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ABSTRACT

Objective: To determine the structure of triterpenoid isolated from avocado seeds and
the cytotoxic effect on MCF-7 and HepG2 cells.
Methods: The powder samplewasmaceratedwith ethanol, followedwith separation of the
extract by column chromatography. The target compound was monitored on thin layer
chromatography plate and reagent Lieberman–Buchard. The isolated compound was
characterized by spectral analysis, mainly ultraviolet, infrared, and liquid chromatography-
mass spectroscopy and their spectroscopic data with those reported in literature were
compared. In vitro cytotoxic activity was investigated against Vero, MCF-7, and HepG2
cell lines using MTT assay.
Results: A triterpenoid compound was isolated from ethanol extract. The extracts,
fraction (F3), and the isolated compound showed a significant cytotoxic activity against
all investigated cell lines. MTT assay showed that the triterpenoid isolate inhibited cell
proliferation of MCF-7 and HepG2 cell line with the IC50 values of 62 mg/mL and 12 mg/
mL, respectively, and was safe to normal cells.
Conclusions: The results of the present study reveal that triterpenoid from avocado seeds
have the potential for further development as anticancer agents.
1. Introduction

Avocado plant (Persea americana) is one member of Laur-
aceae family that grows in many tropical and subtropical regions
such as Indonesia. Almost all parts of this plant have been used
in traditional medicine by the local communities. One interesting
part of the avocado crop is the seed, which is usually wasted.
The seed is reported to contain secondary metabolites that
belong to the class of alkaloids, triterpenoids, tannins, flavo-
noids, saponins [1], and polyphenols [2], which generally has a
pharmacological effect. The ethanol extract of the seed shows
antioxidant activity in vitro [3] and cytotoxic activity on breast
cancer cells T47D [4]. Other studies also report that the seed
extract is able to reduce the bacteria proliferation of
Mycobacterium tuberculosis [5], Proteus mirabilis, and
Aerobacter aerogenes [6]. The antioxidant activity, cytotoxic
and antibacterial of the secondary metabolites indicate that the
avocado seed is potential as an anticancer agent.

An important secondary metabolite in avocado seed is tri-
terpenoid, which is widely reported to have anticancer activity.
However, the previous studies were focused on the crude seed
extract and limited phytochemical tests, and none on its bioac-
tive compounds. Given the potential of triterpenoids and the
benefits of avocado seed, there should be further investigation of
this bioactive compounds derived from avocado seeds toward
effective and safe anticancer agent. The purpose of this study
was to determine chemical structure of the triterpenoid isolated
from avocado seeds and the cytotoxic effect on MCF-7 and
HepG2 cells. The results of this study are expected to contribute
to the development of avocado seed as anticancer agents and a
strong basis of the efficacy of the ethanol extract.
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Figure 1. UV spectrum of the isolated triterpenoids in methanol.
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2. Materials and methods

2.1. Plant material

Avocado seeds were collected from Malino, Gowa, South
Sulawesi Province, Indonesia in July, 2015. The plant material
was identified in Herbarium Bogoriense, Department of Botany
Research Center for Biology, Indonesian Institute of Sciences,
Bogor, Indonesia. The seed sample was sorted, washed, dried,
and ground to 60 mesh-size.

2.2. Isolation of triterpenoid

The samples (2.5 kg) were macerated in ethanol (five times
replacement of solvent, every 24 h) at room temperature. After
filtration and removal of the solvent under vacuum, 327 g of crude
extract was obtained. The crude extract (174 g) was partitioned
using n-hexane to eliminate lipid constituents. Three grams of the
ethanol extract was fractionated by column chromatography on
silica gelMerck 60 (0.063–0.200mm)with n-hexane: ethyl acetate
(3:7)mixture and isocratic elution system. The eluatewas collected
in 10mL vials. The success of separationwasmonitored using thin
layer chromatography (TLC). The eluates producing similar
pattern of the same stain were combined into one faction. The
existence of triterpenoids in each fraction was identified by
spraying Lieberman–Burchard reagent on the TLC plates and
followed by heating. The fractions indicating positive test fraction
and in the form of solids were washed with n-hexane.

2.3. TLC of the isolated triterpenoid

Analysis was performed on TLC silica gel 60 F254 (Merck,
Darmstadt, Germany, 20 cm × 20 cm, 1 mm thickness) plates.
The freshly prepared plates were dried at room temperature,
thereafter these were kept at 100 �C for 30 min to activate and
then cooled at room temperature. Chromatographic development
was performed using n-hexane: ethyl acetate (5:5, v/v) as mobile
phase. After development, the TLC plates were dried. To visu-
alize the spots, the plates were sprayed with a Lieberman–
Burchard reagent (acetic anhydride – conc. H2SO4) and heated
for 10 min at 110 �C and observed under UV light (365 nm) [7].

2.4. Characterization of the isolated triterpenoid

Triterpenoids isolates were characterized by UV PharmaSpec
1700 (Shimadzu, Kyoto, Japan) in methanol, Fourier transform
infrared spectrophotometer (FTIR) Bruker Tensor 37 using KBr
plates, and liquid chromatography mass spectrometry Waters
Acquity.

2.5. In vitro cytotoxicity assay

2.5.1. Cell cultures
Cytotoxicity assay was performed on Vero cell line (ATCC

CCL-81), human breast cancer cell line MCF-7 (ATCC HTB-
22), and human liver cancer cell line HepG2 (ATCC HB-
8065) from collection of the Primate Study Center, Bogor
Agriculture University, Indonesia. Vero and HepG2 cells line
were cultured in Dulbecco's modified eagle medium media,
while MCF-7 cells line in RPMI media with 10% fetal bovine
serum, penicillin (100 IU/mL), and streptomycin (100 mg/mL)
from Gibco (Carlsbad, CA, USA). Cultures were incubated at
37 �C in a humidified atmosphere of 5% CO2 in air and sub-
cultured when they were 50% confluent (24 h).

2.5.2. MTT assay
The cytotoxic properties of the samples (extract, fraction, and

isolated compounds) were assessed using MTT assay [8]. The
cell suspension was dispensed into a 96-well microplate at
100 mL/well containing 5000 cells/well and incubated in
humidified atmosphere with 5% CO2 at 37 �C for 24 h, and
then treated with the compounds at various concentrations.
After 48 h of treatment, 10 mL MTT solution was added to
each well, and further incubated for 4 h. Living cells upon
reaction with MTT will form formazan blue. The formazan
formed was dissolved in 96% ethanol. The cytotoxic effects of
the samples were measured as the absorbance of each well at
595 nm on ELISA microplate reader (Bio-Rad imark 11421).
All assays were performed using samples in three replicates.
The percentage inhibition of cells line was calculated by the
following formula:

% Inhibition=
Absorbance of control−Absorbance of sample

Absorbance of control
×100

The sample concentration which inhibited 50% cell line
(IC50) was determined using the relationship curve between the
concentration of sample (x) and the percentage inhibition (y).

3. Results

3.1. Chemical properties of the isolated triterpenoid

The yield of ethanol extract was 13.09% (w/w). Fractionation
over silica gel column of the ethanol extract from the avocado
seeds yielded eight main fractions (F1, F2, F3, F4, F5, F6, F7 and
F8). Out of these eight fractions, only one fraction (F3) showed a
single spot indicating triterpenoids characteristics. Repeated
purification of F3 gave 124 mg of white solid. Identification on
TLC with Lieberman–Burchard reagent produced a green spot
under UV light (365 nm).

The UV spectra showed a maximum absorption at wave-
length of 217 nm (Figure 1). The FTIR spectrum showed ab-
sorptions at 3428 cm−1 (OH), 2920 cm−1 (CeH aliphatic),
2851 cm−1 (CeH aliphatic), 1710 cm−1 (C]O),
1641 cm−1 (C]C), 1468 cm−1 (CeH in CH2), and 1382 cm−1

(CeH in CH3) (Figure 2). The molecular weight of the isolate
was analyzed by liquid chromatography mass spectrometry.
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Figure 2. FTIR spectrum of the isolated triterpenoid.
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Figure 4. Cytotoxic effects of avocado seed samples on Vero (normal
African green monkey kidney cells).

Andi Nur Fitriani Abubakar et al./Asian Pac J Trop Biomed 2017; 7(5): 397–400 399
Separation using liquid chromatography showed a single peak
with a high intensity with a retention time at 19.00 min. This
particular peak was further analyzed using mass spectrometry,
showing a peak of mass 506 [M+H]+ (Figure 3).

3.2. Cytotoxicity activity

Three samples [ethanol extract, fraction (F3), and the isolate]
in this study were challenged against Vero cells and MCF-
7 cells. Various concentrations of each sample to Vero cells
were 200.0, 150.0, 100.0, 50.0, 25.0, and 12.5 mg/mL. The
toxicity test of the three samples that showed safe concentration
limit for ethanol extract on normal cells was 100 mg/mL,
whereas that of the F3 and the isolates were 12.5 mg/mL
(Figure 4). Higher concentrations may produce inhibition value
above 50% to normal cells. Samples with safe concentration
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Figure 3. The mass spectrum of the isolate with a retention time of 19.00 min.
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toward normal cells were further tested against breast cancer
cells MCF-7. The result of the ethanol extract, fraction (F3), and
the isolate against MCF-7 cells with IC50 values were 99.74 mg/
mL, 80.05 mg/mL and 62.43 mg/mL, respectively. Cytotoxic test
of the isolate against other cancer cells, in this case was the
HepG2 cells, showing IC50 value of 12.03 mg/mL. Therefore
in vitro cytotoxicity test of the isolate showed its significant
anticancer activity against MCF-7 and HepG2 cell line.

4. Discussion

4.1. Phytochemical constituents

We report in this work the isolation and characterization of
triterpenoid compound of the ethanol extract obtained from the
avocado seeds. Identification isolated on TLC plates with Lie-
berman–Burchard reagent produced a green spot under UV light
(365 nm), indicating the existence of triterpenoids [9].
Absorption peaks the isolated compound in the UV spectrum
is typical for triterpenoids which has a chromophore form
double bonds (C]C) that is unconjugated [10]. Most
triterpenoids have no strong UV absorption due to the lack of
conjugated functional groups [11]. The FTIR spectrum showed
absorptions at 1468 cm−1 and 1382 cm−1 indicating the gem
dimethyl groups as typical compounds of triterpenoids [12]. IR
spectrum showed characteristic absorption bands for the
carboxylate group (1710 cm−1) and unsaturation (1641 cm−1).
In this study, we report for the first time a triterpenoid
compound from avocado seed with a molecular weight of
505 g/mol. Other studies found acetogenin compound with a
molecular weight of 353 g/mol [13].

4.2. Cytotoxic effects

The extract, a particular fraction, and the isolated compounds
were evaluated for cytotoxic activity. The Vero cells were used to
evaluate the toxicity to normal cells to determine the safe level of
administration of the sample as a medicine from some natural
materials. Higher concentrations that inhibit above 50% of the
normal cell growth should not be used for testing against cancer
cells [14]. The cytotoxic result of the ethanol extract, F3 fraction,
and the isolate against MCF-7 cells showed anticancer activity.
The IC50 values of less than 100 mg/mL indicated the potential
sample as chemoprevention agent [15]. Based on the IC50 values,
the three samples increase cytotoxic activity against cancer cells
MCF-7, meaning that the purified extract enhances the activity
as anticancer against MCF-7 cells. Thus, the triterpenoids isolates
are more likely to be developed as a new chemotherapeutic agent
for inhibiting tumor and cancer cell growth. The in vitro cytotox-
icity of the isolated compounds showed its significant anticancer
activity against HepG2 cells. This is in accordance with the stan-
dard of the National Cancer Institute (NCI, USA), stating that the
effectiveness of bioactive components to fight cancer cells must be
lower than 30 mg/mL. With a very low IC50 value, the isolated
triterpenoid is again confirming its potential to become an alter-
native material to inhibit liver cancer cells. We conclude that a
triterpenoid, derived from ethanol extract of avocado seed, dem-
onstrates cytotoxic activity with a very low IC50 value, thus is
potential to become an alternative material to inhibit liver cancer.
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