as induced tumor cell 
apoptosis and thereby supporting in vitro results of the 
same group (75). These findings suggest that CDDO 
could be beneficial for therapy of patients with HER2-
overexpressing breast cancer, an aggressive form of 
disease characterized by significantly reduced survival 
times (105). CDDO-Im, an analog of CDDO, has also 
been investigated for in vivo efficacy against a xenograft 
model of mammary cancer. Although no inhibition of 
MDA-MB-468 xenograft growth has been observed in 
female BALB/C nu/nu mice treated with CDDO-Im, a 
combination of CDDO-Im and TRAIL has been shown 
to be effective in reducing the tumor burden with 
simultaneous inhibition of tumor cell proliferation (77). 
Accompanying toxicity studies suggest that the 
combination is well tolerated by the tumor-bearing 
animals. This study also underscores an apparent 
synergy of CDDO-Im and TRAIL in achieving tumor 
growth suppression in this breast cancer model. In 
another study conducted by Ling et al. (79), CDDO-Me 
completely eliminated breast cancer growth and lung 
metastases induced by 4T1 mouse breast cancer cells when 
the treatment started one day following tumor implantation, 
and significantly arrested tumor growth when initiated five 
days post tumor cell inoculation. Additional experiments 
have indicated that CDDO-Me maintained the mature 
spleen dendritic cell population which possibly contributed 
to the potent antitumor and antimetastatic effect of this 
promising agent (79). Unlike the incidence of ER-positive 
breast cancer, the incidence of ER-negative breast cancer 
remains virtually unaltered during the last 30 years (106) 
and novel preventive and therapeutic approaches are 
urgently needed for this type of breast cancer. According to 
a recent study executed by Liby et al. (107), dietary 
CDDO-Me (60 mg/kg diet) significantly delayed the 
development of ER-negative mammary tumors in female 
MMTV-neu mice. Interestingly, a combination of 
CDDO-Me (60 mg/kg diet) and the rexinoid LG100268 
(20 mg/kg diet) has been found to be more potent than 
the individual agents for the prevention of mammary 
tumorigenesis. Dietary CDDO-Me (100 mg/kg diet) has 
also been effective in regressing established tumors or 
arresting the growth of tumors in this model. The 
combination of CDDO-Me (100 mg/kg diet) and 
LG100268 (60 mg/kg diet) has been found to be more 
effective in reducing the tumor volume than CDDO-Me 
alone. A combined treatment has also been shown to 
suppress cell proliferation and induce apoptosis in tumors 
as evidenced by immunohistochemical analyses. 
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Table 2. In vivo effects of natural and semi-synthetic triterpenoids on development and growth of breast cancer  

Triterpenoids Compounds  Effects Mechanisms  Dose/duration Route References 

Cucurbitacin I Suppressed the growth of implanted MDA-
MB-468 cells in nude mice 

 1 mg/kg/day; 
Up to 60 days 

i.p. Blaskovich 
et al. (40) 

Cucurbitanes 

Cucurbitacin B 
Reduced tumor growth in nude mice 
implanted with the MDA-MB-231 cells 

↓Blood lymphocyte; 
↓platelet; ↑uric acid; 
↓SGPT; ↓glucose  

1 mg/kg/day; 
three times a week, 6 
weeks  

i.p. Wakimoto 
et al. (46)  

Friedelanes 
 

Celastrol 
 

Inhibited osteolytic bone metastasis in Wistar 
rats injected with W256 cells 

↓Tumor size and 
number; ↓bone loss 

1 mg/kg/day; 
10 days 

i.p. Idris et al. 
(55) 

CDDO 
Reduced tumor growth in nude mice 
inoculated with MDA-MB-435 cells 

 40 mg/kg/day; 
 twice a week, 
3 weeks 

i.v. Lapillonne 
et al. (74) 

CDDO 
Arrested the rate of tumor growth and tumor 
size in nude mice transplanted with 
MCF/Neo or MCF7/HER2 cells  

↓Proliferation; 
↓cyclin D1; 
↑apoptosis;  

20 mg/kg/day; 
three times a week, 3 
weeks 

i.v.  Konopleva 
et al. (75)  

CDDO-Im 

In combination with TRAIL inhibited the 
growth of MDA-MB-468 tumor cells in 
BALB/c nu/nu mice  

↓Proliferation 5 mg/kg/day; 
14 days 

i.p. Hyer et al. 
(77) 

CDDO-Me 
Inhibited growth and metastases of  4T1 
breast cancer cells transplanted in BALB/c 
mice 

↑Mature spleen 
dendritic cells 

200 µg/mouse; 
5 times at 2-day 
intervals 

i.v. Ling et al. 
(79)  

CDDO-Me  

Alone or in combination with rexinoid 
delayed the development or reduced the 
volume of mammary tumors in MMTV-neu 
mice  

↓Proliferation; 
↑apoptosis; 

60 -100 mg/kg diet; 
4-45 weeks 

diet Liby et al. 
(107)  

AMR Suppressed the growth of implanted 
adenocarcinoma induced by NMU in rats  

 10, 20 mg/kg/day; 
3 weeks 

i.p. Rabi (108) 

Oleananes 

AMR-Me Did not exhibit antineoplastic activity against 
Ehrlich ascites tumor in Swiss mice 

 50, 100 mg/kg/day; 
7 days 

i.p. Rabi et al. 
(84) 

Ursolic acid 
Failed to influence DMBA-induced 
mammary tumorigenesis in Sprague-Dawley 
rats 

 200 mg/kg/day; 
5 days 

i.p. Singletary 
et al. (109) 

Ursanes 

Ursolic acid Did not suppress the tumor growth in C3H 
mice transplanted with MCaIV cells 

 100 mg/kg; 
once 

i.p. Lee et al. 
(93) 

Miscellaneous AECHL-1 Regressed tumor volume in nude mice 
xenografted with  MCF-7 cells 

  5 or 10 µg/day; 
10 days 

s.c. Lavhale et 
al. (104) 

Abbrevaitions: AECHL-1, Ailanthus excelsa chloroform extract-1; AMR, amooranin; AMR-Me, methyl ester of amooranin; 
CDDO, 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid; CDDO-Im, 1-(2-cyano-3,12-dioxooleana-1,9-dien-28-oyl) imidazole; 
CDDO-Me, methyl ester of 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid; DMBA, 7,12-dimethylbenz(a)anthracene; i.p., 
intraperitoneal; i.v., intravenous; NMU, N-nitrosomethyl urea; s.c., subcutaneous; SGPT, serum glutamic pyruvic transaminase; 
TRAIL, tumor necrosis factor-related apoptosis-inducing ligand. 
 

 
The earliest in vivo antitumor activity of natural 

oleanane-type triterpenoid AMR involved its inhibitory 
effects on N-nitrosomethyl urea (NMU)-induced mammary 
adenocarcinomas in female Sprague-Dawley rats as 
reported by Rabi (108). In this study, NMU-induced 
primary breast carcinomas were transplanted (s.c.) beneath 
the lower thoracic mammary fat pads of the animals. Fifty 
days following tumor transplantation (tumor volume 50-
150 mm3), the animals were treated with AMR (i.p.) once 
every day for three weeks. It has been observed that AMR 
at a dose of 10 or 20 mg/kg/day prolonged the mean 
survival time of tumor-bearing animals and significantly 
reduced tumor size. When tested in the Ehrlich ascites 
tumor model in Swiss mice, parenteral administration (i.p.) 
of AMR-Me at 50 or 100 mg/kg/day for seven days was 
found to be inactive. As AMR-Me has exhibited substantial 
cytotoxic effects against human breast adenocarcinoma 
cells (84, 87), this compound should be tested against other 
in vivo models of experimental mammary carcinomas. 
Accordingly, we have initiated a series of experiments to 
evaluate mechanism-based chemopreventive and 
therapeutic effects of AMR-Me in a well established, 
chemically-induced animal model of breast cancer which 
closely mimics the human disease.  

 
4.2.4. Ursanes 

Another triterpenoid, ursolic acid, has been 
investigated for its potential as chemopreventive as well as 
therapeutic agent against breast cancer. Administration of 
ursolic acid prior to 7,12-dimethylbenz[a]anthracene 
(DMBA) initiation had no effect on rat mammary DMBA-
DNA adduct formation as well as DMBA-induced 
mammary tumors and adenocarcinomas in female Sprague-
Dawley rats (109). Similarly, an i.p. administration of 
ursolic acid did not inhibit the growth of existing tumor 
established in female C3H mice by subcutaneously 
injecting BT-20 human breast carcinoma cells (93). These 
results are in contrast of significant cytotoxic effects of 
ursolic acid against various breast cancer cell lines and 
necessitate the need for additional in vivo studies to 
evaluate the potential of ursolic acid in breast cancer.  

 
4.2.5. Miscellaneous 

AECHL-1, a triterpenoid with antitumor effects 
against various breast cancer cells, has also been tested for 
its in vivo efficacy. In this experiment, xenografted tumor 
has been developed by (s.c.) injecting MCF-7 cells into 
female athymic nude mice. Injection of AECHL-1 to the 
site of tumor for once a day for 10 days exhibited a 
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significant antitumor effect leading to regression of 
established tumors. Histological analysis of tumor tissues 
from the triterpenoid-treated animals showed a decrease in 
neoplastic cell density, loss of neovascularization 
(indication of inhibition of angiogenesis) and absence of 
hemorrhagic areas (104). The positive results of this study 
underscore the potential of AECHL-1 as a novel 
therapeutic agent for human breast cancer.  
 
5. CONCLUSION AND FUTURE DIRECTIONS 
 

Even though mortality due to breast cancer is 
decreasing, it is still the second most common cause of 
death in women. Using naturally occurring compounds, 
including those derived from fruits, vegetables, herbs and 
spices, as potential breast cancer preventive and/or 
therapeutic agents has become a fascinating strategy. 
Among these plant-based agents, triterpenoids have 
emerged as a promising group of phytochemicals that 
selectively kill breast cancer cells with a pleiotropic mode 
of action while sparing normal cells. From numerous 
studies using cell culture assays and animal models of 
cancer as described in this review, it is clear that 
triterpenoids hold great potential not only in the therapy of 
a wide variety of breast cancers but also in preventing these 
diseases. The chemopreventive potential of triterpenoids 
would have broader implications if we consider that these 
secondary plant metabolites represent the largest group of 
naturally occurring phytochemicals and that are also 
present in common foods like apples and olives. 
Triterpenoids exert a plethora of biological activities 
including suppression of inflammation, reduction of 
oxidative stress, regulation of cell cycle, inhibition of cell 
proliferation, induction of apoptosis, and interaction with 
tumor microenvironment through modulation of multiple 
signal transduction pathways. In essence, this could 
explain, at least in part, their antineoplastic properties in 
breast cancer. It is well known that tumor cells use multiple 
survival pathways to prevail over their normal counterparts. 
According to a recent landmark study, mutations in nearly 
200 genes have been detected in human breast and colon 
cancers showing the genetic complexity of these specific 
neoplastic diseases (110). With this background, agents like 
triterpenoids that can alter multiple dysregulated cellular 
pathways may have a significant potential for breast cancer 
prevention and control.  

 
From the numerous studies presented here, it is 

apparent that triterpenoids, belonging to various groups, are 
unique as they have characteristic mechanisms of action. 
However, in most of the studies, individual compounds 
have been tested against in vitro or in vivo breast cancer 
models. It is possible that there exists a better preventive or 
therapeutic potential in the synergistic action of these 
triterpenoids. Further studies are needed to explore the full 
potential of these multifunctional agents in combinational 
settings. 

Accumulating evidence suggests that even in the 
event of lack of efficacy for a single agent at low 
concentrations, combinations of two or more compounds 
could be much more effective. Combinations of several 
chemotherapeutic drugs also offer the possibility of 

lowering their doses and consequently reducing unwanted 
adverse effects. Considering these advantages, triterpenoids 
may be used in combination with other chemotherapeutic 
drugs and radiation therapy to enhance their therapeutic 
efficacy while limiting chemo- and radio-therapy-
associated unwanted side effects. However, more studies 
are required to validate these premises. 

 
Scanning of pertinent literature reveals that 

although there are a large number of in vitro studies 
demonstrating the cytotoxicity of triterpenoids against 
various breast cancer cells, only a few compounds have yet 
been evaluated in preclinical animal models of breast 
cancer. One of the reasons for the limited number of 
preclinical breast cancer studies on triterpenoids, including 
lack of in vivo studies on agents which have already 
showed efficacy in cell culture systems, could be due to the 
fact that most of the triterpenoids are insoluble in aqueous 
media limiting their bioavailability in the body which is 
very important for in vivo efficacy. One approach to 
enhance the water solubility of triterpenoids could be the 
structural modification of naturally occurring compounds to 
generate more polar analogs. Several other possibilities of 
improving the hydrophilicity of triterpenoids include design 
and generation of formulations containing cyclodextrin 
complexes, liposomes, colloids, micelles as well as 
nanoparticles (111-113).  

 
As presented in this review, an impressive body of 

work has unraveled many unique biological properties of 
triterpenoids with an objective of evaluating its clinical 
potential in the prevention and intervention of breast 
cancer. Nevertheless, a considerable amount of work needs 
to be done. This includes identification of novel target 
proteins and pathways in which they function for further 
drug interventions, and development of selective end-point 
and surrogate biomarkers for evaluating positive clinical 
outcome. Long-term epidemiological studies and well-
designed clinical trials are also warranted. In summary, the 
in vitro and in vivo data examined in this review strongly 
suggest that triterpenoids are promising candidates in the 
chemopreventive and chemotherapeutic strategies to lower 
the burden of human breast cancer. 
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