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Cancer is one of the leading causes of death and globally the numbers of cases of cancer
are increasing gradually. There are several medicines available in the market to treat the
various types of cancer but no drug is found to be fully effective and safe. The major
problem in the cancer chemotherapy is the toxicity of the established drugs. However
natural products have proved effective and safe in the treatment and management of
cancers. These days most of the research work on cancer drugs is targeted on bio based
natural products. Many natural products and their analogues have been identified as potent
anti-cancer agents and day by day the anti-cancer property of various bio based
compounds is being identified. Here an attempt is being made through this review to
highlights the efficacy of Hispolon and Limonene and their analogues established as anticancer agents.

Introduction
Cancer is a major public health burden in both
developed and developing countries. It is an
abnormal growth of cells in body that can lead
to death and globally the numbers of cancer
patients are increasing day by day.
Many natural products and their analogues
have been identified as potent anti-cancer
agents and day by day the anti-cancer property
of various plants and fungi is being identified.
New drug discovery is time consuming
&laborious process. So the anticancer activity
of certain natural products and their analogs
can be enhanced by synthesizing new

derivatives based on active pharmacophore
models; drug resistance, solubility and
metabolic limitations can be overcome by
appropriate molecular modification.
In this context, natural products derived from
the biological sources have emerged as the
ﬁrst choice of researchers. Accordingly,
several plant-/fungal-/bacterial-derived natural
products are in diﬀ erent stages of evaluation
as new therapeutic agents (Veeresham, 2012
and Bernardini et al., 2017). There has been
also a growing interest among the researchers
for exploring synthetic derivatives of natural
products as a novel class of drugs with
multiple activities and target speciﬁcity. In
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this review, we summarize several studies that
show the anticancer effects of Hispolon and
Limonene.
Hispolon
Hispolon (HS) is a bioactive polyphenol found
in several medicinal mushrooms. It was
isolated initially from Inonotus hispidus (Ali
et al., 1996) subsequently; it was isolated from
other species of mushrooms such as Phellinus
linteus and Phellinus igniarius (Mo et al.,
2004 and Wang et al., 2014). There are
increasing lines of evidence in the literature to
suggest that Hispolon exhibits a wide range of
medicinal properties. For example, it has been
reported for antiviral (Ali et al., 2003),
hepatoprotective (Huang et al., 2012),
immunomodulatory (Chang et al., 2011) and
ant proliferative activities (Huang et al., 2011,
Chen et al., 2013 and Wu et al., 2014) in
diﬀ erent models. Of these, antitumor activity
of Hispolon has been studied in detail by
diﬀ erent groups and it was observed that it
inhibits growth of cancer cells through
induction of cell cycle arrest, apoptosis, and
suppression of metastasis (Chen et al., 2013,
Chen et al., 2008, Huang et al., 2010 and
Hsiao et al., 2013).However, the underlying
mechanisms responsible for these eﬀ ects are
not understood completely. Considering the
importance of Hispolon as a pharmacological
agent, several of its new derivatives have been
synthesized and evaluated for antiproliferative
and antitubercular eﬀ ects.
On similar lines, recently Pogakula Chethna et
al., reported the abilities of HS and its
derivatives such as hispolonpyrazole (HP),
hispolonmonomethyl ether (HME), and
hispolonmonomethyl ether pyrazole (HMEP)
to scavenge reactive oxygen species (ROS)
and to exhibit antioxidantactivity in cell-free
systems. The exposure of carcinogenic agents
such as radiation, pollutants, and xenobiotics
are known to increase the intracellular levels

of ROS, leading to oxidative damages.
Although DNA is a stable, well-protected
molecule, it is the most critical subcellular
target of ROS-induced oxidative damages and
is believed to be responsible for the onset of
cell death, mutagenesis, and carcinogenesis.
Therefore, any agent which can attenuate ROS
(antioxidant activity) and the subsequent DNA
damage (antigenotoxic activity) can help in
reducing the initiation and progression of
cancer. The structural formula of hispolon is
shown in Figure 1.
Lung cancer
Q. Wu et al., (2014) examined the effects of
hispolon on the lung cancer A549 and H661
cells. According to them Hispolon decreased
cell viability in a dose- and time-dependent
manner. The cell cycle distribution showed
that hispolon enhanced the accumulations of
the cells in G0/G1 phase. Mechanically,
hispolon decreased the expression of G1-S
transition-related proteins: Cyclin D1, cyclin
E, CDK2, CDK4 and CDK6, but increased the
expression of CDK inhibitor p21CIP1 and
p27KIP1. Moreover, hispolon induced cell
apoptosis through activation of the
mitochondrial pathway, evidenced by the loss
of mitochondrial membrane potential, the
release of cytochrome c into cytosol, and the
cleavage of caspase-9, caspase-3 and poly
(ADP-ribose) polymerase (PARP) in hispolontreated cells. Additionally, hispolon enhanced
the expression of p53, speciﬁc silencing of
which almost completely reversed hispolonmediated antitumor activity.
Moreover, hispolon treatment was more
effective on H661 cells than on A549 cells in
inhibiting cell viability and inducing cell
apoptosis. They suggested that hispolon
inhibits the cell viability, induces G0/G1 cell
cycle arrest and apoptosis in lung cancer cells
and p53 plays a critical role in hispolonmediated antitumor activity.

3254

Int.J.Curr.Microbiol.App.Sci (2018) 7(11): 3253-3263

Breast and bladder cancer
MDM2 proto oncogene is overexpressed in
many human tumors, including breast and
bladder cancers. Therefore, downregulation of
MDM2 has been considered an attractive
therapeutic strategy. Hispolon extracted from
Phellinus species was found to induce
epidermoid and gastric cancer cell apoptosis.
However, the mechanisms are not fully
understood. T.-L. Lu et al., (2009) reported
that hispolon inhibited breast and bladder
cancer cell growth, regardless of p53 status.
Furthermore, p21WAF1, a cyclin-dependent
kinase inhibitor, was elevated in hispolontreated cells. MDM2, a negative regulator of
p21WAF1, was ubiquitinated and degraded
after hispolon treatment. They also found that
activated ERK1/2 (extracellular signalregulated kinase1/2) was recruited to MDM2
and
involved
in
mediating
MDM2
ubiquitination. Based on this ﬁnding, we
investigated whether the sensitivity of cells to
hispolon was related to ERK1/2 activity. The
results indicated that cells with higher ERK1/2
activity were more sensitive to hispolon. In
addition, hispolon-induced caspase-7 cleavage
was inhibited by the ERK1/2 inhibitor, U0126.
They concluded that hispolon ubiquitinates
and downregulates MDM2 via MDM2recruited activated ERK1/2. Therefore,
hispolon may be a potential anti-tumor agent
in breast and bladder cancers.
Gastric cancer
W. Chen et al., (2008) investigated the
efﬁcacy of hispolon in human gastric cancer
cells and explored the cell death mechanism.
Hispolon induced ROS-mediated apoptosis in
gastric cancer cells and was more toxic toward
gastric cancer cells than toward normal gastric
cells, suggesting greater susceptibility of the
malignant cells. The mechanism of hispolon
induced apoptosis was that hispolon abrogated
the glutathione antioxidant system and caused

massive ROS accumulation in gastric cancer
cells. Excessive ROS caused oxidative
damage to the mitochondrial membranes and
impaired the membrane integrity, leading to
cytochrome c release, caspase activation, and
apoptosis. Furthermore, hispolon potentiated
the cytotoxicity of chemotherapeutic agents
used in the clinical management of gastric
cancer.
Oral cancer
Hispolon from Phellinus linteus is being
increasingly used to treat a wide variety of
disease processes such as oral ulcer,
gastroenteric
disorder,
inﬂammation,
lymphatic disease, and various cancers.
However, the mechanism underlying its antioral cancer effect is poorly understood. W.
Chen et al., (2006) prepared the ethanol
extract of Phellinus linteus as a crude drug,
and then obtained the active component
hispolon by bioassay-guided isolation.
Hispolon showed a dose dependent inhibition
of human epidermoid KB cell proliferation
with IC50 of 4.62±0.16g/ml. Furthermore, it
was revealed that hispolon could induce
human epidermoid KB cell apoptosis with the
characteristic of a DNA ladder, and with a
signiﬁcant increase of sub-G1. This process
was accompanied by the collapse of
mitochondrial membrane potential, the release
of cytochrome c and the activation of
Caspase-3. Results revealed that hispolon
induced the death of KB cells through a
mitochondria mediated apoptotic pathway.
Nasal cancer
Nasopharyngeal carcinoma (NPC) is the most
common
cancer
originating
in
the
nasopharynx, where the nasal passages and
auditory tubes join the remainder of the upper
respiratory tract. NPC occurs in children and
adults. It is a distinct entity of head and neck
cancers because of its characteristic
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epidemiology, pathogenesis, and association
with the Epstein–Barr virus. Importantly, it is
ametastasis of cancer cells to the neck lymph
nodes, which can occur in up to 75% of NPC
patients, which represents an adverse
prognostic factor of the disease. Hispolon, a
phenol compound isolated from Phellinus
linteus (PL), possesses anti-inﬂammatory,
anti-proliferative, and antioxidant effects.
However, the effects of hispolon on human
nasopharyngeal carcinomas have yet to be
evaluated. The molecular mechanism by
which hispolon anticancer effects in human
nasopharyngeal carcinomas cells were
investigated by Hsieh et al., (2014). The
results showed thathispolon signiﬁcantly
inhibited cell proliferation of HONE-1 and
NP-039 cell lines. Furthermore, hispolon
induced apoptosis throughcaspases-3, -8, and 9 activations and PARP cleavage in dose- and
time-dependent manner in HONE-1 andNP039 cells. Moreover, hispolon also showed
that increase phosphorylation of ERK1/2, p38
MAPK andJNK1/2 in dose- and timedependent manner by western blot analysis.
However, hispolon-induced activation of the
caspase-3, -8 and -9 signiﬁcantly abolished by
inhibition of p38 MAPK and JNK1/2 speciﬁc
inhibitors. The effects of hispolon on the
apoptosis and related regulation mechanism in
HONE-1 and NPC-039 cells takes place and
hispolon may be a useful candidate as a
chemotherapeutic agent for NPC therapy.
Liver cancer
Hepatocellular carcinoma (HCC) is a lethal
cancer, several etiologic factors, including
exposure to aﬂatoxinB1 and infection with
hepatitis B and C viruses have been classiﬁed
as high-risk factors associated with HCC.
Guan-Jhong Huang et al., (2011) investigated
the anti-proliferative eﬀ ect of hispolon on
human hepato cellular carcinoma Hep3B cells
by using the MTT assay, DNA fragmentation,
DAPI
(4,6-diamidino-2-

phenylindoledihydrochloride) staining, and
ﬂow cytometric analyses. Hispolon inhibited
cellular growth of Hep3B cells in a timedependent and dose-dependent manner,
through the induction of cell cycle arrest at S
phase measured using ﬂow cytometric
analysis and apoptotic cell death, as
demonstrated by DNA laddering. Hispoloninduced S-phase arrest was associated with a
marked decrease in the protein expression of
cyclins A and E and cyclin-dependent kinase
(CDK) 2, with concomitant induction of
p21waf1/Cip1 andp27Kip1. Exposure of
Hep3B cells to hispolon resulted in apoptosis
as evidenced by caspase activation, PARP
cleavage, and DNA fragmentation. Hispolon
treatment also activated JNK, p38 MAPK, and
ERK expression. Inhibitors of ERK
(PB98095), but not those of JNK (SP600125)
and p38MAPK (SB203580), suppressed
hispolon-induced S-phase arrest and apoptosis
in Hep3B cells. These ﬁndings established a
mechanistic link between the MAPK pathway
and hispolon-induced cell cycle arrest and
apoptosis inHep3B cells.
Colon cancer
The ability of hispolon to modulate Tumour
necrosis factor-related apoptosis-inducing
ligand (TRAIL) induced apoptosis in human
colon cancer cells was investigated by Kim et
al., (2016) as well as the subsequent
mechanism of action. Hispolon was found to
enhance TRAIL-induced apoptosis through
the upregulation of pro-apoptotic proteins,
downregulation of cell survival proteins and
upregulation of death receptors. Hispolon was
found to activate caspase-3, caspase-8 and
caspase-9,
while
downregulating
the
expression of cell survival proteins such as
cFLIP, Bcl-2 and Bcl-xL and upregulating the
expression of Bax and truncated Bid. They
also found hispolon induced death receptors in
a
non‑ cell
type‑ specific
manner.
Upregulation of death receptors by hispolon
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was found to be p53-independent but linked to
the induction of CAAT enhancer binding
protein homologous protein (CHOP). Overall,
hispolon was demonstrated to potentiate the
apoptotic effects of TRAIL through
downregulation of anti-apoptotic proteins and
upregulation of death receptors linked with
CHOP and pERK elevation.
Similarly Balaji et al., (2015) synthesized
hispolon and its analogues, their cytotoxicities
were evaluated in human prostate, colon and
breast cancer cell lines in comparison to noncancer canine kidney, mouse embryonic
fibroblast and human primary embryonic
kidney cell lines using the MTT assay. Among
the 26 hispolonanalogs synthesized and
evaluated, compound VA-2 was the most

active, showing significant concentrationdependent cytotoxicity and selectivity in the
colon followed by prostate cancer cell lines,
with the observed mean IC50 values in the
range 1.4 to 6.3 μM. Compared to hispolon,
compound VA-2 was 3.7 to 4.7 times and 2 to
5.5 times more potent in the colon and
prostate cancer cell lines, respectively. In
addition, compound VA-2 induced a
significant concentration-dependent reduction
in mitochondrial membrane potential resulting
in pre-apoptosis and apoptosis in the HCT-116
colon cancer cell line. Hispolonanalogs
activity varied significantly when the aromatic
functional groups and β-diketone functional
groups are modified. As a result VA-2,
hispolonanalogs VA-4, VA-7 and VA-15 also
showed prominent activity on these cell lines.

Fig.1 Two (1A) and three (1B) dimensional structure of hispolon

Fig.2 Chemical structure of Limonene
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Leukemia cancer
Y.-C. CHEN et al., (2013) investigated the
antiproliferative effect of hispolon on human
hepatocellular carcinoma NB4 cells using the
MTT assay, DNA fragmentation, DAPI (4, 6diamidino-2-phenylindole dihydrochloride)
staining, and ﬂow cytometric analysis.
Hispolon inhibited the cellular growth of NB4
cells in a dose-dependent manner through the
induction of cell cycle arrest at G0/G1 phase
measured using ﬂow cytometric analysis and
apoptotic cell death, as demonstrated by DNA
laddering. Exposure of NB4 cells to hispoloninduced apoptosis-related protein expressions,
such as the cleavage form of caspase 3,
caspase 8, caspase 9, poly (ADP ribose)
polymerase, and the proapoptoticBax protein.
Western blot analysis showed that the protein
levels of extrinsic apoptotic proteins (Fas and
FasL), intrinsic related proteins (cytochrome
c), and the ratio of Bax/Bcl-2 were increased
in NB4 cells after hispolon treatment.
Hispolon-induced G0/G1-phase arrest was
associated with a marked decrease in the
protein expression of p53, cyclins D1, and
cyclins E, and cyclin-dependent kinases
(CDKs) 2, and 4, with concomitant induction
of p21waf1/Cip1 and p27Kip1. Hispolon
induces both of extrinsic and intrinsic
apoptotic pathways in NB4 human leukemia
cells in vitro.
Limonene
D-limonene (1-methyl-4- (1-methylethenyl)
cyclohexane) is a monocyclic monoterpene
with a lemon-like odour and is a major
constituent in several citrus oils (orange,
lemon, mandarin, lime, and grapefruit). It is
listed in the Code of Federal Regulation as
generally recognized as safe and widely used
as flavouring and fragrance additive in food
industry (Jidong Sun, 2007). Limonene is
colourless liquid with a molecular weight of
136.24 (molecular formula: C10H16: CAS-

No. 5989-27-5) (Fig. 2). Limonene is shown
to have wide clinical applications in cancer as
well as in other disease conditions. It is used
to dissolve cholesterol containing gallstones
(Igimi et al., 1976) and due to its potential for
neutralizing gastric acid, it has also been used
to relieve heartburn and gastroesophageal
reflux disorder (Wilkins, 2002). In preclinical
cancer models, it has been shown to prevent
or delay the growth of a number of cancer
types including lymphomas (Del Toro Arreola
et al., 2005), mammary (Maltzman et al.,
1989), gastric (Lu XG et al., 2004), liver
(Kaji et al., 2001), lung (Raphaeland Kuttan,
2003) and prostate cancer (Rabiand Bishayee,
2009).
Colon cancer
Raja Ratna Reddy et al., (2016) investigated
synergistic anticancer effects of limonene and
BEZ235 combination in COLO-320 and
HCT-116 colon cancer cells. Cells were
treated with both the drugs alone and in
combination and the effects on cell viability;
cell migration and clonogenic potential were
examined. Results show that both drugs
exhibited dose and time dependant
cytotoxicity on the cell lines tested.
Composing analysis of the drug combination
effects revealed the strong synergistic
interaction of the combination. These results
also indicate that COLO-320 cells were more
sensitive for anticancer effects of the drugs
than HCT-116 cells. The presence of Ras and
PI3K mutations in HCT-116 cells could
possibly be one of the main reasons for the
observed outcome as compared to the wild
type expressions of them in COLO-320 cells.
JIA et al., (2013) investigated the effects of
D-limonene on colon cancer cell viability and
its potential mechanism of action in vitro.
After 48 h of treatment, D-limonene
suppressed the viability of LS174T cells in a
dose-dependent manner and caused a dose-
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dependent apoptotic cell death. D-limonene
activated caspase-3 and -9 and PARP
cleavage in a dose-dependent manner.
Moreover, an increase in Bax protein and
cytosol cytochrome c from mitochondria and
a decrease in Bcl-2 protein were observed
following treatment with D-limonene. In
addition, D-limonene decreased the levels of
p-Akt (Ser473), p-Akt (Thr308) and p-GSK3β (Ser9), suggesting that D-limonene
induced apoptosis via the mitochondrial death
pathway and the suppression of the PI3K/Akt
pathway.
Leukemia cancer
J. Ji et al., (2006) investigated the
proliferation and apoptosis induction by dlimonene in human leukemia cell lines. The
results revealed that d-limonene induces
adose- and time-dependent apoptosis through
an increase of Bax protein expression. They
also
demonstrate
activation
of
the
mitochondrial death pathway, characterized
by a release of cytochrome c and activation of
caspase-9 and cleaved caspase-3, but
notcaspase-8. Furthermore, both broadspectrumcaspase inhibitor and caspase-3speciﬁc inhibitor succeed in attenuating dlimonene-induced apoptotic cell death. These
observations suggest that d-limonene induces
apoptosis in both tested human leukemia cells
via acaspase-dependent mitochondrial death
pathway.
Skin cancer
Chaudhary et al., (2012) investigated the
effects of D-limonene on the growth of 7,12dimethylbenz[a] anthracene (DMBA) initiated and 12-O-tetradecanoylphorbol-13acetate (TPA) -promoted skin tumor
development. They found that D-limonene
(50 and 100 mg/kg body weight) treatments to
the mouse skin significantly reduced the
TPA-induced (a) edema and hyperplasia (p <

0.001); (b) expression of cyclooxygenase-2;
(c) ornithine decarboxylase activity (p <
0.001); and (d) [3H] thymidine incorporation
into DNA (p < 0.001). In addition, treatment
of D-limonene effectively restored the level
of
reduced
glutathione,
glutathione
peroxidase, glutathione reductase, glutathione
S-transferase, catalase and malondialdehyde
production in TPA-treated mouse skin. In a
two-stage skin tumorigenesis study, Dlimonene significantly reduced the tumor
burden (p < 0.005) and tumor incidence as
compared to DMBA/TPA-treated mice. DLimonene treatment also extended the latency
period of tumor development from 4 to 9
weeks. D-Limonene treatment decreased the
expression level of Ras, Raf and
phosphorylation of extracellular signalregulated protein kinase1/2 in DMBA/TPAinduced tumors. A decrease in the expression
of Bcl-2 and an increase in Bax expression
were also observed in tumor tissues of mice
treated with D-limonene. These findings
suggest that D-limonene may exert its
chemopreventive activity through the
inhibition of inflammation, oxidative stress
and Ras-signaling as well as the induction of
pro-apoptotic state during TPA-mediated
promotion of DMBA-induced skin cancer in
mouse model.
Pancreatic cancer
The effect of d-limonene on pancreatic
carcinogenesis induced by N-nitrosobis (2oxopropyl) amine (BOP) was investigated in
Syrian golden hamsters by Nakaizumi et al.,
(1997). During and after 5 weekly injections
of BOP, each hamster was fed diet containing
d-limonene. In week 26, quantitative
histological analysis showed that prolonged
treatment with d-limonene signiﬁcantly
reduced the number of pancreatic carcinomas.
Administration of d-limonene did not cause a
signiﬁcant increase in the apoptotic index, but
caused a signiﬁcant decrease in the
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BrdUlabeling index of carcinoma. These
ﬁndings indicate that d-limonene inhibits the
development of pancreatic carcinoma not by
enhancing tumor cell loss through apoptosis,
but rather by inhibiting cell proliferation.
Mammary cancer
C.E. Elson et al., (1988) reported that the
monoterpenoid d-limonene is effective in
preventing 7,12-dimethylbenz[a] anthracene
(DMBA*) -induced mammary cancer in rats
when incorporated in the diet from 1 week
before carcinogen administration through to
the end of the follow-up period. A dose as
low as 20 p.p.m. was found to be effective
while no toxicity was observed at dosesas
high as 100 000 p.p.m. in the diet. They
determine the effectiveness of dietary dlimonene when fed only during the initiation
or during the promotion/progression stage of
DMBA-induced mammary carcinogenesis.
They conclude that d-Limonene was found to
be effective in reducing the average number
of rat mammary carcinomas that developed in
7,12-dimeihylbenz[a] anthracene-treated rats
when the terpene was fed during the initiation
or during the promotion/progression stage of
carcinogenesis. The time to the appearance of
the first tumor was extended only when dlimonene was fed during the initiation stage.
These effects could not be attributed to
changes in mammary-relevant endocrine
functions
Prostate cancer
Clinical trials have shown that docetaxel
combined with other novel agents can
improve the survival of androgen-independent
prostate cancer patients. d-Limonene, a nonnutrient dietary component, has been found to
inhibit various cancer cell growths without
toxicity.
Thangaiyan
Rabi
and
AnupamBishayee
(2009)
sought
to
characterize whether a non-toxic dose of d-

limonene may enhance tumor response to
docetaxel in an in vitro model of metastatic
prostate cancer. d-Limonene and docetaxel in
combination signiﬁcantly enhanced the
cytotoxicity to DU-145 cells than PZ-HPV-7
cells. Exposure of DU-145 cells to a
combined d-limonene and docetaxel resulted
in higher ROS generation, depletion of GSH,
accompanied by increased caspase activity
than docetaxel alone. It also triggered a series
of effects involving cytochrome c, cleavages
of caspase-9, 3 and poly (ADP-ribose)
polymerase, and a shift in Bad: Bcl-xL ratio
in favor of apoptosis. Apoptotic effect was
signiﬁcantly blocked on pretreatment with Nacetylcystein, indicating that antitumor effect
is initiated by ROS generation, and caspase
cascades contribute to the cell death. Results
show, for the ﬁrst time, that d-limonene
enhanced the antitumor effect of docetaxel
against prostate cancer cells without being
toxic to normal prostate epithelial cells. The
combined beneﬁcial effect could be through
the modulation of proteins involved in
mitochondrial pathway of apoptosis. DLimonene could be used as a potent non-toxic
agent to improve the treatment outcome of
hormone-refractory prostate cancer with
docetaxel.
This review paper provides information on
natural products with potential to decrease
growth of cancer or be used as adjuvant with
cancer treatments for patients who already
have or have had cancer. It is documented that
natural products such as Hispolon and
Limonene have rich anticancer potential, and
they have exhibited anticancer activity in
animal models as well as human cell lines.
Information from this review health care
professional can initiate discussion with
colleagues to determine whether patient may
benefit from taking a specific natural product.
Selected natural products have been explored
for
biological
activity
and
further
investigations into anticancer activity of the
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biological compounds showing promising
activity, must be undertaken.
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