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  Abstract   Cancer is the second leading cause of death in the world, and current 
therapeutic outcomes are still not satisfactory. Cancer chemoprevention is an impor-
tant strategy to reduce cancer morbidity by using non- or low-toxic natural or syn-
thetic commodities to prevent and/or reverse the processes of neoplastic initiation 
and subsequent cancer development. Substantial evidence from human, animal and 
cell line studies has demonstrated that many herbal products used in traditional 
Chinese medicine (TCM) and Ayurveda medicine or traditional Indian medicine 
(TIM) can exert cancer chemopreventive effects. The underlying theories or phi-
losophies for TCM and TIM to prevent cancer are very similar. The common central 
theme is to bring the patient back to a healthy state by modifying multiple abnor-
malities in the patient’s body in a holistic manner. Since carcinogenesis involves 
multiple abnormal gene expressions and signal transduction pathways, using TCM 
and TIM in cancer chemoprevention may not only be possible, but can be superior 
to agents aiming at single molecular target. However, before TCM and TIM can be 
accepted widely as complementary and alternative medicines for cancer prevention, 
it is crucial to evaluate their clinical effi cacy and understand the molecular basis of 
their effects based on scientifi c evidence. This chapter highlights major molecular 
mechanisms in chemoprevention and summarizes the research on ten promising 
cancer preventive herbal products, including nine from TCM (Danshen, Danggui, 
Qianghuo, Huangqin, Zicao, Dasuan, Lingzhi, Yunzhi, and Xianggu) and fi ve from 
TIM (Triphala, Turmeric, Neem, Guggulu, and Sapthaparna). The challenges in 
developing high quality TCM and TIM cancer preventive products are discussed 
and an integrated strategy is proposed to facilitate the process.      
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    15.1   Introduction 

 Cancer is the second leading cause of death after cardiovascular diseases and accounts 
for one quarter of all deaths in the US (Jemal et al.  2010  ) . Overall, cancer causes more 
deaths than AIDS, tuberculosis, malaria and diabetes combined. In 2010, it was esti-
mated that approximately 1.5 million people would be diagnosed with cancer and more 
than half million would die of this disease. By rate of occurrence, cancers of the prostate, 
lung and bronchus and colon and rectum among men and breast, lung and bronchus 
and colon and rectum among women are the three most common cancers. However, 
lung and bronchus cancer has the highest mortality rate in both men and women, 
 followed by prostate cancer and breast cancer, respectively (Jemal et al.  2010  ) . 

 Conventional treatment approaches for cancer are surgery, chemotherapy and 
radiotherapy, either alone or in combination. Additional treatment options also 
exist, including immunotherapy, molecular targeted therapy and hormonal therapy. 
Despite advances in science and technology, satisfactory therapeutic outcomes are 
still limited with an age-standardized death rate of 186.9 per 100,000 in the US 
population (Jemal et al.  2010  ) . 

 Chemoprevention, using non- or low-toxic natural or synthetic substances to 
decrease the risk of developing cancer, has become an important approach to 
decrease cancer morbidity (Rao and Reddy  2004  ) . The transformation of normal 
cells into cancer cells is a multi-step process that involves multiple genetic and epi-
genetic alterations resulting in disruption of various molecular and cellular pro-
cesses (Hawk et al.  2004  ) . In this series of events, chemoprevention can be achieved 
by the arrest or reversal of any or all of these processes. Mounting  in vitro  and 
 in vivo  studies have identifi ed effective chemopreventive agents and molecular 
mechanisms in preventing cancer initiation and development (Hawk et al.  2004  ) . 

 Aspirin and other non-steroidal anti-infl ammatory drugs (NSAIDs), selenium, 
calcium, folic acid, and natural products derived from fruits and vegetables have 
been extensively studied for their cancer chemopreventive effects. However, many 
of these agents have not been widely adopted due to low effi cacy and intolerable 
adverse effects such as gastrointestinal bleeding (Cuzick et al.  2009 ; Rothwell et al. 
 2010  ) . Thus, there is an urgent need to identify non- and low-toxic preventive agents 
that have broad applications. 

 As civilization fl ourished, many ethnic groups developed traditional medicines to 
serve health need of the population. For example, traditional Chinese medicine (TCM) 
has been in practice for several thousand years and is still been used as an alternative 
and complementary medicine, with the co-existence of Western medicine in China 
and many Chinese-speaking communities elsewhere. The underlying theory for TCM 
to treat or prevent diseases is to bring the patient back to a healthy state by modifying 
multiple disease-causing events (Parekh et al.  2009  ) . This is achieved by multiple 
components in an herb or a formula which usually contains several herbs. Since mul-
tiple genes/pathways contribute to cancer development, using TCM in cancer preven-
tion may be superior to agents targeting a single molecular target alone (Wang et al. 
 2010  ) . Thus, TCM provides an attractive resource for cancer prevention. 
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 Similarly, Ayurveda medicine or traditional Indian medicine (TIM), much like 
TCM, focuses on the patient rather than the disease. Such a traditional system of 
medicine fundamentally aims to promote health and enhance the quality of life 
(QoL) with strategies for treatment of specifi c diseases or symptoms in a holistic 
fashion. In the TIM, dry powder or crude extracts of plants are used to treat various 
disorders including cancer. The effect of these dry powders is credited to the mix-
ture of components in the crude extract rather than any one single compound. The 
rationale for this type of treatment is that the toxicity of an active component may 
be counteracted by another component which may not have the desired therapeutic 
property but instead have the ability to counteract deleterious side effects of a pure 
compound (Lad  2005  ) . Although several TIM drugs have been claimed to prevent 
or treat different forms of cancer since ancient times, it is only recently that scien-
tifi c research is revealing the true potential of these herbal medications. 

 It is a scientifi c consensus that before TIM and TCM can be accepted globally as 
complementary and alternative medicine for cancer prevention, it is crucial to 
understand the molecular basis for their cancer preventive effects. Relevant studies 
towards this goal have been scattered in the literature and often hard to access by 
newcomers interested in this type of research. This chapter summarizes the evi-
dence-based preclinical and clinical effi cacy and highlights several known molecu-
lar mechanisms for selected TIM and TCM in chemoprevention based on extensive 
review of English, Chinese and Indian literatures.  

    15.2   Molecular Targets for Cancer Chemoprevention 

    15.2.1   Inhibition of Cyclooxygenase-2 (COX-2) 

 COX enzymes (COX-1 and COX-2) catalyze the conversion of arachidonic acid to 
prostaglandins including PGE2 (Hung  2008  ) . Prostaglandins have several cancer 
promoting properties: (a) they are growth promoters that may contribute to the pro-
liferation of tumor cells; (b) they may act as anti-apoptotic molecules; and (c) they 
may suppress the antitumor activity of natural killer (NK) cells and macrophages. 

 COX-1 and COX-2 have distinct tissue distribution and physiologic functions in 
mammalian cells. COX-1 is expressed in many normal tissues and plays an impor-
tant role in the maintenance of homeostasis, whereas COX-2 is an inducible enzyme 
activated in response to extracellular stimulations such as growth factors and pro-
infl ammatory cytokines (Simmons et al.  2004  ) . Overexpression of COX-2 is found 
in cancers of colon, lung, breast and pancreas. In addition, COX-2 has been shown 
to stimulate the production of various angiogenic factors. For example, overexpres-
sion of COX-2 increases the production of vascular endothelial growth factor 
(VEGF) and promotes angiogenesis (Gately and Li  2004  ) . 

 Aspirin and other NSAIDs exert their cancer chemopreventive effects mainly  via  
the inhibition of COX enzymes, especially COX-2 (Cuzick et al.  2009  ) .  
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    15.2.2   Down-regulation of NF- k B Pathway 

 NF- k B is a family of transcription factors important for regulation of immune and 
infl ammatory responses as well as cancer development and progress (Karin  2006  ) . 
The activation of NF- k B leads to induced target genes that affect most of the pro-
cesses that contribute to cancer development, including uncontrolled growth, invasion 
and metastasis. Target genes of the pathway include caspase inhibitors c-IAP1, c-IAP2, 
X-IAP, as well as tumor necrosis factor receptor associated factors TRAF1 and TRAF2 
(Wang et al.  1998  ) . Caspase proteins of the caspase cascade are a group of proteins 
essential for apoptosis or programmed cell death and thus inhibition of caspase activ-
ity by NF- k B target genes leads to non-apoptosis and tumor proliferation. 

 All NF- k B proteins share a Rel homology domain at the N-terminus which is 
responsible for DNA binding and association with its inhibitory subunits I k Bs 
(Ghosh et al.  1998  ) . In normal resting cells, Rel/NF- k B dimmers are sequestered to 
the I k Bs in cytoplasm and remain inactive. Stimulation of the cell triggering signal 
transduction pathways ultimately leads to the activation of the I k B kinases (IKKs) 
which phosphorylate the I k Bs and subsequently tag them for polyubiquitination and 
degradation by proteasomes (Ben-Neriah  2002  ) . Proteasomal degradation of I k Bs 
frees the NF- k B and results in accumulation of this transcription factor in the 
nucleus to activate genes that confer resistance to apoptotic signals. Because failure 
of apoptosis is one of the main causes of tumor development, inhibition of the 
NF- k B pathway is a useful tool in chemoprevention. 

 NF- k B plays multiple roles in immune and infl ammatory responses and thus down-
regulation of NF- k B activity also leads to other cancer preventive mechanisms 
(Chabot-Fletcher  1997  ) . Suppression of NF- k B can inhibit the expression of TNF- a . 
Abnormal up-regulation of both COX-2 and inducible nitric oxide synthase (iNOS) 
have been associated with the pathophysiology of certain types of cancers and infl am-
matory disorders (Surh et al.  2001  ) . iNOS is an enzyme that mediates infl ammation 
by producing nitric oxide (NO), a pro-infl ammatory mediator. The COX-2 gene con-
tains two NF- k B binding sites in its 5’-promoter region and is up-regulated in infl am-
matory response mediated by NF- k B (D’Acquisto et al.  1997  ) . Therefore, inhibition 
of NF- k B may lead to suppression of COX-2 expression which in turn contributes to 
anti-angiogenesis and tumor suppression. Expression of iNOS is also thought to be 
regulated by NF- k B (Xie et al.  1994  ) . The NF- k B pathway also up-regulates the  Bcl-2  
gene which is directly linked to anti-apoptosis (Meunier and Hayashi  2010  ) . Thus, 
NF- k B and its signaling pathways are attractive targets for cancer chemoprevention.  

    15.2.3   Activation of Intrinsic and Extrinsic Apoptotic Pathways 

 Some chemopreventive agents such as NSAIDs have been found to induce apopto-
sis through intrinsic pathways such as cytochrome c release from mitochondria and 
activation of caspase-9 and extrinsic pathways such as activation of caspase-8. 
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Release of cytochrome c leads to the formation of apoptosome complex activating 
caspase-9 and -3, thereby inducing apoptosis (Jana  2008  ) .  

    15.2.4   Inhibition of Cell Cycle Progression 

 Cyclins activate cyclin-dependent kinases to promote cell growth, and their over 
expression has been associated with tumor development (Yang et al.  2004  ) . Some 
chemopreventive agents are thought to inhibit the expression and activity of cyclins 
such as cyclin D1, A, B, as well as cyclin E/cyclin-dependent kinase 2 and cyclin 
B1/cyclin-dependent kinase. The cyclin D1 and E can be degraded by ubiquitin 
proteasome pathway (Boyle et al.  1999  ) . Promoting proteasomal degradation of 
cyclins, which results in cell cycle arrest at the G1 phase, was proposed as a mecha-
nism of cancer prevention by all- trans- retinoic acid (Dragnev et al.  2007  ) .  

    15.2.5   Induction of Stress Response 

 Some chemopreventive agents have been found to induce endoplasmic and oxida-
tive stress which could initiate apoptotic signals. Endoplasmic stress response can 
be induced due to the accumulation of unfolded proteins causing the activation of 
caspase-12, which further activates caspase-9 and -3, thereby inducing apoptosis 
(Kaufman  2002  ) .  

    15.2.6   Activation of the Nuclear Factor Erythroid 2-related 
Factor 2 (Nrf2)-antioxidant Signaling 

 Environmental carcinogens are often fi rst metabolically activated  via  Phase I 
enzymes (e.g. cytochrome P450). The Phase II enzymes such as NAD(P)H:quinone 
oxidoreductase (NQO1), heme oxygenase-1 (HO-1), gamma-glutamylcysteine syn-
thetase ( g -GCS), and glutathione S-transferases (GSTs) facilitate the elimination of 
the activated carcinogens through conjugation reactions including sulfation, acety-
lation, and glutathione (GSH) conjugation (Kwak et al.  2004  ) . A promising strategy 
for cancer chemoprevention involves the use of agents to induce the Phase II detoxi-
fying and antioxidant genes. Nrf2, a bZIP transcription factor, plays a central role in 
the regulation of expression of Phase II genes by binding to the antioxidant response 
element (ARE) in their respective promoters (McMahon et al.  2001  ) . Many anti-
carcinogenic/antioxidant genes are under the transcriptional control of ARE. It is 
now known that Nrf2, which is normally sequestered in the cytoplasm by Kelch-like 
ECH-associated protein 1 (KEAP1), dissociates from KEAP1 on exposure to 
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ARE-mediated inducers, translocates to the nucleus, complexes with other nuclear 
factors, and binds to ARE. Many ARE-mediated inducers including sulforaphane have 
been identifi ed to be promising cancer preventive agents (Fahey and Talalay  1999  ) .  

    15.2.7   Interference with Tumor Forming Microenvironment 

 Other than the drug targets located in origin of tumor cells, another potential targets 
for chemoprevention could be generated by considering targets in tumor-associated 
stromal and endothelial cells (e.g. fi broblast growth factor (FGF), VEGF), as well 
as targets related to a systemic reservoir of circulating cells that can be recruited to 
carcinogenic infl uence by infl ammatory factors (Johnson and Brown  2010 ; Hanahan 
and Weinberg  2011  ) . Tumor microenvironment (TME) targeting can be used as 
prevention strategy, i.e. to block progression of preneoplastic lesions; or create cyto-
static effects to tame an aggressive cancer into a benign disease; or induce tumor 
dormancy; or cause the regression of established tumors; or reverse therapeutic 
resistance. Several preclinical reports on targeting of non-tumor cells in the TME 

  Fig. 15.1    The intervention of traditional Chinese medicine ( TCM ) and traditional Indian medicine 
( TIM ) and their representative molecular targets, several proximal outcomes and eventual cancer 
prevention as the distal intervention outcome       
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showed that such an approach is feasible and that it may be benefi cial to tumor 
bearers in the clinical setting as a neoadjuvant (   Mohla and Witz  2010  ) . However, the 
tumor microenvironment is complicated, which involves a multitude of candidate 
microenvironmental factors. Thus, targeting single molecules is not suffi cient. There 
is great potential for multi-targeted approaches that may be more effective than 
single agents and also less prone to resistance. This again provides an opportunity 
for traditional medicine. Although this fi eld is still in its infancy, with the advance-
ment in understanding of the molecular properties of TME and new model systems 
to study TME, novel natural products may provide rich resource of drug candidates 
to targeting both tumor and tumor associated TME. This will expand the dimen-
sions of targeted prevention and enhance the overall opportunity to eliminate pre-
cancer or cells at risk of eventually transitioning to invasive cancer (Mohla and Witz 
 2010  ) . 

 A scheme depicting the intervention of TCM and TIM and their representative 
molecular targets, several proximal outcomes and eventual cancer prevention as the 
distal intervention outcome is presented in Fig.  15.1 .    

    15.3   TCM as Cancer Chemopreventive Agents 

    15.3.1   Danshen 

 Danshen (Fig.  15.2 ) is the root of the plant  Salvia miltiorrhiza , and is a widely used 
TCM for the treatment of cardiovascular disorders by improving blood circulation 
(Cheng  2006  ) . Its major chemical constituents have been found to be lipophilic 
tanshinones, mainly tanshinone IIA and the hydrophilic compounds danshensu 
(also known as salvianolic acid A) and salvianolic acid B (Table  15.1 ) (Zhou et al. 
 2005  ) . Recent studies have also shown that Danshen and its constituents possess 
anti-infl ammatory effects through the inhibition of iNOS expression and cytokine 
secretion (Fan et al.  2009 ; Park et al.  2009  ) . Tanshinone IIA has been identifi ed with 
the most potent antioxidant activity and cytotoxic properties by inducing apoptosis 
and differentiation in various human cancer cell lines including human leukemia 
THP-1, breast and colon adenocarcinoma cells (Wu et al.  1991 ; Mosaddik  2003 ; 
Tang et al.  2003 ; Wang et al.  2005b    ; Su et al.  2008  ) .   

 Tanshinone IIA also displays antioxidant protection against reactive oxygen spe-
cies (ROS) induced oxidative stress through stress-activated kinases JNKs and p38 
MAPK and by an increase in scavenging of ROS (Fu et al.  2007 ; Yang et al.  2008  ) . 
The Nrf2 pathway has been known to interact with JNKs and p38 MAPK kinases 
which indirectly regulate the Nrf2 pathway through phosphorylation of Nrf2 (Yuan 
et al.  2006 ; Sun et al.  2009  ) . Zhang et al. showed that Nrf2 is involved in the effects 
of tanshinone IIA by reversing TNF- a  induced down-regulation of GSH, NADPH, 
and glucose 6-phosphate dehydrogenase (G6PDH) (Zhang and Wang  2007  ) . siRNA 
silencing of Nrf2 abolished tanshinone IIA-induced up-regulation of GSH and 
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G6PDH. It has also been found that the anti-infl ammatory effects of tanshinone IIA 
directly result from the up-regulation of HO-1 through PI3K/Akt and ERK pathways 
induced higher levels of Nrf2 (Chen et al.  2007  ) . Tanshinone IIA activates the Nrf2 
pathway through disruption of the Nrf2-KEAP1 complex and through kinase signal-
ing pathways such as JNKs, p38 MAPK, PI3K/Akt, and ERK to assist in the release 
of Nrf2. Based on promising anticancer and chemopreventive effects, tanshinone IIA 
serves as a candidate for further cancer chemoprevention and treatment research.  

    15.3.2   Danggui 

 The dry root of the plant  Angelica sinesis , Danggui (Fig.  15.2 ), is a TCM tradition-
ally used in the treatment of women’s menopausal symptoms. Danggui has been 
shown to possess anti-infl ammatory properties and antioxidant activities, especially 
when used concurrently with other herbs (Chu et al.  2009 ; Yang et al.  2009  ) . It has 
also been found that Danggui may exert protection against neuronal oxidative stress 
on rat cerebral ischemia/reperfusion models (Lin et al.  2011  ) . 

  Fig. 15.2    Representative cancer chemopreventive herbs from traditional Chinese medicine       

 



 It has been reported that the major lipophilic constituent of Danggui ,  Z-ligustilide 
(Table  15.2 ), reduces oxidative stress through up-regulation of antioxidant enzymes 
such as NQO1  via  the Nrf2 pathway (Dietz et al.  2008  ) . Also, Dan gui can protect 
against oxidant injury through elevated glutathione synthesis whose rate-limiting 

   Table 15.1    Active components in chemopreventive TCMs reviewed in this chapter   
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 Compound  TCM  Plant name  Structure 

 Isoimperatorin  Qianghuo   Notopterygium 
forbesii  

  OO O     
 Baicalin  Huangqin   Scutellaria 

baicalensis  

  

OO

HO

OH O

O
OH

OHO

HO
OH

    
 Shikonin  Zicao   Lithospermum 

eryth-
rorhizon  

  

O

O

OH

OH

OH

    
 Allicin  Dasuan   Allium sativum  

  S

S+

O-

    
 Ganopoly  Lingzhi   Ganoderma 

lucidum  
  b -glucan polysaccharides 

 PSK  Yunzhi   Coriolus 
versicolor  

 Purifi ed polysaccharide-K 

 Lentinan  Xianggu   Lentinus 
edodes  

 1,3  b - d -glucan (polysaccharide) 

 L-Ergo-
thioneine 

 Xianggu   Lentinus 
edodes  

  

OH

O

N+
HN

NH

S     
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   Table 15.2    Active components in chemopreventive TIMs reviewed in this chapter   

 Compound  TIM  Plant name  Structure 
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step is regulated by the Nrf2 pathway gene  g -GCS (Chiu et al.  2007  ) . The study 
showed that both Danggui extract and Z-lingustilide induced a dose-dependent 
increase of NQO1 in an ARE luciferase reporter assay. Further mass spectrometric 
analysis of the incubation mixture revealed that Z-lingustilide is able to alkylate 
cysteine residues in the KEAP1 protein which frees Nrf2 to bind to the ARE and 
activate transcription of Nrf2-ARE genes (Dietz et al.  2008  ) . In addition, Danggui 
can inhibit COX-2 expression at mRNA and protein levels (Chu et al.  2009  ) .   

    15.3.3   Qianghuo 

 Qianghuo (Fig.  15.2 ) ,  prepared from the root of the plant  Notopterygium forbesii , 
has been used to treat the common cold, headache, rheumatism, and may possibly 
possess anti-infl ammatory, diaphoretic, and analgesic properties (Yang et al.  1991 ; 
Okuyama et al.  1993 ; Guo et al.  2001  ) . 

 Compound  TIM  Plant name  Structure 
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Table 15.2 (continued)
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 The mechanism for Qianghuo’s cancer preventive effects was found to be 
correlated to the up-regulation of HO-1 and effects on oxidative stress (Tang et al. 
 2008,   2009  ) . Qianghuo induced oxidative stress and a rise in HO-1 proteins in 
human fetal hepatocytes through the activation of the Nrf2 pathway by the p38 
MAPK pathway. The active constituents were identifi ed to be phenethyl ferulate, 
bergaptol, and isoimperatorin (Table  15.1 ) (Wang and Wang  1996  ) . Qianghuo and 
its constituents also attenuate lipopolysaccharide induced pro-infl ammatory 
responses and iNOS and COX-2 overexpression (Tang et al.  2009  ) .  

    15.3.4   Huangqin 

 The root of  Scutellaria baicalensis , Huangqin (Fig.  15.2 ), is well known for its anti-
infl ammatory activity and its role in the treatment of various kinds of cancers both 
 in vivo  and  in vitro  (Nelson and Montgomery  2003  ) . The main active constituent of 
Huangqin is baicalin (Table  15.1 ) which can be converted into baicalein by removal 
of the sugar moiety in the intestines. The mechanisms of action of Huangqin includ-
ing inhibition of ERK, Akt, and NF- k B activities contribute to cell cycle arrest and 
tumor suppression (Peng et al.  2008  ) . Huangqin also inhibits synthesis of eicosanoid, 
an important infl ammatory mediator and a marker for COX-2 and tumor prolifera-
tion (Pidgeon et al.  2002  ) . Baicalin has also been found to induce apoptosis in pros-
tate cancer cell lines through cell cycle arrest and caspase-3 activity which is also 
linked with NF- k B inhibition (Chan et al.  2000  ) . Inhibition of interleukin-12 pro-
duction, a factor in tumor angiogenesis and a therapeutic target for cancer, was also 
shown in primary mouse macrophages as well as RAW264.7 monocytic cell line by 
Huangqin (Kang et al.  2003  ) .  

    15.3.5   Zicao 

 Zicao or purple grass (Fig.  15.2 ), the dried root of  Lithospermum erythrorhizon , is 
used in TCM for anti-infl ammation in such diseases as macular eruptions, measles, 
sore throat, carbuncles, and burns (Chen et al.  2002  ) . Shikonin (Table  15.1 ) is a 
major naphthoquinone pigment isolated from Zicao. Recently, shikonin and its 
derivatives have been found to possess antitumor properties and induce apoptosis 
both  in vitro  and  in vivo . It has been shown that growth inhibition and induction of 
apoptosis by shikonin and its derivatives are at least partly through the inactivation 
of NF- k B through I k B protection in human oral squamous cell carcinoma cell lines 
(Min et al.  2008  ) . Shikonin inhibited tumor cell proliferation, cell cycle progres-
sion, and induced apoptosis and caspase activity. Specifi c inhibitory effects of 
shikonin on VEGF production due to NF- k B inhibition which leads to inhibition of 
tube formation in tumor cells have been shown in lung carcinoma bearing mice 
(Lee et al.  2008  ) . The shikonin derivative DMNQ S-64 has been reported to induce 
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apoptosis  via  caspase activation and COX-2 inhibition in both lung cancer cells and 
human myeloid leukemia cells (Lim et al.  2007 ; Park et al.  2008  ) . Another shikonin 
derivative SYUNZ-7 has been found to have antitumor effects in a time and concen-
tration dependent manner in human nasopharyngeal cancer cell line CNE2 grafted 
mice  in vivo  and  in vitro  through the inhibition of angiogenesis, tumor cell apoptosis 
and cell cycle blocking (Huang et al.  2005  ) .  

    15.3.6   Dasuan 

 Dasuan or garlic (Fig.  15.2 ) is a spice derived from the bulb or clove of the garlic 
plant  Allium sativum  and has been shown to be effective against a variety of diseases 
including hyperlipidemia, hypertension and atherosclerosis (Amagase et al.  2001  ) . 
More recently, interest is building in investigating the use of garlic in the chemopre-
vention of cancer. Several case-controlled studies conducted in Europe have indi-
cated an association between garlic consumption and decreased risk of common 
cancers (Amagase  2006  ) . Garlic supplements can be classifi ed into four groups: 
Garlic essential oil, garlic oil macerate, garlic powder, and garlic extract. 

 Garlic essential oil is obtained by passing steam through garlic. Commercially 
available garlic oil capsules generally contain vegetable oil, but only have a small 
amount of garlic essential oil because of its strong odor. 

 Garlic oil macerate products are made from encapsulated mixtures of whole gar-
lic cloves ground into vegetable oil. 

 Garlic powder is produced by slicing or crushing garlic cloves, then drying and 
grinding them into powder. Garlic powder is used as a fl avoring agent for condi-
ments and food and is thought to retain the same ingredients as raw garlic. 

 Garlic extract is made from whole or sliced garlic cloves that are soaked in an 
alcohol solution (an extracting solution) for varying amounts of time. Powdered 
forms of the extract also are available. 

 The intact cells of garlic contain an odorless, sulfur-containing amino acid 
derivative known as alliin. When the cells are crushed, alliin comes into contact 
with the enzyme alliinase located in neighboring cells and is converted to allicin 
(Table  15.1 ). Allicin is a potent antibiotic, but it is highly odoriferous and unstable. 
Allicin is described as possessing anti-platelet, antibiotic, and anti-hyperlipidemic 
activity. Most authorities agree that the best measure of the total activity of garlic 
is its ability to produce allicin, which, in turn, results in the formation of other 
active constituents (Amagase et al.  2001  ) . Garlic might stimulate both humoral and 
cellular immunity, causing T cell proliferation, restoring suppressed antibody 
responses (Hodge et al.  2002  ) , and stimulating macrophage cytotoxicity on tumor 
cells. Garlic might increase selenium absorption with possible protection against 
tumorigenesis (Hirsch et al.  2000  ) . In addition, garlic may protect against certain 
cancers by halting cell cycle progression and inducing apoptosis of cancer cells as 
well as by decreasing angiogenesis and infl uencing carcinogen metabolism 
(Herman-Antosiewicz et al.  2007  ) . 
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 Using data from an integrated network of Italian and Swiss case-control studies, 
the relation between frequency of onion and garlic use and cancer at several sites 
were examined (Galeone et al.  2006  ) . The odds ratios (ORs) using multivariate 
logistic regression models were calculated; a uniquely large data set from southern 
European populations showed an inverse association between the frequency of use 
of allium vegetables and the risk of several common cancers. 

 Another study conducted meta-analyses of the epidemiologic literature on the 
association between garlic consumption and risk of stomach, colon, head and neck, 
lung, breast, and prostate cancers (Fleischauer et al.  2000  ) . Meta-analyses were 
conducted for all cancers mutually and separately for colorectal and stomach can-
cers in relation to consumption of exclusively raw garlic, cooked garlic, or both (RC 
garlic). Eighteen studies reported a relative risk estimate for RC garlic consumption 
and cancer risk. In the meta-analyses of colorectal and stomach cancer, a high intake 
of RC garlic was associated with a protective effect against stomach and colorectal 
cancers. However, heterogeneity of effect estimates, differences in dose estimation, 
publication bias, and possible alternative hypotheses (e.g. confounding by total veg-
etable consumption) preclude sole reliance on summary effect estimates. 

 In addition, garlic intake was inversely associated with cancer of the prostate 
(Hsing et al.  2002  )  and endometrium (   Galeone et al.  2009 ). Epidemiologic and 
laboratory studies suggest that allium vegetables and garlic constituents have 
antitumor effects. In a population-based, case-control study conducted in Shanghai, 
China, the association between intake of allium vegetables, including garlic, scal-
lions, onions, chives, and leeks, and the risk of prostate cancer was studied (Hsing 
et al.  2002  ) . In-person interviews and information collected on 122 food items from 
238 case subjects with incident, histologically confi rmed prostate cancer and from 
471 male population control subjects. Men in the highest of three intake categories 
of total allium vegetables (>10.0 g/day) had a statistically signifi cantly lower risk of 
prostate cancer than those in the lowest category (<2.2 g/day). Similar comparisons 
between categories showed reductions in risk for men in the highest intake catego-
ries for garlic and scallions. The reduced risk of prostate cancer associated with 
allium vegetables was independent of body size, intake of other foods, and total 
calorie intake and was more pronounced for men with localized than with advanced 
prostate cancer. 

 The relationship between onion and garlic intake and endometrial cancer, using 
data from an Italian case-control study was examined (Galeone et al.  2009 ). Data 
from a multi-center case-control study of 454 endometrial cancer cases and 908 
controls, admitted to the same hospitals for a wide spectrum of acute, non-neoplastic 
conditions was monitored. Information was collected by trained interviewers using 
a validated method. Multivariate odds ratios and 95% confi dence intervals were 
obtained after allowance for recognized confounding factors. The study found a 
moderate protective role of allium vegetables on the risk of endometrial cancer. 

 In patients with advanced cancers, aged garlic extract (AGE) improved NK cell 
number and activity, but not QoL (Ishikawa et al.  2006  ) . AGE has manifold bio-
logical activities including immunomodulative and antioxidative effects. It is used 
as a major component of non-prescription tonics and cold-prevention medicines 
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or dietary supplements. Advanced-cancer patients decline in immune functions 
and QoL. The study’s subjects were patients with inoperable colorectal, liver, or 
pancreatic cancer. In a randomized double-blind trial, AGE was administered to 
one group and a placebo was administered to another for 6 months. The primary 
endpoint was a QoL questionnaire based on the Functional Assessment of Cancer 
Therapy (FACT). The sub-endpoints were changes in the NK cell activity and the 
salivary cortisol level from before and after administering AGE. Although no dif-
ference was observed in QoL, both the number of NK cells and the NK cell activ-
ity increased signifi cantly in the AGE group. No adverse effect was observed in 
either group. The study showed that administering AGE to patients with advanced 
cancer of the digestive system improved NK cell activity, but caused no improve-
ment in QoL. 

 In patients with a history of adenomas, supplementation with AGE reduced both 
the number and size of subsequent colorectal adenomas (Tanaka et al.  2006  ) . 
Epidemiological and animal studies suggest AGE and its organosulfur constitu-
ents, such as  S -allylcysteine and  S -allylmercapto-cysteine have anti-carcinogenic 
effects. To confi rm these effects in humans, a preliminary double-blind, randomized 
clinical trial using high dose AGE (AGE 2.4 ml/day) as an active treatment and 
low dose AGE (AGE 0.16 ml/day) as a control was performed on patients with 
 colorectal adenomas-precancerous lesions of the large bowel. The study enrolled 51 
patients who were diagnosed as carrying colorectal adenomas. The patients were 
randomly assigned to the two groups after adenomas larger than 5 mm in diameter 
were removed by polypectomy. The number and size of adenomas right before 
intake (0 month) and at 6 and 12 months after intake were measured using colonos-
copy. The number of adenomas increased linearly in the control group from the 
beginning (the baseline), but AGE signifi cantly suppressed both the size and num-
ber of colon adenomas in patients after 12 months of high-dose treatment ( p  = 0.04). 
The results suggest AGE suppresses progression of colorectal adenomas in humans. 
It appears that AGE has multiple pathways to reduce cancer incidence and suppress 
its growth and proliferation.  

    15.3.7   Lingzhi 

 Many types of mushrooms are used in TCM, among which Lingzhi (Fig.  15.2 ) is 
the most precious (Sullivan et al.  2006  ) . Lingzhi is derived from the cap and stem of 
the mushroom  Ganoderma lucidum  and used as an immune stimulant by patients 
with HIV or cancer. The active constituents are  b -glucan polysaccharides (Fig.  15.2 ) 
and triterpenes (Huang  1999  ) , which seem to have the most biological activity. The 
triterpenes are reported to have adaptogenic and antihypertensive, as well as anti-
allergic effects. In addition, they may inhibit tumor invasion by reducing matrix 
metalloproteinase expression and tumor metastases by limiting attachment to 
endothelial cells (Li et al.  2008 ; Mao et al.  1999  ) . 
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 A recent study was designed to determine the antitumor effi cacy of  Ganoderma 
lucidum  polysaccharides (GlPS) and the possible mechanism covering this effect 
(Li et al.  2008  ) . Proteomic study revealed marked protein changes after the process of 
treatment. Three signifi cantly changed proteins were identifi ed as haptoglobin, apoli-
poprotein A-II and serum amyloid A (SAA), respectively. The adhesion assay showed 
that GlPS-treated sera dramatically inhibited the adhesion ability of human prostate 
carcinoma (PC-3M) cells to human umbilical cord vascular endothelial cells 
(HUVECs), and this effect partially recovered after immunodepletion by the antibody 
against SAA. Collectively, these results suggest that GlPS inhibited the tumor growth 
and tumor cell adhesion to HUVECs  via  up-regulation of SAA protein expression. 

  b -glucans have demonstrated antitumor and immuno-stimulating activities (Chan 
et al.  2008  ) . They can induce the maturation of normal and leukemic monocytes 
into dendritic cells (Wang et al.  1997 ). Extracts of Lingzhi have demonstrated the 
ability to stimulate macrophages and to alter the levels of TNF and interleukins 
(Chen et al.  2004  ) . Furthermore, Lingzhi extracts can inhibit 5 a -reductase, an impor-
tant enzyme that converts testosterone to dihydrotestosterone and is up-regulated in 
benign prostatic hyperplasia (Noguchi et al.  2008  ) . 

 Studies in rats have shown that Lingzhi extracts may alleviate chemotherapy-
induced nausea (Wang et al.  2005a    ) . Chemotherapy is highly cytotoxic, causing a 
number of severe adverse effects such as nausea and vomiting. Herbal medicines, 
which can often be used on a daily basis for prolonged treatment, may be clinically 
benefi cial. Lingzhi mushroom has been recognized as a remedy in treating a number 
of medical conditions, including balancing immunity and decreasing drug-induced 
side effects. It has been shown that rats react to emetic stimuli, like the chemotherapy 
agent cisplatin, by increased consumption of kaolin, known as pica; and this rat 
model has been utilized to evaluate novel anti-emetic compounds. In this study, the 
effects of a Lingzhi extract in attenuating cisplatin-induced nausea and vomiting in 
the rat pica model was evaluated (Wang et al.  2005a,   b  ) . Observations showed that 
the intraperitoneal cisplatin injection caused a signifi cant increase in kaolin intake at 
24, 48, 72, and 96 h, refl ecting cisplatin’s nausea and vomiting action. This cisplatin-
induced kaolin intake dose-dependently decreased after 1, 3, and 10 mg/kg Lingzhi 
extract injection. In addition, there was a signifi cant reduction of food intake after 
cisplatin. The cisplatin-induced food intake reduction improved signifi cantly after 
Lingzhi extract administrations in a dose-related manner, suggesting a supportive 
effect of the extract on general body condition. Future controlled clinical trials are 
needed to evaluate the safety and effectiveness of this herbal medication. 

 In clinical studies, Lingzhi increased plasma antioxidant capacity and enhanced 
immune responses in advanced-stage cancer patients (Gao et al.  2003  ) . Thirty-four 
patients with advanced-stage cancer of various tissues were given 1,800 mg of oral 
ganopoly (crude polysaccharide fractions extracted from Lingzhi) three times 
daily before meals for 12 weeks. Cytokines, T cell subsets, and NK activity were 
measured to assess the effects of ganopoly. Researchers found a signifi cant increase 
in T cell populations and NK activity at the 12-week period compared to baseline 
although the mechanism is unclear. 
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 Complete regression of high-grade lymphoma is extremely rare, but one report 
was made mediated by Lingzhi recently (Cheuk et al.  2007  ) . A 47-year-old man 
presented with epigastric pain. Endoscopy revealed a large gastric ulcer, which on 
biopsy was diagnostic of large B cell lymphoma. At gastrectomy 11 days later, no 
evidence was found of large B cell lymphoma despite thorough sampling. Instead, 
there was a dense and permeative infi ltrate of CD3 +  CD8 +  cytotoxic small T lympho-
cytes spanning the whole thickness of the gastric wall.  In situ  reverse transcription 
polymerase chain reaction for T cell receptor  b -chain family did not detect a mono-
clonal T cell population. It was postulated that the cytotoxic T cells may represent 
an active host-immune response against the large B cell lymphoma that resulted in a 
complete regression. On questioning, the patient reported that he had taken mega 
doses of Lingzhi, which might have triggered the successful immune reaction. 

 Ganopoly has demonstrated immunomodulating and tumor inhibitory effects in 
 in vitro  and mouse models (Gao et al.  2002  ) . A clinical trial was conducted to evalu-
ate the effi cacy and safety of ganopoly in patients with advanced cancer. One 
 hundred and forty-three patients with advanced, previously treated cancer were 
enrolled. Eligibility criteria included confi rmation of diagnosis, objectively measur-
able disease, Eastern Cooperative Oncology Group performance status of 0–2, life 
expectancy of 12 weeks or greater, no recent or concomitant anticancer therapy, and 
informed consent. Patients underwent evaluation of the extent of disease, QoL, 
hematologic, biochemical, and selected immune function studies at baseline and 
after 6 and 12 weeks of ganopoly therapy. Standard criteria were used to evaluate 
adverse events and response. Ganopoly was given orally at 1,800 mg three times 
daily. Of the 100 fully assessable patients, 46 patients (32.2%) had progressive dis-
ease (PD) before or at the 6-week evaluation point (range, 5 days to 6 weeks). 
Sixteen patients (11.2%) developed PD between 6 and 12 weeks of therapy. No 
objective (partial or complete) responses were observed, but 38 of 143 patients 
(26.6%) had stable disease (SD) for 12 weeks or more (range, 12–50 weeks). There 
was no signifi cant change in the FACT-G scores in 85 assessable patients. However, 
palliative effects on cancer-related symptoms, such as sweating and insomnia, were 
observed in many patients. In the group of patients with SD, FACT-G scores 
improved in 23 patients, were unchanged in 5 patients, and declined in 1 patient. No 
signifi cant changes of the selected immune function parameters were observed in 
75 assessable patients. However, in the group of 32 patients with SD for 12 weeks 
or more, Ganopoly signifi cantly increased lymphocyte mitogenic reactivity to con-
canavalin A and phyto-hemagglutinin by 28 ± 7.3% ( p  < 0.05) and signifi cantly 
enhanced NK cell activity by 25 ± 5.9% ( p  < 0.05). The results indicate that ganop-
oly may have an adjunct role in the treatment of patients with advanced cancer, 
although objective responses were not observed in this study.  

    15.3.8   Yunzhi 

 Yunzhi ( Coriolus versicolor  mushroom, Fig.  15.2 ) has been shown recently the 
most promising source for cancer prevention and therapy, probably due to its activ-
ity in regulating the immune system. Several botanicals were tested for their 
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immune enhancing activity using a subcutaneous immunization model of cell 
surface carbohydrate expression in cancer cells (Ragupathi et al.  2008 ). The 
 Coriolus versicolor  raw water extract (especially purifi ed polysaccharide-K, PSK, 
from it) was found to display consistent and signifi cant immune enhancement 
activity superior to all other compounds tested. It was also reported that the  Coriolus 
versicolor  has shown anticancer activity with positive results in the treatment of 
 in vitro  and  in vivo  experimental models (Jiménez-Medina et al.  2008 ). The immu-
nomodulatory capacity is the most important and widely reported property of PSK, 
although other mechanisms have been reported including working as antioxidant; 
as inhibitor of metalloproteinases and other enzymes involved in tumor extracel-
lular matrix (Jiménez-Medina et al.  2008 ). Several randomized clinical trials have 
demonstrated that PSK has great potential in adjuvant cancer therapy, with positive 
results in the adjuvant treatment of gastric, esophageal, colorectal, breast and lung 
cancers (Sakamoto et al.  2006 ; Ueda et al.  2006 ). Sakamoto et al. reported double 
blind trials on 1,094 patients with colorectal cancer, using PSK from  Coriolus ver-
sicolor . Although traditional medicine offers little help for colon cancer patients, 
PSK showed a remarkable enhancement of the patient’s white blood cells, even in 
advanced colon cancer cases. The results of this study suggest that adjuvant 
immunochemotherapy with PSK can improve both survival and disease-free sur-
vival of patients with curatively resected colorectal cancer. A randomized, double-
blind, placebo-controlled, crossover study with 100 healthy volunteers demonstrated 
that regular consumption of capsules containing Yunzhi (50 mg/kg) and Danshen 
(20 mg/kg) could be benefi cial for immunological functions by potential enhance-
ment of cell-mediated immunity without any adverse effects (Wong et al.  2004  ) . In 
another study using the same combination, Yunzhi and Danshen were shown to be 
benefi cial for promoting immunological function in post-treatment of breast cancer 
patients (Wong et al.  2005  ) .  

    15.3.9   Xianggu 

 The shiitake mushroom ( Lentinus edodes ) has been cultivated as medicinal foods in 
Asian countries for over 6,000 years. It is called Xianggu or Xiang xun (Fig.  15.2 ) in 
Chinese. It shows a wide spectrum of health benefi ts, used medicinally for diseases 
involving depressed immune function (including AIDS), cancer, environmental aller-
gies, fungal infection, frequent fl u and colds, bronchial infl ammation, heart disease, 
hyperlipidemia (including high blood cholesterol), hypertension, infectious disease, 
diabetes, hepatitis and regulating urinary inconsistencies (Bisen et al.  2010  ) . 

  Lentinus edodes  has been reported to have cancer-preventing properties (Fang 
et al.  2006  ) . A number of  b -glucans, for example pleuran from  Lentinus edodes , have 
shown marked anticarcinogenic activity (Rop et al.  2009  ) . A polysaccharide in 
 Lentinus edodes  called lentinan (1,3- b - d -glucan) boosts the immune system, helping 
to fi ght the fl u and other viruses (Kaneko and Chihara  1992  ) . Lentinan has anticancer 
effects that suppress colon cancer cells and inhibit the proliferation of leukemia cells 
(McCormack et al.  2010  ) . Lentinan also promotes the development of reticular cells, 
which are immune system cells ingesting bacteria as well as cancerous cells, and 



334 S. Prabhu et al.

T lymphocytes (Ogawa et al.  1994 ;    Yoshino et al.  2000 ). Xianggu also contains a 
potent antioxidant, L-ergothioneine, which may help protect normal cells against 
free radicals induced cell damage (Deiana et al.  2004  ) . However, the components of 
 Lentinus edodes  were found to be ineffective against prostate cancer in a clinical trial 
(deVere White et al.  2002  ) . Thus, treatment with these mushrooms or its extracts should 
not substitute for appropriate medical care for cancer, at least before substantial 
 evidence for its standardization in preparation and effi cacy has been demonstrated.   

    15.4   TIM as Cancer Chemopreventive Agents 

    15.4.1   Triphala 

 Triphala (Fig.  15.3 ) is the most commonly used Indian Ayurvedic herbal formula-
tion, consisting of equal parts of three medicinal dried plant fruits  Emblica offi cinalis , 
 Terminalia belerica , and  Terminalia chebula . It is an important medicine of the 
“Rasayana” group of Ayurveda and is believed to promote immunity, health and 
longevity. Rich in antioxidants, Triphala plays an essential role in the treatment of a 

  Fig. 15.3    Representative cancer chemopreventive herbs from traditional Indian medicine       
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wide variety of conditions such infl ammation, anemia, constipation, asthma, jaun-
dice, chronic ulcers and AIDS (Jagetia et al.  2002  ) . Gallic acid and ascorbic acid 
(Table  15.2 ) are found to be the major ingredients of Triphala (Singh et al.  2008  ) . 
There is a growing body of evidence in literature of Triphala being effective in the 
chemoprevention of a variety of cancers.  

 One of the fi rst reports on cancer chemopreventive potential of Triphala showed 
that when included in the diet, it signifi cantly reduced the benzo [a] pyrene-induced 
forestomach papillomagenesis in mice (Deep et al.  2005  ) . In short and long term 
treatment with Triphala, tumor incidences decreased signifi cantly when administered 
as the triple combination in comparison to the individual components of the medica-
tion. Triphala also signifi cantly increased the antioxidant status of animals which 
might have contributed to the chemoprevention. It was inferred that the concomitant 
use of multiple agents seemed to have a high degree of chemoprevention potential. 

 The cytotoxic effects of Triphala were also investigated on two human breast 
cancer cell lines differing in their p53 status (Sandhya and Mishra  2006  ) .  In vitro  
studies showed that MCF-7 breast cancer cells with wild type p53 was more sensi-
tive to Triphala than T-47 D, which is p53 negative. Triphala was also found to 
induce dose and time dependent increase in intracellular ROS in both cell lines. 
Inhibition of anti-proliferative ability of Triphala by antioxidants suggests a role for 
Triphala-induced ROS in the induction of apoptosis. It was concluded that p53 status 
of cancer cells formed an important factor in predicting the response of cancer cells 
to pro-oxidant drugs. 

 The acetone extract of Triphala showed a signifi cant cytotoxic effect on Shionogi 
115 and MCF-7 and PC-3 and DU-145 prostate cancer cells (Kaur et al.  2005  ) . The 
suppression of the growth of cancer cells was determined to be due to gallic acid, a 
major polyphenol in Triphala. 

 Recently, the effect of Triphala against pancreatic cancer cells was demonstrated 
in a study wherein the molecular mechanism of Triphala against human pancreatic 
cancer in the cellular and  in vivo  models was elucidated (Shi et al.  2008  ) . Exposure 
of Capan-2 cells to the aqueous extract of Triphala for 24 h resulted in the signifi -
cant decrease in the survival of cells in a dose-dependent manner with an IC 

50
  of 

50  m g/ml. Similarly, Triphala induced apoptosis in another pancreatic cancer cell 
line BxPC-3 by activating ERK. Triphala was administered orally to nude mice 
implanted with Capan-2 xenograft. Reduced tumor-growth in Triphala fed mice was 
due to increased apoptosis in tumor cells, which was associated with increased acti-
vation of p53 and ERK. The preclinical studies demonstrated that Triphala was 
effective in inhibiting the growth of human pancreatic cancer cells in both cellular 
and  in vivo  models.  

    15.4.2   Turmeric 

 Turmeric (Fig.  15.3 ), also called Indian saffron, is the root powder of  Curcuma 
longa,  and has long been used in TIM as a treatment for infl ammatory and other 
conditions. The same herb is listed in TCM as Jiang hua. Three curcuminoids, i.e. 
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curcumin (diferuloylmethane; the primary constituent responsible for its vibrant 
yellow color), demethoxycurcumin, and bisdemethoxycurcumin (Table  15.2 ) are 
the main constituents of Turmeric, along with volatile oils (tumerone, atlantone, and 
zingiberone), sugars, proteins, and resins (Jurenka  2009  ) . Curcumin is insoluble in 
water and ether but is soluble in oil, ethanol, dimethylsulfoxide and other organic 
solvents. In recent years, curcumin has been the focus of investigation as a therapeu-
tic agent in a variety of disorders such as infl ammatory bowel disease, pancreatitis, 
as well as certain types of cancers. Starting from cell culture studies, curcumin 
research has evolved into more and more clinical studies to gain a deeper under-
standing of the therapeutic potential of this naturally occurring product. 

 Curcumin inhibits cancer development and progression, targeting multiple steps 
in the pathway to malignancy. It has activity as both a blocking agent, inhibiting the 
initiation step of cancer by preventing carcinogen activation, and as a suppressing 
agent, inhibiting malignant cell proliferation during promotion and progression of 
carcinogenesis. Curcumin is thought to suppress NF- k B activation and pro-infl am-
matory gene expression by blocking phosphorylation of inhibitory factor I k B. 
Suppression of NF- k B activation subsequently down-regulates COX-2 and iNOS 
expression, inhibiting the infl ammatory process and tumorigenesis (Jobin et al.  1999  ) . 
In an animal model of infl ammation, curcumin also inhibited arachidonic acid 
metabolism and infl ammation in mouse skin epidermis  via  down-regulation of the 
COX and lipoxygenase pathways (Huang et al.  1991  ) . 

 Although more clinical outcomes are expected in the near future regarding the 
effectiveness of curcumin against cancer, current data on clinical trials published in 
peer-reviewed literature utilizing curcumin for chemoprevention or for cancer ther-
apy are somewhat limited (Jurenka  2009  ) . A Phase I clinical trial investigated the 
use of curcumin as a chemopreventive agent in 25 patients with various types of 
high-risk or premalignant lesions. After an initial dose of 500 mg curcumin daily, 
the dose was increased to as much as 8 g daily for 3 months. Histological improve-
ment of lesions was seen in one of two patients with recently resected bladder can-
cer, two of seven patients with oral leukoplakia, one of six patients with intestinal 
metaplasia of the stomach, one of four patients with carcinoma  in situ  and two of six 
patients with Bowen’s disease. Histological improvement of precancerous lesions 
was observed in one of four patients with cervical intraepithelial neoplasm (decreased 
hyperkeratosis and parakeratosis), one of six patients with intestinal metaplasia of 
the stomach (fewer goblet cells), one of two patients with recently resected bladder 
cancer (decreased dysplasia and infl ammation), two of seven patients with oral leu-
koplakia, and two of six patients with Bowen’s disease (Cheng et al.  2001  ) . In con-
clusion, this study demonstrated that curcumin is not toxic to humans up to 8 g/day 
when taken by mouth for 3 months. These results also suggested a biological effect 
of curcumin in the chemoprevention of cancer. 

 Additional studies on colorectal cancers have also been conducted; Sharma et al. 
(Sharma et al.  2001,   2004  )  conducted two separate clinical trials exploring cur-
cumin’s effect on malignancies and tumor marker levels. In one trial (Sharma et al. 
 2004  ) , 15 patients with advanced colorectal cancer were given a low-dose (440–
2,200 mg daily) Turmeric extract (equivalent to 36–180 mg curcumin) for up to 
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4 months. The activity of GST and levels of a DNA adduct (M1G) formed by 
malondialdehyde, a product of lipid peroxidation and prostaglandin biosynthesis, 
were measured in patients’ blood cells. Oral curcuma extract was well tolerated and 
dose-limiting toxicity was not observed. Neither curcumin nor its metabolites were 
detected in blood or urine, but curcumin was recovered from feces. Ingestion of 
440 mg of Turmeric extract for 29 days was accompanied by a 59% decrease in 
lymphocytic GST activity. At higher dose levels, this effect was not observed. 
Leukocytic MlG levels were constant within each patient and unaffected by treat-
ment. Radiologically, stable disease was demonstrated in fi ve patients for 2–4 months 
of treatment. The results suggested that: (a) Turmeric extract can be administered 
safely to patients at doses of up to 2.2 g daily, equivalent to 180 mg of curcumin; (b) 
Curcumin has low oral bioavailability in humans and may undergo intestinal metab-
olism; and (c) Larger clinical trials of curcuma extract are merited. 

 In another clinical trial (Sharma et al.  2001  ) , researchers used a higher potency 
curcuminoid preparation, each capsule containing 450 mg curcumin, 40 mg 
demethoxycurcumin, and 10 mg bisdemethoxy-curcumin. Fifteen patients with 
advanced colorectal cancer were given curcuminoid doses of 450–3,600 mg daily 
for up to 4 months. Blood and imaging tests were performed at baseline and various 
points throughout the trial. In six patients, given at the 3,600 mg dose, mean PGE2 
levels measured after 29 days of treatment decreased by 46% compared to baseline. 
PGE2 is an end product of COX-mediated oxidation that has been shown to stimu-
late growth of human colorectal cancer cells. In addition, two patients (one taking 
900 mg, the other taking 1,800 mg) demonstrated stable disease as determined  via  
CT scan or MRI after 2 months. 

 Another clinical trial investigated curcumin’s effects in patients with colorectal 
cancer at doses of 450, 1,800, or 3,600 mg daily for 7 days (Garcea et al.  2005  ) . The 
aim of this study was to determine if these doses resulted in pharmacologically active 
levels of curcumin in colorectal tissue or had any effect on tissue levels of the oxida-
tive DNA adduct M1G, a mutagenic byproduct of lipid peroxidation, or COX-2 
markers of DNA damage and infl ammation. The highest dose (3,600 mg) resulted in 
a signifi cant decrease in M1G from 4.8 ± 2.9 to 2.0 ± 1.8 per 107 nucleotides. In another 
clinical trial, curcumin stabilized disease progression in patients with advanced pan-
creatic cancer (Dhillon et al.  2008  ) . Twenty-one patients received 8 g curcumin daily 
until disease progression. Serum cytokine levels as well as NF- k B and COX-2 levels 
in peripheral blood mononuclear cells were monitored. One patient achieved disease 
stabilization for 18 months. Interestingly, a second patient experienced signifi cant 
increases in serum cytokine levels (4- to 35-fold) accompanied by a brief, but marked 
tumor regression (73%). Down-regulation of NF- k B and COX-2 were also observed. 

 Lal et al.  (  1999  )  administered curcumin orally to patients suffering from chronic 
anterior uveitis (CAU) at a dose of 375 mg three times a day for 12 weeks. They were 
divided into two groups: one group of 18 patients received curcumin alone, whereas 
the other group of 14 patients, in addition received anti-tubercular treatment. 
The patients in both the groups started improving after 2 weeks of treatment. All the 
patients who received curcumin alone improved, whereas the group receiving anti-
tubercular therapy along with curcumin had a response rate of 86%. Follow-up of 
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all the patients for the next 3 years indicated a recurrence rate of 55% in the fi rst 
group and of 36% in the second group. The effi cacy of curcumin and recurrences 
following treatment were comparable to corticosteroid therapy, which is presently 
the only available standard treatment for this disease. 

 Curcumin has also been used for the treatment of patients suffering from idio-
pathic infl ammatory orbital pseudo-tumors (Lal et al.  2000  ) . Curcumin was admin-
istered orally at a dose of 375 mg/3 times/day orally for a period of 6–22 months in 
eight patients. They were followed-up for a period of 2 years at 3-month intervals. 
Five patients completed the study, of which four recovered completely and one 
experienced some persistent limitation of movement but the swelling regressed 
completely. No side effect was noted in any patient and there was no recurrence. 
The study suggests that curcumin could be used as a safe and effective drug in the 
treatment of idiopathic infl ammatory orbital pseudo-tumors. 

 Currently there are several ongoing clinical trials investigating the benefi ts of 
curcumin as a therapy for various cancers (Jurenka  2009 ; Hatcher et al.  2010  ) . 
Table  15.3  lists ongoing clinical trials investigating the anticancer potential of 
curcumin. Based on these studies, a better understanding of curcumin’s effi cacy for 
chemoprevention and treatment of active cancer is expected.   

    15.4.3   Neem 

 The Neem tree or margosa has the botanical name  Azadirachta indica  which liter-
ally means “the free tree of India”. A sample of its leaf powder is shown in Fig.  15.3 . 
Numerous active compounds have been isolated from Neem (Subapriya and Nagini 
 2005  ) . Some of the most studied include gedunin, sodium nimbinate, salannin, 
nimbin, ninbidiol, quercetin, nimbidin, and azadirachtin (Table  15.3 ). Analysis also 
reveals the presence of carotenoids, nutritive compounds being hailed for their abil-
ity to ward off many types of cancer. Neem contains multiple active compounds that 
work simultaneously  via  different mechanisms. One of these documented mecha-
nisms is apoptosis. Neem has also been shown to produce substantially higher levels 
of antioxidants, including the carcinogen-detoxifying GSH. Recently, Neem has 
shown impressive effi cacy against a wide variety of human cancer cell lines, and 
animal models for human cancers that include colon, stomach, Ehrlich’s carcinoma, 
lung, liver, skin, oral, prostate, and breast cancers (Vinothini et al.  2009  ) . 

 In addition to studies showing that pretreatment with Neem is highly protective 
against cancer in animals and demonstrating the effi cacy of Neem as a stand-alone 
treatment, recent reports suggest that Neem pretreatment also enhances the activity 
while reducing the side effects of some conventional cancer treatments. Much 
research obviously remains to be done before Neem can be recommended for human 
use, but the consistently spectacular results from these  in vitro  and preclinical stud-
ies have already inspired tremendous enthusiasm and hope. 

 Vinothini et al. evaluated the chemopreventive potential of the ethyl acetate frac-
tion and methanol fraction of Neem leaf on 7,12-dimethylbenz( a )anthracene 
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(DMBA)-induced rat mammary carcinogenesis (Vinothini et al.  2009  ) . 
Administration of both the ethyl acetate fraction and methanol fraction at 10 mg/kg 
effectively suppressed tumor incidence. Chemoprevention by Neem leaf fractions 
was associated with modulation of hormone and receptor status, xenobiotic-metab-
olizing enzymes, and lipid and protein oxidation, with up-regulation of antioxi-
dants, inhibition of oxidative DNA damage, protein modifi cation, and cell 
proliferation, and induction of apoptosis. The ethyl acetate fraction was more effec-
tive than the methanol fraction in modulating multiple molecular targets. 

 Sarkar et al. studied the involvement of NO release in CEAM phi NLGP (carcino-
embryonic antigen pulsed macrophages with Neem leaf glycoprotein) and its relation-
ship with vaccine induced type 1 immune response (Sarkar et al.  2009  ) . Obtained 
results clearly demonstrated the interdependence of two antitumor immune functions, 
namely, NO production and generation of type 1 immune response. Understanding of 
the mechanism of this NO related immune modulation would have great impact in 
proposing CEAM phi NLGP vaccine in clinic for the treatment of CEA +  tumors. 

 A study was designed to evaluate the chemopreventive potential of the neem 
limonoids, azadirachtin, and nimbolide based on  in vitro  antioxidant assays and 
 in vivo  inhibitory effects on DMBA-induced hamster buccal pouch carcinogenesis 
(Priyadarsini et al.  2009  ) . Both azadirachtin and nimbolide exhibited concentra-
tion-dependent anti-radical scavenging activity and reductive potential in the 
order: nimbolide > azadirachtin > ascorbate. Administration of both azadirachtin 
and nimbolide inhibited the development of DMBA-induced buccal pouch carcino-
mas by infl uencing multiple mechanisms including prevention of procarcinogen 
activation and oxidative DNA damage, up-regulation of antioxidant and carcino-
gen detoxifi cation enzymes and inhibition of tumor invasion and angiogenesis. 
On a comparative basis, nimbolide was found to be a more potent antioxidant and 
 chemopreventive agent and offers promise as a candidate agent in multi-targeted 
prevention and treatment of cancer. In another report, the cytotoxic effects of nim-
bolide, was studied on human choriocarcinoma (BeWo) cells (   Harish Kumar et al. 
 2009  ) . Treatment with nimbolide resulted in dose and time dependent inhibition of 
growth of BeWo cells with IC 

50
  values of 2.01 and 1.19 mM for 7 and 24 h incuba-

tions respectively, accompanied by down-regulation of proliferating cell nuclear 
antigen. The results of the study suggested that nimbolide has potential in cancer 
prevention and therapy based on its anti-proliferative and apoptosis-inducing effects. 
Roy et al.  (  2007  )  reported that nimbolide was found to have anti-proliferative activity 
against several cancer cell lines. Treatment of cells with 0.5–5.0  m M concentrations 
of nimbolide resulted in moderate to very strong growth inhibition in U937, HL-60, 
THP1, and B16 cell lines. Quantifi cation of the expression of phosphatidylserine in 
the outer cell membrane showed that doses of nimbolide higher than 0.4  m M exerted 
remarkable lethality, with over 60% of cells exhibiting apoptotic features after 
exposure to 1.2  m M nimbolide. The anti-proliferative effect of nimbolide and its 
apoptosis inducing property raise hope for its use in anticancer therapy by enhanc-
ing the effectiveness of cell cycle disruption. 

 A Neem leaf preparation was investigated for its role in the induction of tumor 
cell apoptosis to elucidate the mechanism of Neem leaf preparation-mediated 
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immunoprophylaxis in tumor growth restriction (Bose et al.  2007  ) . An enzyme 
linked immunosorbant assay revealed the presence of cytotoxic cytokines, IFN-
gamma and TNF-alpha, in the Neem leaf preparation culture supernatant. The 
inhibition of secretion of IFN-gamma and TNF-alpha in the Neem leaf prepara-
tion culture supernatant caused a signifi cant decrease in tumor cell apoptosis. 
Furthermore, stimulation of these tumor cells with Neem leaf preparation culture 
supernatant resulted in up-regulation of the caspase-3 and down-regulation of the 
Bcl-2 and cyclin D1. These observations suggested that Neem leaf preparation 
could induce tumor cellular apoptosis by releasing cytotoxic cytokines from 
human PBMC.  

    15.4.4   Guggulu 

 Guggulu (Fig.  15.3 ), the gum resin from the tree  Commiphora mukul , has been used 
in TIM for centuries to treat ailments such as obesity, bone fractures, arthritis, 
infl ammation and cardiovascular disorders. The active substances in Guggulu are 
the pregnane plant sterols E- and Z-guggulsterone (Table  15.2 ), which have been 
shown to lower cholesterol and triglycerides. However, they have also been shown 
to have potent anti-infl ammatory effects (Kaul and Kapoor  1989  ) . Guggulsterone 
blocks NF- k B signaling pathway by targeting the I k B kinase complex and sup-
presses the activation of constitutive and inducible NF- k B, tumor promoters (phor-
bol myristate acetate and okadaic acid), hydrogen peroxide and cytokines (interleukin 
1B and tumor necrosis factor) (Shishodia and Aggarwal  2004 ; Xiao and Singh 
 2008  ) . Previous studies have shown that E-guggulsterone inhibits the growth of 
PC-3, DU145, and LNCaP human prostate cancer cells by causing apoptosis initi-
ated by ROS-mediated activation of c-Jun NH 

2
 -terminal kinase (Singh et al.  2005, 

  2007  ) . Anti-proliferative and/or apoptosis-inducing effects of guggulsterone have 
also been documented in lung, acute myeloid leukemia and breast cancer cells 
(Samudio et al.  2005  ) . 

 Guggulsterone has also demonstrated, in recent studies, the inhibition of angio-
genesis  in vitro  and  in vivo  which has been implicated in the pathogenesis of many 
diseases, including cancer.  In vivo  studies conducted on male nude mice inhibited 
angiogenesis in DU145-Matrigel plug assay as evidenced by a decrease in tumor 
burden, microvessel area and VEGF-R2 expression. Hence, the authors postulated 
that guggulsterone inhibited angiogenesis by suppressing the VEGF-VEGF-R2-Akt 
signaling axis and hence was effective against prostate cancer (Samudio et al. 
 2005  ) . 

 Similarly, studies showing the treatment of head and neck squamous cell carci-
noma (HNSCC) cells with guggulsterone induced apoptosis and cell cycle arrest 
and enhanced the effi cacy of frontline treatment regimens using erlotinib, cetux-
imab and cisplatin.  In vivo  treatment with guggulu resulted in decreased rates of 
tumor growth and enhancement of cetuximab’s activity (Leeman-Neill et al.  2009  ) . 
Recently, guggulsterone demonstrated the induction of apoptosis in HT-29 colon 
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cancer cell lines by activating caspase-3 and -8, and inhibited tumor growth in 
murine colorectal cancer xenografts in mice (An et al.  2009  ) . 

 The effects of guggulsterone on colon cancer cells and the underlying molecular 
mechanisms related to angiogenesis were investigated (Kim et al.  2008  ) . 
Guggulsterone signifi cantly reduced cell viability in colon cancer cells in a dose 
dependent manner and blocked VEGF, ARNT, and STAT3 expression prominently 
in hypoxic conditions. The recruitment of STAT3 and ARNT, but not HIF-1 a , to the 
VEGF promoter was inhibited by guggulsterone treatment. The results of this study 
suggest that guggulsterone not only induces apoptosis, but also inhibits angiogene-
sis and metastasis in colon cancer cells by blocking STAT3 and VEGF expression, 
suggesting its therapeutic potential in the treatment of colorectal cancer. 

 A report on the anticancer effect and mechanism of Guggulu against human 
prostate cancer cells was reported (   Xiao et al.  2011 ). Treatment with Guggulu sig-
nifi cantly inhibited viability of human prostate cancer cell line LNCaP (androgen-
dependent) and its androgen-independent variant (C81) with an IC 

50
  of 1  m M (24 h 

treatment) at pharmacologically relevant concentrations standardized to its major 
active constituent Z-guggulsterone. The Guggulu induced growth inhibition corre-
lated with apoptosis induction as evidenced by an increase in cytoplasmic histone-
associated DNA fragmentation and sub-G0/G1 DNA fraction, and cleavage of 
poly(ADP-ribose) polymerase.  

    15.4.5   Sapthaparna 

 Sapthaparna, an herbal preparation of  Alstonia scholaris , has been used for generations 
in India for the treatment of diseases such as syphilis-related insanity, epilepsy, and 
ulcers. The bark is the most extensively used part of the tree and is used in many com-
pound herbal formulations (Keawpradub et al.  1997  ) . Sapthaparna contains several 
alkaloids, including echitamine (Table  15.3 ). In recent times, the anticancer effects of 
Sapthaparna were investigated whereby the chemopreventive effect of various doses 
of a hydro-alcoholic extract of Sapthaparna was studied on the benzo( a )pyrene 
(BaP)-induced stomach carcinoma in female mice (Jagetia et al.  2003  ) . The tumor 
incidence was reduced by 6.7%. Similarly, the tumor multiplicity reduced signifi -
cantly. Sapthaparna treatment not only reduced the frequency of micronuclei in the 
splenocytes bearing one micronuclei but also cells bearing multiple micronuclei indi-
cating the effi cacy of Sapthaparna in inhibiting mutagenic changes induced by BaP. 

 In another study, the anticancer effect of various doses of an alkaloid fraction of 
Sapthaparna, was studied  in vitro  in cultured human neoplastic cell lines (HeLa, 
HepG2, HL-60, KB, and MCF-7) and in Ehrlich ascites carcinoma bearing mice 
(Jagetia and Baliga  2006  ) . Exposure of cells to Sapthaparna for 4 h resulted in only 
25% viability of cells.  In vivo  studies with tumor bearing mice administered 
Sapthaparna extract daily for 9 consecutive days caused a dose dependent remission 
of the tumor up to 240 mg/kg. 20% of the animals survived up to 120 days post 
tumor cell inoculation as against no survivors in the saline treated control group. 
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 Cancer occurs in 2–10 pregnancies out of 1,000, and if chemotherapeutic agents 
cross the placental barrier, the fetus can be exposed adversely. Thus, the teratogenic 
effect of a hydroalcoholic extract of Sapthaparna was studied in pregnant Swiss 
albino mice administered with increasing doses ranging from 0 to 480 mg/kg 
Sapthaparna extract (Jagetia and Baliga  2003  ) . The administration of 60, 120, 180, 
and 240 mg/kg Sapthaparna extract to the pregnant mice on day 11 did not induce 
mortality, congenital malformations, or alter the normal growth patterns. A further 
increase in Sapthaparna extract dose up to 360 or 480 mg/kg resulted in a dose 
dependent increase in the mortality, growth retardation, and congenital malforma-
tions, characterized mainly by bent tails and syndactyly. This study indicated that 
Sapthaparna extract treatment caused teratogenic effect only at doses above 240 mg/
kg (420% of LD 

50
 ). Lower doses had no developmental toxicity hence can be inves-

tigated as alternative to potent, teratogenic drugs. 
 The chemomodulatory activity of Sapthaparna extract was studied in combina-

tion with berberine, a topoisomerase inhibitor, in Ehrlich ascites carcinoma-bearing 
mice (Jagetia and Baliga  2004  ) . The combination of 180 mg/kg of Sapthaparna 
extract with 8 mg/kg of berberine showed the greatest antitumor effect; the number 
of tumor-free survivors was greater, and the median survival time and the average 
survival time increased up to 47 and 40.5 days, respectively, when compared with 
either treatment alone. 

 The chemopreventive and anti-oxidative properties of Sapthaparna have also 
been tested skin carcinogenesis. One such study (Jahan et al.  2009  )  on skin carcino-
genesis was conducted using a single application of DMBA, and 2 weeks later, 
promoted by repeated application of croton oil (1% in acetone/three times a week) 
till the end of the experiment (16 weeks) in Swiss albino mice. The tumor incidence, 
tumor yield, tumor burden and cumulative number of papillomas were found to be 
higher in the carcinogen treated control as compared to Sapthaparna-co-treated 
animals. This study demonstrated the chemopreventive potential of Sapthaparna 
extract in DMBA-induced skin tumorigenesis in Swiss albino mice.   

    15.5   Challenges and Strategy for the Development of Cancer 
Chemopreventive Agents from TCM and TIM 

 Many herbs from TCM and TIM or other traditional medicines have been recorded 
for thousands of years for their energizing and healing properties in humans. 
However, translating traditional medicines into acceptable evidence-based Western 
therapies is still diffi cult. The inconsistency in manufacturing standards, criteria of 
purity, and lack of well-designed clinical trials make evaluation of clinical effi cacy 
and toxicity by the Western standards diffi cult. Nevertheless, progress is being made 
and it is foreseeable that one day standardized medical products developed from 
traditional medicines will enter the main stream Western health care. 

 As we can conclude from this survey of literature, there are two general 
approaches to study the cancer chemopreventive effect of TCM and TIM: the 
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mixture approach and the single compound approach. Both have advantages and 
disadvantages. The mixture approach is more “holistic”, a natural trait of the tra-
ditional medicine. However, quality control and reproducibility are serious issues. 
The single compound approach is usually recognized as a reductionist Western 
approach. Although it’s more “scientifi c”, it loses the synergism from the intri-
cacy interactions among the various components with many biological pathways. 
To solve this dilemma, we propose here a three-step integrated strategy to facili-
tate the discovery and development of cancer chemopreventive agents from TCM 
and TIM:

   Step (1) Identify major TCM and TIM which show signifi cant cancer chemopre-
ventive effects as mixtures;  

  Step (2) Clarify the specifi c chemopreventive mechanisms by using 2–3 major iso-
lated single components;  

  Step (3) Recombine these single components to obtain a cocktail product which is 
more effi cacious than individual component while with less side effects due to 
reduced doses for each individual component.     

    15.6   Conclusions 

 TCM and TIM have been used to prevent and treat human diseases for thousands of 
years. Due to availability of a vast database of information collected over this long 
period of time, it is possible to identify remedies with low side effects, thus making 
them extremely suitable for long term use as oral or topical chemopreventive agents. 
The availability of thousands of single entities as well as combination formulas in 
TCM and TIM and in particular those with known anti-infl ammatory properties 
provide a rich source for identifying effective chemopreventive agents. Even though 
cancer prevention using TCM and TIM is still in its infancy, results from Danshen, 
Huang Jiang, Triphala, and particularly Turmeric are very promising. It is foresee-
able that in the years to come, with improved investigative strategies, more and 
more herbal medicine will be screened for cancer chemoprevention and several non- 
or low-toxic TCM and TIM preparations and their recombined active components 
will be identifi ed and clinically used as effective chemopreventive agents for vari-
ous types of cancer in humans, especially in high risk populations.      

      References 

    Amagase H (2006) Clarifying the real bioactive constituents of garlic. J Nutr 136:716S–725S  
    Amagase H, Petesch BL, Matsuura H, Kasuga S, Itakura Y (2001) Intake of garlic and its bioactive 

components. J Nutr 131:955S–962S  



34515 Materia Medica for Cancer Chemoprevention

    An MN, Cheon JH, Kim SW, Kim ES, Kim TI, Kim WH (2009) Guggulsterone induces apoptosis 
in colon cancer cells and inhibits tumor growth in murine colorectal cancer xenografts. Cancer 
Lett 279:93–100  

    Ben-Neriah Y (2002) Regulatory functions of ubiquitination in the immune system. Nat Immunol 
3:20–26  

    Bisen PS, Baghel RK, Sanodiya BS, Thakur GS, Prasad GB (2010) Lentinus edodes: a macrofun-
gus with pharmacological activities. Curr Med Chem 17:2419–2430  

    Bose A, Haque E, Baral R (2007) Neem leaf preparation induces apoptosis of tumor cells by 
releasing cytotoxic cytokines from human peripheral blood mononuclear cells. Phytother Res 
21:914–920  

    Boyle JO, Langenfeld J, Lonardo F, Sekula D, Reczek P, Rusch V et al (1999) Cyclin D1 proteoly-
sis: a retinoid chemoprevention signal in normal, immortalized, and transformed human bron-
chial epithelial cells. J Natl Cancer Inst 91:373–379  

    Chabot-Fletcher M (1997) A role for transcription factor NF-kappa B in infl ammation. Infl amm 
Res 46:1–2  

    Chan FL, Choi HL, Chen ZY, Chan PS, Huang Y (2000) Induction of apoptosis in prostate cancer 
cell lines by a fl avonoid, baicalin. Cancer Lett 160:219–228  

    Chan WK, Cheung CC, Law HK et al (2008) Ganoderma lucidum polysaccharides can induce 
human monocytic leukemia cells into dendritic cells with immuno-stimulatory function. 
J Hematol Oncol 1:9  

    Chen X, Yang L, Oppenheim JJ, Howard MZ (2002) Cellular pharmacology studies of shikonin 
derivatives. Phytother Res 16:199–209  

    Chen HS, Tsai YF, Lin S et al (2004) Studies on the immuno-modulating and anti-tumor activities 
of Ganoderma lucidum (Reishi) polysaccharides. Bioorg Med Chem 12:5595–5601  

    Chen TH, Hsu YT, Chen CH, Kao SH, Lee HM (2007) Tanshinone IIA from Salvia miltiorrhiza 
induces heme oxygenase-1 expression and inhibits lipopolysaccharide-induced nitric oxide 
expression in RAW 264.7 cells. Mitochondrion 7:101–105  

    Cheng TO (2006) Danshen: what every cardiologist should know about this Chinese herbal drug. 
Int J Cardiol 110:411–412  

    Cheng AL, Hsu CH, Lin JK, Hsu MM, Ho YF, Shen TS et al (2001) Phase I clinical trial of cur-
cumin, a chemopreventive agent, in patients with high risk of pre-malignant lesions. Anticancer 
Res 21:2895–2900  

    Cheuk W, Chan JK, Nuovo G, Chan MK, Fok M (2007) Regression of gastric large B-cell lymphoma 
accompanied by a fl orid lymphoma-like T-cell reaction: immunomodulatory effect of 
Ganoderma lucidum (Lingzhi)? Int J Surg Pathol 15:180–186  

    Chiu PY, Leung HY, Siu AH, Poon MK, Dong TT, Tsim KW et al (2007) Dang-Gui Buxue Tang 
protects against oxidant injury by enhancing cellular glutathione in H9c2 cells: role of glutathi-
one synthesis and regeneration. Planta Med 73:134–141  

    Chu Q, Hashimoto K, Satoh K, Wang Q, Sakagami H (2009) Effect of three herbal extracts on NO 
and PGE2 production by activated mouse macrophage-like cells. In Vivo 23:537–544  

    Cuzick J, Otto F, Baron JA, Brown PH, Burn J, Greenwald P et al (2009) Aspirin and non-steroidal 
anti-infl ammatory drugs for cancer prevention: an international consensus statement. Lancet 
Oncol 10:501–507  

    D’Acquisto F, Iuvone T, Rombola L, Sautebin L, Di Rosa M, Carnuccio R (1997) Involvement of 
NF-kappaB in the regulation of cyclooxygenase-2 protein expression in LPS-stimulated J774 
macrophages. FEBS Lett 418:175–178  

    Deep G, Dhiman M, Rao AR, Kale RK (2005) Chemopreventive potential if Triphala on benzopy-
rene induced forestomach tumorigenesis in murine tumor model system. J Exp Clin Cancer 
Res 24:555–563  

    Deiana M, Rosa A, Casu V, Piga R, Assunta Dessi M, Aruoma OI (2004) L-ergothioneine modu-
lates oxidative damage in the kidney and liver of rats in vivo: studies upon the profi le of poly-
unsaturated fatty acids. Clin Nutr 23:183–193  

    deVere White RW, Hackman RM, Soares SE, Beckett LA, Sun B (2002) Effects of a mushroom 
mycelium extract on the treatment of prostate cancer. Urology 60:640–644  



346 S. Prabhu et al.

    Dhillon N, Aggarwal BB, Newman RA, Wolff RA, Kunnumakkara AB, Abbruzzese JL (2008) 
Phase II trial of curcumin in patients with advanced pancreatic cancer. Clin Cancer Res 14:
4491–4499  

    Dietz BM, Liu D, Hagos GK, Yao P, Schinkovitz A, Pro SM et al (2008) Angelica sinensis and its 
alkylphthalides induce the detoxifi cation enzyme NAD(P)H: quinone oxidoreductase 1 by 
alkylating Keap1. Chem Res Toxicol 21:1939–1948  

    Dragnev KH, Feng Q, Ma Y, Shah SJ, Black C, Memoli V et al (2007) Uncovering novel targets 
for cancer chemoprevention. Recent Results Cancer Res 174:235–243  

    Fahey JW, Talalay P (1999) Antioxidant functions of sulforaphane: a potent inducer of Phase II 
detoxication enzymes. Food Chem Toxicol 37:973–979  

    Fan GW, Gao XM, Wang H, Zhu Y, Zhang J, Hu LM et al (2009) The anti-infl ammatory activities 
of Tanshinone IIA, an active component of TCM, are mediated by estrogen receptor activation 
and inhibition of iNOS. J Steroid Biochem Mol Biol 113:275–280  

    Fang N, Li Q, Yu S, Zhang J, He L, Ronis MJ et al (2006) Inhibition of growth and induction of 
apoptosis in human cancer cell lines by an ethyl acetate fraction from shiitake mushrooms. 
J Altern Complement Med 12:125–132  

    Fleischauer AT, Poole C, Arab L (2000) Garlic consumption and cancer prevention: meta-analyses 
of colorectal and stomach cancers. Am J Clin Nutr 72:1047–1052  

    Fu J, Huang H, Liu J, Pi R, Chen J, Liu P (2007) Tanshinone IIA protects cardiac myocytes against 
oxidative stress-triggered damage and apoptosis. Eur J Pharmacol 568:213–221  

    Galeone C, Pelucchi C, Levi F, Negri E, Franceschi S, Talamini R et al (2006) Onion and garlic use 
and human cancer. Am J Clin Nutr 84:1027–1032  

    Galeone C, Pelucchi C, Dal Maso L, Negri E, Montella M, Zucchetto A et al (2009) Allium veg-
etables intake and endometrial cancer risk. Public Health Nutr 12:1576–1579  

    Gao Y, Zhou S, Chen G, Dai X, Ye J (2002) A Phase I/II study of a Ganoderma lucidum (Curt.: 
Fr.) P. Karst. extract (Ganopoly) in patients with advanced cancer. Int J Med Mush 3:8  

    Gao Y, Zhou S, Jiang W, Huang M, Dai X (2003) Effects of ganopoly (a Ganoderma lucidum 
polysaccaharide extract) on the immune functions in advanced-stage cancer patients. Immunol 
Invest 32:201–205  

    Garcea G, Berry DP, Jones DJ, Singh R, Dennison AR, Farmer PB et al (2005) Consumption of the 
putative chemopreventive agent curcumin by cancer patients: assessment of curcumin levels in 
the colorectum and their pharmacodynamic consequences. Cancer Epidemiol Biomarkers Prev 
14:120–125  

    Gately S, Li WW (2004) Multiple roles of COX-2 in tumor angiogenesis: a target for antiangiogenic 
therapy. Semin Oncol 31:2–11  

    Ghosh S, May MJ, Kopp EB (1998) NF-kappa B and Rel proteins: evolutionarily conserved medi-
ators of immune responses. Annu Rev Immunol 16:225–260  

    Guo LQ, Taniguchi M, Chen QY, Baba K, Yamazoe Y (2001) Inhibitory potential of herbal medi-
cines on human cytochrome P450-mediated oxidation: properties of umbelliferous or citrus 
crude drugs and their relative prescriptions. Jpn J Pharmacol 85:399–408  

    Hanahan D, Weinberg RA (2011) Hallmarks of cancer: the next generation. Cell 144:646–674  
    Harish Kumar G, Chandra Mohan KV, Jagannadha Rao A, Nagini S (2009) Nimbolide a limonoid 

from Azadirachta indica inhibits proliferation and induces apoptosis of human choriocarci-
noma (BeWo) cells. Invest New Drugs 27:246–252  

    Hatcher H, Planalp R, Cho J, Torti FM, Torti SV (2010) Curcumin: from ancient medicine to cur-
rent clinical trials. Arch Pharm Chem Life Sci 9:489–499  

    Hawk ET, Umar A, Viner JL (2004) Colorectal cancer chemoprevention – an overview of the sci-
ence. Gastroenterology 126:1423–1447  

    Herman-Antosiewicz A, Powolny AA, Singh SV (2007) Molecular targets of cancer chemopre-
vention by garlic-derived organosulfi des. Acta Pharmacol Sin 28:1355–1364  

    Hirsch K, Danilenko M, Giat J, Miron T, Rabinkov A, Wilchek M et al (2000) Effect of purifi ed 
allicin, the major ingredient in freshly crushed garlic, on cancer cell proliferation. Nutr Cancer 
38:245–254  



34715 Materia Medica for Cancer Chemoprevention

    Hodge G, Hodge S, Han P (2002) Allium sativum (garlic) suppresses leukocyte infl ammatory 
cytokine production in vitro: potential therapeutic use in the treatment of infl ammatory bowel 
disease. Cytometry 48:209–215  

    Hsing AW, Chokkalingam AP, Gao YT, Madigan MP, Deng J, Gridley G et al (2002) Allium veg-
etables and risk of prostate cancer: a population-based study. J Natl Cancer Inst 
94:1648–1651  

    Huang K (1999) The pharmacology of Chinese herbs, 2nd edn. CRC Press, New York  
    Huang MT, Lysz T, Ferrraro T, Abidi TF, Laskin JD, Conney AH (1991) Inhibitory effects of cur-

cumin on in vitro lipoxygenase and cycloxygenase activites in mouse epidermis. Cancer Res 
51:813–819  

    Huang H, Xie BF, Zhu XF, Feng GK, Zhou JM, Wang Y et al (2005) Antitumor effect and mecha-
nism of shikonin derivative SYUNZ-7. Ai Zheng 24:1453–1458  

    Hung WC (2008) Anti-metastatic action of non-steroidal anti-infl ammatory drugs. Kaohsiung J 
Med Sci 24:392–397  

    Ishikawa H, Saeki T, Otani T, Suzuki T, Shimozuma K, Nishino H et al (2006) Aged garlic extract 
prevents a decline of NK cell number and activity in patients with advanced cancer. J Nutr 
136:816S–820S  

    Jagetia GC, Baliga MS (2003) Induction of developmental toxicity in mice treated with Alstonia 
scholaris (sapthaparna) in utero. Birth Defects Res 68:472–478  

    Jagetia GC, Baliga MS (2004) Effect of Alstonia scholaris in enhancing the anticancer activity of 
berberine in the Ehrlich ascites carcinoma bearing mice. J Med Food 792:235–244  

    Jagetia GC, Baliga MS (2006) Evaluation of anticancer activity of the alkaloid fraction of Alstonia 
scholaris (sapthaparna) in vitro and in vivo. Phyto Res 20:103–109  

    Jagetia GC, Baliga MS, Malagi KJ, Kamath M (2002) The evaluation of the radioprotective effect 
of Triphala (an ayurvedic rejuvenating drug) in the mice exposed to gamma-radiation. Phytomed 
9:99–108  

    Jagetia GC, Baliga MS, Venkatesh P (2003) Effect of sapthaparna (Alstonia scholaris Linn) in modulat-
ing the benzo(a)pyrene-induced forestomach carcinogenesis in mice. Toxicol Lett 144:183–193  

    Jahan S, Chaudhary R, Goyal PK (2009) Anticancer activity of an Indian medicinal plant, Alsotonia 
scholaris, on skin carcinogenesis in mice. Integr Cancer Ther 8:273–279  

    Jana NR (2008) NSAIDs and apoptosis. Cell Mol Life Sci 65:1295–1301  
    Jemal A, Siegel R, Xu J, Ward E (2010) Cancer statistics, 2010. CA Cancer J Clin 60:227–300  
   Jiménez-Medina E, Berruguilla E, Romero I, Algarra I, Collado A, Garrido F et al (2008) The 

immunomodulator PSK induces in vitro cytotoxic activity in tumour cell lines via arrest of cell 
cycle and induction of apoptosis. BMC Cancer 8:78  

    Jobin C, Bradham CA, Russo MP, Juma B, Narula AS, Brenner DA et al (1999) Curcumin blocks 
cytokine mediated NF- k B activation and proinfl ammatory gene expression by inhibiting inhib-
itory factor I-kappa B kinase activity. J Immunol 51:813–819  

    Johnson KA, Brown PH (2010) Drug development for cancer chemoprevention: focus on molecu-
lar targets. Semin Oncol 37:345–358  

    Jurenka JS (2009) Anti-infl ammatory properties of curcumin, a major constituent of Curcuma 
longa: a review of preclinical and clinical research. Alt Med Rev 14:141–153  

    Kaneko Y, Chihara G (1992) Potentiation of host resistance against microbial infections by lenti-
nan and its related polysaccharides. Adv Exp Med Biol 319:201–215  

    Kang BY, Chung SW, Kim SH, Cho D, Kim TS (2003) Involvement of nuclear factor-kappaB in 
the inhibition of interleukin-12 production from mouse macrophages by baicalein, a fl avonoid 
in Scutellaria baicalensis. Planta Med 69:687–691  

    Karin M (2006) Nuclear factor-kappaB in cancer development and progression. Nature 
441:431–436  

    Kaufman RJ (2002) Orchestrating the unfolded protein response in health and disease. J Clin 
Invest 110:1389–1398  

    Kaul S, Kapoor NK (1989) Cardiac sarcolemma enzymes and liver microsomal cytochrome p 450 
in isoproterenol treated rats. Ind J Med Res 90:62–68  



348 S. Prabhu et al.

    Kaur S, Husheem M, Arora S, Harkonen PL, Kumar S (2005) The in vitro cytotoxic and apoptotic 
effect of triphala – an Indian herbal drug. J Ethnopharmacol 97:15–20  

    Keawpradub N, Houghton PJ, Eno-Amooquaye E, Burke PJ (1997) Activity of extracts and 
alkaloids of Thai Alstonia species against human lung cancer cell lines. Plant Med 63:97–101  

    Kim ES, Hong SY, Lee HK, Kim SW, An MJ, Kim TI et al (2008) Guggulsterone inhibits angiogen-
esis by blocking STAT3 and VEGF expression in colon cancer cells. Oncol Rep 20:1321–1327  

    Kwak MK, Wakabayashi N, Kensler TW (2004) Chemoprevention through the Keap1-Nrf2 
 signaling pathway by phase 2 enzyme inducers. Mutat Res 555:133–148  

    Lad V (2005) The human constitution. In: Ayurveda: the science of self healing. Lotus Press, 
Wilmot, pp 26–36  

    Lal B, Kapoor AK, Asthana OP, Agrawal PK, Prasad R, Kumar P et al (1999) Effi cacy of curcumin 
in the management of chronic anterior uveitis. Phytother Res 13:318–322  

    Lal B, Kapoor AK, Agrawal PK, Asthana OP, Srimal RC (2000) Role of curcumin in idiopathic 
infl ammatory orbital pseudotumors. Phytother Res 14:443–447  

    Lee HJ, Lee HJ, Magesh V, Nam D, Lee EO, Ahn KS et al (2008) Shikonin, acetylshikonin, and 
isobutyroylshikonin inhibit VEGF-induced angiogenesis and suppress tumor growth in Lewis 
lung carcinoma-bearing mice. Yakugaku Zasshi 128:1681–1688  

    Leeman-Neill RJ, Wheeler SE, Singh SV, Thomas SM, Seethala RR, Neill DB et al (2009) 
Guggulsterone enhances head and neck cancer therapies via inhibition of signal transducer and 
activator of transcription-3. Carcinogen 30:1848–1856  

    Li YB, Wang R, Wu HL, Li YH, Zhong LJ, Yu HM et al (2008) Serum amyloid A mediates the 
inhibitory effect of Ganoderma lucidum polysaccharides on tumor cell adhesion to endothelial 
cells. Oncol Rep 20:549–556  

    Lim ES, Rhee YH, Park MK, Shim BS, Ahn KS, Kang H et al (2007) DMNQ S-64 induces apop-
tosis via caspase activation and cyclooxygenase-2 inhibition in human nonsmall lung cancer 
cells. Ann N Y Acad Sci 1095:7–18  

      Lin Z, Zhu D, Yan Y, Yu B, Wang Q, Shen P et al (2011) An antioxidant phytotherapy to rescue neu-
ronal oxidative stress. Evid Based Complement Alternat Med 2011: 519517   

    Mao T, Van de Water J, Keen CL, Stern JS, Hackman R, Gershwin ME (1999) Two mushrooms, 
Grifola frondosa and Ganoderma lucidum, can stimulate cytokine gene expression and prolif-
eration in human T lymphocytes. Int J Immunother 15:13–22  

    McCormack E, Skavland J, Mujic M, Bruserud O, Gjertsen BT (2010) Lentinan: hematopoietic, 
immunological, and effi cacy studies in a syngeneic model of acute myeloid leukemia. Nutr 
Cancer 62:574–583  

    McMahon M, Itoh K, Yamamoto M, Chanas SA, Henderson CJ, McLellan LI et al (2001) The 
Cap‘n’Collar basic leucine zipper transcription factor Nrf2 (NF-E2 p45-related factor 2) con-
trols both constitutive and inducible expression of intestinal detoxifi cation and glutathione 
 biosynthetic enzymes. Cancer Res 61:3299–3307  

    Meunier J, Hayashi T (2010) Sigma-1 receptors regulate Bcl-2 expression by reactive oxygen 
species-dependent transcriptional regulation of nuclear factor kappaB. J Pharmacol Exp Ther 
332:388–397  

    Min R, Tong J, Wenjun Y, Wenhu D, Xiaojian Z, Jiacai H (2008) Growth inhibition and induction 
of apoptosis in human oral squamous cell carcinoma Tca-8113 cell lines by Shikonin was 
partly through the inactivation of NF-kappaB pathway. Phytother Res 22:407–415  

    Mohla S, Witz IP (2010) The 5th international conference on tumor microenvironment: progres-
sion, therapy and prevention, Versailles, France, October 20–24, 2009: conference summary. 
Cancer Microenviron 3:1–5  

    Mosaddik MA (2003) In vitro cytotoxicity of tanshinones isolated from Salvia miltiorrhiza Bunge 
against P388 lymphocytic leukemia cells. Phytomedicine 10:682–685  

    Nelson PS, Montgomery B (2003) Unconventional therapy for prostate cancer: good, bad or ques-
tionable? Nat Rev Cancer 3:845–858  

    Noguchi M, Kakuma T, Tomiyasu K, Yamada A, Itoh K, Konishi F et al (2008) Randomized clini-
cal trial of an ethanol extract of Ganoderma lucidum in men with lower urinary tract symptoms. 
Asian J Androl 10:777–785  



34915 Materia Medica for Cancer Chemoprevention

    Ogawa K, Watanabe T, Katsube T, Miura K, Hirai M, Wakasugi S et al (1994) Study on intratumor 
administration of lentinan – primary changes in cancerous tissues. Gan To Kagaku Ryoho 
21:2101–2104  

    Okuyama E, Nishimura S, Ohmori S, Ozaki Y, Satake M, Yamazaki M (1993) Analgesic compo-
nent of Notopterygium incisum Ting. Chem Pharm Bull (Tokyo) 41:926–929  

    Parekh HS, Liu G, Wei MQ (2009) A new dawn for the use of traditional Chinese medicine in 
cancer therapy. Mol Cancer 8:21  

    Park MJ, Kwon HY, Lee EO, Lee HJ, Ahn KS, Kim MO et al (2008) DMNQ-S17 inhibits constitu-
tive NF-kappaB activation leading to induction of apoptosis through the activation of caspase-3 
in human myeloid leukemia U937 cells. Life Sci 83:460–467  

    Park EJ, Zhao YZ, Kim YC, Sohn DH (2009) Preventive effects of a purifi ed extract isolated from 
Salvia miltiorrhiza enriched with tanshinone I, tanshinone IIA and cryptotanshinone on hepa-
tocyte injury in vitro and in vivo. Food Chem Toxicol 47:2742–2748  

    Peng CY, Pan SL, Huang YW, Guh JH, Chang YL, Teng CM (2008) Baicalein attenuates intimal 
hyperplasia after rat carotid balloon injury through arresting cell-cycle progression and inhibit-
ing ERK, Akt, and NF-kappaB activity in vascular smooth-muscle cells. Naunyn Schmiedebergs 
Arch Pharmacol 378:579–588  

    Pidgeon GP, Kandouz M, Meram A, Honn KV (2002) Mechanisms controlling cell cycle arrest 
and induction of apoptosis after 12-lipoxygenase inhibition in prostate cancer cells. Cancer Res 
62:2721–2727  

    Priyadarsini RV, Manikandan P, Kumar GH, Nagini S (2009) The neem limonoids azadirachtin and 
nimbolide inhibit hamster cheek pouch carcinogenesis by modulating xenobiotic-metabolizing 
enzymes, DNA damage, antioxidants, invasion and angiogenesis. Free Radical Res 43:492–504  

   Ragupathi G, Yeung KS, Leung PC, Lee M, Lau CB, Vickers A et al (2008) Evaluation of widely 
consumed botanicals as immunological adjuvants. Vaccine 26:4860–4865  

    Rao CV, Reddy BS (2004) NSAIDs and chemoprevention. Curr Cancer Drug Targets 4:29–42  
    Rop O, Mlcek J, Jurikova T (2009) Beta-glucans in higher fungi and their health effects. Nutr Rev 

67:624–631  
    Rothwell PM, Wilson M, Elwin CE, Norrving B, Warlow CP, Meade T (2010) Long-term effect of 

aspirin on colorectal cancer incidence and mortality: 20-year follow-up of fi ve randomized 
trials. Lancet 376:1741–1750  

    Roy MK, Kobori M, Takenaka M, Nakahara K, Shinmoto H, Isobe S et al (2007) Antiproliferative 
effect on human cancer cell lines after treatment with nimbolide extracted from an edible part 
of the neem tree (Azadirachta indica). Phytother Res 21:245–250  

   Sakamoto J, Morita S, Oba K, Matsui T, Kobayashi M, Nakazato H et al (2006) Effi cacy of adju-
vant immunochemotherapy with polysaccharide K for patients with curatively resected col-
orectal cancer: a meta-analysis of centrally randomized controlled clinical trials. Cancer 
Immunol Immunother 55:404–411  

    Samudio I, Konopleva M, Safe S, McQueen T, Andreeff M (2005) Guggulsterone induces apopto-
sis and differentiation in acute myeloid leukemia: identifi cation of isomer-specifi c antileuke-
mic activities of the pregnadiedione structure. Mol Cancer Ther 4:1982–1992  

    Sandhya T, Mishra KP (2006) Cytotoxic response of breast cancer cell lines, MCF 7 and T 47D to 
triphala and its modifi cation by antioxidants. Cancer Lett 238:304–313  

    Sarkar K, Bose A, Haque E, Chakraborty K, Chakraborty T, Goswami S et al (2009) Induction of 
type 1 cytokines during neem leaf glycoprotein assisted carcinoembryonic antigen vaccination 
is associated with nitric oxide production. Int Immunopharmacol 9:753–760  

    Sharma RA, McLelland HR, Hill KA, Ireson CR, Euden SA, Manson MM et al (2001) 
Pharmacodynamic and pharmacokinetic study of oral curcuma extract in patients with colorec-
tal cancer. Clin Cancer Res 7:1894–1900  

    Sharma RA, Euden SA, Platyton SL, Cooke DN, Shafayat A, Hewitt HR et al (2004) Phase I clini-
cal trial of oral curcumin: biomarkers of systemic activity and compliance. Clin Cancer Res 
10:6847–6854  

    Shi Y, Sahu RP, Srivastava SK (2008) Triphala inhibits both in vitro and in vivo xenograft growth 
of pancreatic tumor cells by inducing apoptosis. BMC Cancer 8:294–310  



350 S. Prabhu et al.

    Shishodia S, Aggarwal BB (2004) Guggulsterone inhibits NF-kB and the IkB a  kinase activation, 
suppresses expression of anti-apoptotic gene products and enhances apoptosis. J Biol Chem 
279:47148–47158  

    Simmons DL, Botting RM, Hla T (2004) Cyclooxygenase isozymes: the biology of prostaglandin 
synthesis and inhibition. Pharmacol Rev 56:387–437  

    Singh SV, Zeng Y, Xiao D, Vogel VG, Nelson JB, Dhir R et al (2005) Caspase dependent apoptosis 
induction by guggulsterone, a constituent of ayurvedic medicinal plant Commiphora mukul, in 
PC-3 human prostate cancer cells is mediated by Bax and Bak. Mol Cancer Ther 
4:1747–1754  

    Singh SV, Choi S, Zeng Y, Hahm E, Xiao D (2007) Guggulsterone induced apoptosis in human 
prostate cancer cells is caused by reactive oxygen intermediate dependent activation of c-Jun 
NH2-terminal kinase. Cancer Res 67:7439–7449  

    Singh DP, Govindarajan R, Rawat AK (2008) High performance liquid chromatography as a tool 
for the chemical standardization of Triphala – an ayurvedic formulation. Phytochem Anal 
19:164–168  

    Su CC, Chen GW, Kang JC, Chan MH (2008) Growth inhibition and apoptosis induction by tan-
shinone IIA in human colon adenocarcinoma cells. Planta Med 74:1357–1362  

    Subapriya R, Nagini S (2005) Medicinal properties of neem leaves: a review. Current Med Chem 
5:149–156  

    Sullivan R, Smith JE, Rowan NJ (2006) Medicinal mushrooms and cancer therapy: translating a 
traditional practice into Western medicine. Perspect Biol Med 49:159–170  

    Sun Z, Huang Z, Zhang DD (2009) Phosphorylation of Nrf2 at multiple sites by MAP kinases has 
a limited contribution in modulating the Nrf2-dependent antioxidant response. PLoS One 
4:e6588  

    Surh YJ, Chun KS, Cha HH, Han SS, Keum YS, Park KK et al (2001) Molecular mechanisms 
underlying chemopreventive activities of anti-infl ammatory phytochemicals: down-regulation 
of COX-2 and iNOS through suppression of NF-kappa B activation. Mutat Res 
480–481:243–268  

    Tanaka S, Haruma K, Yoshihara M, Kajiyama G, Kira K, Amagase H et al (2006) Aged garlic 
extract has potential suppressive effect on colorectal adenomas in humans. J Nutr 
136:821S–826S  

    Tang Z, Tang Y, Fu L (2003) Growth inhibition and apoptosis induction in human hepatoma cells 
by tanshinone II A. J Huazhong Univ Sci Technol Med Sci 23:172  

    Tang SY, Wang H, Zhang W, Halliwell B (2008) Notopterygium forbesii Boiss extract and its 
active constituents increase reactive species and heme oxygenase-1 in human fetal hepato-
cytes: mechanisms of action. Chem Res Toxicol 21:2414–2423  

    Tang SY, Cheah IK, Wang H, Halliwell B (2009) Notopterygium forbesii Boiss extract and its 
active constituent phenethyl ferulate attenuate pro-infl ammatory responses to lipopolysaccha-
ride in RAW 264.7 macrophages. A “protective” role for oxidative stress? Chem Res Toxicol 
22:1473–1482  

   Ueda Y, Fujimura T, Kinami S, Hirono Y, Yamaguchi A, Naitoh H et al (2006) A randomized 
phase III trial of postoperative adjuvant therapy with S-1 alone versus S-1 plus PSK for stage 
II/IIIA gastric cancer: Hokuriku-Kinki Immunochemo-Therapy Study Group-Gastric Cancer 
(HKIT-GC). Jpn J Clin Oncol 36:519–522  

    Vinothini G, Manikandan P, Anandan R, Nagini S (2009) Chemoprevention of rat mammary car-
cinogenesis by Azadirachta indica leaf fractions: modulation of hormone status, 
xenobiotic-metabolizing enzymes, oxidative stress, cell proliferation and apoptosis. Food 
Chem Toxicol 47:1852–1863  

   Wang S, Wang T (1996) Chemical constituents of Notopterygium forbesii Boiss. Zhongguo Zhong 
Yao Za Zhi 21:295–296, 319  

    Wang SY, Hsu ML, Hsu HC, Tzeng CH, Lee SS, Shiao MS et al (1997) The anti-tumor effect of 
Ganoderma lucidum is mediated by cytokines released from activated macrophages and T lym-
phocytes. Int J Cancer 70:699–705  



35115 Materia Medica for Cancer Chemoprevention

    Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin AS Jr (1998) NF-kappaB antiapopto-
sis: induction of TRAF1 and TRAF2 and c-IAP1 and c-IAP2 to suppress caspase-8 activation. 
Science 281:1680–1683  

    Wang CZ, Basila D, Aung HH, Mehendale SR, Chang WT, McEntee E et al (2005a) Effects of 
ganoderma lucidum extract on chemotherapy-induced nausea and vomiting in a rat model. 
Am J Chin Med 33:807–815  

    Wang X, Wei Y, Yuan S, Liu G, Lu Y, Zhang J et al (2005b) Potential anticancer activity of tanshi-
none IIA against human breast cancer. Int J Cancer 116:799–807  

    Wang S, Penchala S, Prabhu S, Wang J, Huang Y (2010) Molecular basis of traditional Chinese 
medicine in cancer chemoprevention. Curr Drug Discov Technol 7:67–75  

    Wong CK, Tse PS, Wong EL, Leung PC, Fung KP, Lam CW (2004) Immunomodulatory effects of 
Yunzhi and danshen capsules in health subjects – a randomized, double-blind, placebo-con-
trolled, crossover study. Int Immunopharmacol 4:201–211  

    Wong CK, Bao YX, Wong EL, Leung PC, Fung KP, Lam CW (2005) Immunomodulatory activi-
ties of Yunzhi and Danshen in post-treatment breast cancer patients. Am J Chin Med 
33:381–395  

    Wu WL, Chang WL, Chen CF (1991) Cytotoxic activities of tanshinones against human carcinoma 
cell lines. Am J Chin Med 19:207–216  

    Xiao D, Singh SV (2008) Z-guggulsterone, a constituent of ayurvedic medicinal plant Commiphora 
mukul, inhibits angiogenesis in vitro and in vivo. Mol Cancer Ther 7:171–180  

       Xiao D, Zeng Y, Prakash L, Badmaev V, Majeed M, Singh SV (2011) ROS-dependent apoptosis 
by guggulipid extract of Ayurvedic medicine plant Commiphora mukul, in human prostate 
cancer cells is regulated by c-JUN N-terminal kinase. Mol Pharmacol 79:499–507  

    Xie QW, Kashiwabara Y, Nathan C (1994) Role of transcription factor NF-kappa B/Rel in induc-
tion of nitric oxide synthase. J Biol Chem 269:4705–4708  

    Yang XW, Gu ZM, Wang BX, Hattori M, Namba T (1991) Comparison of anti-lipid peroxidative 
effects of the underground parts of Notopterygium incisum and N. forbesii in mice. Planta Med 
57:399–402  

    Yang CS, Chin KV, Lambert JD (2004) Cancer chemoprevention by targeting proteasomal degra-
dation: Commentary re KA Dragnev et al., Specifi c chemopreventive agents trigger protea-
somal degradation of G1 cyclins: implications for combination therapy. Clin Cancer Res 
10:2570–2577, Clin Cancer Res 2004; 10:2220–2221  

    Yang R, Liu A, Ma X, Li L, Su D, Liu J (2008) Sodium tanshinone IIA sulfonate protects cardio-
myocytes against oxidative stress-mediated apoptosis through inhibiting JNK activation. J 
Cardiovasc Pharmacol 51:396–401  

    Yang WJ, Li DP, Li JK, Li MH, Chen YL, Zhang PZ (2009) Synergistic antioxidant activities of 
eight traditional Chinese herb pairs. Biol Pharm Bull 32:1021–1026  

    Yoshino S, Tabata T, Hazama S, Iizuka N, Yamamoto K, Hirayama M et al (2000) Immunoregulatory 
effects of the antitumor polysaccharide lentinan on Th1/Th2 balance in patients with digestive 
cancers. Anticancer Res 20:4707–4711  

    Yuan X, Xu C, Pan Z, Keum YS, Kim JH, Shen G et al (2006) Butylated hydroxyanisole regulates 
ARE-mediated gene expression via Nrf2 coupled with ERK and JNK signaling pathway in 
HepG2 cells. Mol Carcinog 45:841–850  

    Zhang HS, Wang SQ (2007) Nrf2 is involved in the effect of tanshinone IIA on intracellular redox 
status in human aortic smooth muscle cells. Biochem Pharmacol 73:1358–1366  

    Zhou L, Zuo Z, Chow MS (2005) Danshen: an overview of its chemistry, pharmacology, pharma-
cokinetics, and clinical use. J Clin Pharmacol 45:1345–1359      


	Chapter 15: Evidence-based Materia Medica for Cancer Chemoprevention
	15.1 Introduction
	15.2 Molecular Targets for Cancer Chemoprevention
	15.2.1 Inhibition of Cyclooxygenase-2 (COX-2)
	15.2.2 Down-regulation of NF- k B Pathway
	15.2.3 Activation of Intrinsic and Extrinsic Apoptotic Pathways
	15.2.4 Inhibition of Cell Cycle Progression
	15.2.5 Induction of Stress Response
	15.2.6 Activation of the Nuclear Factor Erythroid 2-related Factor 2 (Nrf2)-antioxidant Signaling
	15.2.7 Interference with Tumor Forming Microenvironment

	15.3 TCM as Cancer Chemopreventive Agents
	15.3.1 Danshen
	15.3.2 Danggui
	15.3.3 Qianghuo
	15.3.4 Huangqin
	15.3.5 Zicao
	15.3.6 Dasuan
	15.3.7 Lingzhi
	15.3.8 Yunzhi
	15.3.9 Xianggu

	15.4 TIM as Cancer Chemopreventive Agents
	15.4.1 Triphala
	15.4.2 Turmeric
	15.4.3 Neem
	15.4.4 Guggulu
	15.4.5 Sapthaparna

	15.5 Challenges and Strategy for the Development of Cancer Chemopreventive Agents from TCM and TIM
	15.6 Conclusions
	References


