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Introduction

Cancer is a hyperproliferative disorder that involves 
transformation, dysregulation of apoptosis, prolifera-
tion, invasion, angiogenesis, and metastasis. Extensive 
research during the last 30 years has revealed much 
about the biology of cancer. Natural products have been 
an important source of chemotherapeutics for many 
years; more than half of effective cancer drugs can be 
traced to natural in origins. Development of naturally 
derived anticancer drugs, therefore, is crucial, and isola-
tion of novel compounds has become an important part 
of cancer research. Drugs used to treat most cancers 
are those that can block cell signaling, including growth 

factor signaling, inflammation, drug resistance, cell cycle, 
metastasis, angiogenesis, and apoptosis. Numerous 
reports have suggested that plants and their components 
mediate their effects by modulating several of these 
recently identified therapeutic targets (Aggarwal et  al., 
2006; Ma and Wang, 2009). Cancer chemoprevention 
by naturally occurring substances, especially by those 
occurring in vegetable foods and medicinal plants, seems 
to be a promising approach and various phytochemicals 
isolated from these sources have shown potent chemo-
preventive activity in animal experiments. Terpenoids 
have been shown to possess chemopreventive activities 
in animal models.
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Terpenoids are minor but ubiquitous components 
of our diet, and are considered relatively nontoxic to 
humans. These compounds, therefore, have the poten-
tial of being used as cancer chemopreventive agents 
(Akihisa et  al., 2003). Terpenoids, also referred to as 
terpenes, are the largest group of natural compounds. 
They are plant secondary metabolites along with alka-
loids and flavonoids. Many terpenes have biological 
activities and are used for the treatment of human dis-
eases. Terpenoids are formed from five-carbon isoprene 
units (C

5
H

8
) and are also called isoprenoids. Based on 

the number of the building blocks, terpenoids are com-
monly classified as monoterpenes (C

10
), sesquiterpenes 

(C
15

), diterpenes (C
20

), and triterpenes (C
30

) (Figure 1) 
(Wang et  al., 2005). These terpenoids display a wide 
range of biological activities. In this review, we focus on 
the usefulness of selected terpenoids that have antican-
cer properties.

Glycyrrhizic acid

Glycyrrhizic acid (18β-GL or GL), a glycoside of glycyr-
rhetenic acid, is the main bioactive ingredient of licorice 
Glycyrrhiza glabra L. (Fabaceae), an important medici-
nal plant in Ayurvedic system of medicine. It is an herbal 
drug with a broad spectrum of pharmacological effects 
and multiple sites of action. Fiore et  al. (2005) have 
reviewed the therapeutic use of licorice from ancient 
times to the present. Licorice has been used to treat sev-
eral diseases of the cardiovascular, gastrointestinal, and 
respiratory systems (Fiore et al., 2005). Hypertension can 
be a side effect of the excessive use of licorice. The major 

constituent of glycyrrhizin is glycyrrhizic acid, which can 
inhibit nuclear factor kappa B (NF-κB) signaling (Kang 
et al., 2005; Cherng et al., 2006). The calcium-mediated 
activation of the NF-κB system was suppressed by glycyr-
rhizic acid. Glycyrrhizic acid has been shown to inhibit 
glutamate-induced cytotoxicity in primary neurons 
(Cherng et al., 2006).

Several immunomodulatory activities have been 
attributed to glycyrrhizin (Ohuchi et al., 1981; Kobayashi 
et al., 1993; Zhang et al., 1993; Kondo and Takano, 1994; 
Raphael and Kuttan, 2003). Our laboratory had already 
reported the immunomodulatory effect of glycyrrhizic 
acid in normal and tumor-bearing mice (Raphael and 
Kuttan, 2003, 2008). Glycyrrhizic acid could enhance the 
total WBC count and the maximum count was observed 
only on the ninth day. Glycyrrhizic acid showed 36.8% 
and 15.9% increase in bone marrow cellularity and num-
ber of α-esterase-positive cells, respectively. It could also 
enhance the

antibody production and number of 
antibody-producing cells. Glycyrrhizic acid could inhibit

the delayed-type hypersensitivity (DTH) reaction 
remarkably. A 95% of inhibition of DTH reaction was 
observed in glycyrrhizic acid treated group compared 
with the normal untreated group of animals. The cell-
mediated immune response also found enhanced by the 
treatment of glycyrrhizic acid. Glycyrrhizic acid can aug-
ment the NK cell activity. Administration of glycyrrhizic 
acid clearly enhanced the antibody-dependent cell-
mediated cytotoxicity (ADCC) and antibody-dependent 
complement-mediated cytotoxicity (ACC) in B16F-10 
metastatic melanoma-bearing mice.
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Figure 1.  Naturally occuring terpenoids.
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The elevated level of GM-CSF in tumor-alone treated 
control animals was reduced by the treatment with gly-
cyrrhizic acid (20.3 pg/mL). The level of interleukin (IL)-2 
was enhanced by the treatment with glycyrrhizic acid 
compared with untreated tumor-bearing control ani-
mals (Raphael and Kuttan, 2008). Glycyhrrtinic acid was 
found as an inducer of type 2 antagonistic CD41 T cells 
in vivo and in vitro (Utsunomiya et  al., 1995; Nakajima 
et al., 1996). It also stimulated macrophage-derived NO 
production, and was able to up-regulate inducible nitric 
oxide synthase (iNOS) expression through NF-κB trans-
activation in murine macrophages (Jeong and Kim, 2002). 
Both of them could induce interferon (IFN) activity and 
augment natural killer (NK) cell activity (Abe et al., 1982). 
Glycyrrhizic acid also had inhibitory effects on tumor 
necrosis factor (TNF)-α-induced IL-8 production in 
intestinal epithelial cells (Kang et al., 2005). Glycyrrhizin 
could selectively activate extrathymic T cells in the liver 
and in human T-cell lines and glycyrrhizic acid enhanced 
Fas-mediated apoptosis without alteration of caspase-3-
like activity (Kimura et al., 1992; Ishiwata et al., 1999).

Glycyrrhizin inhibited reactive oxygen species (ROS) 
generation by neutrophils that are the potent mediator 
of tissue inflammation in the in vitro system (Akamatsu 
et  al., 1991; Wang and Nixon, 2001). Two mechanisms 
have been suggested for the anti-inflammatory effects 
of β-glycyhrritinic acid: First, it inhibits glucocorticoid 
metabolism and potentiates their effects. This potentia-
tion was reported in skin and lung after co-administration 
of them with β-glycyhrritinic acid (Teelucksingh et  al., 
1990; Schleimer, 1991). Since β-glycyhrritinic acid is a 
potent inhibitor of 11β-hydroxysteroid dehydrogenase 
(Walker and Edwards, 1991), it causes an accumulation of 
glucocorticoids with anti-inflammatory properties. Oral 
administration of β-glycyhrritinic acid or glycyrrhizin 
confirmed this result (MacKenzie et  al., 1990). Second, 
it inhibits classical complement pathway activation 
and its activity is dependent on its conformation (Kroes 
et al., 1997). Thus, it is suggested that co-medication of 
it with hydrocortisone in the treatment of inflammatory 
lung disease will be useful (Schleimer, 1991; Asl and 
Hosseinzadeh, 2008).

It is already reported that glycyrrhizic acid induces 
apoptosis in human stomach cancer KATO III and 
human promyelotic leukemia HL-60 cells (Hibasami 
et al., 2005) and prostate cancer (PC) cell lines DU-145 
and LNCaP (Thirugnanam et al., 2008). Glycyrrhizic acid 
also reported to inhibit TNF-mediated apoptosis in the 
human hepatoblastoma cell line HepG2 (Yoshikawa 
et  al., 1999). Glycyrrhizic acid was found to modulate 
critical end points of oxidative stress induced apoptosis 
and could be beneficial against liver diseases where oxi-
dative stress is known to play a crucial role (Tripathi et al., 
2009). Moro et al. (2008) showed that glycyrrhizin and its 
metabolite glycyrhhetinic acid inhibit Smad3-mediated 
type 1 collagen gene transcription and suppress experi-
mental murine liver fibrosis. Glycyrrhetinic acid did 
not affect gene expression of TGF-β receptors or Smad 

proteins, but inhibited nuclear accumulation of Smad3 
in activated hepatic stellate cells (Moro et al., 2008).

Rahman and Sultana (2007) demonstrated the chemo-
preventive activity on 12-O-tetradecanoyl phorbol-13-
acetate-induced coetaneous oxidative stress and tumor 
promotion in Swiss albino mice. Studies using 1249 
patients, in 2006, found that a long-term glycyrrhizin 
injection therapy could reduce hepatocellular carcino-
genesis rate in patients with IFN-resistant active chronic 
hepatitis C (Ikeda et al., 2006).

Ursolic acid

Ursolic acid (UA) is a pentacyclic triterpenoid com-
pound, which is derived from berries, leaves, flowers, and 
fruits of medicinal plants, such as Boerhaavia diffusa L. 
(Nyctaginaceae), Rosemarinus officinalis L. (Lamiaceae), 
Eriobotrya japonica Lindl. (Rosaceae), Calluna vulgaris 
L. (Ericaceae), Ocimum sanctum L. (Lamiaceae), and 
Syzygium cumini L. (Myrtaceae) (Liu, 1995), and has a 
broad range of biological effects.

UA was found to activate immune system by activat-
ing the cell-mediated immune responses in B16F-10 
melanoma-bearing mice. Intraperitoneal administra-
tion of UA (50 µmol/kg body weight for five consecutive 
days) was found to produce increased NK cell activity in 
metastatic tumor-bearing animals. Administration of UA 
clearly enhanced the ADCC. Intraperitoneal administra-
tion of UA was also found to enhance ACC in metastatic 
tumor-bearing animals. The elevated level of GM-CSF in 
tumor-alone treated control animals was reduced by the 
treatment with UA. The highly elevated level of IL-6 in 
control animals was also reduced by the treatment of UA. 
The level of IL-2 was enhanced by the treatment with UA 
compared with untreated tumor-bearing control animals 
(Raphael and Kuttan, 2008).

One of the important properties of UA is its anti-
oxidant capacity and it can suppress the preneoplastic 
lesions and has a protective effect against colon carcino-
genesis (Furtado et al., 2008). Martin-Aragón et al. (2001) 
investigated possible protective effects of UA against 
carbon tetrachloride-induced alterations in antioxidant 
defense enzymes in vivo and in vitro. The authors sug-
gested that UA may prevent the initiation and propaga-
tion of the lipid peroxidation process by scavenging free 
radicals through conjugation with glutathione, with the 
consequent control of oxidative damage and tissue pro-
tection. Hepatoprotective activity of UA was previously 
investigated (Saravanan et  al., 2006) and the studies 
showed that in addition to reducing lipid peroxidation 
markers in plasma, UA increased the levels of circulatory 
antioxidants such as reduced glutathione, ascorbic acid, 
and α-tocopherol, thus demonstrating that the protective 
effect of this agent is probably related to its antioxidant 
capacity.

UA has been reported to possess a wide range of phar-
macological properties and is one of the most promising 
chemopreventive agents (Shih et al., 2004). UA has been 
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shown to suppress tumorigenesis and inhibit tumor pro-
motion (Ohigashi et al., 1986; Tokuda et al., 1986; Nishino 
et  al., 1988). Many of these effects of UA are mediated 
through suppression of the expression of lipoxygenase, 
cyclooxygenase-2 (COX-2), matrix metalloproteinase 
(MMP)-9, and iNOS (Najid et al., 1992; Simon et al., 1992; 
Cha et  al., 1996; Ringbom et  al., 1998; Subbaramaiah 
et al., 2000), all of which are genes regulated by NF-κB. 
Bonaccorsi et al. (2008) demonstrated the antiprolifera-
tive and differentiating effect of human tumor cell lines 
from melanoma, glioblastoma, and thyroid anaplastic 
carcinoma. They also reported the UA-mediated inhibi-
tion of reverse transcription activity in tumor cells, which 
was recently shown to be involved in the control of prolif-
eration and differentiation of neoplastic cells.

There are several reports showing the anti-metastatic 
effects of UA. Triterpenes including UA can augment 
the inhibitory effects of anticancer drugs on growth of 
human esophageal carcinoma cells and suppress experi-
mental metastasis (Yamai et al., 2009). We have already 
reported that UA could induce apoptosis in B16F-10 
melanoma cells by activating p53-induced caspase-3 
activation and inhibition of NF-κB-mediated activation 
of bcl-2 (Manu and Kuttan, 2008). NF-κB subunits c-Rel, 
p65, and p50 were found inhibited by the treatment of UA 
in B16F-10 melanoma cells. The nuclear translocation of 
c-fos, ATF-2, and CREB-1 were also inhibited by the treat-
ment of UA. UA could significantly inhibit the production 
of TNF-α, IL-1β, IL-6, and GM-CSF gene expression and 
production by B16F-10 melanoma cell in culture in a 
dose-dependent manner.

Li et al. (2009) demonstrated that the chemosensitiza-
tion by UA in cancer cells was dependent on the amplified 
activation of intrinsic pathway (caspase-8–BID–mito-
chondria–cytochrome c–caspase-3) by augmentation of 
BID cleavage and activation of Fas/FasL–caspase-8 path-
way. UA inhibits the cell proliferation of human lung can-
cer cell line A549 by blocking the cell cycle progression 
in the G1 phase (Hsu et al., 2004). It also decreased the 
protein expression of cyclins D1, D2, and E and their acti-
vating partners cyclin-dependent kinase (Cdk) 2, Cdk4, 
and Cdk6 with concomitant induction of p21/WAF1. UA 
can inhibit proliferation and induce apoptosis of HT-29 
colon cancer cells by down-regulating epidermal growth 
factor receptor (EGFR)/mitogen-activated protein kinase 
(MAPK) pathway (Jian-zhen et al., 2009). In addition, UA 
and its derivatives have been shown to induce apoptosis 
in a wide variety of cancer cells including breast carci-
noma, melanoma, hepatoma, prostate carcinoma, and 
acute myelogenous leukemia (Es-Saady et  al., 1996; 
Hollósy et al., 2000, 2001; Konopleva et al., 2002) through 
inhibition of DNA replication, activation of caspases 
(Hollósy et  al., 2001; Konopleva et  al., 2002), inhibition 
of protein tyrosine kinase caspases (Hollósy et al., 2001), 
and induction of Ca2+ release (Baek et al., 1997). UA was 
found as a potent inhibitor of proliferation and inducer 
of apoptosis in both KRAS- and BRAF-mutated human 
colorectal cancer cells (Xavier et  al., 2009). UA is able 

to inhibit key steps of angiogenesis in vitro, including 
endothelial cell proliferation, migration, and differentia-
tion (Cárdenas et al., 2004).

Oleanolic acid

Oleanolic acid (OA) is a triterpenoid compound widely 
found in natural plants (Liu, 1995), and has been shown 
to be an active ingredient in producing biological effects. 
OA has been isolated from >120 plant species (Wang and 
Jiang, 1992).

The effect of naturally occurring triterpenoid, OA 
on immune system was studied using Balb/c mice. 
Intraperitoneal treatments with five doses of OA were 
found to enhance the total white blood cells (WBC) 
count. In OA-treated animals, the maximum total WBC 
count was observed on the sixth day and the percentage 
of increase in the total WBC count was up to 135.75 ± 6.4%. 
Bone marrow cellularity and α-esterase-positive cells 
were also enhanced by the treatment with this terpenoid. 
OA enhanced the specific antibody titer and the number 
of plaque-forming cells (PFC) in the spleen and also 
inhibited DTH reaction (Raphael and Kuttan, 2003).

OA inhibited the in vitro immunohemolysis of 
antibody-coated sheep erythrocytes by guinea pig serum. 
In further experiments, this reduced immunohemolysis 
was found to be due to inhibition of the C3-convertase 
of the classical complement pathway. The threshold con-
centration for inhibition of C3-convertase was 100 μg/mL. 
However, higher concentrations of OA showed constant 
inhibitory effects on immunohemolysis. OA also exhib-
ited weak inhibitory effects on individual components of 
the complement system (Kapil and Sharma, 1994). OA 
suppressed the production of proinflammatory cytokines 
and delayed graft-specific immune responses to prolong 
islet allograft survival (Nataraju et al., 2009).

The anti-inflammatory effect of OA was first reported 
in 1960s. Inhibitory effects of OA on carrageenan-induced 
rat paw edema and formaldehyde-induced arthritis were 
already demonstrated (Gupta et  al., 1969). The anti-
inflammatory effects of OA have also been confirmed in 
later studies (Takagi et  al., 1980; Yue et  al., 1989; Singh 
et al., 1992). OA displayed anti-inflammatory activity in 
carrageenan- and dextran-induced edema in rats. It elic-
ited marked anti-arthritic action in adjuvant-induced pol-
yarthritis in rats and mice and in formaldehyde-induced 
arthritis in rats. OA reduced exudate volume and inhib-
ited leukocyte infiltration in carrageenan-induced pleu-
risy in rats. It is devoid of any analgesic, antipyretic, or 
ulcerogenic action. OA did not affect the parturition time 
in pregnant rats or castor oil-induced diarrhea in rats. 
Oral LD

50
 was found to be greater than 2 g/kg in mice and 

rats (Singh et al., 1992).
OA was found to possess significant anti-inflammatory 

and complement inhibitory activities in adjuvant-induced 
arthritis and carrageenan-induced paw edema in rats. The 
intraperitoneal injection of OA (60 mg/kg, twice a day), 
before and after Freund’s complete adjuvant challenge 
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and thereafter repeated for several days, significantly 
reduced footpad thickness of experimental animal mod-
els and simultaneously reduced complement activity. OA 
also produced marked reduction in complement levels 
and inflammatory effects on carrageenan-induced paw 
edema in rats when injected intraperitoneally (60 mg/kg, 
twice a day) (Kapil and Sharma, 1995).

It has been reported that OA produce a wide variety 
of antitumor activity, including decrease in the incidence 
and multiplicity of azoxymethane-induced intestinal 
tumor. Treatment of rats with OA (200 ppm) in diet for 
3 weeks decreased the incidence and multiplicity of 
azoxymethane-induced intestinal tumor (Yoshimi et al., 
1992). The use of triterpenoid, OA has been recom-
mended for skin cancer therapy in Japan (Muto et  al., 
1990). Pharmaceutical preparation containing OA is pat-
ented for the treatment of nonlymphatic leukemia (Liu, 
1986).

The effects of OA on the differentiation of F9 terato-
carcinoma stem cells were studied. OA caused the mor-
phological change of F9 cells into endoderm cells, as did 
retinoic acid (RA). Moreover, expression of laminin B1, 
type IV collagen, and retinoic acid receptor beta (RARβ) 
increased in OA-treated F9 cells. Dexamethasone, a syn-
thetic glucocorticoid, also induced the morphological 
change and altered the expression of laminin B1, type IV 
collagen, and RARβ in F9 cells. In addition, transcription 
of glucocorticoid receptor was detected after treatment 
with these three agents. According to southwestern blot 
analysis, a 94-kDa protein, thought to be a glucocorti-
coid receptor, was detected in F9 cells treated with these 
agents. Gel-shift assay identified protein factors binding 
to the glucocorticoid-responsive element (GRE) in the 
nuclear proteins from F9 cells treated with OA. The bind-
ing activity of the GRE-binding protein disappeared on 
the addition of unlabeled GRE oligonucleotide. Taken 
together, these results suggest that OA can induce the dif-
ferentiation of F9 cells and may regulate the expression 
of differentiation-specific genes, probably by forming a 
complex with the glucocorticoid receptor or its analo-
gous nuclear receptor (Lee et al., 1994).

OA is capable of inducing apoptosis in tumor cells 
on one side and preventing malignant transformation 
of normal cells on the other side. This triterpenoid have 
the potential to be used clinically either as antitumor 
or chemopreventive agent (Novotný et  al., 2001). The 
effect of dextrose–OA (the most potent OA derivative) on 
apoptosis of osteosarcoma cells was evaluated using the 
Annexin-V method. The cell cycle of dextrose–OA-treated 
cells was examined by flow cytometry, and the in vivo 
effects of dextrose–OA were evaluated in a mouse osteo-
sarcoma model. OA had an overall inhibitory effect on 
the proliferation of osteosarcoma cells (Hua et al., 2011).

Nomilin

Citrus limonoids were demonstrated to possess poten-
tial biological activities in reducing the risk of certain 

diseases. Nomilin is a triterpenoid with putative anti-
cancer properties. Immunomodulatory activity of the 
naturally occurring triterpenoid was studied using Balb/c 
mice. Treatment of nomilin was found to enhance the 
total WBC count and the maximum count was observed 
on the sixth day. In nomilin-treated animals, the per-
centage of increase in the total WBC count was up to 
117.33 ± 17.9%. Bone marrow cellularity and α-esterase-
positive cells were also enhanced by the treatment with 
this terpenoid. Nomilin enhanced the antibody titer and 
the number of PFC in the spleen and also remarkably 
inhibited DTH reaction (Raphael and Kuttan, 2003).

The limonoids are bitter principles found in common 
edible Citrus fruits. Nomilin, when given three times (at 
5 and 10 mg per animal) every 2 days, induced increased 
glutathione S-transferase activity 2.48 and 3.44 times over 
the control, respectively, in the liver of female ICR/Ha 
mice. The increases of GST activity in the small intestinal 
mucosa were 3.00 and 4.17, respectively, over the control. 
Nomilin, which is the more active enzyme inducer, was 
found to inhibit benzo[a]pyrene (BP)-induced neoplasia 
in the forestomach of ICR/Ha mice. The number of mice 
with tumors was reduced from 100% to 72%, and the 
number of tumors per mouse was significantly decreased 
as a result of nomilin treatment. These findings suggest 
limonoids as a class of regularly consumed natural prod-
ucts and also as an effective chemopreventive agent (Lam 
and Hasegawa, 1989). Effect of nomilin against a series of 
human cancer cell lines was investigated. The human can-
cer cell lines included leukemia (HL-60), ovary (SKOV-3), 
cervix (HeLa), stomach (NCI-SNU-1), liver (Hep G2), and 
breast (MCF-7). The growth-inhibitory effect of nomilin 
against MCF-7 cells was significant, and the antiprolif-
erative activity was also dose- and time-dependent. With 
use of flow cytometry, it was found that nomilin could 
induce apoptosis in MCF-7 cells (Tian et al., 2001).

The effect of Citrus limonoid, nomilin against two 
human cancer cell lines, SH-SY5Y neuroblastoma and 
Caco-2 colonic adenocarcinoma, and a noncancerous 
mammalian epithelial Chinese hamster ovary (CHO) 
cells was studied. Viability, as quantified by 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium reduc-
tion and light microscopy, was shortened significantly 
(P < 0.001) in cancer cells exposed to nomilin. SH-SY5Y 
cells were more sensitive than Caco-2 cells to the nomi-
lin, whereas noncancerous CHO cells showed hardly 
any change in cell numbers or cell morphology (Poulose 
et al., 2006).

Anti-metastatic potential of nomilin and its possible 
mechanism of action were investigated. Administration 
of nomilin could inhibit tumor nodule formation in 
lungs (68%) and markedly increased the survival rate 
of the metastatic tumor-bearing animals. These results 
correlated with the biochemical parameters and histo-
pathological analysis. Nomilin showed an inhibition of 
tumor cell invasion and the activation of matrix metallo-
proteinases. Treatment with nomilin induced apoptotic 
response, characterized by an increase of the sub-G1 



1000  G. Kuttan et al.

� Pharmaceutical Biology

fraction of cells with chromatin condensation and 
membrane blebbing, a typical ladder of DNA fragmen-
tation and detection of apoptotic cells by TUNEL assay. 
Nomilin treatment also exhibited a down-regulated 
Bcl-2, cyclin D1 expression, and up-regulated p53, Bax, 
caspase-9, caspase-3, p21, and p27 gene expression in 
B16F-10 cells. The proinflammatory cytokine production 
and gene expression were found to be down-regulated in 
nomilin-treated cells. The study also reveals that nomilin 
could inhibit the activation and nuclear translocation 
of anti-apoptotic transcription factors such as NF-κB, 
CREB, and ATF-2 in B16F-10 cells (Pratheeshkumar and 
Kuttan, 2010a).

Andrographolide

Andrographolide (ANDLE; bicyclic diterpenoid lactone), 
the principal bioactive chemical constituent of the plant 
Andrographis paniculata (Barm.f.) Nees (Acanthaceae), 
has shown credible anticancer potential in various inves-
tigations around the globe (Lu et al., 1981). Modulation 
of immune responses is highly relevant in tumor cell 
destruction. Effect of ANDLE on cell-mediated immune 
responses in normal and tumor-bearing control animals 
was studied. Treatment of ANDLE significantly enhanced 
NK cell activity in normal and tumor-bearing animals. 
ACC was also found to be increased in ANDLE-treated 
normal and tumor-bearing animals. An early enhance-
ment of ACC was also observed by the administration 
of ANDLE in normal as well as tumor-bearing animals. 
ANDLE administration significantly enhanced the 
mitogen-induced proliferation of splenocyte, thymocyte, 
and bone marrow cells. Moreover, treatment of ANDLE 
significantly elevated the production of IL-2 and IFN-γ in 
normal and Ehrlich ascites carcinoma-bearing animals 
(Sheeja and Kuttan, 2007).

ANDLE of A. paniculata induced significant stimula-
tion of antibody and DTH response to sheep red blood 
cells (SRBC) in mice (Puri et al., 1993). The stimulatory 
effect of ANDLE on cytotoxic T lymphocyte (CTL) pro-
duction was determined in BALB/c mice by Winn’s neu-
tralization assay using CTL-sensitive EL4 thymoma cells 
as target cell. ANDLE showed a significant increase in 
CTL production in both the in vivo and in vitro models. 
The level of cytokines such as IL-2 and IFN-γ was also 
found to be enhanced in these animals when they were 
treated with ANDLE (Sheeja et al., 2007).

ANDLE is known to exert significant anti-inflammatory 
properties, including inhibition of intercellular adhesion 
molecule-1 expression in monocytes activated by TNF-α 
(Habtemariam, 1998), suppression of iNOS in RAW264.7 
(Chiou et al., 2000), COX-2 expression in neutrophils and 
microglial cells (Wang et al., 2004; Hidalgo et al., 2005), 
and IFN-γ and IL-2 production (Burgos et  al., 2005; 
Iruretagoyena et  al., 2005). It has been proposed that 
ANDLE exerts its anti-inflammatory effects by inhibiting 
NF-κB binding to DNA, and thus reducing the expression 
of proinflammatory proteins in neutrophils (Hidalgo 

et al., 2005). For instance, NF-κB is the molecular target 
for the anti-inflammatory activity. ANDLE effectively 
inhibited the nuclear activation of NF-κB by covalent 
modification of reduced cysteine 62 of p50, to exert 
its potent anti-inflammatory activity (Xia et  al., 2004; 
Hidalgo et al., 2005). ANDLE inhibited extensive infiltra-
tion of inflammatory cells in lung and decreased airway 
hyperreactivity. It also down-regulated NF-κB expression 
in lung and nucleus of airway epithelial cells (Li et  al., 
2009).

ANDLE has been reported to inhibit gastric cancer, 
liver cancer, lung cancer, and breast cancer. The antitu-
mor mechanism of ANDLE was versatile; for instance, 
ANDLE can induce the apoptosis of cancer cell, inhibit 
the cell cycle, and increase the antitumor activity of lym-
phocyte (Qi et  al., 2007). Inhibition of angiogenesis is 
currently perceived as one of the promising strategies in 
the treatment of cancer. ANDLE inhibited the migration 
and invasion of Lovo cells under noncytotoxic concen-
trations (Shi et al., 2009). Intraperitoneal administration 
of ANDLE significantly inhibited the B16F-10 melanoma 
cell line-induced capillary formation in C57BL/6 mice. 
Analysis of serum cytokine profile showed a drastic ele-
vation in the proinflammatory cytokines, such as IL-1β, 
IL-6, TNF-α, and GM-CSF, and the most potent angio-
genic factor, vascular endothelial growth factor (VEGF), 
in angiogenesis-induced animals. Treatment of ANDLE 
significantly reduced this elevated levels. Moreover, VEGF 
mRNA level in B16F-10 cell line showed a reduced level 
of expression in the presence of ANDLE. Serum NO level 
that was increased in B16F-10 melanoma-injected con-
trol animals was also found to be significantly lowered 
by the administration of ANDLE. Antiangiogenic factors 
such as TIMP-1 and IL-2 level was elevated in ANDLE-
treated angiogenesis-induced animals. In the rat aortic 
ring assay, ANDLE inhibited the microvessel outgrowth 
at nontoxic concentrations (Sheeja et al., 2007).

In vitro studies demonstrated the capability of ANDLE 
in inducing cell cycle arrest and apoptosis in a variety 
of cancer cells at different concentrations (Varma et al., 
2009). ANDLE was found to cause G0/G1 cell cycle arrest 
through induction of p27 and decreasing expression of 
Cdk4 in some human cancer cells (Rajagopal et al., 2003; 
Satyanarayana et al., 2004). The anticancer activity of this 
compound is further substantiated by findings using in 
vivo B16F0 melanoma syngenic and HT-29 xenograft 
models (Rajagopal et  al., 2003). The effect of ANDLE 
on apoptosis is controversial. ANDLE is capable of pro-
tecting immune cells (thymocytes) or endothelial cells 
against apoptosis (Chen et al., 2004; Burgos et al., 2005). 
On the other hand, a couple of very recent reports showed 
that ANDLE at relatively high concentrations (from 40 
to 100 mM) could induce apoptosis in human prostatic 
adenocarcinoma PC-3 cells (Kim and Milner, 2005) or 
human leukemic HL-60 cells (Cheung et al., 2005). It was 
reported to induce apoptosis in hepatoma Hep3B cells 
(Ji et  al., 2007). ANDLE potentiates the cytotoxic effect 
of 5-fluorouracil (5-FU) in HCC cell line SMMC-7721 
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through apoptosis. ANDLE alone induces SMMC-7721 
apoptosis with p53 expression, Bax conformation, and 
caspase-3, caspase-8, caspase-9 activation. Surprisingly, 
the addition of ANDLE to 5-FU induces synergistic 
apoptosis, which could be corroborated to the increased 
caspase-8, p53 activity and the significant changes of 
Bax conformation in these cells, resulting in increased 
losses of mitochondrial membrane potential, increased 
release of cytochrome c, and activation of caspase-9 and 
caspase-3. It induced apoptosis of PC-3 cells (the most 
sensitive cell line among the cell lines screened) via the 
activation of caspase-3, up-regulation of bax, and down-
regulation of bcl-2. Furthermore, its inhibitory activity 
on the level of VEGF was also verified by ELISA. Zhao 
et  al. (2008) shown that pretreatment with ANDLE sig-
nificantly enhances TRAIL-induced apoptosis in various 
human cancer cell lines, including those TRAIL-resistant 
cells. Such sensitization is achieved through transcrip-
tional up-regulation of death receptor (DR) 4, a DR of 
TRAIL. ANDLE is capable of activating p53 via increased 
p53 phosphorylation and protein stabilization, a process 
mediated by enhanced ROS production and subsequent 
c-Jun NH(2)-terminal kinase activation. Pretreatment 
with an antioxidant (N-acetylcysteine) or a c-Jun 
NH(2)-terminal kinase inhibitor (SP600125) effectively 
prevented ANDLE-induced p53 activation and DR4 up-
regulation and eventually blocked the ANDLE-induced 
sensitization on TRAIL-induced apoptosis (Zhou et  al., 
2008). Suppression of caspase-8 with the specific inhibi-
tor z-IETD-fmk abrogates largely ANDLE/5-FU biological 
activity by preventing mitochondrial membrane poten-
tial disappearance, caspase-3, caspase-9 activation, and 
subsequent apoptosis (Yang et al., 2009).

ANDLE inhibited Lovo cell growth by G1/S phase 
arrest, and was exerted by inducing the expression of 
p53, p21, and p16 that, in turn, repressed the activity 
of cyclin D1/Cdk4 and/or cyclin A/Cdk2, as well as Rb 
phosphorylation (Shi et al., 2008). The cytotoxic activity 
of ANDLE was evaluated against Jurkat, PC-3, HepG2, 
and Colon 205 tumor cells, and normal peripheral blood 
mononuclear cells (PBMCs). The bioactivity assays 
showed that ANDLE exhibited IC(50) values of 0.05, 
0.07, and 0.05 mm, respectively, and also blocked the 
cell cycle progression at G0/G1 phase of the Jurkat cell 
line (Geethangili et al., 2008). ANDLE inhibited in vitro 
angiogenesis by regulating MMPs and also by inhibit-
ing the nuclear translocation of transcription factors 
(Pratheeshkumar and Kuttan, 2011).

Limonene

Limonene is a naturally occurring monoterpene that 
serves as a precursor to a host of other oxygenated mono-
cyclic monoterpenes such as carveol, carvone, menthol, 
perillyl alcohol (POH), and perillaldehyde (Karp et  al., 
1990). In Citrus fruits (Chayet et al., 1977), peppermint, 
and other plants, d-limonene is formed by the cycliza-
tion of geranyl pyrophosphate in a reaction catalyzed by 

limonene synthase (Croteau and Kjonaas, 1983; Alonso 
et  al., 1992). Limonene then serves as a precursor to a 
host of other oxygenated monocyclic monoterpenes 
such as carveol, carvone, menthol, POH, and perillalde-
hyde (Karp et  al., 1990; McGarvey and Croteau, 1995). 
d-Limonene is a prevalent flavoring agent in fruit juices, 
soft drinks, baked goods, ice cream, and pudding. Orange 
oil, naturally consisting of 90–95% d-limonene, is a com-
mercially available food-flavoring agent. Furthermore, 
because of its pleasant Citrus fragrance, d-limonene is 
commonly added to cosmetics, soaps, and other clean-
ing products.

Limonene has well-established chemopreventive 
activity against many cancer types. Dietary limonene 
reduces the incidence of spontaneous lymphomas in 
p532/2 mice (Hursting et al., 1995). Furthermore, when 
administered either in pure form or as orange peel oil 
(95% d-limonene), limonene inhibits the development 
of chemically induced rodent mammary (Elegbede et al., 
1984; Elson et al., 1988; Maltzman et al., 1989; Wattenberg 
and Coccia, 1991), skin (Elegbede et  al., 1986) liver 
(Dietrich and Swenberg, 1991), lung, and forestomach 
(Wattenberg et  al., 1989; Wattenberg and Coccia, 1991) 
cancers. In rat mammary carcinogenesis models, the 
chemopreventive effects of limonene are evident during 
the initiation phase of 7,12-dimethylbenz[a]anthracene 
(DMBA)-2-induced cancer (Elson et al., 1988) and dur-
ing the promotion phase of both DMBA- and nitrosom-
ethylurea (NMU)-induced cancers (Elson et  al., 1988; 
Maltzman et  al., 1989). Dietary limonene also inhibits 
the development of ras oncogene-induced mammary 
carcinomas in rats. There are many reports that the 
development of azoxymethane-induced aberrant crypt 
foci in the colon of rats was significantly reduced when 
they were given 0.5% limonene in the drinking water. Lu 
et  al. (2003) demonstrated that d-limonene can inhibit 
the growth of human gastric cancer cells in vitro through 
a mechanism of inducing the apoptosis of tumor cells. 
Therefore, d-limonene has been applied to precaution 
and treatment in chemical-induced animal model, such 
as colon cancer, breast cancer, gastric cancer, pancre-
atic cancer, and hepatic cancer with promising results 
(Broitman et  al., 1996; Uedo et  al., 1999; Stratton et  al., 
2000; Kaji et al., 2001; Guyton and Kensler, 2002; Cárdenas 
et al., 2004; Lu et al., 2004).

We have already reported the anti-metastatic 
potential of limonene. Administration of limonene 
could remarkably inhibit the tumor nodule forma-
tion by 65% and also could increase the lifespan by 
50.7%. It could also inhibit the levels of lung collagen 
hydroxyl proline, hexosamine, and uronic acid show-
ing reduced lung fibrosis. Lungs in the control animals 
showed infiltration of the neoplastic cells around the 
main bronchioles extended to the pleura. Metastatic 
tumor-bearing animals treated with limonene showed 
a significant reduction in tumor mass. Alveoli and 
pleura was remarkably tumor cell free in the case of 
limonene-treated groups. The reduced level of serum 
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sialic acid and serum γ-glutamyl transpeptidase (GGT) 
in limonene-treated B16F-10-bearing mice showed 
reduced number of tumor cells in circulation (Raphael 
and Kuttan, 2003). d-Limonene found to inhibit tumor-
specific angiogenesis, which may also be involved in 
the anti-metastatic mechanism of limonene (Lu et al., 
2004).

d-Limonene also found to activate the immune 
system. It could increase the survival of lymphoma-
bearing mice, DTH reaction to dinitrochlorobenzene 
(DNCB), phagocytosis, and microbial activity. In vitro 
studies indicated that d-limonene increased NO pro-
duction in peritoneal macrophages obtained from 
tumor-bearing mice (Del Toro-Arreola et  al., 2005). 
Administration of limonene (100 mmol/kg body 
weight/dose/animal) was found to increase the total 
WBC count in Balb/c mice. Administration of limonene 
increased the total antibody production and number of 
antibody-producing cells in spleen. Limonene-treated 
groups showed a significant increase in bone marrow 
cells compared with normal animals. Moreover, the 
number of α-esterase-positive cells was also found to 
be increased significantly in limonene-treated animals 
compared with the normal, indicating its potentiating 
effect on the immune system (Raphael and Kuttan, 
2003).

Perillic acid

Perillic acid (PA) is a major metabolite of POH, a natu-
rally occurring monoterpene. The immunomodulatory 
activity of PA was studied in Balb/c mice. Administration 
of PA (50 µM/kg body weight/dose/animal) was found 
to increase the total WBC count in Balb/c mice. The 
maximum total WBC count in PA (14,437 cells/cm3) 
-treated animals was observed on the ninth day after 
the drug treatment. Administration of this monoterpene 
increased the total antibody production, antibody-
producing cells in spleen, bone marrow cellularity, and 
α-esterase-positive cells significantly compared with the 
normal animals indicating its potentiating effect on the 
immune system (Raphael and Kuttan, 2003).

PA is effective against a variety of rodent organ-specific 
tumor models. To establish the molecular mechanism of 
PA as antiproliferative agent, their effects on cell prolif-
eration, cell cycle, and cell cycle regulatory proteins were 
studied in HCT 116 human colon cancer cells. PA exerted 
a dose-dependent inhibitory effect on cell growth cor-
related with G1 arrest. Analysis of G1 cell cycle regula-
tors expression revealed that monoterpenes increased 
expression of Cdk inhibitor p21 (Waf1/Cip1) and cyclin E, 
and decreased expression of cyclin D1, Cdk4, and Cdk2. 
Results suggest that PA induce growth arrest of colon can-
cer cells through the up-regulation of p21 (Waf1/Cip1) 
and the down-expression of cyclin D1 and its partner 
Cdk4 (Bardon et al., 2002). The effect of PA on the prolif-
eration of non-small cell lung cancer (NSCLC, A549, and 
H520) cells was investigated. PA elicited dose-dependent 

cytotoxicity, induced cell cycle arrest and apoptosis with 
increasing expression of bax, p21, and caspase-3 activ-
ity in both the cell lines. Combination studies revealed 
that exposing the cells to an IC

50
 concentration of PA 

sensitized the cells to cisplatin and radiation in a dose-
dependent manner. These results indicated that PA in 
combination therapy may have chemotherapeutic value 
against NSCLC (Yeruva et  al., 2007). PA has a potential 
for use as radiosensitizers in chemoradiation therapy of 
head and neck cancers and should be further studied 
(Samaila et al., 2004).

The effects of PA on lung metastasis induced by 
B16F-10 melanoma cells were studied in C57BL/6 mice. 
Administration of PA (50 µM/kg body weight) remark-
ably reduced the metastatic tumor nodule formation 
by 67%. This result correlated with the biochemical 
parameters such as serum sialic acid, lung collagen 
hydroxyproline, and uronic acid contents. Serum sialic 
acid level in control group was 126.8 µg/mL serum, 
which was significantly lowered in PA-treated animals 
(53.6 µg/mL serum). Uronic acid level was also inhib-
ited to 39.7% in PA-treated animals. Histopathological 
studies also correlated with these above results. These 
results indicate that PA could inhibit the metastatic pro-
gression of B16F-10 melanoma cells in mice (Raphael 
and Kuttan, 2003). PA is a monoterpene substantially 
suppressed IL-2 and IL-10 production in mitogen-
activated T lymphocytes. The effects of PA on cytokine 
secretion were selective: generation of IL-6 and trans-
forming growth factor-β1 (TGF-β1) was unchanged. 
In H9 T lymphoma cells, exposure to PA resulted in a 
dose-dependent depletion of membrane-bound Ras 
proteins. Unlike hydroxymethylglutaryl-CoA reductase 
or protein farnesyl transferase inhibitors, PA did not 
induce a shift of membrane-bound into cytosolic p21ras 
but depleted total cellular Ras proteins. Triggering of the 
T-cell receptor (TCR) perturbs the guanine nucleotide-
binding cycle of p21ras and in turn induces phosphory-
lation and activation of MAPK. In PA-treated cells, the 
levels of phosphorylated but not total MAPK were also 
decreased in a dose-dependent manner. PA interrupts 
signaling via the Ras/MAP kinase pathway by depleting 
farnesylated Ras levels, an effect that may contribute to 
its inhibition of IL-2 production and T-cell activation 
(Schulz et al., 1997).

The effect of PA on cell growth, cell cycle progression, 
and expression of cyclin D1, cell cycle regulatory gene 
in T-47D, MCF-7, and MDA-MB-231 breast cancer cell 
lines was investigated. Results revealed that PA caused 
a dose-dependent inhibition of cell proliferation, which 
was associated with a fall in the proportion of cells in the 
S phase and an accumulation of cells in the G1 phase 
of the cell cycle (Bardon et al., 1998). Cell cycle analysis 
revealed that PA arrested cells in G1 and prevented cells 
from entering S phase in a manner similar to that induced 
by the specific 3-hydroxymethylglutaryl-CoA reductase 
inhibitor, compactin. However, unlike compactin, the 
PA-induced effects on lymphocyte proliferation were 



Inhibition of tumor progression by terpenoids  1003

© 2011 Informa Healthcare USA, Inc.�

not prevented by addition of mevalonate (Schulz et  al., 
1994).

Vernolide-A

Vernolide-A (C
21

H
28

O
7
) is a sesquiterpene lactone (SL) 

present in the plant Vernonia cinerea L. (Asteraceae). 
Biological evaluation showed that vernolide-A has 
potent cytotoxicity against human KB, DLD-1, NCI-661, 
and Hela tumor cell lines (Kuo et al., 2003). SLs are the 
active constituents of a variety of medicinal plants used 
in traditional medicine for the treatment of inflammatory 
diseases. Various SLs have been demonstrated to execute 
their anticancer capability via inhibition of inflammatory 
responses, prevention of metastasis, and induction of 
apoptosis. All SLs contain a common functional struc-
ture, α-methylene-γ-lactone group, and this important 
chemical characteristic means that the thiol reactivity 
of SLs is an underlying mechanism responsible for their 
bioactivities (Zhang et al., 2005).

Our laboratory had investigated the effect of 
vernolide-A on the induction of apoptosis as well as its 
regulatory effect on the activation of transcription fac-
tors in B16F-10 melanoma cells. Treatment of B16F-10 
cells with nontoxic concentration of vernolide-A 
showed the presence of apoptotic bodies and induced 
DNA fragmentation in a dose-dependent manner. 
Cell cycle analysis and TUNEL assays also confirmed 
the observation. The proapoptotic genes p53, Bax, 
caspase-9, and caspase-3 found up-regulated in ver-
nolide-A treated cells, whereas the anti-apoptotic gene 
Bcl-2 was down-regulated. Vernolide-A treatment also 
showed a down-regulation of cyclin D1 expression and 
up-regulated p21 and p27 gene expression in B16F-10 
melanoma cells. The study also reveals that vernolide-A 
treatment could alter the production and expression of 
proinflammatory cytokines and could inhibit the acti-
vation and nuclear translocation of p65, p50, and c-Rel 
subunits of NF-κB, and other transcription factors such 
as c-fos, activated transcription factor-2, and cyclic 
adenosine monophosphate response element-binding 
protein in B16F-10 melanoma cells (Pratheeshkumar 
and Kuttan, 2010b).

The inhibitory effect of vernolide-A on lung metastasis 
induced by B16F-10 melanoma cells was studied using 
C57BL/6 mice. Vernolide-A was administered by three 
different modalities such as simultaneous with tumor, 
prophylactic to tumor, and after tumor development. 
Maximum inhibition in the metastasis observed when 
vernolide-A was administered simultaneously with 
tumor. There was 89.39% inhibition of lung tumor nodule 
formation and 88.51% increase in the lifespan of meta-
static tumor-bearing animals. Highly elevated levels of 
lung hydroxyproline, lung uronic acid, lung hexosamine, 
serum sialic acid, serum GGT, and serum VEGF in the 
metastatic control animals were found to be significantly 
lowered in the vernolide-A treated animals. Vernolide-A 
administration down-regulated the expression of 

MMP-2, MMP-9, extracellular signal-regulated kinase 
(ERK)-1, ERK-2, and VEGF in the lung tissue of B16F-10 
melanoma-challenged animals. In the in vitro system, 
vernolide-A showed a significant inhibition of invasion 
of B16F-10 melanoma cells across the collagen matrix. 
Vernolide-A treatment also inhibited the migration of 
B16F-10 melanoma cells across a polycarbonate filter 
in vitro. Vernolide-A could inhibit MMP-2 and MMP-9 
protein expression in gelatin zymographic analysis of 
B16F-10 cells. 3H-thymidine proliferation assay showed 
that vernolide-A could inhibit the proliferation of B16F-10 
melanoma cells in vitro (Pratheeshkumar and Kuttan, 
2010c).

Antiangiogenic activity of vernolide-A using in vivo as 
well as in vitro models was investigated. Vernolide-A sig-
nificantly inhibited tumor-directed capillary formation. 
The levels of serum proinflammatory cytokines such as 
IL-1β, IL-6, TNF-α, and GM-CSF and of serum VEGF, 
a proangiogenic factor, were found to be elevated in 
angiogenesis-induced animals, which were significantly 
reduced by the treatment of vernolide-A in C57BL/6 mice. 
Administration of vernolide-A significantly enhanced the 
production of antiangiogenic factors such as IL-2 and 
TIMP. In vitro studies using rat aortic ring assay showed 
that vernolide-A at nontoxic concentrations significantly 
inhibited microvessel sprouting and also exhibited a 
significant inhibition in the proliferation, migration, and 
tube formation of endothelial cells, which are key events 
in the process of angiogenesis. Vernolide-A significantly 
inhibited the invasion of the collagen matrix by HUVECs 
in a dose-dependent manner and also showed an inhibi-
tion in the activation of procollagenase to active collage-
nase of metalloproteinases (Pratheeshkumar and Kuttan, 
2011).

Conclusion

Many of the terpenoid drugs have provided tremendous 
benefits for patients and for the pharmaceutical industry. 
Artemisinin and its derivatives comprise a multimillion-
dollar market worldwide. Taxol alone is estimated to have 
annual sales of over $1.8 billion. Terpenoids indisputably 
continue to be important compounds for drug discovery. 
Now a days, more and more terpenoids have been get-
ting explored and entered the pharmaceutical industry. 
Major obstacle in this regard is the quantity of these com-
pounds in their natural sources. Many of these are avail-
able at very low levels and a huge number of them still 
remain unexplored. More and more studies should be 
conducted to identify, isolate, purify, and make it avail-
able for basic and clinical research.

Naturally occurring terpenoids are a diverse class of 
molecules, which can provide new opportunities for 
researchers to discover new drugs against cancer and 
other diseases with minimum side effects. Although 
terpenoids have been widely used for medicinal pur-
pose in many Asian countries, their biogenesis and 
pleiotropic actions have not impacted on the practice of 
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western medicines. Even though this class of molecules 
has members with therapeutic properties including 
anticancer, antiparasitic, antimicrobial, antiallergenic, 
antispasmodic, antihyperglycemic, anti-inflammatory, 
and immunomodulatory properties, still their useful-
ness in therapy level has not exploited by the modern 
medicine. Nowadays, attempts to link the Ayurvedic and 
naturopathic medicines with modern western medicine 
provide new opportunities in this regard.

The terpenoids like andrographalide, glycyrrhizic 
acid, UA, OA, perillic acid, nomilin, and limonene were 
found to have many pharmacological activities. They 
can activate our immune system by enhancing humoral 
and cell-mediated immune responses. They can activate 
anticancer immunity, which may be involved in their 
anticancer and anti-metastatic potential. They show 
induction of apoptosis in various cancer cells by activat-
ing the intracellular signaling cascade. These terpenoids 
also show inhibition of various oncogenic expressions 
and could block various signaling cascades involved in 
tumor progression and metastasis. The chemopreventive 
and chemoprotective effects point toward their possible 
role in modern anticancer therapies.
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