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Herbs have been considered natural and valuable sources for anticancer drug discovery. Herbal
medicine has been prescribed in many countries over centuries for treating various diseases including infec-
tious and malignant diseases. Nowadays, many of the drugs that have been used for treatment of malignant
diseases are derived from natural products such as Taxol, a natural product isolated initially from Pacific Yew
(Taxus brevifolia). This review article describes research on molecular mechanisms, especially cytotoxic effect
of natural products from plant sources, primarily preclinical studies, involving human lung cancer cells in
vitro for providing more knowledge and issues for potential drug development from medicinal herbs in the

future.
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Lung cancer is the most frequent cause of
cancer-related death and accounts for more than a
million deaths yearly worldwide with non-small cell
lung cancer (NSCLC) accounting for 75-85% of lung
cancer®?, In Thailand, lung cancer is the second most
common cancer in men after liver cancer, with an esti-
mated incidence rate of 25.9 per 100,000 whereas an
estimated rate of lung cancer in Thai women is 10.0 per
100,000 after cervical, breast and liver cancer®. The
pathogenesis of lung cancer involves the accumula-
tion of multiple molecular abnormalities, particularly
with the exposure to smoking. These alterations in-
clude the genetic mutations, chromosomal changes with
consequent inactivation of tumor suppressor genes
and overactivity of signal transduction cascades. p53,
a prototype tumor suppressor gene and most common
genetic lesion in human cancers, acts as a transcrip-
tion factor regulating a member of downstream genes
including p21, MDM2, GADD45, and BAX. Although
not consistently associated with prognostic signifi-
cance, p53 mutations play a key role in tumor develop-
ment by dysregulation of cell cycle control and
apoptosis. p53 mutation as well as high Bcl2 and low
BAX expression occur in most small cell lung cancer.
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An important signal transduction pathway, the RAS
proto-oncogene family especially KRAS, can be inac-
tivated in some lung cancers by point-mutations, lead-
ing to inappropriate signaling for cell proliferation. In
contrast to p53 mutations, KRAS mutations are most
commonly seen in non-small cell lung cancer espe-
cially adenocarcinoma®®. Molecular studies of lung
cancer have provided new avenues for early diagnosis
and therapeutic strategies, however, certain patients
are still plagued by rapid disease recurrence and pro-
gression, and there has been no significant improve-
ment in their overall survival. Therefore, it remains
a disease with poor prognosis and the primary cause
of cancer-related deaths in both men and women
despite recent advances made in drug development.
The development or presence of resistance to chemo-
therapeutic agents is a major obstacle to the effective
treatment of lung cancer. ldentifying the molecular
determinants of sensitivity and resistance to chemo-
therapy is expected to improve the therapeutic effi-
cacy.

Herbs have been considered valuable sources
for anticancer drug discovery®. Herbal medicine,
recorded in many countries, e.g., Chinese pharmaco-
poeia, has been prescribed for many diseases over
centuries and began to be matched by increasing
scientific attention®.
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Based on recent scientific research on herbs,
herbal therapies have been considered alternative treat-
ments for malignancies®. The different components in
herbs may have synergistic activities or buffering toxic
effects and extracts from a mixture of herbs might have
more therapeutic or preventive activities than the herbs
alone. However, several studies have demonstrated
that extracts from several herbal medicines or mixtures
have an anticancer potential and could inhibit cancer
cell proliferation in vitro or in vivo©9, For example, the
lead compound, Taxol, a natural product isolated ini-
tially from the Pacific Yew (Taxus brevifolia) in the late
1980s destroys the spindle, leading to a loss of chro-
mosome segregation with consequent inhibition of cell
division and cell death®™, Interestingly, it is likely that
most of the herbal medicines or mixtures exert their
antitumor activities via the apoptotic process.

Apoptosis or programmed cell death has an
essential role in controlling cell numbers in many
developmental and physiological settings and in che-
motherapy-induced tumor cell killing. It is a genetically
regulated biological process guided by the ratio of
proapoptotic and antiapoptotic proteins. Apoptosis is
impaired in many human tumors suggesting that
disruption of apoptotic function contributes substan-
tially to the transformation of a normal cell to a tumor
cell. The apoptotic cell is characterized by loss of cell
volume, plasma membrane blebbing, nuclear conden-
sation, chromatic aggregation and endonucleocytic
degradation of DNA into nucleosomal fragments.
These cell changes occur after a cascade of cell-signal-
ing and caspase-mediated events that regulate proap-
optotic and antiapoptotic proteins and are triggered
by two major pathways: the death-receptor-induced
extrinsic pathway and the mitochondria apoptosome-
mediated apoptotic intrinsic pathway. Both of these
pathways lead to caspase activation and cleavage of
specific cellular substrates. The receptor- triggered-
apoptosis pathway includes ligands and their recep-
tors such as FAS, TNF, and TRAIL as well as down-
stream molecules such as caspases and Bcl-2 family
members. The mitochondria-apoptosome-mediated
pathway includes apoptotic stimuli induced by radia-
tion therapy and chemotherapy, mitochondria, apop-
tosome and key effector caspases. Caspases are acti-
vated in a cascade-like fashion. Initiator or upstream
caspases (caspases 8, 9, and 10) can activate effectors
or downstream caspases, including caspases 3, 6, and
7, which lead to induction of apoptosis. Crosstalk also
exists between the two apoptotic pathways. For exam-
ple, FAS is linked to the mitochondria-apoptosome-
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mediated that is mediated through the activation of
caspase 8 to cleave the BID protein resulting in the
release of cytochrome ¢ from mitochondria. The inhi-
bitors of apoptotic proteins including XIAP and clAPs,
surviving, the P13K/AKT/NFkB pathway and heat
shock proteins (HSPs), can interact with caspases and
cause inhibition of apoptosis®2!. A diagram demon-
strating the apoptotic pathway is shown in Fig. 1.

This is a selective review highlighting herbal
medicine based on molecular mechanism associated
with human lung cancer cells in vitro. The knowledge
of the mechanism will provide the understanding to
the anticancer activities of these medicinal herbs and
will lead to the potential to develop novel anticancer
agents from plants.

Based on the knowledge of the apoptotic
process, the author classified the mechanisms of
these medicinal herbs into two groups: herbs induced
apoptosis via inactivation of tumor suppressor gene
p53 (direct DNA damage) and those promote apoptosis
via activation of death signaling molecules (other
proteins activation).

Herbs induce apoptosis via tumor suppressor gene
p53
Bupleurum falcatum

Saikosaponin D, one of the major components
of Bupleurum falcatum which could be extracted from
other species of Bupleurum and from related genuses,
is used for the treatment of various liver diseases in
traditional Chinese medicine. It can inhibit the pro-
liferation in the lung cancer cell line, A549, with the
IC50valueat10.18 +0.09 M. By using flow cytometry
and PI staining, Saikosaonin D 10 M increased the
population of cells in the G1 phase from 34.7%t0 53.9%.
Marked induction of p53 and p21/WAF1 protein was
observed in a dose-dependent manner, indicating that
the Saikosaponin D-mediated cell cycle arrest might
operate through the induction of p21/WAF1 protein
on a p53-dependent event in A549 cells. The caspase 8
activity increased at 12 hours and reached maximum
induction at 24 hoursin 20 M Saikosaponin D treated
A549 cells®®),

Curcuma longa

Curcumin, a phenolic compound of the rhi-
zome of the plant Curcuma longa has anti-inflamma-
tory, antioxidant and anticancer activities. A549 and
H1299 human lung cancer cell lines were used for the
present study and found that the growth inhibitory
effect of curcumin was concentration dependent in
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Multiple pathways of apoptosis. Binding of ligands to death receptor such as Fas causes activation of the death

inducing signaling complex (DISC) and direct activation of caspases, resulting in apoptosis. Another initial event
is by directly damaging DNA or by producing oxidative injury to mitochondria. In response, p53 is activated and
induces pro-apoptotic proteins including Bax which can occur through proteolysis, dephosphorylation and several
other mechanisms. Cross-talk between the death receptor and mitochondrial pathway is provided by Bid, which
causes release of cytochrome ¢ from mitochondria. Alternatively, p53 directly targets mitochondria, initiating

cytochrome c release

both cell lines. The 1C50s at 24 hours exposure of
curcuminwere50and 40 M in A549 and H1299 cells,
respectively. Determination of PARP cleavage in
curcumin treated H1299 cells by flow cytometry, at 24
hours, a concentrationat 100 M of curcumin induced
PARP cleavage in approximately 90% of treated cells.
Induction of apoptosis by curcumin involved several
pathways. RT-PCR was performed and found that a
decrease in expression of p53, bcl-2 and bcl-XL was
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observed. Bax and caspase genes remained unchanged
uptothe 60 M of curcumin but showed a decrease in
expression levelsat 80-160 M®9,

Tripterygium wilfordii Hook F

Extracts of Tripterygium wilfordii Hook F
have long been used in Chinese traditional medicine
for centuries for the treatment of inflammatory and auto-
immune disorders such as rheumatoid arthritis®"9.
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Given its effectiveness, more rigorous attempts were
made to identify the biological active compound in the
1970s and PG490 (triptolide) and PG490-88 (a semisyn-
thetic compound derived from PG490) were isolated
and extracted from this plant®®. These semisynthetic
compounds inhibited growth of several human cancer-
derived cell lines including breast, prostate, lung and
leukemic cell lines grown in culture. Interestingly, the
inhibitory effect of PG490 on the growth of tumor cells
in culture were enhanced in the presence of other
inducers of apoptosis such as tumor necrosis factor-o
and chemotherapeutic agent2b,

When combined with a chemotherapeutic
agent, PG490 enhanced apoptosis through signaling
pathways involving both p53 and p21. PG490 acts in
synergy with the topoisomerase Il inhibitor, doxoru-
bicin, to induce apoptosis of cultured HT1080 cells
(fibrosarcoma cells) by inhibiting doxorubicin-induced
upregulation of p21/WAFI but induced p53. PG490-88
is a water-soluble product of PG490 which now has
been studied in the phase I trial for solid tumors?22),

Flavonoid compounds

Flavonoids are a broadly distributed class of
plant pigments, universally present in vascular plants
and responsible for much of the coloring in nature@®.
They are strong antioxidants that occur naturally in
foods and can inhibit carcinogenesis in rodents®.

Acacetin

Acacetin (5,7-dihydroxy-4’-methoxyflavone),
a flavonoid compound, has been reported to possess
anti-peroxidative, anti-inflammatory and antiplasmo-
dial effects®-2®. The proliferation inhibitory effect of
acacetin was observed to be in a dose dependent man-
ner with A549 human lung cancer cell lines. Its IC50
value was 9.46 uM. The effect of acacetin on cell cycle
progression of A549 with 5 uM increased the popula-
tion of the G1 phase from 34.7 to 42.6%. DNA fragmen-
tation of A549 was found at 12 hours and maximized at
48 hours after exposure of A549 cells to acacetin with 5
and 10 uM. The level of p53, p21, Fas and Fas ligand
were assayed by using the ELISA kit and found that
acacetin increased the expression of p53 and p21/WAF1
proteins in A549 cells®. Results on the Fas ligand
assay indicated that FasL, mFasL and sFasL increased
in a dose-dependent manner.

Isoliquiritigenin

Isoliquiritigenin (ISL), a flavonoid found in
licorice and shallot, is a potent anti-oxidant with anti-
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inflammatory, antiplatelet aggregation and cancer-
preventing properties®3,

The ISL inhibited the proliferation of A549
cellswith IC50 value at 27.14  mol/L. Compared with
the control group, 20 mol/L ISL increased the popula-
tion of cells in the G1 phase from 26.3 to 45.8%. DNA
fragmentation was found after the addition of ISL at
the level of 20and 40  mol/L at 12 hours and maximal at
48 hours. The number of cells undergoing apoptosis at
48 hours increased approximately 3.2 fold with ISL 20

mol/L and 7.1 fold with 40 umol/L. The expression of
p53 and p21/WAF1 protein was assayed by ELISA
and showed a marked induction of p53 and p21/WAF1
protein with a maximum level at 12 and 24 hours respec-
tively. Maximum Fas was detected at 24 hours with a
similar result as Fas ligand®?.

Stilbenoids

Natural stilbenoids, including resveratrol
which is originally identified as a phytoalexin abun-
dant in grapes, peanuts, pines and other Leguminosae
family plants, have been reported to exhibit a variety of
important biological effects such as a protective role
in atherosclerosis and coronary heart diseases®®,
Many studies have also demonstrated the potential of
natural stilbenoids to mediate the strong antioxidant,
anti-mutagenic, anti-inflammatory or potent cancer
chemopreventive effects in carcinogenesis®?.

In addition, resveratrol inhibited the growth
of several human cancer cell lines, including human
oral squamous carcinoma, promyelocytic leukemia,
breast, prostate and colon cancer cells®®. The growth
inhibitory potential of stilbenoids was determined in
cultured A549 cells; one of these stilbenoids, 3, 4, 5-
trimethoxy-4’-bromo-sis-stilbene (BCS) exhibited a
remarkable growth inhibitory effect against A549 lung
cancer cells with a IC50 value 0.03 M. When treated
cells were analyzed for the cell cycle; the G2/M phase
was accumulated in a time-dependent manner of up to
16 hours and then subsequently increased in the sub-
G1 phase, indicative of apoptotic peaks during incuba-
tion time. Apoptosis of treated cells was confirmed
by the DNA ladder pattern. Western blotting was per-
formed and it was found that the p53 protein level was
increased after 8 hours incubation with BCS 0.2 uM in
a time dependent manner and the level of p21 was
remarkably enhanced after 16 hours up to 48 hours
incubation. The present study suggested that BCS is a
potent inhibitor of the growth of lung cancer cells. In-
duction of apoptosis related to cell cycle arrest at the
G2/M phase with a p53 and p21 dependent pathway©®.
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Herbs promote apoptosis via death signaling molecules
Angelica sinensis

The root of Angelica sinensis, also known as
“Danggui”, is a popular herbal medicine and has been
widely used in China for gynecological diseases for a
long time. Bio-based assay for extracts of Angelica
sinensis showed that the acetone extract (AE-AS) was
dose-dependent in antiproliferative effects on A549,
HT29, DBTRG-05MG and J5 human cancer cells. The
IC50 value of AE-AS on mentioned cancer cells ranged
from 35-50 ug/ml after 24 hours of treatment. After 72
hours of exposure, AE-AS at the dose of 40 ug/ml sig-
nificantly reduced A549 cell proliferation to 24 + 3.2%
of control. In cell cycle analysis of A549 cells stained
with PI, AE-AS significantly altered the G1 to S pro-
gression and decreased the number of cells in the S
phase. Interestingly, AE-AS induced the apoptosis
with condensation of chromatin in the nucleus of A549
cells as confirmed by Hoechst 33342 DNA staining
and annexin V staining. By using specific fluorogenic
peptide substrates and Western blotting, the molecu-
lar apoptotic pathway of AE-AS treated cells was
found to be induced by activation of caspase 9 and 3
which was mediated via the suppression of Bcl-2 and
cdk4 expression rather than p53 or Bax®".

Bupleurum scorzonerifolium

The acetone extract of Bupleurum scorzo-
nerifolium (AE-BS) showed a dose-dependently anti-
proliferative effect on the proliferation of A549 human
lung cancers. The IC50 of AE-BS on A549 cells was 59
+4.5 g/mlonday 1. The IC50 of AE-BS for W138
human normal lung fibroblast cells was significantly
higher than that for A549 cells (150 + 16 g/ml, p <
0.01). After 72 hours of exposure, AE-BS (60  g/ml) sig-
nificantly reduced A549 cells proliferation to 33 + 3.2%
of control. In TUNEL assay, A549 cells treated with
AE-BS showed typical morphologic features of ap-
optosis, and the percentage of apoptotic cells was
approximately 38% on day 1. Using the TRAP assay in
Ab549 cells treated with extracts of AE-BS for 1, 2, and 3
days, the telomerase activity was reduced significantly
to 25% after treating the cells for 3 days. This observa-
tion suggested that AE-BS inhibits telomerase result-
ing in telomere shortening, repressed proliferation and
altered cell cycle leading to apoptosis©®*9,

Coxi lachryma (or Adlay seed)

This grass crop has long been used not only
in traditional Chinese medicine but also as a nourish-
ing food. The seed of Adlay has been reported to be
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used for anti-inflammatory, stomachic, diuretic and
antispastic effect in vivo for treatment of warts, rheu-
matism and neuralgia. The methanolic extract of the
adlay seed was tested and found that it inhibited the
proliferation of A549 cells in a dose-dependent manner
with the IC55-1C65 at 100 pg/ml. It inhibited progression
of G1/S transition in the cell cycle with the suppression
of cyclin A expression but not cyclin D1 or cyclin E.
The induction of apoptosis was investigated by study-
ing the degradation of PARP. PARP is the first identi-
fied in vivo substrate for caspases and its degradation
is a typical marker for apoptosis. Time dependent deg-
radation of PARP from 116-85 kDa was found in A549
cells treated with 300 pug/ml of methanolic extract®?,

Lithospermum radix
-hydroxyisovalerylshikonin ( -HIVS), a
compound isolated from the oriental traditional medi-
cinal herb Lithospermum radix, is a ATP non-competi-
tive inhibitor of protein tyrosine kinases, such as EGFR,
and it induces apoptosis in various human cancer cell
lines. When DMS114 cells, human lung cancer cells,
were exposed to  -HIVS, the cells displayed morpho-
logical changes characteristic of apoptosis, such as
condensed and fragmented nuclei as confirmed by the
DNA ladder pattern and cell-death detection ELISA kit
(Roche). The level of expression of TRAP1in DMS114
cells treated with  -HIV'S was reduced and the effect
was dose-dependent. Treatment of DMS114 cells with
-HIVS 10 M increased the amount of cytochrome cin
cytosol and suppressed the expression of TRAP1L in
mitochondria. These results were consistent with the
reduction of tyrosine phosphorylation of proteins in
DMS114 cells. The suppression of expression of TRAP1
by -HIVS was inhibited in the presence of the antio-
xidant N-acetyl cysteine (NAC). These findings indi-
cated that ROS might be an important regulator of the
expression of TRAP14D.

Thalictrum acutifolium

Thalictrum acutifolium has been used for a
long time, with well-documented efficacy in cancer
therapy in China. From the roots of this herb, the puri-
fied compound, a bisalkaloid, acutiaporberine, was iso-
lated. This alkaloid could inhibit the growth of several
cell lines in vitro. In 95-D, metastatic lung cancer cell
lines, acutiaporberine induced apoptosis at the con-
centration of 0.06  mol/ml for 22 hours. At this level of
treatment, condensation of nuclear chromatin in the
early phase of apoptosis was observed and the DNA
ladder began to appear at the time of 24 hours. When a
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population of cells which contains apoptotic cells is
stained with Pl and measured by flow cytometry, the
percentage of cells undergoing apoptosis increased
with the increase of the drug concentration and the
incubation time with the highest percentage of
apoptosis reaching 42.36%. A high expression of bcl-2
and bax proteins in the treated cells as confirmed by
Western blotting suggested that the apoptotic pro-
cess was induced by bcl-2 gene but p53 independent®2,

Morphological changes compatible with
apoptosis (chromatin condensation, nuclear fragmen-
tation and apoptotic bodies) of PLA-801, human non-
small lung cancer cell line, treated with acutiaporberine
at the concentration of 0.06 mol/ml were observed.
The percentage of cells undergoing the apoptosis
reached the highest percentage of 58 when treated
with0.11  mol/ml of acutiaporberine for 48 hours. DNA
fragmentation was found when treated with acutiapor-
berine at 0.06 or 0.11  mol/ml for 48 hours. From the
Western blotting analysis, c-myc and bax gene expres-
sion was up-regulated when cells were treated with
acutiaporberine for 24 hours®“®.

Scutellaria barbata

Scutellaria barbata, a traditional Chinese
herbal medicine native to southern China, is widely
used as an anti-inflammatory and a diuretic in China.
Extracts of Scutellaria barbata have been shown to
have in vivo growth inhibitory effects on a number of
cancers such as S180 mouse sarcoma, U14 cervical car-
cinoma, solid hepatoma, etc. The extract of Scutellaria
barbata on human lung cancer cells, A549, exhibited a
marked growth inhibitory effect in a dose-dependent
manner. The IC50 was approximately 0.21 + 0.04 mg/ml.
To confirm the apoptosis, caspase 3/7 activity was as-
sayed by using Apo-ONE Homogeneous Caspase-3/7
Assay kit and found that Scutellaria barbata treated
cells increased A549 caspase3/7 activities. Apoptosis
of A549 cells induced by Scutellaria barbata was
analyzed by Annexin-V staining and demonstrated
that treated cells with 0.5 mg/ml Scutellaria barbata
extract for 48 hours resulted in a rate of cell apoptosis
of 57.67%. The cDNA microarray experiment was per-
formed to characterize the mechanism of Scutellaria
barbata induced killing and found that two genes
related to cell response to DNA damage, GADD45A
and GIP, decreased dramatically. A total of 20 cell cycle
genes were found to have changed after treatment
indicated that the cell cycle was widely involved in the
Scutellaria barbata treatment. Some enzyme activity
(STK12,DUSPS5 and TOPK), cell signal transduction
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(GIP, BMP2), nucleic acid binding (ATF3,HNRPD and
SMARCF1)were also found to be affected“,

Solanum incanum

A purified compound from the Solanum
incanum herb, solamargine (SM), has been shown to
inhibit the growth of human tumor cells, e.g. colon,
prostate, breast and human hepatoma cells“54%, The
IC50 of solamargine of A549 cells was 2.9 uM. After
incubation with solamargine 9.6 wM for 18 hours, dra-
matic decreases in the percentage of GO/G1 and G2/M
phases were approximately 2.6 and 7.1 fold higher
than the untreated control. Apoptosis of solamargine
induced A549 cells required TNFRs expression as
confirmed by staining the cell nuclei with DAPI and
TNFRs followed by FITC-conjugated 1gG detection and
anti-TNFRs antibodies. From Western blotting and
flow cytometry, exposure of A549 cells to 4.8 uM sola-
margine resulted in down-regulation of Bcl-2 and Bcl-xI
and up-regulation of Bax and caspase-3 expression.
Thus, solamargine modulated the expression of TNFRs
and mitochondria-related Bcl-2 family®“".

Conclusion

The finding of the molecular mechanism via
apoptosis of these herbs recognized in human lung
cancer cells is summarized in Table 1. Typically, normal
p53 function plays a crucial role in inducing apoptosis
and cell cycle checkpoints in human cells following
DNA damage®®. This has been further supported by
the finding that p53 is the most commonly mutated
tumor suppressor gene. Moreover, the chemosensiti-
vity of cancer cells to chemotherapy agents is greatly
influenced when the function of p53 is abrogated“.
However, it appeared that the antiproliferative activi-
ties of herbs in human lung cancer cells is induced via
an apoptotic system with or without p53 pathway. Some
herbs were observed to have an interaction with the
Fas/FasL system which is a key signaling transduction
pathway of apoptosis in cells and tissues®?. Ligation
of Fas by agonistic antibody or its mature ligand
induces receptor oligomerization and formation of a
death-inducing signaling complex (DISC), followed by
activation of caspase-8, then further activating a series
caspase cascade resulting in cell apoptotic death®?,
FasL is a tumor necrosis factor related type Il mem-
brane protein®?. However, the role of the Fas/FasL
ligand system in the control of apoptosis in lung
cancer is controversial®®.

Most herbs alter the cell cycle by increasing
the proportion of cells in G1 phase in a dose dependent
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Table 1. Summary of the molecular mechanism of medicinal herbs

Plants Plant compound

Cell line affected

Mechanism of apoptosis

Angelica sinensis Acetone extract

A549, HT29,
J5DBTRG-05MG

Activation of caspase 9 and 3 mediated via the
suppression of Bcl-2 and cdk 4 expression.
No activation of caspase-8.

Bupleurum falcatum Saikosaponin D A549 Increasing the expression of p53 and p21/WAF1
proteins and induction of Fas/APOL.
Bupleurum scorzonerifolium  Acetone extract A549 Inhibited telomerase activity.
Coxi lachryma (@mﬁ@ﬂ) Methanolic A549 Inhibition of cyclin A expression and
. extract activation via caspase cascade.
Curcuma longa (&) Curcumin Ab49, HT1299 Decreased expression of p53, bcl-2 bel-XL.
Lithospermum radix -HIVS DMS114 Decreased and suppressed the expression of

Tripterygium wilfordii
Hook F

Triptolide and
its derivatives

Ab549, H 358,CalU1,
SKLu1,H23, HT1080

TRAP1.
Induced apoptosis via p53 and p21 pathway.

Thalictrum acutifolium Acutiaporberine 95-D, PLA-801 Inhibited expression of bcl-2 gene and activated
expression of bax gene.
p53 independent.

Scutellaria barbata Ethanol extract A549 Activation through caspase cascade.

Increase caspase 3/7.
Activation of cell cycle control genes such as
STK6, MCM5, etc.

Solanum incanum Solamargine A549 Increased the release of cytochrome c.
Decreased the bcl-2 and bel-XL. Increased Bax
and caspase-3 activity.

Plant pigments Acacetin Ab49 Via p53 pathway

Liliaceae plants Isoliquiritigenin A549 Via p53 pathway

Grapes, peanuts, pines and Stilbenoids A549 Via p53 pathway

other Leguminosae family

manner. In addition, inhibition of lung cancer cells
growth via the G2/M phase cell cycle arrest was also
induced by some herbs. In fact, most of the drugs
that affect the G2/M phase evoke the stabilization of
microtubules, following induction of inhibition of
microtubule disassembly and thus arresting the G2/M
phase®¥. Overall, antiproliferative effects of herbs
might be possibly dependent on cell types or the
culture conditions.

The discovery of novel anticancer agents
that will hopefully provide the desired degree of sensi-
tivity for cancer cells have advanced significantly due
to the increasingly acquired resistance to cancers.
Such significant insensitivity of cancer cells to chemo-
therapy drugs results in low response rates and con-
sequently in the failure of therapy. Therefore, the
research and development of new and safe drugs has
become necessary. To date, many of the chemothera-
peutic agents are natural products or are derived from
natural products. Interestingly, herbs have been used
in the treatment of various cancers for a long period of
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time and their therapeutic effects involving anticancer
properties have been scientifically evaluated both in
vitro and in vivo. Therefore, it is hopeful that the search
for novel natural agents is likely to provide more po-
tent anticancer agents and the discovery of novel anti-
cancer drugs from plants would be an important addi-
tion to cancer therapy in the future.

References

1. Greenlee RT, Hill-Marmon MB, Murray T, Thun
M. Cancer statistics, 2001. CA Cancer J Clin 2001;
51:15-36.

2. Greenlee RT, Murray T, Bolden S, Wingo PA. Can-
cer statistics, 2000. CA Cancer J Clin 2000; 51: 7-33.

3. Martin N, Pongnikorn S. Cancer in Thailand,
vol. 111, 1995-1997. Bangkok: Bangkok Medical
Publisher, 2003: 44-8.

4. Fong KM, Sekido Y, Gazdar AF, Minna JD. Lung
cancer.9: molecular biology of lung cancer: clinical
implications. Thorax 2003; 58: 892-900.

5. Massion PP, Carbone DP. The molecular basis of

1731



10.

11

12.

13.

14.

15.

16.

17.

18.

lung cancer: molecular abnormalities And thera-
peutic implications. Respir Res 2003; 4: 12.
Schwartsmann G, Ratain MJ, Cragg GM, Wong JE,
Sijo N, Parkinson DR, et al. Anticancer drug dis-
covery and development throughout the world. J
Clin Oncol 2002; 20: 47s-59s.

Vickers A. Botanical medicines for the treatment of
cancer: rationale, overview of current data and
methodological considerations for phase | and Il
trials. Cancer Inv 2002; 20: 1069-79.

Risberg T, Lund E, Wist E, Kaasa S, Wilsgaard T.
Cancer patients use of nonproven Therapy: a 5
year follow up study. J Clin Oncol 1998; 16: 6-12.
Bonham M, Arnold H, Montgomery M, Nelson
PS. Molecular effects of the herbal compound
PC-SPEC: identification of activity pathways in
prostate carcinoma. Cancer Res 2002; 62: 3920-24.
Hu H, Ahn NS, Yang X, lee YS, Kang KS. Gano-
derma lucidum extract induces cell cycle arrest
and apoptosis in MCF-7 human breast cancer cell.
IntJ Cancer 2002; 102: 250-3.

Hadfield JA, Ducki S, Hirst N, McGown AT. Tubu-
lin and microtubules as targets for anticancer
drugs. Prog in Cell Cycle Res 2003; 5: 309-25.
Yang YL, Li XM. The IAP family:endogenous
caspase inhibitors with multiple biological activi-
ties. Cell Res 2000; 10: 169-77.

Wei H, Kavanagh JJ. Anticancer therapy target-
ing the apoptotic pathway. Lancet Oncol 2002; 4:
721-9.

Guinea MC, Parellada J, Lacaille-Dubois MA,
Wagner H. Biologically active triterpene Saponins
from Bupleurum fruticosum. Planta Med 1994; 60:
163-7.

Hsu YL, Kuo PL, Lin CC. The proliferative inhibi-
tion and apoptotic mechanism of Saikosaponin D
in human non-small cell lung cancer A549 cells.
Life Sci 2004; 75: 1231-42.

Pillai GR, Srivastava AS, Hassanein Tl, Chauhan
DP, Carrier E. Induction of apoptosis in human
lung cancer cells by curcumin. Cancer Lett 2004;
208: 163-70.

Tao X, Lipsky P. The Chinese inflammatory and
immunosuppressive herbal remedy Triptery-gium
wilfordii Hook F. Rheum Dis Clin North Am 2000;
26: 29-50.

Kusunoki N, Yamazaki R, Kitasato H, Beppu M,
Aoki H, Kawai S. Triptolide, an active compound
identified in a traditional Chinese herb, induces
apoptosis of rheumatoid synovial fibroblasts.
BMC Pharmacol 2004; 4: 2.

1732

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Kupchan SM, Court WA, Dailey RG, Gilmore CJ,
Bryan RT. Triptolide and tripdiolide, novel anti-
leukemic, diterpenoid triepoxides from Triptery-
gium wilfordii Hook F. J Am Chem Soc 1972; 94:
7194-5.

Lee KY, Chang W, Qiu D, Kao PN, Rosen GD.
PG490 (triptolide) cooperates with tumor necrosis
factor-o to induce apoptosis in tumor cells. J Biol
Chem 1999;274:13451-5.

Chang WT, Kang JJ, Lee KY, Wei K, Anderson E,
Gotmare S, et al. Triptolide and chemotherapy co-
operate in tumor with apoptosis. A role for p53
pathway. J Biol Chem 2001; 276: 2221-7.

Fidler J, Li K, Chung C, Wei K, Ross JA, Jessica
AR, et al. PG490-88, a derivative of triptolide,
causes tumor regression and sensitizes tumors to
chemotherapy. Mol Cancer Ther 2003; 2: 855-62.
Frese S, Pirnia F, Miescher D, Krajewski S, Borner
MM, Reed JC, et al. PG490 mediated sensitization
of lung cancer cells to Apo2L/TRAIL-induced
apoptosis requires activates of ERK2. Oncogene
2003; 22:5427-35.

Cody V. Crystal and molecular structures of fla-
vonoids. Prog Clin Biol Res 1988; 280: 29-44.
Hertog MG, Hollman PC, Katan MB, Kromhout D.
Intake of potentially anticarcinogenic flavonoids
and their determinants in adult in The Natherlands.
Nutr Cancer 1993; 20: 21-9.

Cholbi MR, Paya M, Alcaraz M.J. Inhibitory ef-
fects of phenolic compounds on CC14-induced
microsomal lipid peroxidation. Experientia 1991; 47:
195-9.

Liao YH, Houghton PJ, Hoult JR. Novel and
known constituents from buddleja species and
their activities against leukocyte eicosanoid
generation. J Nat Prod 1999; 62: 1241-5.

Kraft C, Jenett-Siems K, Siems K, Jakupovic J, Mavi
S, Bienzle U, et al. In vitro antiplasmodial evalua-
tion of medicinal plants from Zimbabwe. Phyther
Res 2003; 17: 123-8.

Hsu LY, Kuo PL, Liu CF, Lin CC. Acacetin-induced
cell cycle arrest and apoptosis in human non-small
cell lung cancer A549 cells. Cancer Lett 2004; 212:
53-60.

Vaya J, Belinky PA, Aviram M. Antioxidant con-
stituents from licorice roots: isolation structure
elucidation and antioxidative capacity toward LDL
oxidation. Free Radic Biol Med 1997; 23: 302-13.
Chan SC, Chang Y'S, Wang JP, Chen SC, Kuo SC.
Three new flavonoids and antiallergic, anti-inflam-
matory constituents from the heartwood of Dalber-

J Med Assoc Thai Vol. 88 No. 11 2005



32

33.

35.

36.

3r.

38.

39.

41

42.

gia odorifera. Planta Med 1998; 64: 153-8.

Hsu LY, Kuo PL, Chiang LC, Lin CC. Isoliquiriti-
genin inhibits the proliferation and induces the
apoptosis of human non-small cell lung cancer
A549 cells. Clin Exp Pharm Physio 2004; 31: 414-8.
Frankel EN, Waterhouse AC, Kinsella JE. Inhi-
bition of human LDL oxidation by resveratrol.
Lancet 1993; 341: 1103-4.

Jang M, Cai L, Udeani GO, Slowing KV, Thomas
CF, Beecher CWW, et al. Cancer chemopreventive
activity of resveratrol, a natural product derived
from grapes. Science 1997; 275: 218-20.
Schneider Y, Vincent F, Duranton B, Badolo L,
Gosse F, Bergmann C, et al. Anti-proliferative effect
of resveratrol, a natural component of grapes and
wine, on human colonic cancer cells. Cancer lett
2000; 158: 85-91.

Lee EJ, Min HY, Park HJ, Chung HJ, Kim S, Han
YN, et al. G2/M cell cycle arrest and induction of
apoptosis by a stilbenoid, 3,4,5-trimethoxy-4’-
bromocis-stilbene, in human lung cancer cells.
Life Sci 2004; 75: 2829-39.

Cheng YL, Chang WL, Lee SC, Liu YG, Chen CJ,
Lin SZ, et al. Acetone extract of Angelica sinensis
inhibits proliferation of human cancer cells via
inducing cell cycle arrest and apoptosis. Life Sci
2004; 75: 1579-94.

Boklan J, Nanjangud G, MacKenzie KL, May C,
Sadelain M, Moore MA, et al. Limited prolifera-
tion and telomere dysfunction following telomerase
inhibition in immortal murine fibroblasts. Cancer
Res 2002; 62: 2104-14.

Cheng YL, Chang WL, Lee SC, Liu YG, Lin YG,
Chen CJ, et al. Acetone extract of Bupleurum
scorzonerifolium inhibits proliferation of A549
human lung cancer cells via inducing apoptosis
and suppressing telomerase activity. Life Sci 2003;
73:2383-94.

Chang HC, Huang YC, Hung WC. Antiprolifera-
tive and chemopreventive effects of Adlay seed
on lung cancer in vitro and in vivo. J Agric Food
Chem 2003; 51: 3656-60.

Masuda Y, Shima G, Aiuchi T, Horie M, Hori K,
Nakajo S, et al. Involvement of tumor necrosis
factor receptor-associated protein 1 (TRAP1) in
apoptosis induced by -hydroxyisovaleryl-
shikonin. J Biol Chem 2004; 29: 42503-15.

Chen Q, Peng W, Qi S, Xu A. Apoptosis of human

J Med Assoc Thai Vol. 88 No. 11 2005

47.

49,

50.

Sl

52.

33

highly metastatic lung cancer cell line 95-D
induced by acutiaporberine, a novel bisalkaloid
derived from Thalictrum acutifolium. Planta Med
2002; 68: 550-3.

Chen Q, Peng W, Xu A. Apoptosis of a human
non-small lung cancer (NSCLC) cell line, PLA-801,
induced by acutiaporberine, a novel bisalkaloid
derived from Thalictrum acutifolium (Hand.-Mazz)
Boivin Biochem Pharm 2002; 63: 1389-96.

Yin X, Zhou J, Jie C, Xing D, Zhang Y. Anticancer
activity and mechanism of Scutellaria barbata
extract on human lung cancer cell line A549. Life
Sci 2004; 75: 2233-4.

Kuo KW, Hsu SH, Li YP, Lin WL, Liu LF, Chang
LC, et al. Anticancer activity evaluation of the
solanum glycoalkaloid solamargine. Triggering
apoptosis in human hepatoma cells. Biochem
Pharm 2000; 60: 1865-73.

Maruo VM, Bernardi MM, Spinosa HS. Toxico-
logical evaluations of long-term consumption of
Solanum lycocarpum St. Hill fruits in male and
female adult rats. Phytomedicine 2003; 10: 48-52.
Liang CH, Liu LF, Shiu LY, Huang YS, Chang LC,
Kao KW, et al. Action of solamargine on TNFs
and cisplatin-resistant human lung cancer cells.
Biochem Biophys Res Comm 2004; 322: 751-8.
May P, May E. Twenty years of p53 research
structural and functional aspects of the p53 pro-
tein. Oncogene 1999; 18: 7621-36.

Brown JM, Wouters BG. Apoptosis p53 and tumor
cell sensitivity to anticancer agents. Cancer Res
1999; 59: 1391-9.

Nagata S, Golstein P. The Fas death factor. Science
1995; 267: 1449-56.

Hengartner MO. The biochemistry of apoptosis.
Nature 2000; 407: 770-6.

Suda T, Takahashi T, Golstein P, Nagata S. Mole-
cular cloning and expression of the Fas ligand, a
novel member of the tumor necrosis factor family.
Cell 1993; 75: 1169-78.

Ferreira CG, Tolis C, Span SW, Peters GJ, Van Lopik
T, Kummer AJ, et al. Drug induced apoptosis in
lung cancer cells is not mediated by the Fas/FasL.
(CE95/APO1) signaling pathway. Clin Cancer Res.
2000; 6: 203-12.

Schiff PB, Fant J, Horwiz SB. Promotion of micro-
tubule assembly in vitro by Taxol. Nature 1979;
277:655-7.

1733



ayulnsiuigaauzisalan: nalnnsaangna
FUITTU NNNIAD

ayulnaduitmnsnennsdi fnnangaiaduesnnssanedlnef unneuaulusnsdaigyulng
unlglumsinmisamg 7 UALNINARITT asuwslagnuinanlalunisine lravangsidn wu lafnde uaz
BrAnzfauTumy Zum'mmiiwmummeomwmmwfovmn7:mzmu?vv?fmﬂmiﬂimnmmfmwmﬂmm
meummE/fzfov’mmJuZwsqumﬁYun’z?mj_«mZ’mwmum:?mﬂimummmm«vmum nummummuwu
Taxol 611\7'2&71/’7@77‘1971& Pacific Yew H3anwanenmansan Taxus brevifolia uwmmumﬂuwumwamumm
wp@mmmnuwmyuiwmmemmﬁnmmm”fzu molecular Uag wmmwmmqwﬂumsm win duds
m?m‘zymufmwm human lung cancer cell lines meﬂmﬁuummwmmmZwmmiwwvuwowmyu?m

AN 7 uazaglaufuuwandmiunsaunwuen i 7 anwaayuinsaellueuian

1734 J Med Assoc Thai Vol. 88 No. 11 2005



