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ABSTRACT 
Longan (Dimocarpus longan Lour.) belongs to Sapindaceae family. We examined the antiproliferative activity of 
longan leaf extracts against cancer-derived cell cell lines in vitro. The tested samples were water extract, ethanol 
extract, n-hexane fraction, ethyl acetate fraction, and water fraction of longan leaf. Cytotoxicity test is against brine 
shrimps that was screened using Brine Shrimp Lethality Test. Antiproliferative activity assay on WEHI-164 cells 
(mouse fibrosarcoma cancer cell), THP-1 cells (human peripheral blood acute monocyte cell), and vero cells (non-
cancer or normal cell) that was conducted using hemocytometer with Trypan Blue Dye exclusion. The 50% lethality 
concentration (LC50) value of water extract, ethanol extract, n-hexane fraction, ethyl acetate fraction, and water 
fraction were 854.64, 305.81, 446.55, 1313.44, and 1621.8 µg/ml. Ethanol extract exhibited significant cytotoxic 
due to the lowest LC50 value. Ethanol extract was then used for further examination. The highest antiproliferative 
activity was achieved 44.93% by 600 µg/ml ethanol extract on WEHI-164 and 57.45% by 500 µg/ml ethanol extract 
on THP-1. It was significantly equal to doxorubicin antiproliferative activity. Ethanol extract dose had low effect to 
vero cells. This present study confirmed that the longan leaf ethanol extract possess marked antiproliferative activity 
on cancer-derived cell lines.

INTRODUCTION
Cancer is characterized by excessive, abnormal, and 

uncontrolled proliferation rolled growth of the body tissue 
cells. Cancer cells infiltrate the surrounding tissue (invasive) 
and continue to spread (metastasis). Cancer is classified as 
a degenerative disease that has the potential to cause death 
(Priosoeryanto et al., 2009). According to the World Health 
Organization (WHO) (2017), the global mortality rate related to 
cancer in 2015 was around 8.8 million. In some Asian countries 
including Indonesia, cancer is the number two cause of death after 
the heart disease with cancer deaths each year likely to increase 
(Ferlay et al., 2010).

The most applied cancer treatment is chemotherapy by 
using doxorubicin. However, doxorubicin can cause cardiotoxicity 
and many other side effects (Dashora et al., 2011). The side effects 
due to the activity of doxorubicin are not only to cancer cells but 
also affects normal cells (NCI, 2007). The development of cancer 
treatment is still developed to find out the effective one.

The secondary metabolites usually used as a defense 
mechanism of the plants. Some people use this secondary 
metabolites for the treatment of human diseases. Secondary 
metabolites derived from plants are one of the treatments for cancer 
disorder. Secondary metabolites compounds have a bioactivity 
that can control the proliferation of cancer cells (Ayoola et al., 
2008). This process is a promising for treating cancer without 
decreasing the quality of life.

Indonesia is a megabiodiversity country with a lot 
of promising medicinal plants. One of them is a longan plant 
(Dimocarpus longan Lour.). Longan is an Indonesian fruit plant 
that belongs to Sapindaceae family. Longan leaf possesses various 
pharmacological activities such as antihepatitis, antioxidant, and 
anti-tumor (Ayoola et al., 2008; Apriyanto et al., 2016; Salamah 
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and Widyasari, 2015). However, the antiproliferative activity 
of specific secondary metabolites of longan leaf has not yet be 
determined; therefore, this present study was conducted to 
examine the antiproliferative activity of longan leaf extract on 
some cancer-derived cell lines.

MATERIAL AND METHODS

Plants materials
The fresh longan leaf (Dimocarpus longan Lour.) 

was collected from Cikabayan-Bogor, Indonesia, in February 
2018. The identity of sample was authenticated from Herbarium 
Bogoriense, Research Centre for Biology in Indonesian Institute 
of Science, Bogor, Indonesia.

Extraction
The extraction of longan leaf was conducted according 

to the modified method of Apriyanto et al. (2016) and Sari and 
Triyasmono (2017). Longan leaves were room dried for 7 days. 
The dried leaves were than coarsely powdered using a mechanical 
grinder. The water extract was done by the reflux method, while 
ethanol extract was done by ultrasonication. Ethanol extract 
was fractionated using liquid–liquid extraction and resulted in 
n-hexane fraction, ethyl acetate fraction, and water fraction. All 
extracts and fractions were vacuum evaporated at 40°C.

Cytotoxicity assay
Cytotoxicity assay of extracts and fractions was 

conducted according to the modified method of Rampel and 
Tombuku (2015). It was conducted using Brine Shrimp Lethality 
Test (BSLT) method. Brine shrimp (Artemia salina) larvae were 
placed and hatched for 48 hours with constant oxygen supply and 
under the light at room temperature (25°C). The stock extracts 
solution (2,000 µg/ml) made of 10 mg extract, 50 μl Tween80, 
and 10 ml of seawater into a test tube. It was diluted into 1,000, 
500, 100, and 10 µg/ml. All extracts and fractions were carried out 
at triplicates. The dead larvae were counted after the incubation 
under TL light 14 W for 24 hours. The similar procedure (without 
added extracts or fractions) was applied as the negative control. 
The data of surviving brine shrimp were analyzed with Minitab 
16.0 program for probit analysis to determine 50% lethality 
concentration (LC50) values at 95% confidence intervals.

Antiproliferative activity assay
Antiproliferative activity assay of potential extract 

or fraction was conducted according to the modified method 
of Priosoeryanto et al. (1995). In vitro antiproliferative activity 
applied on WEHI-164 cells, THP-1 cells, and vero cells. Each type 
cells of 25 µl were cultured in the tissue culture 24-well plates at 
a density of 7 × 105 cells/ml. It was, respectively, maintained on 
the media made of 850 µl Dulbecco’s Modified Eagle’s Medium, 
supplemented with 10 μl fetal calf serum 10%, 5 μl antibiotics 
1% (penicillin and streptomycin), and 10 µl fungizone. The 
extract was dissolved in the tube containing 100 µl of dimethyl 
sulfoxide in sterile distilled water. The tested concentrations of 
extract were 100, 200, 300, 400, 500, and 600 µg/ml in triplicates. 
The treartment control made of cultured cells on the media with 
25-µl extract, the negative control made of cultured cells on the 

media without extract, and the postive control made of cultured 
cells on the media with doxorubicin (100 µg/ml). All plates 
were incubated in a humidified atmosphere of 5% CO2 at 37°C. 
The cells were harvested when the cells growth in the negative 
control was confluent (±3 days). The cells were then stained using 
Trypan Blue Dye Exclusion. The average of the total number of 
the cells on each well was counted under light microscope at 100× 
magnification using Improved Neubauer Hemocytometer.

Statistical analysis
Data of cell proliferation were analyzed using one-way 

analysis of variance by Minitab 16.0 for Windows (Minitab.Inc.). 
Mean separation test between treatments was performed using 
Tukey test. p value < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION
The water extract, ethanol extract, ethyl acetate fraction, 

n-hexane fraction, and water fraction yield were 20.11%, 8.22%, 
7.10%, 23.44%, and 69.46%, respectively. Extraction by using 
water solvent resulted in higher yield than 70% ethanol. The 
fractionation of ethanol extract, the water fraction produced 
the higher yield compared with the ethyl acetate and n-hexane 
fractions. The difference in polarity of the extracted compound 
is due to the polarity of the solvent. Extraction results showed 
the higher solvent polarity and the higher extract yield. These 
results showed that mainly phytochemical content of longan leaf 
is polar compounds. The water grade of longan leaf simplicia has 
been controlled to preserve the quality of the extract. In addition, 
sample preservation, time and method of picking the leaf, sample 
preparation, and selection of solvents in extraction must be 
controlled to preserve the quality of the extract.

Cytotoxic activity of longan leaf extract on shrimp 
larvae can be seen in Table 1. Death of shrimp larvae was 
confirmed by the effect of extracting and confirmed by the absence 
of mortality of shrimp larvae in the negative control group. The 
extract cytotoxicity was determined based on the 50% mortality 
response of shrimp larvae (LC50). Plant extracts are considered 
toxic if they have LC50 value less than 1,000 µ/ml (Sukmarianti 
et al., 2013). Ethyl acetate fraction and water fraction of longan 
leaf have LC50 values greater than 1,000 μg/ml. It means that ethyl 
acetate fraction and water fraction have no cytotoxic activity. 

Table 1. Cytotoxic activity of longan leaf extracts and fractions against brine 
shrimps.

Sample
% brine shrimp mortality (concentration in µg/ml)

LC50 (µg/ml)
10 100 500 1000

Water 
extract 0.00 ± 0.00 0.00 ± 0.00 33.33 ± 0.67 56.67 ± 0.33 854.64

Ethanol 
extract 23.33 ± 0.33 36.67 ± 0.33 76.67 ± 0.67 96.67 ± 0.33 305.81

n-hexane 
fraction 20 ± 0.58 36.67 ± 0.33 56.67 ± 0.33 86.67 ± 0.67 446.55

Ethyl 
acetate 
fraction

0.00 ± 0.00 20.00 ± 0.00 26.67 ± 0.33 30.00 ± 0.00 >1,000

Water 
fraction 6.67 ± 0.33 10.00 ± 0.00 10.00 ± 0.00 26.67 ± 0.67 >1,000

Percentages of brine shrimp mortality were expressed as mean ± SEM.
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Nevertheless, the water extracts, ethanol extracts, and n-hexane 
fractions of longan leaf have LC50 values smaller than 1,000 μg/
ml. It means that water extract, ethanol extract, and n-hexane 
fraction showed cytotoxic activity.

This study compared the mortality of shrimp larvae 
and further investigated the inhibitory activity on cancer cells. 
Several studies have shown that BSLT has a positive correlation 
with various cancer cell tests (Sukmarianti et al., 2013). BSLT was 
applied to evaluate toxicity of longan leaf extracts that potentially 
showed antiproliferative activity against cancer cells. The extract 
with the lowest LC50 value has the potential as an anticancer drug 
ingredient.

The results of this study showed that the ethanol extract of 
longan leaf has the lowest LC50 value compared with water extract 
and n-hexane fraction. Cytotoxicity of crude extracts also depends 
on the choice of the extraction solvent (Tannoury et al., 2017). 
Cytotoxic activity can be produced from secondary metabolites 
contained in the extract (Handayani et al., 2018). These previous 
study supported that the cytotoxic activity of longan leaf depends 
on their phytochemical content; therefore, the ethanol extract has 
more potential as an antiproliferative agent. Ethanol extract was 
preferred as antiproliferative activity assay in vitro.

Antiproliferative activity assay of ethanol extract was 
performed on WEHI-164 cell, THP-1 cell, and vero cell. The effect 
of ethanol extract on these cells is shown in Figure 1. The results 
showed that the ethanol extract of longan leaf significantly was 
able to inhibit the proliferation of these two cancer-derived cell 
lines compared with negative control. The number of WEHI-164 
and THP-1 cells, respectively, decreased when the concentration 
of extract increased. Ethanol extract of longan leaf slowly inhibit 
the proliferation of vero cells.

The ethanol extract of longan leaf showed different 
antiproliferative activities in both cancer-derived cell lines. 
Priosoeryanto et al. (2002) reported that the anticancer activity of 
an extract depends on the cancer cell lines used. Abd ElMonaem 
et al. (2018) reported that the selectivity of some compound against 
cancer-derived cell lines were different than vero cells. Treatment 
of 200 μg/ml ethanol extract on THP-1 cells, 100 μg/ml ethanol 
extract on WEHI-164 cells, and 400 μg/ml ethanol extract on vero 
cells showed significant antiproliferative activity than negative 
control group. Treatment of 400 μg/ml ethanol extract on THP-1 

cells and 300 μg/ml ethanol extract on WEHI-164 cells showed 
significant antiproliferative activity than 100 μg/ml doxorubicin. 
Treatment of 500 μg/ml ethanol extract on THP-1 cells, 600 μg/
ml ethanol extract on WEHI-164 cells, and 600 μg/ml ethanol 
extract on vero cells showed the highest antiproliferative activity. 
Nevertheless, treatment of 600 μg/ml ethanol extract (highest 
concentration) on vero cells showed antiproliferative activity 
less than 100 μg/ml doxorubicin. These results revealed that the 
ethanol extract of longan leaf had antiproliferative activity more 
effective than doxorubicin.

The difference in antiproliferative activity of extract can 
be caused by differences in membrane receptors and cell nuclei 
in cancer cell lines (Priosoeryanto et al., 2002). WEHI-164 cell 
is very sensitive to human cytotoxic monocytes, to human Tumor 
Necrosis Factor and to lymphotoxins. The increased sensitivity 
of tumor cells to TNF-α causes lysis. THP-1 cells have Fc and 
C3b receptors and have cytoplasmic immunoglobulins. THP-1 
cells can be differentiated into immature dendritic cells (ATCC, 
2014). Ethanol extract of longan leaf can increase sensitivity or 
susceptibility to both of cancer-derived cell lines compared with 
vero cells. 

Ayoola et al. (2008) reported that the ethanol longan leaf 
extract contained flavonoids and triterpenoids. Flavonoids and 
triterpenoids are toxic to shrimp larvae in certain concentrations. 
Terpenoids have antioxidant capacity functions. Nevertheless, 
terpenoid has no antiproliferation functions to cancer cells. This 
effect is caused by the content of phenolic compounds which 
act as a primary antioxidant through donor of H atoms from the 
hydroxyl group quickly to radicals. Antioxidant radicals formed 
from the mechanism are stable because of the delocalization of 
unpaired electrons on the aromatic ring (Han and Bakovic, 2015).

Tettey et al. (2014) reported that there is strong 
correlation between phenolic content and antiproliferative activity. 
González et al. (2017) reported that a potentially cytotoxic source 
because of its high antioxidant capacity and total phenolic content. 
Paul and Ramasubbu (2017) stated that the cytotoxicity of the 
crude extracts may be due to their higher antioxidant potentials or 
due to the synergistic effect of the multiple bioactive components 
present in the extract. The cytotoxic activity can affect and disrupt 
the fundamental mechanisms associated with cell growth, mitotic 
activity, differentiation, and function (Handayani et al., 2018). 
These compounds were reported that they have antioxidant 
activity, with capacity to scavenge reactive oxygen species (ROS) 
(Han and Bakovic, 2015; Hertzog and Tica, 2012).

ROS are toxic and cause various diseases including 
cancer. Anticancer mechanism of flavonoid based on their 
antioxidant properties is associated with their ability to scavenge 
free radicals, inhibit the enzymes involved in ROS formation, 
and block the oxidation of cellular and extracellular compounds 
(Han and Bakovic, 2015). Moreover, flavonoids contribute to 
modulating pathway of cancer proliferation, arresting the cell 
cycle, inducing apoptosis, and inhibiting angiogenesis (Hertzog 
and Tica, 2012; Katyal et al., 2014). Paul and Ramasubbu (2017) 
stated that the resistance of programmed cell death or apoptosis is 
an integrated part of the cancer cell development and re-inducing 
the apoptosis mechanism would be a good indicator of anticancer 
agent. Morphological studies by microscope on cancer cells 
indicated certain events of apoptosis such as nuclear shrinkage, 

Figure 1. Percentage of proliferation inhibition WEHI-164, THP-1, and vero 
cells after the treatment with ethanol extract of longan leaf. The data are 
expressed as percentage of antiproliferative activity, as compared with the 
negative control (100%). The start level of significance is denoted as follows: 
**p < 0.05.
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membrane blebbing, and vacuolization of cells. This was further 
supported by activation of caspases 3 and 7 (Dahham et al., 2017).

Zakaria (2000) reported that flavonoids have potential 
to be anticancer with a mechanism that inhibits the action 
of the tyrosine kinase enzyme. Tyrosine kinase enzymes are 
enzymes that play a role in cell transduction signals, namely, by 
regulating the cell's advanced cycle, regulation of transcription, 
cell transformation, proliferation, differentiation, and apoptosis. 
Mohamed et al. (2017) confirmed that the strong cytotoxic 
activity of some active compounds over cancer-derived cell lines 
may act on the same enzyme target where epidermal growth 
factor receptor (EGFR) inhibitor. This present study revealed 
that the ethanol longan leaf extract can induce apoptosis on 
cancer-derived cells.

CONCLUSION
The ethanol extract of longan leaf exhibited cytotoxic 

activity. It possessed significant antiproliferative activity on 
WEHI-164 and THP-1 cancer-derived cell lines. It possessed low 
antiproliferative activity on vero cells. Hence, it was suggested as 
a potent natural anticancer. 
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