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Plant polyphenolic extracts as potential anti-human
hepatocarcinoma agents
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Abstract

Plant polyphenols are secondary metabolites, primarily
synthesized to protect plants from biotic and abiotic
stresses. These compounds are found in fruits, vegetables
and beverages and are an important part of the human
diet. Plant derived polyphenols have been described as
antioxidant, antimicrobial and anticarcinogenic agents.
Human hepatocellular carcinoma is one of the most
common types of cancer worldwide and it is associated to
high mortality. The development of new treatments for
hepatocarcinoma is needed, and plant polyphenols
appear as a promising important source of compounds
for prevention and treatment of this disease. The aim of
this article is to review the current knowledge about the
use of plant polyphenolic extracts as potential agents for
the treatment of human hepatocellular carcinoma.
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Introduction

Plant polyphenols are a wide group of secondary
metabolites. Their main function is to protect the plant
from biotic and abiotic stresses, such as herbivores,
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photosynthetic stress, reactive oxygen species, wounds
and UV radiation (Yang, Landau, Huang, & Newmark, 2001;
Stagos et al, 2012). These compounds are classified
according to their chemical structure into two major
groups: flavonoids and non-flavonoids. The first group
include: flavanols, flavonols, anthocyanidins, flavones,
flavanones and chalcones. The non-flavonoids are divided
into: stilbenes, lignans and phenolic acids (D' Archivio,
Filesi, Di Benedetto, Gargiulo, & Masella, 2007; Stagos et
al, 2012). These metabolites are constituents of a great
variety of fruits, vegetables and beverages and represent
an essential part of the human diet (Ramos, Alia, Bravo, &
Goya, 2005; Leifert & Abeywardena, 2008; Wang et al.,
2011; Darvesh & Bishayee, 2013).

In the past decade, scientists have focused their research
on polyphenols and their beneficial effects on human
health. Many biological activities as antioxidants (Kim,
Quon, & Kim, 2014), antiinflammatories (Lee et al, 2014),
antimicrobials (Daglia, 2012), neuroprotectives (Oboh,
Agunloye, Akinyemi, Ademiluyi, & Adefegha, 2012) and
anticarcinogenic (Yang et al.,, 2001) were widely described
for polyphenols. Furthermore, several epidemiological
studies have shown a correlation between regular fruit
and vegetables consumption and a lower incidence of
certain chronic diseases, such as cardiovascular disease or
cancer (Ortega, 2006; Jin, Zheng, & Li, 2008).

Hepatocellular carcinoma (HCC) is one of the most
frequent tumors worldwide and is associated to high
mortality (Okuda, 2000; Feitelson et al., 2002). There are
different risk factors related to HCC development, as
chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections, chronic exposure to mycotoxins, aflatoxin B,
and alcoholic cirrhosis (Feitelson et al, 2002). The
geographical areas at the highest risk for HCC
development are South East Asia and sub Saharan Africa,
where HBV infection is highly endemic and the main cause
of HCC (Pang, Tse, & Poon, 2006).

The different treatments for HCC are divided into
curative and palliative. The curative treatments include
resection, liver transplantation and percutaneous ablation.
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These treatments are expected to improve patients’
survival, but they are only applicable to a small proportion
of them with early tumors (Pang et al., 2006). Palliative
treatments, as chemoembolisation, are applied to patients
with advanced HCC (Llovet, Burroughs, & Bruix 2003).
Although actually sorafenib (a multikinase inhibitor) or
hepatic artery infusion chemotherapy are available
treatments, the life expectancy of the treated patients
remains low and persons with a late HCC diagnosis have
very poor possibilities (Song & Bae, 2014; Rasool et al,,
2014).

In this scenario, new antitumoral drugs are really
needed, appearing natural compounds as an important
source of new molecules to be used for the prevention and
treatment of HCC. In consequence, many researchers are
focused on the investigation of the antitumoral activity of
natural polyphenols. The main objective of this article is to
summarize the current knowledge about the in vitro and in
vivo antitumoral activity of natural polyphenolic extracts
(PE), as potential human antihepatocarcinoma agents.

Natural Polyphenolic Extracts: Biologic activity in
human hepatocarcinoma in vitro and in vivo models

Plant polyphenols activity has been largely studied
against several types of human cancers such as colon,
prostate and breast (Nzaramba, Reddivari, Bamberg, &
Miller Jr, 2009; Thakur, Gupta, & Gupta, 2012; Sahpazidou
etal, 2014). In the particular case of HCC, there are a great
number of publications about different effects of
polyphenols against this disease. This anti human
hepatocarcinoma activity has been described for several
PE from commonly consumed fruits, vegetables and
beverages (Sun, Chu, Wu, & Liu, 2002; Chu, Sun, Wu & Liu,
2002; Ramos et al., 2005; Wang et al., 2011); but also, for
many autochthonous herbs used in traditional medicine
(Naowaratwattana, De-Eknamkul, & De Mejia, 2010;
Sawadogo, Schumacher, Teiten, Dicato, & Diederich, 2012;
Sakulnarmrat, Fenech, Thomas, & Konczak, 2013). Tables
(supplementary material) summarize the biological
activity of a variety of PE in different in vitro (Table 1) orin
vivo (Table 2) models and the solvents used for extractions
of the phenolic compounds.

1. In vitro assay

In vitro assays using the human hepatocarcinoma cell
line HepG2, showed that PE from vegetables consumed
worldwide (broccoli, spinach, carrot, potato and lettuce)
exerted significant cytotoxic activity after a 96 hours
treatment (Chu et al., 2002; Wang et al., 2011). Treatments
with PE from different kinds of fruits, such as strawberries
and plums, were also tested as anti-HCC agents. These PE
produced an inhibition of HepG2 cells proliferation,
possibly through the activation of apoptosis (Ramos et al.,
2005). Naowaratwattana et al. (2010), investigated the
effect of four different mulberry extracts (aqueous, 100%
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methanol, 50% methanol and 1-butanol) on the HepG2 cell
line. Although, all the assayed extracts reduced cell
viability, the organic extracts showed more cytotoxic
activity than the aqueous ones. A similar anti-proliferative
effect in HepG2 cells was also described for other plant
species such as Lonicera japonica Thunb (Park et al,
2011), Pulsatilla koreana (Hong et al., 2012), Oryza sativa
(Banjerdpongchai, Wudtiwai, & Sringarm, 2013), Costus
speciosus (Nair, Hettihewa, & Rupasinghe, 2014).

Tea consumption has been widely associated to
hepatoprotective activity. Many groups have been studying
the biological activity of tea polyphenols, particularly of
epigallocatechin gallate (EGCG), the main polyphenolic
compound of the tea. EGCG activity against HCC included
anti-proliferative, cell cycle arrest and induction of
apoptosis (Darvesh & Bishayee, 2013). Newell, Yousef, Lila,
& Ramirez-Mares (2010) studied the anti-cancer potential
of ardisia tea extracts from six different Ardisia species. All
of them were cytotoxic for the HepG2 cell line and induced
cell arrest in G1 phase of the cell cycle. These results show
that ardisia tea anti-HCC activity is related to the cell cycle
arrest and apoptosis activation.

Although, most of the research publications related to
PE and HCC use the HepG2 cell line model, there are other
HCC lines (Hep3B, Huh-7, SK-Hep1, PLC/PRF/5) also used
as a biological model (Lin, Ng, Hsu, Shieh, & Chiang, 2004).
Freise et al. (2011) treated four HCC cell lines (HepGZ2,
Hep3B, Huh-7 and SK-Hep1l) with aqueous extracts of
Lindera obtusiloba, a plant species traditionaly used in
Korean medicine to treat liver diseases. This aqueous
extract not only reduced cell viability in all the tested cell
lines, but also modulated the expression of proteins
involved in angiogenesis. Hsu et al. (2007) studied the
effect of Euchresta formosana radix (EFR), a plant used in
traditional Chinese medicine, on Hep3B cells. The
treatment with EFR ethanolic extracts resulted in the
reduction of cell viability by activation of apoptosis and S
phase arrest of the cell cycle. Dendropanax morbifera
Léveille, is another important species used in folk
medicine, and its anti-HCC effect was studied on Huh-7 cell
line. The methanolic extract reduced cell viability,
activated apoptosis and senescence, and affected cell
migration (Hyun et al, 2013). This inhibitory effect on
migration and invasion was also observed in SK-Hep1 cell
line incubated with Pinus densiflora extracts (Lee et al,
2007).

1.1. Mechanisms of action

The main mechanism proposed for PE biological activity
is the activation of programmed cell death or apoptosis.
This death mechanism can be triggered through the
intrinsic or the extrinsic pathways, and involve caspase
activation (Kroemer et al., 2009). Several in vitro studies
using the HepG2 cell line described how the apoptotic
pathways can be regulated by PE’s action. Wang et al.
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(2010) studied the effect of the PE from a native plant
from Asia, Solanum nigrum (SNPE), on HepG2 cells. The 24
hours treatment with the extract resulted in a significant
reduction of HepG2 viability and the activation of caspase
8, 9 and 3. The expression of apoptosis regulators of the
Bcl-2 family (Bcl-2, antiapoptotic and Bid proapoptotic)
was also affected by SNPE treatment. All these results
suggest that SNPE induces apoptosis in vitro. Induction of
apoptosis has also been described for other PE from plants
used in traditional medicine. Pinus massoniana is another
example of an Asian native plant whose PE was described
to exert anti-HCC activity. Bark PE of this plant (PMBE)
reduced HepG2 viability after a 48 hours treatment. This
cytotoxicity was related to the induction of cell cycle arrest
in G2/M phase, the activation of caspases 8, 9, and 3, the
downregulation of Bcl-2 and cleavage of Bid. Lonicera
japonica Thunb. extract (LJE) treatment also induced
apoptosis by the inhibition of Bcl-xL (an anti-apoptotic
Bcl-2 family member) and the activation of Bak (a
pro-apoptotic Bcl-2 family member). LJE also increased the
activation of caspase 9 and 3, and the degradation of PARP
(caspase 3 substrate) (Park et al., 2012).

Camellia species are endemic trees growing in Southern
China. Yang et al. (2012) studied the effect of green coca
tea (Camellia ptilophylla) extracts (GCTE) on HepG2 cells.
A 72 hours treatment with GCTE inhibited cell growth in a
dose dependent manner. Cells treated with GCTE were
arrested at GO/G1 phase of the cell cycle, presented
increased caspase 3 activity, up regulation of the cell cycle
inhibitors p53, p21 and p27, increased expression of Bax
and decreased Bcl-2. Furthermore, there are other plant
species like Oryza sativa (Banjerdpongchai et al. 2013),
Costus speciosus (Nair et al, 2014) and Morus alba L.
(Naowaratwattana et al, 2010) extracts that reduce
viability of HepG2 cell line in vitro, via the activation of
caspases, leading to apoptotic cell death.

The induction of programmed cell death caused by PE
has been extensively studied, but there are other
mechanisms that can be modulated by the treatment with
PE. Autophagic cell death is characterized by the absence
of chromatin condensation accompanied by massive
autophagic vacuolization of the cytoplasm (Kroemer et al.,
2009). Lin et al. (2007), described the activation of
autophagy after the treatment with Solanum nigrum
polyphenolic extract (SNPE). SNPE increased levels of
autophagic vacuoles, stimulated the accumulation of LC3
and the conversion of LC3-1 to its autophagosome
associated form, LC3-II. This treatment also resulted in the
modulation of the signalling pathways that regulate
autophagy and the down regulation of Bcl-2 and Akt,
which are associated to the activation of autophagy.

Angiogenesis and metastasis are two essential processes
for cancer development. Some PE has been characterized
to exert their anti-HCC effect by blocking the formation of
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new vascular vessels and by the inhibition of invasion and
migration capability. For example, Lindera obtusiloba
extracts reduced invasive potential of treated cells and
modulated the expression of proteins involved in
angiogenesis, like VEGF and HIF-1la. Freiser and
collaborators (2011) also studied some transcriptional
factors and genes implicated in angiogenesis. The
expression of the transcription factor PPARy and the genes
COX-2 and iNOS were inhibited after treatment with
Lindera obtusiloba extracts. The anti-angiogenic effect was
also described for Pulsatilla koreana extracts in treated
Huh-7 cells that showed inhibition of the expression of
VEGF and HIF-1a. This extract also affected migration of
the treated cells (Hong et al, 2012). Also other plant
extracts like Pinus densiflora (Lee et al, 2007) and
Saussurea involucrate (Byambaragchaa, de la Cruz, Yang, &
Hwang, 2013) induced a reduction in the migration and
invasion capability of cells. In both cases, the extracts
inhibited the expression of MMP-2 and MMP-9, two
extracellular matrix degrading proteinases, involved in
migration.

2. In vivo animal tests

Several researchers have studied the effect of PE using
in vivo hepatocellular carcinoma models. Most of them
used rats or mice with chemically induced or tumor
xenograft implanted HCC. Some of the PE mentioned in the
in vitro section were also tested in vivo. For example, the
effect of SNPE in the development of tumors was studied in
athymic nude mice. HepG2 cells where implanted and mice
with developed tumors where treated with SNPE for 35
days. SNPE consumption produced a 90% reduction in
tumor weight and volume, compared to mice without
treatment (Wang et al,, 2010). The tumor xenograft model
was also used to demonstrate the effect of PMBE in vivo. In
this work, mouse hepatocellular carcinoma H22 cell line
was implanted in Kunming mice and treatments were
initiated 24 hours after injection of tumor cells. After 12
days of PMBE administration, mice treated showed a
significant reduction in tumor growth (Ma et al, 2010).
The in vivo effect of GCTE was studied in BALB/c nude
mice, injected subcutaneously with HepG2 cells and
treated 5 days after implantation. GCTE treatment for 27
days resulted in tumor growth inhibition, caspase 3
activation and DNA fragmentation.

Taken together, these results demonstrated that SNPE,
PMBE and GCTE not only inhibited cell proliferation in
vitro but also suppressed tumor growth in vivo. In vivo
studies have also used ardisia species extracts to
investigate their effect in liver carcinogenesis. Particularly,
the activity of Ardisia compressa leaves extracts was
evaluated in drug induced liver carcinogenesis in Wistar
rats. The treatment inhibited the development and
progression of tumors (Gonzalez de Mejia, Ramirez-Mares,
Arce-Popoca, Walling, & Villa-Trevio, 2004). Amin, Koh, &
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Asmah (2004) studied the effect of other commonly
consumed beverage extracts in rats with induced
hepatocarcinoma. The treatment with Cacao liqueur
extracts (CLE) of tumor induced in Sprague Dawley rats,
resulted in a reduction of tumor marker enzymes in
plasma and liver. This finding suggests that CLE may have
a potential effect in reducing severity of
hepatocarcinogenesis.

Conclusions

The evidences summarized in this article from in vivo
and in vitro studies demonstrate that plant polyphenols
are a promising good source to find new candidate
molecules to be used for the prevention and treatment of
HCC. Although, more in vivo experiments are needed to
completely understand the mechanisms of action of these
compounds in the inhibition of HCC. Also, it is extremely
important to study and consider the bioavailability and
stability of these compounds once they are absorbed in
vivo. This would help to estimate, for example the daily
consumption needed of certain food to exert their
preventive effect or the necessary doses of polyphenolic
compounds to act as antiHCC agents.

Another important aspect to consider is that
polyphenolic extracts are a mixture of different molecules.
Although, many studies are conducted to isolate and
characterize the active compound responsible for the
biological activity of the polyphenolic extract, it is
necessary to consider that whole extracts may act
synergically, being involved in the modulation of multiple
intracellular pathways. As hepatocellular carcinoma is a
complex disease, with multiple molecular mechanisms
involved in its development, polyphenolic extracts would
provide a wide spectrum of compounds capable of
targeting different molecular pathways for treatment.
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