
HKPJ   VOL 21  NO 1   Jan-Mar 2014
20

Figure 1. Acquired characteristics of cancer cell. Most if not all 
cancers have acquired the same set of functional capabilities during 
their development, albeit through various mechanistic strategies.(50)
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ABSTRACT

Cancer is a fatal disease which emerges due to the 
uncontrolled proliferation of cells. It is considered as 
a complicated health problem with complex processes 
and redundant signal transduction pathways. The 
conventional approach of chemotherapy based on the 
use of mono-target therapeutic agents has demonstrated 
that it is an inadequate medical treatment for cancer 
because it may lead cancer cells to develop acquired drug 
resistance. Botanical extracts of herbal medicines, on 
the other hand, have been shown to give effective results 
in prevention or curing of cancer. Many epidemiological 
studies and human clinical trials revealed that natural 
compounds, such as fl avonoids, polyphenolic compounds 
and many other phytochemicals play important roles 
in cancer chemoprevention and chemotherapy. These 
phytochemicals have been proved to interfere at different 
stages of cancer including initiation, promotion and 
progression by acting on multiple signal transduction 
pathways of cellular proliferation, differentiation, 
apoptosis and DNA replication. Many recent studies on 
combination use of different botanical extracts suggested 
that some additive or synergistic effects may have taken 
place. In order to achieve a satisfactory, effective and safe 
medical treatment, combination of different mechanistic 
based agents is probably a solution to control multiple 
aberrant pathways in cancer. This report provides a review 
on the effi cacy by combining various phytochemicals, 
including fl avonoids, diterpene lactones and some other 
chemotherapeutic drugs, for the treatment of cancer.
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INTRODUCTION

Cancer, which is not just one but more than hundred 
distinct types, is considered as a complicated disease with 
complex processes and is a major health problem due to the 
uncontrollable proliferation of tumor cells and the potential 

of invading other tissue through the blood and lymphatic 
system.(1-2)  After more than half a century of research, people 
now realize that tumorigenesis is a multiple manner and that 
these process signify alterations in genetic materials that 
drive the successive transformation of normal cells into highly 
malignant copies. Nowadays many types of cancers have been 
diagnosed in human beings with an age-dependent incidence 
involving fi ve to six rate-limiting, stochastic events.  Figure 1 
illustrates how the huge catalog of cancer cell genotypes is 
a representation of six essential alterations in cell physiology 
that collectively rule malignant growth; namely, (1) antigrowth 
(insensitivity to growth-inhibitory signals), (2) self-suffi ciency 
in growth signals, (3) apoptosis (evasion of programmed cell 
death), (4) susbtained angiogenesis, (5) limitless replicative 
potential and (6) tissue invasion and metastatsis.  Each of 
these physiological changes, which are acquired during 
tumor development, represents the successful falling-out of 
an anticancer defense mechanism hardwired into cells and 
tissues.
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Figure 2. Therapeutic approaches for cancer treatment. 
(A) Inhibitors of apoptosis prevent the cell death although the apoptosis 
pathway is initiated. (B) The use of another drug which bypasses the 
inhibitors of apoptosis and induces apoptosis downstream of the 
blockages will lead to cell death. (C) The use of combined drugs where 
one will initiate the apoptosis pathway while the other one blocks the 
inhibitors of apoptosis will also lead to cell death.

Conventional Treatment of Cancers

Up to now surgery, radiation and chemotherapy treatments 
are the main curative therapies for different types of 
cancer.(3) Surgery is the most common treatment for most 
types of cancer. Different surgical procedures can be followed 
to remove the tumor including Mohs surgery or microsurgery, 
laser surgery, cryosurgery and amputation. Recently, FDA 
has announced that for any cancer surgery to be successful it 
should be done at an early stage of cancer and when cancer 
is still localized. The surgery should be followed by radiation 
therapy or chemotherapy in order to kill any cancer cells that 
were left.(4-6)

 The second type of cancer treatment is the radiation 
therapy which uses high-energy x-rays or other types of 
radiation to kill cancer cells or stop their growth.(7) Two types 
of radiation therapy are used depending on the stage of the 
cancer. The external radiation therapy where an outside 
machine is used to send radiation toward the cancer and 
the internal radiation therapy where a radioactive substance 
sealed in seeds or capsules is placed directly into or near the 
cancer.(7) However, radiotherapy is not effective in cancer cells 
that survive in an environment with low oxygen tension due to 
the increase resistant of cells.(8)

 The third main type of cancer treatment is the 
chemotherapy where drugs are used to induce cell death 
or cell cycle arrest in cancer cells. Chemotherapy can be 
systemic where route of entry is through mouth or injection 
into a vein or muscle, topical when chemotherapy is placed 
directly onto the skin or regional where the drugs mainly affect 
cancer cells in one area. The way the chemotherapy is given 
depends on the type and stage of the cancer being treated.
 
 
PROBLEM OF CONENTIONAL PRACTICES FOR CANCER 
TREATMENT

Conventional chemotherapy for treatment of cancers, 
although quite effective, has been associated with toxicities 
to normal tissue and organs, which is still a major dose 
limited factor. Furthermore, chemoresistance is another 
major obstacle for successful treatment of cancer.(9) There is 
widespread dissatisfaction with surgery, radiotherapy, and 
especially chemotherapy and hence, treatment of cancer is 
being re-evaluated around the world.

 The traditional model that the malignant phenotype is 
driven by a dominant signal transduction pathway is becoming 
increasingly unacceptable. This is due to the appearance 
of resistance to target- and mechanism-based drugs, and 
therefore refl ects the genetic fl exibility of the cancer cell 
genome as well as the redundancy in the pathways that 
govern kinase signal transduction networks.(10) Based on this, 
the traditional mono-target chemotherapy protocol for cancer 
treatment is becoming increasingly ineffective and may lead 
cancer cells to develop acquired drug resistance due to the 
complex signaling pathways involved in cancer.(11) The multi-
component therapy in which more than one drug are used at 
the same time, is the proven cure for cancers.(12)

 

ALTERNATIVE APPROACHES TO THE TREATMENT OF 
CANCER

Different innovative strategies have been adopted to 
treat cancer in recent years including selective inhibition 
of anti-apoptotic pathways, antiangiogenic therapy and 
tissue-selective therapy (including immunotherapy). These 
overlapping and complementary strategies depend on 
rational drug combinations aimed at matching targets.(13) For 
example, reactivation of the apoptotic cascade in apoptosis-
reluctant cancer cells where one drug decreases the 
antiapoptotic block (e.g. inhibitors of apoptosis) allowing the 
other drug to activate the corresponding apoptotic pathway 
(Figure 2). Another example is activation of the extrinsic 
(caspase 8) and intrinsic (caspase 9) apoptotic pathways 
where both pathways will activate caspase 3 and therefore 
increase the apoptotic effect. (13-14)

 The concept of drugs combination, with similar or different 
modes of action, seeks to result in synergistic or additive 
therapeutic effects, including increased therapeutic effi cacy, 
decreased host toxicity, and minimal or delayed drug 
resistance.(14) Drugs that contain several active components 
have been in use long time ago. Many traditional medicine, 
including the Chinese medicine, have used mixtures of 
naturally occurring herbs or herbal extracts.(15) Cancer is a 
complex disease which involves different signaling pathways 
and therefore combination therapy in which one or more 
drugs are used at the same time is the proven cure for 
cancer.(12)

 Polyphenols including fl avonoids, diterpene lactones 
and other phytochemicals have long been known for their 
antioxidant, anti-infl ammatory, antiallergic, antithrombotic, 
hepatoprotective, antiviral, antibacterial, antiageing and 
anticarcinogenic activities (Figure 3).(16-21) Epidemiological 
studies have shown that there is an inverse association 
between fruits and vegetables consumption, where fl avonoids 
are prominent components, and the risk of various human 
cancers.(22) The combination effect of flavonoids when 
combined with other flavonoids, natural compounds or 
chemotherapeutic drugs was also proved to be a synergistic 
one by different studies.(22-23)
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Figure 3. The different biological activities of phytochemicals. 

 The combination therapy can be approached by 
combination of different mechanism-based agents to 
control multiple abnormal pathways seen in the tumor.(10) 
On the other hand, the development of multitarget 
molecules also seems to be an increasingly reasonable 
and attractive option.(24) Therefore, based on both of these 
options, exploration of newer chemical diversity will be 
an utmost need.(10) The chemical complexity of botanicals 
makes them important starting materials for the discovery of 
newer synergistic combinations and single agent multi-target 
drugs.(25-27)

 

EFFECT OF DRUG COMBINATION ON CELL CYCLE

With advancements in our understanding of the basic 
mechanisms of carcinogenesis, cell cycle physiology, 
and apoptosis, the effects of chemotherapy on normal 
and cancerous cells are now better understood. With 
this knowledge, it is more clear now that a critical role in 
chemosensitivity is played by the cell cycle in combination 
chemotherapy.(28) A number of cancers are associated with 
increase in the activity of Cdks, important molecules for cell 
cycle regulation, due to gene mutations. Therefore, compounds 
that can modulate the activity of Cdks are of importance in 
cancer therapy.(29) Flavonoids are involved in the regulation of 
many proteins associated with cell growth and differentiation. 
These include increase in the Cdks inhibitors (p21, p27), or a 
decrease in cyclins B, D and E and Cdks 2,4 and 6.(30)

 Different studies have investigated the effect of drugs 
combination on the cell cycle arrest. Drugs that block different 
phases of cell cycle can act in synergy. Shen et al. studied 
the effect of the combination of quercetin (arrest cells at G1 
and S phases) and triazofurin (arrest cells at S phase) on the 
human ovarian carcinoma cells. A synergistic effect on the 
growth inhibition was observed when the two compounds 
were used in combination with a CI value of 0.37.(31) Also 
signifi cant alterations in the cell cycle kinetics induced by 
the single compounds such as ellagic acid, quercetin and 
their combinations was observed against human leukemia 
cells.(23) In one study, the use of Taxifolin in combination with 
andrographolide increased the percentage of cells arrested 
at G2/M by increasing the levels of cyclin B and activation 
of Cdc2.(32) In another study, the combination of silibinin with 
doxorubicin strongly increased the cell cycle arrest at G2/M 
compared to the use of single compounds.(33)

 

PHYTO-COMPOUNDS USED IN COMBINED THERAPY OF 
CANCER

There is an increasing evidence indicating the effectiveness 
of using combined phyto-compounds for the treatment of solid 
tumors.(14) The combination of anticancer agents which have 
similar or different modes of action can result in synergistic, 
additive or antagonistic outcome.(34) Experimental techniques 
to determine the action of combination drugs and to design 
effective mixtures have not been completely standardized. It is 
still being practiced as an art using trial and error methods.(35) 
The pure natural or synthetic compounds used in western 
medicine usually aims a single target, while the processed 
crude multi-component natural products are used in Chinese 
medicine, in various combinations and formulations, aimed at 
multiple targets and different symptoms.(36)

 Many studies have presented the enhanced effects of 
drugs combination in treatment of cancer cells using western 
drugs, isolated pure herbal extracts or a combination of both. 
A number of good chemotherapeutic agent combinations 
have been developed to treat cancers and they showed 
positive cytokinetic and biological interaction with reduced 
toxicity. Examples include ABV (Adriamycin, bleomycin & 
vinblastine) or BEP (bleomycin, etoposide & Platinol).(37) 
Compounds isolated from a single herbal component used in 
combination, two lignans, asarinin and xanthoxylol inhibited the 
carcinogenesis in mouse skin and pulmonary tumors.(38)

 Other studies indicated that selenium act in synergy 
with retinoids and vitamin E to inhibit carcinogenesis. It was 
also found to work in synergy with crambene to kill MCF-7 
mammary cells.(39) The combination of EGCG and curcumin 
showed a synergistic effect on growth inhibition of oral cancer 
cells. There was an increase dose reduction 4.4-8.5 fold for 
EGCG and 2.2-2.8 fold for curcumin at ED50 as indicated by 
the dose reduction index (DRI).(40)

 

ROLES OF COMBINED FLAVONOIDS IN TREATMENT OF 
CANCER

Many research papers have shown a better outcome in 
cancer treatment when the conventional drug is combined 
with a herb and others when combination of herbs is used 
(Table 1). Flavonoids and other antioxidants when used 
alone could produce benefi cial, detrimental, or insignifi cant 
effects in cancer patients while if there are combined with 
other anticancer compounds (i.e., natural compounds or 
chemotherapy drugs), their effects are more likely to be 
benefi cial or at least not harmful.(42) 

 Mertens-Talcott et al. investigated the combinational 
effect of quercetin and ellagic acid on cell death in the MOLT-
4 human leukemia cell line. The two compounds together 
reduced more the proliferation and viability and enhanced the 
induction of apoptosis compared to each alone.(23) In another 
study, the combination treatment of human gut (HuTu-80 and 
Caco-2) and breast cancer cells (PMC42) with quercetin and 
kaempferol was more effective than the additive effects of 
each fl avonol.(43)
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 Other studies have investigated the effect of combination 
of chemotherapeutic drugs with fl avonoids. The treatment 
of colorectal tumor (CO115) with 5-Fluorouracil combined 
with leuteolin or quercetin increased apoptosis with a 
significant effect for quercetin which involved the activation 
of the apoptotic mitochondrial pathway.(44) In another study, 
the fl avonoid silibinin strongly synergized the antiproliferative 
effect of doxorubicin in prostate carcinoma DU145 cells. This 
combination was associated with an increase in G2/M arrest 
and apoptosis compared with treatment of each compound 
alone.(33) Silibinin also should synergistic cytotoxic effects 
when combined with chemotherapeutic drugs against breast 
and lung cancer cells.(45) Curcumin was also shown to be 
effective in combination treatment. The combination of curcumin 
with either cisplatin or oxaliplatin increased signifi cantly 
the cytotoxic effect on ovarian cancer cells by increasing 
apoptosis.(46) In a recent study done at our laboratory, the 
fl avonoid Taxifolin synergized the effect of Andrographolide by 
increasing the cell cycle arrest and apoptosis in DU145 cells.(32)

 

BENEFITS OF COMBINED USE OF PHYTO-COMPOUNDS 
FOR PREVENTION AND TREATMENT OF CANCER

Combination or multicomponent therapy, where two or more 
drugs are used together, usually has one or more of the 
following objectives: (1) to reduce the frequency of acquired 
resistance which may arise by combining drugs with minimal 
cross-resistance; (2) to lower the doses of drugs with getting a 
similar therapeutic effect so as to achieve effi cacy with fewer 
side effects; (3) to sensitize the cells to the action of one drug 
through the use of another drug (chemosenstization), this 
is often achieved by altering the cell-cycle stage or growth 
properties; and (4) to achieve an enhanced effectiveness 
through additivity, or better yet, through synergism.(37, 47)

 

DETERMINATION OF THE COMBINATION EFFECT

Evaluation of the effect of drug combination is important in all 
areas of medicine particularly in cancer chemotherapy where 

combination therapy is commonly used. The in vitro studies 
are usually used to determine the nature and quantitative 
extent of drugs combination.(48) The combination of two drugs 
can give synergism, antagonism or additive effect. Synergism 
means that a combination of two drugs produce a therapeutic 
effect greater than each of the two drugs alone and more than 
additive effect (greater than the algebraic sum of the parts), 
whereas antagonism is an effect which is less than additive.(49)

 The two methods which are commonly used in the 
analysis of drug combination effects are the isobologram and 
the combination index (CI) where the CI method is the most 
commonly used.(48) The isobologram method is based on 
the Loewe additivity model which evaluates the interaction 
at a chosen effect level and is therefore useful to examine 
the drug interaction at the corresponding concentration, 
often the median effect concentration.(50) However the CI 
method is based on the median-effect principle derived by 
Chou. The median-effect equation correlates the drug dose 
and cytotoxicity or cytostatic effect.(51) A software program to 
calculate combination indices (CI) is available and widely 
used.(49)

 

CONCLUSION

There is an increasing trend nowadays in cancer research 
to use a combination therapy for several solid tumors where 
a growing number of in vitro and in vivo studies show that 
combinations of natural agents can result in signifi cant 
activities at concentrations where any single agent is not 
effective. This urges us to further explore the synergistic effects 
of dietary phytochemicals in the fi eld of cancer treatment. With 
holistic clarity of mechanisms, cancer prognosis and treatment 
will become a rational science, unrecognizable by current 
practitioners. It will be possible to understand with precision 
how and why treatment regimens and specifi c antitumor 
drugs succeed or fail. As Hanahan and Weinberg anticipated 
anticancer drugs targeted to each of the hallmark features of 
cancer; when some, used in appropriate combinations and in 
concert with sophisticated technologies, such as nano-delivery, 
will be able to prevent incipient cancers from developing, while 
others will cure preexisting cancers.(52) Hence, natural products 
will continue to provide a broad base for the discovery of new 
drugs and new substances for combinational treatment of 
cancers.

 Combined  Cancer cells Synergistic effect Reference
 compounds

 Quercetin and Human leukemia  Increase induction 23
 ellagic acid (MOLT-4) of apoptosis

 Taxifolin and  Prostate  Increase in cell cycle arrest 32
 andrographolide (DU145) at G2/M and apoptosis

 Silibinin and  Prostate Increase in G2/M arrest 33
 doxorubicin (DU145) and apoptosis

 Quercetin and Gut (HuTu-80, Decreased expression of 43
 kaempferol Caco-2) and  nuclear proliferation antigen
  breast (PMC42) Ki67 and decreased
   total protein levels

 5-Fluorouracil  Colorectal Activation of the 44
 combined with  (CO115) apoptotic mitochondrial
 leuteolin or   pathway
 quercetin

 Curcumin  Ovarian cancer Increase induction 46
 combined with  cells of apoptosis
 cisplatin or 
 oxaliplatin

Table 1. Examples of studies on treatment of cancer cells with fl avonoids 
combined with fl avonoids, chemotherapy or other phytochemicals
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