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Abstract. Meliaceae plant is a large, evergreen plant which extracts are rich in
natural promising compounds with numerous bioactivities including antioxidant,
antimicrobial and cytotoxic properties. The aimof the presentworkwas to evaluate
the antioxidant activity of phenolic and flavonoid which were investigated using
DPPH and ABTS methods. In addition, MCF7 cells were also used to assess the
cytotoxic activities of 11 potential extracts derived from various Meliaceae plants
family with MTT assay. Antioxidant activity as a scavenger of large DPPH free
radicals is known to have a small IC50 value. The highest antioxidants are in Toona
ciliata leaves extract with the IC50 value of 7.68 μg/mL, while the lowest DPPH
antioxidants are in Aglaia foveolata twig with the IC50 value of 256.07 μg/mL.
As for the ABTS antioxidant showed the highest value are in Aglaia tomentosa-
Bengkulu with the IC50 value of 8.91μg/mL, while the lowest is Aglaia foveolata
leaves (IC50 of 1170.2 μg/mL). Moreover, MCF7 epithelial cells challenged with
the extract showed a concentration dependent increase in cytotoxicity. Based on
MCF7 inhibition,Aglaia foveolata leaves had enough active cytotoxic activity fol-
lowedbyDysoxylum parasiticum-Jawa,Dysoxylum parasiticum-Sumatera,Aglaia
tomentosa-Central Sulawesi and Aglaia faveolata stem bark. The IC50 value is
focus on Aglaia foveolata i.e., leaves and stem bark part of plant, namely 72.4
and 103.2 μg/mL, respectively. In this study, the highest free radical scavenging
activity and also antimicrobial activity was exhibited by the methanolic extract
of Toona ciliata leaves. It suggests that Toona ciliata leaves extract may become
a promising antioxidant of Meliaceae. Moreover, remarkable cytotoxic activity
against MCF7 cell line was found for the methanolic extracts of Aglaia foveolta
leaves. The phytochemical screening demonstrated the presence of different types
of compounds like phenol, flavonoids, and others, which could be responsible for
the obtained activities.
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1 Introduction

Herbal plants play an important role in preventing and treating human diseases. Plants are
considered as a source of phytochemicals that have medicinal value [1]. Approximately
60–80% of the world’s population still relies on traditional medicines for the treatment
of common illnesses [2]. The World Health Organization (WHO) reports that 80% of
the world’s population uses herbal medicines for some aspects of primary health care.
About 11% of the 252 essential medicinal components derived from plants [1]. The
family Meliaceae has diverse phytochemistry with many bioactive compounds, and
different species are used in the production of cosmetics, medicines, and poisons (such
as insecticides) [3].

Several species from the Meliaceae family have been tested for their antioxidant
activity [4–6]. The effects of natural antioxidants can be through a variety of different
mechanisms therefore it is important to prove their activity [7]. Antioxidants can attenu-
ate the damaging effects of reactive oxygen species (ROS) in vitro and delaymany events
that contribute to cellular aging [8]. ROS are formed as a natural product of normal cell
activity. Elevated ROS levels have harmful effects on cell homeostasis, structure, and
function and generate oxidative stress [9]. The antioxidants scavenge radicals and inhibit
the chain initiation or break the chain propagation [7].

Antimicrobial activity in this family has also been tested [6].Misuse andmishandling
of antibiotics has resulted in the emergence of groups of microorganisms that are not
only resistant to antibiotics but also more tolerant to several ways of processing and
preserving food, so that the use of natural antimicrobial compounds in food has received
a lot of attention [10].

Cancer is one of the most dangerous diseases that cause death in humans. Breast and
cervical cancer are the two most common causes of cancer in women worldwide [11].
Cytotoxic activity in several species of the Meliaceae family in the MCF7 cell line has
been tested such as in Chisocheton patens Blume [12] and Chisocheton penandrus [13].
This paper reports the cytotoxic activity of the methanolic extracts of Aglaia foveolta
leaves and stem bark against MCF7 cell line.

Phenolic and flavonoids compounds are such of themajor antioxidants [7]. They have
been shown to exert antioxidant, antimicrobial, cytotoxic, anti-aging, anti-inflammatory,
antiviral, antihypertensive, anti-atherosclerosis, cardioprotective, anti-ulcerogenic, anti-
neoplastic, anti-diabetic, anti-hepatotoxic, hypolipidemic, antiplatelet, neuroprotective
and anticonvulsant activities [14].

In this study, we analyzed the antioxidant, antimicrobial and cytotoxic activities of
elevenmethanol extract derived fromMeliaceae plant family, whichwere collected from
Indonesia regions (Bogor and Bali Botanic Gardens). There are still limited reports in
regards with these activities of Toona ciliata and Aglaia foveolata and some other plants
species of Meliaceae family. Therefore, our objective in this study were to investigate
the activity derived from species of Meliaceae family.
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2 Materials and Methods

2.1 Preparation of Plant Materials

Plants sample belonging to the family of Meliaceae were collected from Bogor
Botanic Gardens, West Java, Indonesia (GPS location: -6.597330508308246,
106.80191943070704) and Bali Botanic Gardens, Bali, Indonesia (GPS location: -
8.281292339592786, 115.15658800044008). Each sample was identified by botanists
from both locations on the basis of standard plant identification. Further, plant samples
were dried and cut to the size of 0.5–1 cm. These samples were kept in the freezer and
protected from light.

Extraction was conducted using maceration with methanol as a solvent. Briefly,
samples were placed onto macerated with the ratio of 1:5 (samples: macerated): 50
gr sample on 250 mL methanol and placed at the room temperature for 48 h. Subse-
quently, solvent was separated and evaporated to obtain crude methanol extracts. The
extraction process was carried out 3 times to each sample to optimize the amount of the
corresponding extract. The plants used in the current study were: Cipadessa baccifera
(leaves), Aglaia tomentosa (leaves, from Bengkulu province), Aglaia tomentosa (leaves,
from Central Sulawesi Province), Aglaia foveolata (twig, leaves, stem bark), Dysoxylum
parasiticum (leaves –from Sumatra Island), Dysoxylum parasiticum (leaves –from Java
Island), Toona sureni (leaves), Toona ciliata (leaves), and Sandoricum koetjape (leaves).

2.2 Determination of Phenolic and Flavonoid Content

Calculation of total phenol and total flavonoid was carried out using the standard Folin-
CiocalteuReagent (FCR)method and standard quercetin, respectively. The total phenolic
and flavonoid content was determined using a standard describes elsewhere with slight
modifications [15].

2.3 Antioxidant Assay (DPPH and ABTS Radical Scavenging Activity)

Antioxidant assay briefly was determined using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) solution.
DPPH antioxidant test was carried out by dissolving the sample in methanol. The ABTS
antioxidant test was carried out by oxidizing ABTS using potassium peroxydisulfate
(K2S2O8). The DPPH and ABTS value were determined using the method as describes
elsewhere with slight modifications [16–18]. The inhibition value was regressed in the
linear regression equation to obtain the 50% Inhibitory Capacity (IC50) antioxidant
capacity of each sample. The percentage of inhibitory activity was calculated using the
equation:

%Inhibition = Absorbance control− Absorbance sample

Absorbance control
× 100%



Antioxidant and Cytotoxic Activities 303

2.4 Antimicrobial Assay (Determination of MIC and MBC)

Antimicrobial activity was determined using the standard serially microdilution method
as describes elsewhere with slight modifications [19]. In this study, we used 2 com-
mon microbial tested collecting from Laboratory of Microbiology and Biochemistry,
Research center for Pharmaceutical Ingredients and Traditional Medicine (BRIN). The
microba areCitrobacter freundii (DSM30039) type of gram-negative bacteria andPichia
anomala (DSM6766) type of fungi.Minimum Inhibitory concentration (MIC) value was
examined using a standard micro-dilution assay with some modifications [20].

2.5 Cytotoxicity Assay (Methyl Thiazolyl Tetrazolium Method)

The breast cancer (MCF7) cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) supplemented with 10% Fetal Bovine Serum (FBS) and Antibiotic-
antimycotic. Incubation was carried out at 37 °C with an atmosphere of 5% CO2. MCF7
cell line seeded (1 x 104 cells/mL) in 96-well plate containing DMEM + 10% FBS +
Antibiotic-mycotic. After 24 h incubation in CO2 incubator, the cells were added by var-
ious concentration of extracts (100, 50, 25, 12,5, 6,25, 3,175, 1,587 and 0,79 μg/mL).
The extracts used were methanol extract. Each treatment had 2 replicates. After 48
h incubation, 10 μL of 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide
(MTT) solution (5 mg/mL in D-Hank’s) was added into each well, then incubated for 4
h at 37 °C. The media was carefully removed and the cells were dissolved in 200 μL
DMSO. The absorbance wasmeasured with an automated spectrophotometric microtiter
plate reader at 570 nm wavelength. The 50% cell-inhibitory concentration (IC50) was
determined.

3 Results

Our results demonstrated that on the preliminary screening for antioxidant activity via
DPPH radicals with concentration of 300 ppm. Each extract has a different total inhi-
bition value ranging from 18.2 to 91.58% DPPH inhibition activity on the antioxidant
tested (Table 1). The highest value indicating strong activity showed by T. ciliata leaves
extract with the total inhibition of 91.58%, follow by S. koetjape 87.07%, A. tomentosa-
Bengkulu 85.26%, A. foveolta stem bark 77.44%, C. baccifera 75.34%, A. foveolta twig
58.12%, and A. foveolta leaves 51.32%. For values above 50%, we focus on continuing
to calculate the levels of phenols and flavonoids and IC50 of DPPH and ABTS. There
are significantly different between A. foveolta - Bengkulu (85,26%) and A. foveolta
– Sulawesi (29.32%), these results indicate that the compounds present in plants are
strongly affected by the geographical location where they grow.

3.1 Total Phenolic and Total Flavonoid Content

Phenolic and flavonoid content was measured using the Folin–Ciocalteu reagent and
quercetin standard with aluminum chloridemethod, respectively. The various concentra-
tions (10–100μg/mL)were used to construct standard curves. Total phenol andflavonoid
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Table 1. Screening for antioxidant activity via DPPH radicals*

No Samples DPPH Inhibition activity (%)

1 Cipadessa baccifera 75.34

2 Aglaia tomentosa, Bengkulu 85.26

3 Aglaia tomentosa, Central Sulawesi 29.32

4 Aglaia foveolate twig 58.12

5 Aglaia foveolata leaves 51.32

6 Aglaia foveolata stem bark 77.44

7 Dysoxylum parasiticum, Sumatera 18.20

8 Dysoxylum parasiticum, Jawa 26.92

9 Toona sureni 48.57

10 Toona ciliata 91.58

11 Sandoricum koetjape 87.07

*concentration of 300 ppm.

were calculated based on the equivalent number of mg gallic acid (GAE)/g sample and
mg quercetin/g extract, respectively (Table 2). The content of phenolic compounds in
the methanol extract represented an approximate five-fold variation, ranging from 6.44
to 1.13 mg GAE/g extract. A. tomentosa-Bengkulu and T. ciliata and had the greatest
phenolic contents (6.44± 0.33 and 6.11± 0.51 mg GAE/g extract, respectively), while
the smallest phenolic contents were found in A. foveolata leaves and C. baccifera (1.13
± 0.01 and 1.89 ± 0.02 mg GAE/g, respectively). The flavonoid content in methanol
extracts ranged from 14.93 to 2.25 mg QE/g extract, representing an approximate six-
fold variation. T. ciliata had the greatest flavonoid content (14.93 ± 0.71 mg QE/g
extract), while the smallest amounts of flavonoids were found in A. foveolta stem bark,
C. baccifera and S. koetjapi (2.25± 0.08, 2.25± 0.01 and 2.62± 0.02 mg QE/g extract
respectively).

3.2 DPPH and ABTS Radical Scavenging Activity

The DPPH radical scavenging activities of selected medicinal plants are presented in
Fig. 1. All plant extracts exhibited concentration-dependent increases in radical scav-
enging capacity. The greatest DPPH radical scavenging potency of with a minimum
IC50 value was recorded for T. ciliata (7.68 ± 0.41 μg/mL), A. tomentosa – Bengkulu
(31.94 ± 1.39 μg/mL), S. koetjape (40.73 ± 1.5 μg/mL), A. foveolta stem bark (95.35
± 0.79 μg/mL), C. baccifera (109.18 ± 7.81 μg/mL), A. foveolta leaves (208.85 ±
5.3279 μg/mL), and A. foveolta twig (256.07± 1.34 79 μg/mL). These extracts exhibit
a remarkable antioxidant effect at low concentrations. All data were compared with the
IC50 value of ascorbic acid and standard quercetin (4.71± 0.69 and 2.71± 0.86μg/mL,
respectively) as showed in Table 2.
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Table 2. Total phenolic and flavonoid contents of selectedMeliaceae plants andDPPH andABTS
Radical Scavenging Activity

Plant Sample TPC (mg
GAE/ g
extract)

TFC (mg QE/g
extract)

DPPH radical
scavenging
activity, IC50
value (ppm)

ABTS radical
scavenging
activity, IC50
value (ppm)

Ascorbic acid - - 4.71 ± 0.69 19.55 ± 0.20

Quercetin - - 2.71 ± 0.86 8.69 ± 0.23

Cipadessa baccifera 1.89 ± 0.02 2.25 ± 0.01 109.18 ± 7.81 723 ± 22.83

Aglaia
tomentosa-Bengkulu

6.11 ± 0.51 5.16 ± 0.11 31.94 ± 1.39 71.07 ± 0.61

Sandoricum koetjapi 2.21 ± 0.04 2.62 ± 0.02 40.73 ± 1.5 549.66 ± 8.51

Toona ciliata 6.44 ± 0.33 14.93 ± 0.71 7.68 ± 0.41 37.85 ± 0.23

Aglaia foveolta twig 2.11 ± 0.09 6.25 ± 1.79 256.07 ± 1.34 977.75 ± 11.89

Aglaia foveolta leaves 1.13 ± 0.01 5.75 ± 0.17 208.85 ± 5.32 1170.2 ± 25.83

Aglaia foveolta stem
bark

3.13 ± 0.06 2.25 ± 0.08 95.35 ± 0.79 199.89 ± 6.31

TPC: total phenol content; TFC: total flavonoid content; GAE: gallic acid equivalents; QE:
quercetin equivalents

Figure 1 shows the radical scavenging activity of ABTS from selected medicinal
plants. All plant extracts exhibited a concentration-dependent increase in radical scav-
enging capacity. The greatest ABTS radical scavenging potency with a minimum IC50
value was recorded for T. ciliata (37.85 ± 0.23μg/mL), A. tomentosa–Bengkulu (71.07
± 0.61μg/mL), A. foveolata stem bark (199.89 ± 6.31 μg/mL), S. koetjape (549.66
± 8.51 μg/mL), C. baccifera (723 ± 22.83 μg/mL), A. foveolata twig (977.75 ±
11.89 μg/mL), and Aglaia foveolata leaves (1170.2 ± 25.83μg/mL). All data were
compared with the IC50 value of standard quercetin and ascorbic acid (2.71 ± 0.86 and
4.71 ± 0.69 ppm, respectively), as shown in Table 2.

3.3 MIC and MBC

Each extract has the different total inhibition value ranging from 7.81 to 1,000 μg/mL
on the microbial tested (Table 3). The lowest value indicating strong activity showed
by T. ciliata leaves extract against C. freundii with the total inhibition of 7.81 μg/mL
but low activity against P. anomala (1,000 μg/mL). From this screening, T. ciliata has
the best antimicrobial activity among other plants. In the next stage, we investigate the
MIC and MBC values. From the MIC and MBC tests, it was also seen that the smallest
value for both C. freundii and P. anomala was shown by T. ciliata plants, which means
that T. ciliata had the best antimicrobial activity among plants that had previously been
screened.
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Fig. 1. (a) Comparison of DPPH• scavenging activity of ascorbic acid, quercetin and selected
Meliaceae plants. (b) Comparison of ABTS• scavenging activity of ascorbic acid, quercetin and
selected Meliaceae plants.

Table 3. Antimicrobial activity of Meliaceae-derived extracts against C. freundii and P. anomala
and the MIC and MBC values

Plant Samples MIC (µg/mL) MBC (µg/mL)

Citrobacter
freundii

Pichia
anomala

Citrobacter
freundii

Pichia
anomala

Tetracycline 31.25 ND 31.25 ND

Streptomycin ND 31.25 ND 31.25

Cipadessa baccifera 1000 - >1000 -

Aglaia tomentosa,
Bengkulu

500 - 750 -

Sandoricum koetjape 500 250 750 250

Toona ciliata 62.5 125 62.5 125

Aglaia foveolta, twig - - - -

Aglaia foveolta, leaves - 1000 - 1000

Aglaia foveolta, stem bark 250 - 500 -

“-”: not active at 1000 ppm; MIC more than 1000 ppm. “ND”: Not Determine

3.4 Cytotoxicity (MTT)

Antioxidant screening has been carried out. High levels of inhibition or above 50%were
taken to be tested for further antioxidant activity, while thosewith low levels of inhibition
were selected to be tested for cytotoxic activity. The cytotoxic effect on the MCF7 cell
line was evaluated using a standard MTT assay. From the 11 plants, 6 plants were taken
to be tested for their cytotoxic activity on the MCF7 cell line as shown in Table 4. The
best cytotoxic activity was seen in A. foveolta leaves, which was 95.80 ± 0.49 μg/mL.
Then, it was decided to look for IC50 on both A. foveolata leaves and stem bark i.e. 72.4
and 103.2 μg/mL, respectively.
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Table 4. Screening of potential cytotoxic inhibition and IC50 value of A. foveolata stem bark and
leaves

Samples Mean ± SD (µg/mL)
% inhibition at a concentration of
100 ppm

IC50

(ppm)

Untreated MCF7 cell line 28.74 ± 13.41 -

Doxorubicin 75.29 ± 9.35 -

Dysoxylum parasiticum - Sumatera 88.85 ± 5.93 -

Aglaia tomentosa - Central Sulawesi 80.40 ± 12.84 -

Dysoxylum parasiticum - Jawa 94.31 ± 1.46 -

Toona sureni 47.36 ± 18.94 -

Aglaia foveolata stem bark 60.40 ± 5.62 103.2

Aglaia foveolata leaves 95.80 ± 0.49 72.4

Fig. 2. (a) untreated MCF7 cell line (b) MCF7 cell line after A. foveolata leaves treatment. (c)
MCF7 cell line after A. foveolata stem bark treatment.

Figure 2 panel a shows confluent untreated breast cancer while panel b depicts dying
morphology of the cancer cells after A. foveolata leaves treatment. Panel c demonstrates
the cancer cells post A. foveolata stem bark treatment. Unlike in Panel b where cells are
mostly dying, in Panel b cells are seen to be alive although they are not in a close contact
to each other. This suggests that A. foveolata stem bark has a lower level of toxicity than
A. foveolata leaves.

4 Discussion

Solvent and extraction procedures are of essential variable for dissolving plant endoge-
nous compounds. Phenolic compounds are more soluble in polar organic solvents due
to the presence of hydroxyl groups, so methanol was chosen as the extraction solvent.
Flavonoids are secondary metabolites which antioxidant activity and potency depend on
the number and position of free OH groups [18]. The highest phenol and flavonoid con-
tent of the 7 extractions in this study was T. ciliata. Hossain et al. reported in 2014 that T.
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ciliata also have high total phenolic and flavonoid content (239.2± 2.53mg/g gallic acid
and 98.36 ± 1.07 mg/g quercetin equivalent) [5]. The value of phenolic content in this
study is different compared to the literature. This may be due to the presence of different
amounts of sugars, carotenoids or ascorbic acid, or the duration, geographical variation
or methods of extraction. Genetic diversity and biological, environmental, seasonal, and
year-to-year variations significantly also can affect the flavonoid content of vegetables
[18].

DPPH assay is use to evaluate the radical scavenging potency of plant extracts. It
is based on reduction of the violet DPPH radical by the antioxidant via a hydrogen
atom transfer mechanism to cause a change in the color to stable pale-yellow DPPH
molecules [18, 21]. ABTS can be oxidized by manganese dioxide or potassium persul-
fate. The ABTS radical (ABTS• +) was formed by losing an electron by the nitrogen
atom of ABTS. In the presence of Trolox, the nitrogen atom quenched the hydrogen
atom, yielding the solution decolorization, and the absorbance at 743nm was decreased
[22]. Aerobic metabolism in most cells is important for the production of energy, which
in this process generates free oxygen radicals or reactive oxygen species (ROS). Exces-
sive ROS production can cause oxidative chain reactions resulting in an imbalance of
oxidants and antioxidants in the body which can cause molecular damage and changes
in several health conditions. Antioxidants can delay or inhibit oxidative reactions, thus
limiting oxidative damage [23].

The highest antioxidant activity from DPPH and ABTS assay is at T. ciliata. The
result is close to the reference value of ascorbic acid. Comparing the Vinodhini’s study,
the crude methanol of their extracts has shown maximal percentage inhibition 67.87 ±
0.24. The percentage inhibition of ascorbic acid which was used as the standard drug
was 98.09 ± 0.05 [6] and study from Kavitha upon evaluation of antioxidant activity
using DPPH and ABTS method showed IC50 value ranging from 100–150 μg/mL and
80–150μg/mL respectivelywith different test solvent extracts [4]. All the tested samples
show antioxidant activity but less than the standard. The results of this assay indicated
that T. ciliata might be responsible for this scavenging activity due to the presence of
flavonoids, terpenoids and phenolic compounds [6].

T. ciliata had the best antimicrobial activity among plants that had previously been
screened. This is in line with Ayitso’s research which showed that T. ciliata (one of the
vegetation studied) had a significant antimicrobial effect when tested on C. freundii (one
of the microbes in this study) indicated by the length of its zone of inhibition [24]. The
high content of flavonoids can affect the antimicrobial activity. Flavonoids are reported to
be involved in the inhibition of nucleic acid biosynthesis and other metabolic processes
and inhibit the germination of plant pathogenic spores [25]. Phenolic and flavonoid
compounds have been reported previously as antimicrobials in other microbial strains.

The cytotoxic activity of plant extracts is shown to increase the death of various
tumor cell lines through differentmechanisms such as apoptosis, necrosis and autophagy.
Apoptosis using themitochondrial pathway can be caused by the strong cytotoxic activity
of flavonoids which are derivatives of catechin and quercetin [26]. Very potent in vitro
cytotoxic activity against several human cancer cell lines was discovered byKim in 2007
in the fruit and twigs of A. foveolata which showed the presence of silvestrol content
[27]. Base on Salim study about constituents of the leaves and stem bark of A. foveolata
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in 2007, they isolated new compound and tested against a panel of cancer cell lines,
and found the cytotoxic compound was the first member of cyclopenta benzopyran class
which also showed significant NF-κB inhibitory activity [28].

5 Conclusion

The results of our screening assays confirmed the use of the investigated Meliaceae
family plants. It is the first report about antioxidant, antimicrobial, and cytotoxic effects
of A. tomentosa-Bengkulu, A. tomentosa-Central Sulawesi, specific part of A. foveolata
(twig, stem bark, and leaves). Whereas other plants like C. baccifera, A. foveolta, and
T. ciliata have been partially investigated. From this study, A. foveolata (leaves) elicited
both antioxidant and antimicrobial activities. This aspires for more discoveries on Meli-
aceae plants that might be promising to be harnessed as antioxidant, antimicrobial and
cytotoxic simultaneously.
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