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Melia azedarach L. (Meliaceae family) is traditionally consumed to treat rheumatic pains,
astringent, skin diseases, and diuretics. The present study aims to investigate the chemical
composition of the flowers essential oil, as well as in vitro antioxidant activities of the
leaves and fruits extracts of M. azedarach by DPPH (2,2-diphenyl-1-picrylhydrazyl) and
FRAP (ferric reducing antioxidant power) assays. The GC-MS analysis of the essential
oil identified oxygenated sesquiterpenes (43.7%) as the major chemical class. The
volatile oil was rich in trans-nerolidol (39.5%), 1,4-dimethoxybenzene (11.6%), 2-
phenylacetaldehyde (9.1%), and phenyl ethyl alcohol (7%). The leaves ethanolic extracts
(LEE) indicating the ICsp values 149 £ 0.05 pg/mL and 20.31 £ 0.03 mmol of the
FeSQO./g of the extract exhibited the strongest radical scavenging activity assessed via
DPPH and FRAP assays, respectively. The higher antioxidant activity of LEE was
correlated with the higher total phenolic contents (42.86 + 0.02 pg gallic acid/mg extract)
compared to the fruits (26.8 + 0.05 pg gallic acid/mg extract). To the best of our
knowledge, this is the first report on the essential oil compositions and the antioxidant
activity of this species collected from the southeast of Iran. This study highlights that
the M. azedarach essential oil can be a rich natural source of trans-nerolidol with diverse
biological activities. Additionally, the ethanolic extract of leaves has significant
antioxidant activities. Therefore, these findings might direct further complementary
phytochemical and biological investigations of this species.

INTRODUCTION

enzymatic and non-enzymatic antioxidant defense

Essential oils (EOs) are volatile classes of secondary
metabolites produced in various parts of many
higher plants [1]. These plant products are
responsible for the plant's odor characteristic, while
they are reported to possess diverse medicinal
properties, such as antioxidant, antimicrobial, anti-

anxiety,  antidepression, and  pain-relieving
properties [2,3]. Various ailments, such as
inflammation, cancer, diabetes, atherosclerosis,

arthritis, Parkinson's and Alzheimer's diseases, and
AIDS, are induced by free radicals damaging
several biofactors [4]. Over half of the plant species
have medicinal effects and considerable antioxidant
potential owing to their valuable combined

systems against free radicals [5].

Melia azedarach L. (Figure 1) belonging to the
Meliaceae family is known as Chinaberry, bead tree,
Margosa tree, and Persian lilac, and is native to Iran,
China, and India, while it is grown in some parts of
the world [6].

The plant has been traditionally consumed to treat
rheumatic pains, astringent, skin diseases, and
diuretics [7]. Leaf, bark, root, and seed extracts
revealed several biological properties, such as
anticancer, antimalarial, antioxidant, antifertility,
antifungal, antiviral, and antibacterial activities [8].
Previous studies identified tetranortriterpenoids,
terpenoids, limonoids, steroids, flavonoids, fatty
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acids, and essential oil in this species [9]. The
present study aimed to identify the essential oil of
M. azedarach harvested from the southeast of Iran,
to evaluate the antioxidant activities of the leaf and
fruit extracts via DPPH and FRAP assays, and to
analyze their total phenolic contents.

MATERIALS AND METHODS

Plant Material

The leaves, flowers, and fruits of M.
azedarach L. were gathered from the Botanical
Garden of Sistan and Baluchestan University,
Zahedan Province, southeastern Iran, in March and
May 2012. A botanist named Dr. Jafar Valizadeh
carried out the identification of the plant samples.
Furthermore, the L, F1, and Fr’s voucher specimens
(no. 6735, 6736, and 6737, respectively) were
deposited at the herbarium of the Department of
Biology, Faculty of Science, Sistan and Baluchestan
University.

Essential Oil Extraction

Hundred-fifty g of the fresh flower was subjected to
the steam distillation apparatus. The essential oil
(EO) was subsequently extracted thrice, each within
4 h. The extracted EO was dehydrated with
anhydrous sodium sulfate (NazSO4) and stored in a
sealed vial at 4 °C until further experiments.

Plant Extracts Preparation

The fruits and leaves samples were dried under
shade and then powdered. Fifty g of each material
was individually macerated three times with 150 mL
EtOH at room temperature for 24 h. Afterward, the
solvents were removed under reduced pressure
conditions. The ethanolic extracts were kept at 4 °C
for phytochemical and antioxidant investigations.

Essential Oil Composition

The gas chromatography (GC) coupled to flame
ionization detector (FID) analysis of the EO was
performed on an Agilent Technologies 7890A GC
system under the following conditions: HP 5MS
column (30.0 m x 0.25 mm, 0.25 pm particle size),
oven temperature program: holding initially at 50 °C
for 1 min, then increased to 250 °C with 2.5 °C/min
for 15 min. The injector and detector (FID)
temperature were set at 250 and 275°C,
respectively. N, was the carrier gas, and the column
flow rate was 1.5 mL/min with a split ratio of 1:10.

The GC-MS analysis was conducted by an Agilent
Technologies 7890A GC system supplied with an
HP 5MS column (30.0 m x 0.25 mm, 0.25 um)
combined with a GC/MS/MS QQQ 7000B mass-
selective detector. The operating conditions were the
same as described for the GC-FID analysis;
however, the carrier gas was He. The MS conditions
were adjusted at 70 eV ionization voltages, and the
mass range was from 35 to 374 atomic mass units.
The chemical constituents were identified by
comparing their mass spectra to Wiley libraries and
their retention index, which was calculated using the
retention times of the n-alkanes (C8 - C18) series
and previously reported in the literature [10, 11].

Antioxidant Assessments

DPPH Radical Scavenging Activity

The ability of the extracts in scavenging free
radicals was evaluated through the 2,2-diphenyl-2-
picrylhydrazyl (DPPH) assay [12]. In brief, 1 mL of
the DPPH solution (1.5 x 10* M) was mixed into
2.5 mL of the plant ethanolic extracts and BHT
(butylated hydroxytoluene) as the utilized positive
control. Moreover, 30 min after the incubation, the
absorbance of the sample solutions was recorded at
517 ntm using a UNICO UV-2100
Spectrophotometer (China). The inhibition of DPPH
was computed using the following formula:

|DPPH (%) = 100 X [Acontrol - (Asample - Ablank)/Acontrol]
Where Asample, Ablank, and Aconrol are expressed as
absorbance of sample, blank, and control,
respectively.

Ferric-reducing antioxidant power

The ferric reducing antioxidant power (FRAP) of
the leaf and fruit ethanolic extracts was further
experimented. In the FRAP assay, an analyzed
sample at different concentrations is mixed with a
measured volume of freshly prepared FRAP reagent
including the Fe*-TPTZ salt. Antioxidants can
reduce this salt to colored Fe?*-TPTZ form [13].
Initially, (a) 300 mM of acetate buffer (pH 3.6), (b)
10 mM of TPTZ (2,4,6-tripyridyl-s-triazine)
solution in 40 mM HCI, and (c) 20 mM FeCls.6H,0
were prepared. A FRAP reagent solution was
prepared by adding a, b, and ¢ in a ratio of 10:1:1 v
just before the test. Afterward, 3.6 mL of the FRAP
reagent was added to 0.4 mL distilled water and 80
mL of each sample: the extracts or ascorbic acid as
the positive control. After 10 min incubation at 37
°C, the absorbance of the colored solution was read
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at 595 nm. The calibration curve of aqueous
solutions of Fe?* (concentrations ranges of 0.1~1
mM/L) was determined, and its results were
expressed as mmol of FeSO4.7H.0/g of the extract.

Total Phenolic Contents

Phenolic compounds of higher plants, including
flavonoids, phenolic acids, tannins, and phenolic
diterpenes, play crucial roles in possessing
scavenging free radicals and antioxidants [14]. Total
phenolic contents (TPCs) from the extracts were
determined with the Folin-Ciocalteu reagent [15]. In
brief, 1 mL of the extracts (400 pg/mL) in EtOH
was mixed with 5 mL Folin-Ciocalteu reagent
diluted 1/10 with distilled water. After 10 min, 4 mL
of the sodium carbonate solution (75 mg/mL) was
added to the mixture, and 30 min later, the
absorbance was recorded at 765 nm. The phenolic
contents were represented as pg of the gallic
acid/mg of the extract.

RESULTS AND DISCUSSION

Essential Oil Composition

The EO extracted from M. azedarach fresh flowers
was characterized as the pale-yellow color
possessing a pleasant odor (oil yield: 0.01 % v/w
based on fresh weights). The GC-MS analysis
identified nine fragrant constituents representing
87.2% of the total compounds (Table 1). The
volatile oil contained primarily oxygenated
sesquiterpenes (43.7%), and the major compounds
were identified as trans-nerolidol (39.5%), 1,4-
dimethoxybenzene (11.6%), 2-phenylacetaldehyde
(9.1%), and pheny! ethyl alcohol (7%).

According to Ghomi et al., trans-nerolidol (38.9%)
was rich in the M. azedarach EO collected from the
central part of Iran. Although, viridiflorol (8.1%),
bicyclogermacrene (8.2%), f-caryophyllene (7.2%),
cis-caryophyllene (7.1%), 1,8-cineole (6.1%), and
camphor (5.7%) were identified from the flower EO,
none of them was characterized in the present EO
[16]. Consistent with the present study, trans-
nerolidol (70%) has been identified as the main
Indian flower’s volatile oil constituent; however,
due to its richness in n-nonanal (4.78%) and cis-
nerolidol (3.99%), the chemical profile was not the
same [17]. Many investigations have confirmed
parameters affecting EO contents and compositions
of various plant populations [18]. According to
another report by Lau et al., benzaldehyde (68.50%)
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and phenylacetaldehyde (22.26%) were
characterized in the plant flowers extracted via the
solid-phase  micro-extraction (SPME) method.
Nevertheless, using the current steam distillation
method, the percentage of benzaldehyde and
phenylacetaldehyde was 4.5% and 9.1%,
respectively [19]. Various factors affect different
volatile oil compositions, while in this case, the
difference might correlate with the EO's extraction
method and the plant's growth location.

Antioxidant Activity

As Table 2 shows, among the leaf and fruit
ethanolic extracts assessed through the DPPH assay,
the leaf exhibited potent antioxidantl -effects
compared to the fruit extracts with the ICsy values of
149 + 0.05 pg/mL and >200 ug/mL, respectively.
To confirm the DPPH results, the ferric reducing
power of the leaf and fruit ethanolic extract was
further elaborated, showing the reduction values
20.31 + 0.03 and 12.51 + 0.02 mmol of the FeSO./g
extract, respectively. Reduction power values of the
samples and positive control were determined
according to the linear regression equation (y =
0.2481x — 0.0055, R? > 0.99) (Table 2). According
to the DPPH and FRAP results, the leaf ethanolic
extract exhibited higher antioxidant activity than
fruits did.

In one previous study, the ICso values of the leaf
aqueous, methanolic, and ethanolic extracts were
calculated as 62 pg/mL, 66 pg/mL, and 58 pg/mL
by the DPPH assay [20]; however, comparably these
samples indicated higher scavenging activity than
our plant materials did, which is possibly caused by
different phytochemical profiles. Orhan et al. also in
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one comparative study reported that the leaf
methanolic extract possessed higher antioxidant
activities than the fruits evaluated via DPPH and
FRAP assays [7]. Furthermore, in another study, the
defatted ethanolic extract of the leaf demonstrated
significant DPPH activity compared to ascorbic acid
as the positive control with the 1Cso values of 30.55
pg/mL and 50.11 pg/mL, respectively [21]. No

previous study compared the antioxidant effects of
defatted and non-defatted extracts of this plant.
However, studies investigating other plants indicate
that defatting does not cause a significant difference
in DPPH results. While defatting has affected the
results of the FRAP method; this improvement has
been attributed to the removal of fats [22].

Table 1 Essential oil components of the fresh flowers of Melica Azedarach L.

Peak Compounds RI"®  Area (%) Identification methods ®
1 Benzaldehyde 960 45 MS, RI
2 Phenylacetaldehyde 1036 9.1 MS, RI
3 2-phenylethanol 1106 7.0 MS, RI
4 1,4- dimethoxybenzene 1165 11.6 MS, RI
5 2,2-dimethyl-1-phenylpropan-1-one 1272 3.6 MS
5 13,2,5,5,6- pentamethyl-cis- 4a,1a,5,6,7,8 -hexahydro-4H- 1448 51 MS
chromene
7 trans-Nerolidol 1563 39.5 MS, RI
8 a-epi-Cadinol 1639 4.2 MS, RI
9 Ethyl hexadecanoate 1925 2.6 MS, RI
Total 87.2

@ Retention Index

bMS (Mass spectra) compared to Wiley, Rl retention indices in literature published

Table 2 Antioxidant activities of the leaf and fruit ethanolic extracts of M. azedarach L. using DPPH and FRAP assays

Samples DPPH assay (I1Cso: pg/mL) FRAP assay (mmol of FeSO./g extract)
Leaf ethanolic extract 149+0.05 20.31+0.03
Fruit ethanolic extract >200 12.51+0.02
BHT
11.9+0. -
(Butylated hydroxytoluene) 9+0.05
Ascorbic acid - 121.54+0.05

Total Phenolic Contents

Total phenolic contents (TPCs) of the leaf and fruit
ethanolic extracts of M. azedarach were determined
by the Folin-Ciocalteu assay based on the linear
calibration curve of gallic acid (y = 0.0262x +
0.0075, 5-150 pg/mL, R? > 0.98). Consequently, the
leaf ethanolic extract demonstrated higher TPC with
42.86 = 0.02 pg gallic acid/mg extract followed by
the fruit ethanolic extract with 26.8 + 0.05 ug gallic
acid/mg extract. According to our results,
comparison of the TPCs of the leaf ethanolic,
hexane, ethyl acetate, and aqueous extracts of M.
azedarach were collected from Indonesia, it was
shown that ethanolic (102.18 pg gallic acid/mg) and
ethyl acetate (109.43 ng gallic acid/mg) extracts
were the richest in the compounds [23]. Similarly,
the Indian leaf ethanolic extract of M. azedarach
with the highest amount of phenolic compounds
exhibited the most significant antioxidant activity

compared to aqueous and methanolic extracts [20].
However, an insignificant TPC was previously
reported from the fruit ethanolic extract of the
collected plant from the center of Iran (16 pg gallic
acid/mg extract) [24]. The differences observed
between the results can be owing to different
geographical regions, collection seasons, or other
environmental factors. Many researchers
demonstrated TPCs as the main responsible marker
compounds for considerable biological potency,
including anti-radical effects [25]. Although
environmental effects on phenol levels may
influence the antioxidant activity, it is necessary to
detect the presence of other antioxidant compounds
such as flavonoid and tannin in the plant [22].

CONCLUSION
Identification of the M. azedarach flower volatile oil
indicated the presence of several vital secondary
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metabolites, specifically trans-nerolidol, an acyclic
sesquiterpene alcohol, as the main compound.
Besides its essential role in the plant defense
system, also exhibited several biological activities,
such as antiparasitic, antimicrobial, antioxidant,
antibiofilm, anti-inflammatory, antinociceptive, skin
penetration enhancer, antiulcer, insect repellent, and
anticancer properties. Additionally, the present
study revealed that the leaf ethanolic extract
possessed more potent antioxidant activity than the
fruit extract assessed through both DPPH and FRAP
assays, which were correlated with higher phenolic
components. The present experiment demonstrated
that this species could be considered a valuable
natural source. Further complementary
phytochemical and biological investigations of M.
azedarach are required, in particular the isolation
and identification of the dominant secondary
metabolites that are responsible for the bioactivities.
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