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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third deadliest 
and fifth most common malignancy worldwide[1-3]. It is a 
highly malignant tumor having high morbidity and motali­
ty. HCC has a poor prognosis due to its rapid infiltrating 
power which leads to complicating liver cirrhosis[4]. The 
rate of  HCC is increasing worldwide between 3% and 
9% annually[5,6]. The incidence ranges from less than 10 
cases per 100 000 in North America and Western Europe 
to 50-150 cases per 100 000 in parts of  Africa and Asia[7]. 
Hepatocarcinogenesis is associated with a background of  
chronic and persistent infection of  hepatitis B virus (HBV) 
and hepatitis C virus (HCV)[8]. These infections along with 
alcohol and aflatoxin B1 exposure are widely recognized 
etiological agents in HCC[9].

In Egypt, epidemiology of  HCC is characterized by 
marked demographic and geographic variations[10,11]. Over 
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Abstract
In this review we outline the different mechanisms me­
diating hepatocarcinogenesis. We also discuss possible 
targets of bioactive herbal agents at different stages of 
hepatocarcinogenesis and highlight their role at each 
individual stage. We gathered information on the most 
common herbal prescriptions and extracts thought to be 
useful in prevention or sensitization for chemotherapy 
in management of hepatocellular carcinoma (HCC). The 
value of this topic may seem questionable compared to 
the promise offered for HCC management by chemo­
therapy and radiation. However, we  would recommend 
the use of herbal preparations not as alternatives to 
common chemo /and or radiotherapy, but rather for pre­
vention among at-risk individuals, given that drug/herb 
interactions are still in need of extensive clarification. 
The bioactive constituents of various herbs seem to be 
promising targets for isolation, cancer activity screening 
and clinical evaluation. Finally, herbal preparations may 
offer a cost effective protective alternative to individuals 
known to have a high risk for HCC and possibly other 
cancers, through maintaining cell integrity, reversing 
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the last decade, a remarkable increase, from 4.0% to 7.2%, 
was observed in the proportion of  chronic liver disease 
(CLD) patients with HCC. The predominant age group 
(40-59 years) showed a slight increase compared with 
older groups (> 60 years). A significant increase, from 
82.5% to 87.6%, was observed in the proportion of  HCC 
among males. The calculated risk of  HCC development 
is nearly three times higher in men than in women[12]. A 
unique invisible risk factor for development of  HCC in 
Egypt could be Schistosomal infection and its injection 
therapy. Schistosomiasis induces immune suppression, 
which could result in increased persistence of  viremia fol-
lowing acute infection of  both hepatitis B and C[13]. 

HCCs are phenotypically (morphology and microsco­
py) and genetically heterogenous tumors, possibly reflect­
ing the heterogeneity of  etiological factors implicated in 
HCC development, the complexity of  hepatocyte func­
tions and the late stage at which HCCs usually become 
clinically symptomatic and detectable[14,15]. Hepatocarcino
genesis is a multi-factor, multi-step and complex process[8]. 
It involves three distinguishable but closely connected 
stages: initiation (normal cell → transformed or initiat­
ed cell), promotion (initiated cell → preneoplastic cell), 
and progression (preneoplastic cell → neoplastic cell)[16]. 
Malignant transformation of  hepatocytes may occur, re-
gardless of  the etiological agent, through a pathway of  in-
creased liver cell turnover, induced by chronic liver injury 
and regeneration in a context of  inflammation, immune 
response, and oxidative DNA damage[17-19].

MOLECULAR TARGETS FOR HERBAL  
COMPOUNDS DURING HCC PROGRE­
SSION
Since ancient times, natural products, herbs and spices 
have been used as remedies for various diseases, incluing 
cancer (Table 1). The term chemoprevention was coined 
in the late 1970s and referred to a pharmacological inter­
vention aimed to arrest or reverse the process of  carcino­
genesis[20]. Previous attempts were made to identify 
agents or combinations which could exhibit any of  the 
following characteristics: (1) prevention of  tumor initia-
tion; (2) delay or arrest of  the development of  tumors; 
(3) extention of  cancer latency periods; (4) reduction in 
cancer metastasis and mortality; and (5) prevention of  
recurrence of  secondary tumors[21]. Recently, the focus 
has been directed towards molecular targeting of  herbal 
compounds to identify the mechanism(s) of  action of  
these newly discovered bioactive compounds. Moreover, 
it has been recognized that single agents may not always 
be sufficient to provide chemopreventive efficacy and 
therefore the new concept of  combination chemopreven­
tion by multiple agents or by the consumption of  “whole 
foods” has become an increasingly attractive area of  
study[22]. Steps in the  development of   cancer at cellular 
level are described below. 

Initiation
Initiation involves gene mutation, carcinogen metabolism 
and aberrant DNA repair. In this initial stage, environ­
mental carcinogens (e.g. dietary, tobacco, pollution) induce 
one or more simple mutations, including transitions or 
small deletions in genes which control the process of  car­
cinogenesis. Activated carcinogens exert their effects by 
forming covalent adducts with individual molecules of  
DNA or RNA, causing deletions of  genetic material or 
mistranslation of  the DNA sequence which may produce 
mutations in critical genes, such as tumor suppressors and 
oncogenes[23]. Reactive oxygen species (ROS) are gener-
ated normally as part of  the normal oxidative metabolism 
or may be end-products of  the breakdown of  xenobiotic 
compounds (Figure 1). Oxidative stress can result in ex-
tensive DNA damage. Antioxidant herbs which scavenge 
activated oxygen species are able to stimulate DNA repair 
pathways to prevent or overcome oxidative DNA damage. 
Vitamin C, genistein and compounds originating from 
cruciferous vegetables are among the most well-studied 
for their scavenger properties[24].  In addition, chronic in-
flammation may predispose individuals to certain cancers. 
Most precancerous and cancerous tissues show signs of  
inflammation involving the movement of  innate immune 
cells into the tissue, the presence of  specific inflamma-
tory signaling molecules (i.e. cytokines and chemokines), 
changes in tissue structure (remodeling) and the forma-
tion of  new blood vessels (angiogenesis). Further studies 
have found that cancer-associated inflammation actually 
promotes tumor growth and progression[25]. Several pro-
inflammatory gene products (i.e. TNF-α , IL-6) have a 
critical role in regulation of  apoptosis, proliferation, an-
giogenesis, invasion and metastasis. Their expression is 
mainly regulated by the transcription factor NF-kB, which 
is constitutively active in most tumors and is induced by 
carcinogens and chemotherapeutic agents. TNF-alpha 
can initiate signaling pathways which lead to the activa-
tion of  NF-κB, the initiation of  MAPK cascades, and cell 
death[26]. These observations imply that anti-inflammatory 
agents that suppress NF-κB or NF-κB-regulated products 
should have a potential in both the prevention and treat-
ment of  cancer[27]. 

Recently, diallyl sulphide (DAS) obtained from garlic 
and vitamin C were reported to decrease the levels of  
circulatory TNF-α and IL-6 in DENA-induced hepato-
carcinogenesis[28]. Previous reports showed that vitamin C 
can inactivate nuclear factor kappa B in endothelial cells 
during the inflammation process, independently of  its 
atioxidant activity. Therefore, the anti-inflammatory activ-
ity of  ascorbic acid (AA) may be mediated by multifacto-
rial mechanisms, which are not necessarily associated with 
its intrinsic antioxidant activity[29]. DAS also was found 
to promote an anti inflammatory environment by cyto-
kine modulation, leading to an overall inhibition of  NF-
kB activity in the surrounding tissue[30]. In addition, DAS 
may enhance antioxidants and suppresses inflammatory 
cytokines through the activation of  Nrf2 transcription 
factor[31].
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Compound Ref.  Composition Effect

Herbs with cancer chemotherapeutic effect

Geiji-Bokryung-
Hwan

[78,79] It is composed of five different herbs of Cinnamomi 
Ramulus, Poria Cocos Hoelen (Pachymae Fungus), 
Moutan Cortex Radicis, Paeoniae Radix, and Persicae 
Semen. The active constituents are antioxidative 
phenolic compounds, trans-cinnamic acid, taxifolin, 
protocatechuic acid, trans-o-hydroxy cinnamic 
acid, protocatechuic aldehyde, benzoic acid, trans-
o-methoxy cinnamic acid, cis-o-methoxy cinnamic 
acid, 4-hydroxybenzoic acid, coumarin, daucosterol, 
Paeoniflorin, albiflorin and benzoylalbiflorin, 
paeonol and paeoniflorin. 

The inhibitory effects of Geiji-Bokryung-Hwan (GBH) on the growth 
of cancer cell lines (HepG2 and Hep3B) and cancer chemopreventive 
activity were investigated. Tumor inhibition was found to be 
mediated via the inhibition of COX-1 activity.

Ganfujian granules [80] Ganfujian granules are an oral preparation consisting 
of dietary and medicinal Chinese herbs including 
Chinese yam (Rhizoma Dioscoreae), hawthorn fruit 
(Fructus Crataegi) and Chinese date (FructusZiziphi 
Jujubae). The active constituents are  flavonoids 
including oligomeric procyanidins (OPCs), vitexin, 
vitexin 4'-O-rhamnoside, quercetin, and hyperoside

The herb was found to reduce and delay the incidence of die
thylnitrosamine-induced hepatocarcinoma by exerting direct 
or indirect effects on the cell cycle and inhibiting uncontrolled 
proliferation of rat hepatocytes.

Maharishi amrit 
kalash

[81] Maharishi Amrit Kalash (MAK) is composed of a 
mixture of two herbal mixtures, MAK-4 and MAK-5. 
The active constituents are  multiple antioxidants 
including alpha-tocopherol, beta-carotene, ascorbate, 
bioflavonoid, catechin, polyphenols, riboflavin and 
tannic acid. 

MAK was found to inhibit liver carcinogenesis when given as 
supplement to diet. The authors of this study suggested that the  
mechanism of this inhibition involved the prevention of excessive 
oxidative damage.

Scutellaria baicalensis 
and Bupleurum 
scorzonerifolfium 
willd

[43] Chinese medicinal herbs. The active constituents 
are antioxidant flavonoids, baicalein, wogonin, neo
baicalein, and skullcapflavone.

The these herbs were found to enhance the chemopreventive effect of 
selenium on N-nitosobis (2-oxopropyl) amine-induced liver cancers 
in Syrian hamsters.

Huqi san 
(Qi-protecting 
powder)

[28,82] Huqi san is composed of eight medicinal herbs includ
ing (Ramulus Visci, Radix Astragali seu Hedysari, 
Radix Curcumae, Radix Salviae Miltiorrhizae). The 
active constituents are polysaccharides, flavonoids, 
alkaloids and tanshinones.

The inhibitory effect of Huqi san on rat prehepatocarcinoma, which 
was induced via diethylinitrosamine (DEN), was investigated. 
It was found to inhibit the over-expression of c-jun, c-fos, and 
c-myc oncogenes, which were shown to play an important role in 
the pathogenesis of hepatocellular carcinoma. Huqi san was also 
reported to inhibit DEN induced oxyradical formation in cultured 
hepatocytes, leading to suppression of oxidative DNA damage.

Milk thistle [83,84] Milk thistle, commonly known as silymarin, is extract
ed from Silybum marianum. The active constituents 
are flavonoids from which silibinin and silymarin are 
the biologically most active compound.

It has been shown that a topical application of silymarin on mice 
results in complete inhibition of an epidermal carcinogen and 
prevents the formation of pyrimidine dimers, which are considered 
to be  potential skin cancer agents. 

Herbs with cancer chemotherapeutic effect

Songyou Yin [85] This herbal extract is composed of a mixture of 5 
Chinese medicinal herbs (Salvia miltiorrhiza, Astraga
lus membranaceus, lycium borbarum crataegus 
pinnatifida and trionyx sinensis). The active consti
tuents are diterpenoid tanshinones, flavonoids and 
saponins.

"Songyou Yin" attenuates tumor proliferation and prolongs survival 
of nude mice bearing hepatocellular tumors without distinct toxicity. 
These findings suggest that "Songyou Yin" has some potential in the 
treatment of hepatocellular carcinoma.

Millettia reticulata 
benth 

[86] Millettia reticulata Benth is one of the oldest tonic 
herbs in traditional Chinese medicine. The active 
constituents are flavonoid derivatives: (-)-epicatechin, 
naringenin, 5,7,3',5'tetrahydroxyflavanone, formo
nonetin, isoliquiritigenin, and genistein.

It was demonstrated that Millettia reticulata Benth flavonoid de
rivatives have a positive inhibitory effect on the viability of human 
cancer cells (including HepG2, SK-Hep-1, Huh7, PLC5, COLO 205, 
HT-29, and SW 872 cells). This Chinese herb also induces apoptosis 
in hepatocellular carcinoma cells via both Fas- and mitochondria-
mediated pathways.

Bushen huayu jiedu 
recipe

[87]  "bushen huayu jiedu recipe" (BSHYJDR) is a mixture 
of several herbs including Chinese Cassia Bark, 
Psoralea, Zedoary, Rhubarb. The active constituents 
are alkaloids, flavonoid, arsenic trioxide, cinnamic 
acid, rhubarb and rhubarb substance.

BSHYJDR was found to inhibit transplanted hepatocarcinoma in 
mice. This effect is improved in combination with chemotherapy 
(cisplatin (DDP)).

Table 1  Summary of the effects of some herbs and other natural compounds on hepatocellular carcinoma
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Promotion 
This stage is characterized by dysregulation of  signaling 
pathways which normally control cell proliferation and 
apoptosis (Figure 1). Apoptotic signaling within the cell 
is transduced mainly via two molecular pathways: the 
death receptor pathway (also called the extrinsic pathway) 
and the mitochondrial pathway (also called the intrinsic 
pathway)[32]. Both pathways activate a variety of  proteases, 
mainly caspases (cysteinyl aspartate-specific proteases), 
and endonucleases, which finally degrade cellular com-
ponents. Caspases are constitutively expressed as inactive 
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Star 99 [88] Chinese herbal compound     Human hepatocellular carcinoma was transplanted in nude mice 
and treated with Star 99 (intratumoral injection 10 days following 
to cancer transplantation). The herbal compound was shown to 
inhibit and destruct liver cancer cells, in particular the membrane, 
cytoplasm and nucleus of the caner hepatocyte.

Daesungki-Tang [89] This is a preparation consisting of four herbs: Rhei 
radix et rhizoma (the roots of Rheum coreanum 
Nakai), Aurantiii frutus immaturus (immature fruits 
of Poncirus trifolita Rafin), Magnoliae cortex (the 
stem bark of Magnolia officinalis Rehd. Et Wils), and 
Mirabilite (Matrii sulfas). The active constituents are 
magnolol, honokiol, physcion, chrysophanol, emo
din, rhein, and aloe-emodin, naringenin glucuronide 
and hesperetin glucuronide.  

This herb is widely used in the treatment of cancer metastasis. DST 
extracts were shown to inhib the invasion of the human hepato
cellular carcinoma cell line, Hep 3B. On this basis, DST may be a 
promising antitumor agent.   

Lycium barbarum 
and rehmannia 
glutinosa

[90] Lycium barbarum (LBE) and Rehmannia glutinosa 
(RGE) are traditionally used as chinese medicines 
and herbal foods in China. The active constituents 
are beta-carotene, vitamin C, vitamins B1 and B2, 
beta-sitosterol, linoleic acid, immunologically active  
polysaccharides, sesquiterpenoids (cyperone, solave
tivone), tetraterpenoids (zeaxanthin, physalin), and 
betaine .

Hot water-extracted Lycium barbarum (LBE) and Rehmannia 
glutinosa (RGE) were found to inhibit cell proliferation and 
induce p53 mediated apoptosis in hepatocellular carcinoma and 
inhibit oxidative DNA cleavage induced by various DNA damage 
chemicals. It also has immunological functions which lead to 
suppression of malignant cell growth.

Semen coicis [91] Semen Coicis is a traditional chinese herbal medicine 
which yields the extract Kang-Lai-Te (KLT). The 
active constituents are protein, fat, carbohydrate, 
vitamin B1, amino acids (leucine, lysine, arginine, 
tyrosine), Coix factors, Coix esters, triterpenoids.

KLT was found to inhibit HepG2 cell growth via a  mechanism 
involving induction of apoptosis through activation of the Fas/FasL 
pathway.

Paeoniae radix [58] This crude drug from the root of Paeonia lactiflora 
Pallas is used in many traditional prescriptions in 
China and Japan. The active constituents are Paeo
niflorin, albiflorin and benzoylalbiflorin.

Paeoniae Radix was found to inhibit the growth of hepatoma cell 
lines HepG2 and Hep3B via induction of apoptosis in a p53 inde
pendent pathway.

Qingrejiedu, 
huoxuehuayu, and 
fuzhengguben

[92] Qingrejiedu, Huoxuehuayu, and Fuzhengguben  
(QHF) medicinal herbs. The active constituents are 
chlorogenic acid, geniposide, baicalin, forsythin, 
indirubin. ligustrazine chuanxiong, saponins, and 
isoflavonoids.

The QHF mixture was found to be more efficient in combating 
cancer than its separate ingredients. It was also reported to relieve 
symptoms that appear in patients with hepatocellular carcinoma 
and to decrease tumor growth by increasing the antitumor effect of 
cisplatin (DDP).

Delisheng [93] Delisheng is a n atural medicinal compound com
posed of ginseng, milk vetch root, secretion bufonis 
and cantharidium.

The activity of Delishng on the human hepatocellular carcinoma cell 
line HepG2 was investigated using the MTT assay, and compared to 
that of the chemotherapeutic drugs 5-fluorouracil and adriamycin. 
Delisheng was proved to have a positive anti-tumor activity, 
comparable to that of the chemotherapeutic drugs used. 

Astragalus 
membranaceus

[94] This herb, also known as aka huang chi, is one of the  
fundamental herbs used in traditional Chinese 
medicine. The active constituents are polysaccharides, 
saponins, flavonoids, amino acids.

The herb was found to improve the function of T lymphocytes in 
cancer patients compared with untreated cells.

Morarah and khaltita [95] Medicinal herbs. The active constituents is Kahalalide 
F.

Morarah and Khaltita were found to induce cell death in a heptoma 
(Huh-7) cell line, suggesting that these herbs could have a promising 
anti-cancer effect.

Possible molecular targets of herbal agents in different stages of hepatocarcinogenesis.

proenzy-mes, generally require proteolytic processing for 
their acti-vation, and are capable of  self-activation as well 
as activa-ting each other in a cascade-like process[33]. The 
extrinsic and the intrinsic pathways are not mutually exclu-
sive and hepatocytes require mitochondrial involvement 
to amplify the apoptotic signal initiated by death recep-
tors. The intrinsic pathway is triggered by various extra- or 
intracellular signals that induce mitochondrial dysfunction, 
resulting in altered membrane permeability and release 
into the cytosol of  mitochondrial proteins, including pro-
apoptogenic factors such as cytochrome c[34]. The Bcl-2 
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family is the best characterized protein family involved in 
the regulation of  apoptotic cell death. The anti-apoptotic 
members of  this family, such as Bcl-2, prevent apoptosis 
either by sequestering proforms of  death-driving cysteine 
proteases called caspases (a complex called the apopto-
some) or by preventing the release of  mitochondrial 
apoptogenic factors such as cytochrome c and apoptosis-
inducing factor into the cytoplasm. After entering the cy-
toplasm, cytochrome c and apoptosis inducing factor di-
rectly activate caspases that cleave a set of  cellular proteins 
to cause apoptotic changes[35,36]. In contrast, pro-apoptotic 
members of  this family, such as Bax, trigger the release of  
caspases from death antagonists via heterodimerization 
and also by inducing the release of  mitochondrial apoptog­
enic factors into the cytoplasm via acting on mitochondri-
al permeability transition pores, thereby leading to caspase 
activation. Thus, the Bcl-2 family of  proteins is crucial in 
critical life-death decisions within the common pathway 
of  apoptosis[37].

Many of  the molecular events altered in HCC progres­
sion are compromise the balance between survival and 
apoptotic signals in preneoplastic hepatocytes. Some 
physiological proapoptotic molecules (e.g. Bax) are down-
regulated or inactivated in HCC, but the balance be-
tween death and survival is mainly disrupted by over 
activation of  anti apoptotic signals (e.g. Bcl-2). Cancer 
cells show stronger requirements for these intracellular 
pathways to survive[38] and many cancer cells resist apop-
tosis through the upregulation of  Bcl-2 gene[39,40]. This 
resistance allows damaged and mutated cells to survive, 
and ultimately proliferate. It also prolongs the lifespan 
of  cells and makes them more likely to develop muta-
tions. Cells also become resistant to the cytotoxic action 
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Different stages of hepatocarcinogenesis

Initiation Promotiom Progression

Normal 
cell

Mallgant 
cell

Tumor 
cell

Inltlated 
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Modulation by herbal treatment

Figure 1  Molecular targets 
for herbal compounds during 
hepatocellular carcinoma pr-
ogression. It is believed that 
hepatocarcinogenesis involve 
three main stages: initiation, pr-
omotion and progression. Herb-
al treatment can target multiple 
biochemical pathways and mol-
ecular events involved in differ-
ent stages of cancer progres-
sion and thus offers both chem-
opreventive protection for heal-
thy or high risk patients and 
chemotherapeutic potential for 
cancer patients receiving che-
motherapy[23-58].
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of  various agents, such as chemotherapy[38,41-43]. Thus, 
induction of  apoptosis in tumor cells as well as the 
inhibition of  increased cell proliferation are vital thera-
peutic goals for herbal treatment of  malignancies. Many 
herbal agents appear to target signaling intermediates in 
apoptosis-inducing pathways. Thus, targeting apoptosis 
pathways in premalignant cells, where these pathways are 
still relatively intact, may be an effective mechanism for 
chemoprevention[40].

Previous studies have shown that treatment with DAS 
significantly modulates DNA levels in DENA-initiated 
hepatocarcinogenesis, suggesting interference with mi-
totic pathways and enhancement of  apoptosis of  cancer 
cells[44,45]. This effect may be related to the ability of  DAS 
to induce direct perturbation of  mitochondria, resulting 
in apoptotic damage to the cancer cells[46,47]. Other studies 
have reported that ascorbate induces cell cycle arrest and 
apoptosis in various tumor cells such as lymphoma, leu-
kemia[48], melanoma[49], brain tumor[50], prostate cancer[51] 
and stomach cancer cells[52]. It is possible that AA exerts 
this effect by inhibiting either gene expression and/or 
activity of  mutant p53, vascular endothelial growth fac-
tor (VEGF), phosphotyrosine kinase, and protein kinase 
C or by enhancing gene expression and/or activity of  
p53 wild-type, transforming growth factor beta (TGFb), 
mitogenactivated protein (MAP) kinase, caspase, cyclin 
A and D and their kinases[53,54]. These anti-promotional 
agents can also target specific signaling pathways for 
hormone receptors, cell cycle check-point markers, tran-
scription factors, mitogen-activated protein kinases, rate-
limiting enzymes (e.g. cyclooxygenases), cell junctions 
and tumor suppressor genes (e.g. p53). Promotion, unlike 
initiation, is reversible and so identifying agents which 
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can stop or reverse the process of  promotion is of  a great 
importance[55].

This stage is characterized by invasion, angiogenesis, 
metastatic growth, and genetic alterations within the 
karyotype of  the cells due to accumulation of  mutated 
genes, resulting in chromosomal abnormalities (see Figure 
1). Angiogenesis, the development of  new blood vessels 
from endothelial cells, is a crucial process which allows the 
malignant cells to get the nutrients and oxygen, which are 
essential for cancer progression[56]. Tumors that outgrow 
their oxygen supply cannot form masses greater than 1-2 
mm in diameter without developing central necrosis. Neo-
plasms are genetically plastic and often adapt by switching 
on genes that increase their ability to invade and metas-
tasize. Tumours do not grow progressively unless they 
induce a blood supply from the surrounding stroma. The 
tumour angiogenic switch seems to be activated when the 
balance shifts from angiogenic inhibitors to angiogenic 
stimulators[57]. During angiogenesis, endothelial cells are 
stimulated by various growth factors, including vascular 
endothelial growth factor (VEGF) and fibroblast growth 
factor (FGF). Thus, blocking the growth of  new blood 
vessels, and thereby reducing nutrients and oxygen supply 
to tumour cells seems to be a successful strategy to pre-
vent cancer metastasis[58]. 

The process of  cancer metastasis consists of  a series 
of  interrelated sequential steps, each of  which is rate-lim-
iting and may be a target for therapy. The outcome of  the 
process depends on both the intrinsic properties of  the 
tumour cells and the responses of  the host. These steps 
are summarized as follows: (1) Transformation of  normal 
cells into tumour cells; (2) Extensive vascularization (an-
giogenesis) involving production and secretion of  pro-an-
giogenic factors by tumour cells and host cells to establish 
a capillary network from the surrounding host tissue; (3) 
Local invasion to the host stroma via thin-walled venules, 
fragmented arterioles, and lymphatic channels which offer 
little resistance to penetration and entry of  tumour cells 
into the circulation; (4) Detachment and embolization, in 
which most circulating tumour cells are rapidly destroyed, 
but those that survive arrest in the capillary beds of  dis-
tant organs by adhering either to capillary endothelial cells 
or to the exposed subendothelial basement membrane; 
(5) Extravasation into a new host organ or tissue; and (6) 
Proliferation within the new host organ or tissue with 
the micrometastasis developing a vascular network and 
evading destruction by host defenses. The cells can then 
continue to invade blood vessels, enter the circulation, and 
produce additional metastases[59-61].

Recently, there has been significant interest in de-
veloping agents which can delay cancer cell progression 
to metastasis. Many anti-angiogenic herbs, such as cur-
cumin[62], grape seed extract[63,64], and green tea, have been 
identified[65,66]. These phytochemicals interact at multiple 
levels to suppress the inflammatory, hyperproliferative 
and transformative processes that promote angiogenesis. 
They inhibit aminopeptidase-N (CD13), a member of  
the matrix metalloproteinase family that is implicated in 
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the angiogenic switch process. They can also interfere 
with the expression of  VEGF by suppressing a series 
of  angiogenic pathways including production of  trans-
forming growth factor beta (TGF-Β), amplification of  
cyclooxygenase-2 (COX-2) and epidermal growth factor 
receptor (EGFR), and amplification of  nuclear factor 
kappa-B (NF-κB) signaling. They may also interfere with 
endothelial cell function by inhibiting the engagement of  
specific integrins. Other anti-angiogenic herbs include 
Chinese wormwood, Chinese skullcap, resveratrol and 
Chinese magnolia tree, ginkgo biloba, quercetin, ginger, 
panax ginseng[67,68].

Most anti-cancer herbs can exert both chemopreven-
tive and chemotherapeutic actions. Taking into considera­
tion the sequence of  events in carcinogenesis (i.e. initia-
tion, promotion and progression), the boundary between 
the two actions of  herbal agents during progression of  
cancer is unclear. In other words, the same herbal agent 
can both act as a chemopreventive agent for healthy or 
high risk patients, and can be used as a therapeutic agent 
or chemotherapy adjuvant to increase efficacy, decrease 
side effects of  conventional cytotoxic drugs, and prevent 
tumour metastasis and recurrence in cancer patients. This 
dual action of  herbal medicines combined with their abili-
ty to target multiple biochemical and physiologic pathways 
involved in tumour development and to minimize normal-
tissue toxicity emphasize their importance as an attractive 
alternative means of  controlling malignancy[19].

HERB-DRUG INTERACTIONS
Although herbal medicine has become a popular comple­
mentary and alternative strategy for cancer, doubts concer­
ning interference with the action of  conventional chemo­
therapeutic drugs have been raised recently. Considering 
the narrow therapeutic borders of  oncolytic drugs, the 
usef  of  herbs  could increase the risk of  clinically relevant 
herb-anticancer drug interactions. In addition, the lack 
of  sufficient information about possible mechanisms 
for such interactions makes it very difficult to accurately 
evaluate their possible adverse effects[69]. We have tried 
to highlight the negative side of  random use of  herbal 
treatments without medical supervision and the extent to 
which they can affect the safety and efficacy of  chemothe­
rapy in cancer patients.

Herb-drug interactions can occur at different levels 
(pharmaceutical, pharmacodynamic or pharmacokinetic), 
but pharmacokinetic interactions are the most likely to oc-
cur and can result in changes in absorption, distribution, 
metabolism, or excretion of  chemotherapeutic drugs[70]. 
Drug-metabolizing systems are among the main targets 
for such interactions. Phase I enzymes, mainly cytochrome 
P450, detoxify a variety of  endogenous and exogenous 
chemicals and activate many carcinogens[71]. PhaseⅡ
enzyme systems, which include glutathione S-transferase 
(GST), 3-quinone reductase, sulfotransferases, and UDP-
glucuronosyl-transferase, catalyze the reduction or con-
jugation of  phase I metabolites to various watersoluble 
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molecules and accelerate the rate of  metabolite excre­
tion[72,73]. Herbs can either inhibit or induce these systems, 
thus modulating the action of  oncolytic drugs. Inhibition 
occurs when a herbal agent reduces the normal activity 
level of  a certain metabolic enzyme or drug transporter 
involved in the disposition of  the chemotherapeutic agent 
via a competitive or noncompetitive mechanism, thereby 
leading to higher plasma levels of  the cytotoxic drug[74,75]. 
On the other hand, induction is a much slower process, in 
which herbs increase the mRNA and protein levels of  the 
relevant metabolizing enzyme or drug transporter, result-
ing in lower plasma levels of  chemotherapeutic agent. In 
either case, significant clinical interactions can occur which 
may cause greater toxicity or therapeutic failure[70,76,77].  
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