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Abstract
Polyphenol-rich plants are known to possess benefits to 
human health. Recent studies have revealed that many 
Traditional Chinese Medicines (TCMs) are rich sources 
of polyphenols and exhibit antioxidant and anti-inflam-
matory activities, and these TCMs have been shown 
experimentally to overcome some chronic diseases, 
including cancer. Longan flowers and seeds, two TCMs 
traditionally used for relieving pain and urinary diseas-
es, have been revealed in our recent reports and other 
studies to possess rich amounts of polyphenolic species 
and exhibit strong anti-oxidant activity, and these could 
be applied for the treatment of diabetes and cancer. 
Herein, we review the recent findings regarding the 
benefits of these two TCMs in the treatment of human 

cancer and the possible cellular and molecular mecha-
nisms of both substances.
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INTRODUCTION
Cancer has become the most common disease threaten-
ing public health, which has led to interventions for the 
prevention and treatment of  this disease. Based on the 
fact that cancer exhibits a slow, stepwise development, 
and requires several years to become a life-threatening 
disease, it is regarded largely as a preventable disease[1-3]. 
Although improvements in medical techniques have been 
made in recent years, some types of  cancer are still dif-
ficult to cure, even following advanced treatment. The 
challenge mainly arises owing to the recurrence, chemo-
resistance and distal metastasis of  progressing cancer, 
which have become the important focuses of  novel 
detection methods and treatment strategies[4]. Epidemio-
logical studies show a correlation between increasing 
consumption of  phenolic compounds and a reduced risk 
of  cancer[5-8]. Plants are the primary source of  polyphe-
nols, and some have been regarded as forming part of  a 
healthy diet for many years, such as tea, soybean, pome-
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granate, and pine nuts[9]. Traditional Chinese Medicine 
(TCM) has been developed in China for more than two 
thousand years. TCMs comprise various forms of  herbal 
medicine and complemental therapy such as acupuncture, 
massage (Tui na), exercise (qigong), and dietary therapy. 
The pharmacopoeia of  TCM, named the Compendium 
of  Materia Medica, records hundreds of  medicinal sub-
stances such as plants, minerals and animal products, and 
their health beneficial action in the body. Different parts 
of  plants, such as the leaves, roots, stems, flowers, and 
seeds, are used. Several clinically-used chemotherapeutic 
drugs are derived from TCMs, such as camptothecin, 
isolated from the “happy tree” (Camptotheca accuminata); 
etoposide, semi-synthesized from a compound of  Podo-
phyllum emodi var. chinense; vincristin and vinblastin, isolated 
from the Madagascar periwinkle (Catharanthus roseus); 
and paclitaxel, purified from Taxus chinensis[10,11]. Recent 
studies have further revealed that some TCMs or their 
components exhibit anti-tumor activities towards several 
types of  cancer, such as liver[12], lung[13], gastric[14], naso-
pharyngeal[15] and colorectal cancer[16]. Non-steroidal anti-
inflammatory drugs have been documented in animal 
and human studies to reduce the risk of  colorectal cancer 
and adenomatous polyps and have been implicated as a 
cancer prevention and treatment strategy[1,17-19]. Longan 
flowers and seeds have been analyzed and were found 
to possess rich amounts of  polyphenols, including pro-
anthocyanidin A2, (-)-epicatechin, gallic acid and ellagic 
acid, and exhibit strong antioxidant and inflammatory 
activities[20-24]. Recently, several studies by our research 
group have further revealed that longan flower and seed 
extracts exhibit an anti-cancer activity towards colorectal, 
liver, lung, cervical and breast cancer. Herein, we review 
the recent findings regarding the benefits of  these two 
TCMs in the treatment of  human cancer and the possible 
cellular and molecular mechanisms of  both substances. 

LONGAN FLOWERS AND SEEDS IN TCM
Longan (Dimocarpus Longan Lour.) is a subtropical fruit 
grown throughout Asia, with southern China including 
Taiwan being the main center of  commercial production. 
The longan fruit is a famous summer fruit and is used 
as a TCM as a stomachic, febrifuge, and vermifuge, and 
also as an antidote to poison[24]. In agriculture, off-season 
induction of  flowering in longan trees is a desirable eco-
nomic goal and is accomplished through the application 
of  gibberellin biosynthesis inhibitors[25]. To increase the 
size and quality of  the fruit, an important operation is 
to prune or remove flower spikes in the cluster. Longan 
flowers are sold in herb markets and due to their fresh 
and fruity aroma are mainly used to prepare an infusion 
that is drunk for pleasure in Taiwan. As described in a 
TCM pharmacopoeia named Herbal Quanzhou, drinking 
the water extract of  longan flowers could overcome mic-
turition, urgency and voiding dysfunction. The powder 
of  dried longan seeds can be used for treating bleeding, 
dampness, hernia, lymphomegaly of  the neck and armpit, 

odour, scabies and eczema, as described in another TCM 
pharmacopoeia named Chinese Herbal Medicine. The 
National Herbal Compendium of  China also records 
that longan seed powder is generally applied for stomach 
pain and as a styptic. The multiple medical functions of  
longan flowers and seeds, and especially the reduction of  
swelling as recorded in the TCM pharmacopoeia, imply 
that these two TCMs can be applied in cases of  microbial 
infection, inflammation, and metabolic diseases. Evidence 
to this end has been revealed by current scientific meth-
ods during the past decade.

Anti-oxidant activity and effect on inflammation and 
metabolic disorders of longan flower extracts
Although multiple medicinal applications of  longan flow-
ers are recorded in TCM pharmacopoeia, the scientific 
evidence related to their effect on human health has been 
accumulating over recent years. We have demonstrated 
that the hot water reflux or ethanol extract of  the lon-
gan flower, contained abundant proantocyanidins and 
rarely anthocyanins, suppresses nitric oxide and prosta-
glandin E2 production in lipopolysaccharide -stimulated 
macrophage cell line RAW264.7 and may be the po-
tential source of  natural dietary anti-oxidants and anti-
inflammatory agent[20]. The longan flower extract (LFE), 
analyzed by Professor Hwang and colleagues, exhibits a 
strong anti-oxidant activity, which is mainly due to (-)epi-
catechin and proanthocyanidin A2[26]. Proanthocyanidin-
rich substances such as grape seed extracts have been 
implicated as preventive agents against cardiovascular 
disease and cancer, which are strongly associated with 
chronic inflammation diseases[9,27,28]. In another study 
by Professor Hwang, consumption of  LFE reduced the 
blood pressure and oxidative markers such as plasma 
thiobarbituric acid and liver antioxidant enzyme activ-
ity in fructose-fed rats. Insulin action signaling, such as 
insulin receptor substrate-1 and glucose transporter 4, is 
enhanced in these rats, indicating the effect of  LFE on 
overcoming insulin resistance[29]. Recent study has also re-
vealed that feeding LFE to high-caloric-diet rats results in 
reduction of  body weight, size of  epididymal fat, serum 
triglycerides and atherogenic index. The main mechanism 
is downregulation of  pancreas lipase, sterol regulatory 
element binding protein-1c and fatty acid synthase, and 
upregulation of  low-density lipoprotein receptor and per-
oxisome proliferator-activated-receptor α expression, as 
well as promotion of  fecal triglyceride excretion[30]. These 
studies indicate that LFE can not only be applied for the 
treatment of  urinary disorders, but also has the potential 
for use as a preventive or treatment agent for metabolic 
diseases.

Anti-colorectal cancer effects of LFE
Polyphenol-rich extracts have been demonstrated to 
exert anti-cancer effects[31-33]. Owing to the rich amount 
of  phenolics in LFE, our research team explored its 
possible role in human malignancy diseases. We selected 
colorectal cancer as the first subject, because it has been 
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the most common cancer type in Taiwan since 2007, 
when the dietary behavior of  Taiwanese became more 
westernized[34]. Recent studies have revealed that the wa-
ter reflux extract of  longan flowers is enriched with two 
major compounds, (-)-epicatechin and proanthocyanidin 
A2[26], which are also found in grape seed extract as ac-
tive anti-colorectal cancer agents[35,36]. Based on these 
reports, we proposed that LFE could play a possible role 
in colorectal cancer (CRC) prevention and treatment. In 
our recent study[37], we treated two CRC cell lines, SW480 
and Colo 320DM, which are derived from Duke’s B and 
Duke’s C patients respectively, with LFE, and found an 
inhibitory effect on the proliferation of  these two cell 
lines in a dose- and time-dependent manner. LFE treat-
ment also affected the anchorage-independent growth of  
these two cell lines in soft agar, an in vitro assay to test the 
cancer cells clonogenic growth, and anoikis resistance, 
and was closely correlated with in vivo tumorigenesis[38,39]. 
The uncontrolled cell division, clonogenic growth and 
anoikis resistance are the main malignant properties 
leading cancer cells to unlimited growth and tumorigen-
esis in vivo[38-40]. The results strongly indicate that LFE is 
capable of  influencing the malignant potential of  CRC 
cells, which implies a role of  LFE in the prevention 
and treatment of  colorectal cancer. The mechanisms 
of  LFE in anti-CRC growth are mainly due to cell-cycle 
arrest in the S phase and induction of  mitochondria-
mediated apoptosis. Previously, Kaur et al[36] reported that 
proanthocyanidin-rich grape seed extracts inhibited the 
proliferation of  colorectal cancer cells due to their abil-
ity to cease G1-phase arrest of  the cell cycle. However, 
LFE elevated cyclin E levels and downregulated cyclin A 
levels and arrested CRC cells in the DNA synthesis phase 
of  the cell cycle. The elevation of  cyclin E levels in both 
LFE-treated CRC cells was correlated with S-phase cell 
accumulation. Cyclin A is synthesized during the S phase 
and its functional disruption can inhibit chromosomal 
DNA replication[41-43]. Together with the accumulation of  
cyclin E, we conclude that the effect of  LFE on the cell 
division cycle is mainly due to hampered DNA synthesis. 
LFE also exhibits selected apoptosis induction in Colo 
320DM rather than SW480. Induction of  apoptosis is an-
other possible mechanism by which the anti-proliferative 
effect of  LFE on colorectal cancer cells may be exerted. 
In the present study, we show that LFE treatment could 
induce apoptosis in one of  the tested CRC cells (Colo 
320DM). The apoptotic cells represented DNA fragmen-
tation, mitochondrial membrane potential loss and the 
activation of  caspase 3. The Bcl-2 family has been dem-
onstrated as the main mechanism of  naturally-occurring 
phytochemicals-induced apoptosis in cancer cells[44-47]. 
Bcl-2 inhibits Bax action and protects cytochrome C 
preservation in mitochondria, which leads to the mainte-
nance of  mitochondria membrane potential and keeping 
cell survive. The decrease in Bcl-2 level in LFE-treated 
Colo 320DM cells was correlated with apoptosis, indicat-
ing that the mechanism of  apoptosis induction by LFE 
in this cell line is mainly due to suppression of  the anti-

apoptotic protein Bcl-2. LFE failed to induce apoptosis 
in SW480 cells, which may be associated with some DNA 
damage repair mechanisms and tumor suppressor gene 
mutations such as p53 in SW480. This is an intriguing is-
sue worthy of  further investigation.

DISCUSSION AND RESULTS 
Potential role of longan seed extract in anti-CRC and 
other types of carcinomas
Longan seed extract (LSE) has been shown to consist 
of  gallic acid, corilagin and ellagic acid as the main ac-
tive components, resulting in anti-oxidant and tyrosinase 
activities[21]. As gallic acid, ellagic acid and corilagin have 
been investigated in terms of  their effects against dif-
ferent types of  human cancer, we proposed that LSE, 
rich in these three components, could exhibit anti-cancer 
activity. Our recent study showed that LSE is capable 
of  inhibiting cell proliferation and clonogenic growth in 
SW480, HT-29 and Colo 320DM, indicating a similar role 
of  LSE to that of  LFE in anti-CRC cells[48]. Recently, we 
further tested LSE with regards to the growth inhibition 
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Figure 1  The inhibitory effect of longan seed extract on the growth of can-
cer cells. The longan seed extract (LSE)-inhibited growth assessed herein con-
sists of cancer cell proliferation by (A) trypan blue assay and (B) colony forming 
activity. For the cell proliferation assay, 100 000 cancer cells as indicated were 
seeded in 60-mm sterile plastic dishes and treated with different concentrations 
of LSE. After incubation at 37 ℃ for 48 h, cells were detached by treatment with 
trypsin, and the suspended cells were stained with trypan blue. The viable cells 
were then counted under a phase contrast microscope. Colony formation activ-
ity was assessed by seeding 200 cells into 60-mm dishes then treating these 
cells with different concentrations of LSE. After incubation for 14 d, the formed 
colonies that contained more than 50 cells were regarded as one colony, and 
the numbers of colonies in the dishes were counted. The data represent the av-
erage of three independent experiments and are expressed as the mean ± SD.
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Figure 2  Cell cycle analysis of longan seed extract -treated cancer cells. About 1 × 106 cells in 10 mL medium in 100 mm plate were treated with increasing 
concentrations of longan seed extract as indicated, then incubated at 37 ℃ for 48 h. The (A) A-549, (B) Hep G2, (C) C-33A and (D) MDA-MB-231 cells harvested by 
trypsinization were fixed in 70% alcohol at -20 ℃ for 2 h and then reconstituted in phosphate-buffered saline. The cells were stained with propidium iodide solution in 
the dark at room temperature for 30 min. The stained cells were then analyzed using the FL-2A parameter of a flow cytometer to obtain the DNA content of the cells, 
and the distribution in each cell-cycle phase was determined using Modfit software. Data are expressed as a percentage of the total cells. Data represent the average 
of three independent experiments, and are expressed as the mean ± SD. aP < 0.05.

Figure 3  Immunoblots of cell cycle-controlling proteins in longan seed extract-treated cancer cells. About 50 and 200 μg/mL longan seed extract (LSE)-treated 
(A) A-549, (B) Hep G2, (C) C-33A and (D) MDA-MB-231 cells were incubated at 37 ℃ for 48 h. The harvested cells were lysed in Triton X 100-containing hypotonic 
buffer as per previous reports (Hsu et al[37], 2010; Chung et al[48], 2010) at 4 ℃ for 30 min. Cell lysates were centrifuged and the protein concentrations in the superna-
tants were determined using a bicinchoninic acid protein detection kit. Cell protein lysates were separated by sodium dodecyl sulfate polyacrylamide gel electropho-
resis, transferred to polyvinylidene difluoride membranes and immunoblotted to show cyclin D1, cyclin E, cyclin A, CIP1/p21 and KIP1/p27, with the β-actin level used 
as the loading control. The images are representative results from three independent experiments. The density of each protein band was measured using ImageJ 
software and protein expression was normalized to β-actin, and the relative amount of each protein band was referenced to the untreated control. 
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of  lung adenocarcinoma cell line A549, hepatocellular 
carcinoma cell line Hep-G2, cervix carcinoma cell line 
C33A, and breast carcinoma cell line MDA-MB-231. The 
proliferation and colony-forming activity of  these cancer 
cell lines were suppressed gradually by increasing LSE 
concentrations, and MDA-MB-231 was more sensitive 
to LSE than the other types of  cancer cells (Figure 1). 
As shown in Figure 1A, the viability of  MDA-MB-231 
cells decreased to lower than 60% of  the untreated 
cells following 25 μg/mL LSE treatment. A similar ef-
fect occurred in 50 μg/mL LSE-treated A549 cells and  
100 μg/mL LSE-treated C33A and HepG2 cells. The 
colony-forming activity of  these cancer cells was also sup-
pressed. As shown in Figure 1B, the colonies of  MDA-
MB-231 cells were lower than 40% of  the control colo-
nies at 1 μg/mL LSE and 0% at more than 10 μg/mL 
LSE. Similar effects were seen in HepG2 cells at 10 and 
50 μg/mL LSE, respectively. The colonies of  C33A and 
A549 cells were lower than 40% compared to control 
cells at 25 μg/mL LSE, and 10%-20% compared to con-
trol cells appeared at 50 μg/mL LSE. Together, these 
results indicate that LSE is capable of  influencing the 
proliferation and clonogenesis of  colorectal, lung, liver, 
cervix and breast cancer cells.

LSE influences the expression of cell cycle-associated 
oncoproteins and suppressors 
Our previous study demonstrated that LSE induced the 
cell cycle arrest of  CRC cells in the DNA synthesis phase 
and suppressed cyclin D1 and cyclin A expression. Re-
cently, we examined the effect of  LSE on the cell-cycle 
progression of  lung (A549), liver (HepG2), cervix (C33A) 
and breast cancer cells (MDA-MB-231). The S phase 
obviously increased in LSE-treated C33A and MDA-
MB-231 cells, while the G1 phase increased in A549 cells 
(Figure 2). We further analyzed cell cycle-modulating 

proteins including cyclin D1, cyclin E, cyclin A, CIP/p21 
and KIP/p27 in LSE-treated cells, and found that LSE 
systemically suppressed cyclin D1 and cyclin A expres-
sion and concomitantly enhanced CIP/p21 and KIP/p27 
(Figure 3). The growth inhibition effect of  naturally-
occurring products on human cancer cells may arise from 
downregulation of  oncoproteins or enhancement of  
tumor suppressor proteins[49-51]. Overexpression of  cyclin 
D1 has been shown to play a pivotal role in promoting 
cancer cell proliferation, focus formation, tumorigenesis, 
drug resistance and metastasis, and has long been regard-
ed as one of  the important oncoproteins[52-56]. Loss of  
expression or function of  CIP1/p21 and KIP1/p27 has 
been implicated in the genesis or progression of  many 
human malignancies[57,58]. The suppression of  cyclin D1 
and enhancement of  CIP1/p21 and KIP1/p27 expres-
sion by LSE treatment imply that the inhibitory effects 
of  LSE on cancer cell growth may arise from the regula-
tion of  these proteins. The related cellular events are cell-
cycle arrest in LSE-treated cancer cells, as these proteins 
are cell cycle-controlling proteins. Cyclin D1 and cyclin 
E are generated after mitogen stimulation in quiescent 
cells. These two proteins associate with CDK4/CDK6 
and CDK2 and then enter the nucleus to phosphorylate/
inactivate retinoblastoma protein, which leads cells to 
enter into the S phase[59]. Cyclin/CDKs activity is nega-
tively regulated by inhibitors of  cyclin-dependent kinases 
(INKs). CIP1/p21 and KIP1/p27 belong to the Kip/Cip 
family of  INKs, which associate with CDK4,6/cyclin 
D1 and CDK2/cyclin E, A complex and inactivate their 
kinase activity by interfering with ATP binding and the 
cyclin/CDK structure[60]. Fifty μg/mL LSE-treated A549 
cells exhibit decreased cyclin D1 and E and elevated 
CIP1/p21 and KIP1/p27, indicating the molecular mech-
anism of  the LSE-induced G1-phase arrest. However, 
other cancer cells treated with the same concentration of  
LSE show no change or increased cyclin E and exhibit 
S-phase arrest (MDA-MB-231) or little change in the cell 
cycle (C33A, HepG2). S-phase arrest of  LSE-treated cells 
occurs in MDA-MB-231 cells treated with more than  
25 μg/mL LSE and C33A and A549 cells treated with 
more than 200 μg/mL LSE. Cyclin A, which is synthe-
sized in the G1/S transition and associates with CDK2 to 
promote the S/G2 phase, is remarkably decreased in all 
LSE-treated MDA-MB-231 cells and in A549 and C33A 
cells treated with 200 μg/mL LSE. Our previous study 
indicated that elevated cyclin E and decreased cyclin A 
may be the key mechanism leading cancer cells to arrest 
in the S phase[37]. The results further confirm the distribu-
tion of  cyclin E and A in S-phase arrest of  cancer cells. 
The results taken together indicate that LSE interferes 
with tumor-promoting activities and cell-cycle progres-
sion by suppression of  oncoproteins such as cyclin D1 
and A and enhancement of  suppressors such as CIP1/
p21 and KIP1/p27.

LSE induced mitochondria-mediated apoptosis
Apoptosis is the essential mechanism by which unwanted 
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Figure 4  Detection of longan seed extract-induced apoptotic cells. Phos-
phatidylserine is usually distributed in the inner fleet of the plasma membrane. 
When cells are undergoing apoptosis, this phospholipid translocates to the 
outer fleet, and can be recognized by a bacteria glycoprotein named annexin 
V. We used annexin V conjugated with fluorescein isothiocyanate (FITC) as an 
apoptosis indicator and analyzed the apoptotic cells by flow cytometry. Briefly, 
50 and 200 μg/mL longan seed extract-treated cells were incubated at 37 ℃ for 
48 h. The treated cells were then suspended and stained with annexin V con-
jugated with FITC. Ten thousand cells were analyzed by flow cytometry using 
FL-1 as the parameter. Data are taken from the averages of three independent 
experiments and expressed as the mean ± SD. aP < 0.05.
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or damaged cells are eliminated during development or 
maintenance of  tissue homeostasis in multiple cellular 
organisms[61,62]. Defective regulation of  apoptosis has 
been closely associated with many human chronic dis-
eases such as neural degeneration, autoimmune disease, 
AIDS and cancer[63]. Inducing cancer cells into apoptosis 
is the main mechanism by which anti-neoplasm drugs 
or natural products suppress cancer cell growth[62]. In 
our previous study, induction of  apoptosis was found to 
be another possible mechanism of  the antiproliferative 
activity of  LSE on CRC cells[48]. However, one CRC cell 
line appeared to be resistant to LSE-induced apoptosis. 
Result of  present study further showed that LSE selec-
tively induced significant apoptosis in HepG2 and C33A 
cells but only a slight elevation of  apoptosis in A549 and 
MDA-MB-231 cells (Figure 4). Caspase 3 was activated 
by the proteolytic cleavage of  upstream apoptosome and 
the consequent cleavage of  substrates such as PARP. 
Many reports suggest that the activation of  caspase 3 is 
a common event during polyphenolics-induced apop-
tosis of  cancer cells[35-37,64]. Our previous study showed 
that LSE enhances caspase 3 activity in CRC cells and 
induces apoptosis. Our recent results further showed 
that LSE induced pro-caspase 3 expression and cleavage 
(Figure 5). LSE-induced caspase 3 activation and apop-
tosis may operate through the Bcl-2 family of  proteins. 
The Bcl-2 family members are important mediators of  
mitochondria-induced apoptosis in cancer cells[61,65,66]. 
These proteins form multimers, which act as pores in cell 
membranes, controlling the flow of  molecules[67]. Bcl-2 
has been associated with apoptosis inhibition, whereas 
expression of  Bax has been associated with apoptosis 
induction[68,69]. Bcl-2 inhibits apoptosis by inhibiting the 

release of  cytochrome c (Apaf  2) and apoptosis inducing 
factor (AIF) from the mitochondria to the cytoplasm, and 
by limiting the activation of  caspase 3 by inhibiting its ac-
tivator protein, Apaf  1[70]. Recent studies indicate that the 
ratio of  Bax:Bcl-2 proteins is the determining factor in 
transmitting the apoptosis signal[46,67,71,72]. In our study, the 
Bcl-2 levels were decreased in LSE-treated cancer cells, 
especially in sensitive cells[48]; however, the change in Bax 
levels in these cells are not affected, indicating that LSE-
induced apoptosis is mainly due to the regulation of  the 
level of  Bcl-2.

CONCLUSION
The longan is one of  the most important fruits in China, 
economically speaking. The flowers and seeds of  the lon-
gan were regarded as waste for a long time, and failed to 
be utilized. However, according to TCM pharmacopoeia, 
longan flowers and seeds possess multiple pharmaceutical 
applications. Recent advanced biotechnology and phar-
macology techniques allow us to gain a deeper insight 
into the functions of  these two TCMs using scientific 
methods. LFE could suppress oxidation and inflamma-
tion, decrease blood pressure, triglycerides and body 
weight, and overcome metabolic diseases such as diabetes 
mellitus. We provide data to demonstrate that LFE is also 
capable of  inducing cell-cycle arrest and apoptosis, at 
least in colorectal cancer cells, implying that LFE could 
also be applied as an anti-neoplasm agent. LSE systemi-
cally inhibits colorectal, lung, liver, cervix and breast can-
cer cells, indicating the utilization of  LSE in cancer pre-
vention and treatment. LSE could suppress oncoproteins 
such as cyclin D1, A and Bcl-2 and elevate suppressors 
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LSE (μg/mL)

Bax

Bcl-2

Pro-caspase 3

Cleaved caspase 3

PARP

Cleaved PARP

0           50         200 0           50         200 0           50         200 0           50         200

1.00 1.16 1.33 1.00 1.22 1.49 1.00 1.01 1.00 1.00 1.06 1.14

1.00 0.95 0.83 1.00 0.76 0.53 1.00 0.80 0.76 1.00 0.95 0.82

1.00 1.05 1.06 1.00 1.19 1.24 1.00 1.36 1.68 1.00 1.59 1.46

1.00 1.19 1.35 1.00 1.11 1.65 1.00 1.52 3.87 1.00 1.21 1.24

1.00 0.99 0.89 1.00 1.02 0.81 1.00 1.00 1.00 1.00 0.80 0.70

DCBA

1.00 1.11 1.16 1.00 1.57 1.95 1.00 1.87 7.16 1.00 1.36 1.41

Figure 5  Immunoblots of apoptosis-associated proteins in longan seed extract-treated cancer cells. The same cell lysates from longan seed extract (LSE)-
treated (A) A-549, (B) Hep G2, (C) C-33A and (D) MDA-MB-231 cells as described in Figure 3 were separated by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis, transferred to polyvinylidene difluoride membranes and immunoblotted to show the levels of Bax, Bcl-2, pro-Caspase 3, cleaved-caspase 3, poly (ADP-ribose) 
polymerase-1 (PARP-1) and cleaved-PARP. The images are representative of three independent experiments.
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such as caspase 3, Bax, CIP1/p21 and KIP1/p27. This 
may provide a possible role of  LSE as a multiple-target 
therapeutic agent to control abnormal growth and ma-
lignancy in cancer. The in vivo efficacy of  both LFE and 
LSE in mice tumorigenesis is the next important issue for 
further investigation, and indeed this research is ongo-
ing in our research team. In conclusion, recent advanced 
studies have validated the novel pharmaceutical functions 
of  LFE and LSE, especially their anti-cancer functions, 
and have provided scientific evidence to further the ap-
plication of  these two TCMs in the pharmaceutical in-
dustry.
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