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Assessment of the Cytotoxicity of Melia azedarach L.
Extracts on Human Adipose-derived Mesenchymal Stem Cells

Melia azedarach L. Ozitlerinin insan Adipoz Kaynakli Mezenkimal
Kok Hicreleri Uzerindeki Sitotoksisitesinin Degderlendirilmesi
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ABSTRACT

n this study, agueous extracts of Melia azedarach L. green fruit and leaves were obtained using two different

extraction methods. The extraction yields of the green fruit and leaves were found as 24.11% and 37.98%
for the infusion method; 17.76% and 27.00% for the rotating method, respectively. The total phenolic content,
related to the infusion method, was ascertained for green fruit extract 173.67+£10.84 mg Gallic Acid Equivalent
(GAE)/g dry weight and leaf extract 312.33+9.81 mg GAE/g dry weight. In other respects, antioxidant activity
related to the infusion method was determined for green fruit extract 172.51+13.23 mq Trolox/L and leaf extract
569.16+10.41 mg Trolox/L. Gas chromatography-mass spectrometry (GC-MS) analysis was performed to identify
the chemical composition of the extracts. The cytotoxicity levels of the extracts were assessed on human
adipose-derived mesenchymal stem cells (nAMSCs) using commercially available XTT assay. Consequently, it
has been found that the green fruit extract has more cytotoxic activity than the leaf extract on hAMSCs.
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6z

u calismada, Melia azedarach L. yesil meyve ve yapraklarinin sulu 6zleri iki farkli 6zitleme yéntemi

kullanilarak elde edildi. Yesil meyve ve yapraklarin 6zltleme verimleri sirasiyla, demleme ydntemi igin
%24.11 ve %37.98; calkalama yontemi igin ise %17.76 ve %27.00 olarak bulundu. Demleme ydntemi ile ilgili
toplam fenolik igerik, yesil meyve 6zU icin 173.67+10.84 mq galik asit esdederi (GAE)/g kuru agirhik ve yaprak 6zi
icin 312.33+9.81 mg GAE/qg kuru agirlik cinsinden tespit edildi. Diger yandan demleme y6nteminde, yesil meyve
6zl i¢in172.51+13.23 mg Trolox/L ve yaprak 6zl icin ise 569.16+10.41 mg Trolox/L cinsinden antioksidan aktivite
belirlendi. Ozitlerin kimyasal bilesimini tanimlamak icin gaz kromatografisi-kiitle spektrometresi (GC-MS)
analizi yapildi. Ozitlerin insan adipoz kaynakl mezenkimal kdk hiicreleri (AMKH'leri) tizerindeki sitotoksisite
seviyeleriticari olarak mevcut olan XTT testiile dederlendirildi. Sonug olarak, yesil meyve 6zitinin iAMKH'leri
Gzerine yaprak 0zltiinden daha fazla sitotoksik aktiviteye sahip oldugu bulunmustur
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INTRODUCTION

lants have been used from ancient times until

today due to their bioactive substances for
the treatment of diseases and/or other medical
purposesintraditionalmedicine.Nowadays, plants
are still a prominent option in modern medicine,
pharmaceutical chemistry and chemical entities
for generating synthetic drugs. Researches on
significant biomolecule extraction from medicinal
plants have become more notable with an
increase in novel methods or technologies such
as maceration and Soxhlet extraction presenting
opportunities to obtain desired compounds
[1,2]. Melia azedarach is an evergreen tree and
the species of deciduous tree in the mahogany
family found mostly in Indian sub-continent [3].
These plants constitute approximately 45 genera
and 750 species [4]. The origin of M. azedarach
is Northern India and China, but today, it can
be grown in a few more continents. These trees
were previously used for timber and ornamental
purposes, until the presence of several cytotoxic
and bioactive components was discovered [5].

In recent years, research has revealed this
plant to contain excessive amounts of biological
active agents such as antioxidants and phenolic
components [3]. Because of its extraordinary
cytotoxic and antimicrobial activity, M. azedarach
has been investigated for its use as an anti-tumor
agent, pesticide, for skin disease, viral infections,
arthritis, inflammation and analgesic [6,7]. The
effective results have been obtained when this
plant was used as an anti-ulcer, anti-malarial, anti-
protozoal, anthelmintic and wound healing agent.
In addition to these, Asokan et al. (2015) reported
its effect in reducing blood sugar levels [8], and
Sultana et al. (2014) exhibited its reducing effect
on the urinary calcium, oxalate and phosphate
levels [9].

Human mesenchymal stem cells (hMSCs)
have been considered as a potential source for
cell therapeutics in incurable diseases. hMSCs
revitalize regeneration and manage inflammation
due to their self-renewal and multi-lineage
differentiationfeatures, makingthemanattractive
source in tissue engineering and regenerative
medicine. hMSCs can be isolated from a variety
of sources such as bone marrow, dental pulp,

adipose tissues, placenta, amniotic fluid, tendons,
the umbilical cord, etc. Due to their therapeutic
nature, these cells are capable of healing various
clinically significant diseases [10-14]. In the
current study, we prepared aqueous extracts of
M. azedarach L. leaves and green fruit. Chemical
composition of extracts was characterized by
GC-MS, whereas the total phenolic compound
and anti-oxidant activities were determined via
spectrophotometric  technigues. Cytotoxicity
levels of the extracts were examined with the XTT
assay. Human adipose-derived MSCs (hAMSCs)
were then treated with these agueous extracts.
The aim of this study was to investigate and
determine the effects of the cytotoxicity levels
of the extracts on hAMSCs. We believe that
this pioneering study will open a pathway for
promising new studies in tissue engineering and
regenerative medicine applications.

MATERIALS and METHODS

Plant Collection

M. azedarach L. leaves and green fruit were
collected in April from Canakkale, Turkey. Fresh
leaves and green fruits were rinsed with distilled
water. Then, they were evenly spread and dried in
an incubator (Memmert, UN55, Germany) for 24h.
The outer layer of the dried fruit was removed
before the extraction process. The dried material
was separately homogenized (IKA, T-18 Basic
Ultra TURRAX, Germany) in order to obtain their
powder form.

Extraction of M. azedarach L.

The extraction process was performed with
two different groups. The dried samples were
first dissolved in Milli-Q water (Merck-Millipore,
Direct-Q3 UV, Germany) at a ratio of 2% (w/v).
Group-l samples were extracted at 80°C for 2h
with a Soxhlet apparatus (Buchi, Rotavapor R210,
Switzerland) (also named the infusion method).
The extract was then centrifuged at 6000 rpm
for 10 minutes (Hettich, Mikro 120, Germany)
and filtered (Macherey-Nagel, MN-615, Germany)
under reduced pressure (Buchi, Vacuum pump
V-700, Switzerland).

Group-ll samples in suspension form were sub-
jected to continuous stirring (also named the ro-
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Figure 1. An overview of the extraction processes of M. azedarach L. green fruit and leaf. Step 1: Green fruit and leaf
were harvested and dried in incubator. Step 2: Green fruit and leaf were homogenized. Step 3: Green fruit and leaf ext-
racts were obtained according to infusion method (Group |) and centrifuged to eliminate the insoluble substances. Step
4: Green fruit and leaf extracts were filtered by vacuum under reduced pressure. Step 5: Fruit and leaf extracts were

lyophilized to obtain their water-soluble powder form.

tating method) at room temperature for 72 h. The
solutions were then centrifuged at 6000 rpm for 10
minutes and the resulting suspension filtered using
filter paper under reduced pressure. The extracts
were evaporated under reduced pressure at 80°C
to concentrate the solution and stored at -26°C for
overnight before the lyophilization process. Lyop-
hilization procedure was conducted for overnight
(Telstar, LyoQuest, Spain) and the Iyophilized ext-
racts were stored at -26°C for further use. All pro-
cesses were summarized in Figure 1.

Determination of Total Phenolic Content

The total phenolic content (TPCs) was spectrop-
hotometrically determined using the Folin Cio-
calteu reagent [15]. Dried specimens of the leaf

and green fruit extracts were dissolved in Milli-Q
water at a ratio of 1% (w/v). Briefly, 10 mg of the
sample was suspended in 1 of mL Milli-Q water at
room temperature. Then, 900 pL of Milli-Q water,
5 mL of the Folin reagent (0.2 N) and 4 mL of so-
dium carbonate solution (7.5%, w/v) were added
into each 100 uL sample. The solutions were res-
ted for 2 h at room temperature in the dark. The
absorbance was measured at 765 nm against a
blank solution (Shimadzu UV-mini 1240, Japan).
The phenolic content was calculated in terms of
Gallic acid (GA) and the results were given as the
GA equivalent (GAE) in terms of mg/g dry sample.
All chemicals were purchased from Sigma-Aldrich
(Germany) unless otherwise specified.
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Determination of the CUPRAC Antioxidant
Capacities of the Extracts

To analyze the antioxidant values of the extracts,
the CUPRAC test was applied. Briefly, 20 uL of
each sample was suspended in 1 mL of CuCl,.2H,0
(0.01M, prepared in Milli-Q water), 1 mL of
Neocuproine (7.5x103 M, prepared in Ethanol), 1
mL of ammonium acetate solution (pH= 7.0, in
Tris-buffer) and 1.08 mL of Milli-Q water. After
the solutions were incubated in the dark for 30
minutes at room temperature, the absorbance
was measured at 450 nm against a blank solution.

Gas chromatography/Mass Spectrometry
Analysis

M. azedarach L. leaf and fruit powders were
dissolved in Milli-Q water and filtered through
a 0.45 pum sterile filter. GC-MS analysis was
performed using a Thermo MS Finnigan Trace
DSQ instrument, with a DB-WAX (30mx0.25mm
i.d.; film thickness 0.25um) column. The GC oven
temperature was programmed in the following
manner; 50°C for 1minute, followed by anincrease
rate of 3°C/minute up to 220°C. Helium was used
as the carrier gas at a flow rate of Iml/minute. All
data were processed using the Xcalibur software.

Cell Culture Experiment

Human adipose mesenchymal stem cells
(hAMSCs)  (Merck-Millipore, human adipose
mesenchymal stem cell kit, cat. no. SCCO38
and lot no. QVP1303200, USA) were expanded,
and their multipotency capacities validated
according to a previously reported method
[16,17]. Passages between 2 and 5 were utilized
for all experiments. hAMSCs were seeded on
96-well plates with a density of 1x10* cells/well,
and incubated at 37°C, under 5% CO, and 95%
relative humidity conditions (Panasonic, Japan)
for 24 h. Aqueous extracts of M. azedarach L. at
various concentrations to the hAMSCs. Briefly,
the extracts were added into mesenchymal stem
cell medium at different ratios depending on its
nature; 150, 600, 900, 1500 and 2100 pg/well for
that of the fruit, and 100, 200, 400 and 600 ug/
well for that of the leaf.

Measuring Cell Viability

Cytotoxicity of the extracts were assessed
using commercially available the XTT assay kit
(Biological Industry, USA). In brief, hAMSCs were

seeded in 96-well plates and incubated for 24 h
ensuring they reached 85-90% confluence. The
stem cells were then treated with green fruit and
leaf extracts 24 h under conventional culture
conditions. Subsequently, the XTT activation
reagent was added into each well and incubated
for a further 4 h. The absorbances were then
measured at wavelength range of 450-500 nm
against the control group (n= 3) with a microplate
reader (Thermo-Scientific, Multiskan™ GO).

RESULTS and DISCUSSIONS

Determination of the Success of Extraction
Process

The yield percentage of the green fruit and leaf
extracts were calculated using the equation
given below. The infusion technique produced
extraction yields of 24.11% and 37.98% for the
green fruit and leaf respectively, whereas 17.76%
and 27.00% were obtained through the rotation
process.

The infusion extraction yields were significantly
higher than those of rotation extract yields. Similar
results have been obtained in literature [18].

Assessment of the Total Phenolic Contents of
Extracts

TPCs of the green fruit and leaf extracts were
found to be 173.67 and 312.33 mg GAE/g dry
weight, respectively. The data clearly outlines
that leaf extracts contain a richer phenolic
content (Figure 2A) with respect to that of
the fruit extract resulting in high free radical-
sweeping and antioxidant activities [19]. Phenolic
compounds are one of the major secondary

Initial (dry)) Weight — LyophilizedWeight

x100 (1)
Initial (dry) Weight

SampleYield = (

metabolite classes of plants which possess a wide
range of biological effects including antioxidant
activity, antimutagenicity, anti-carcinogenicity,
etc. [20]. In a similar study, M. azedarach L. was
extracted using various organic solvents in order
to investigate the potential antifeedant activities
of its biological contents [5].

In a study, aqueous extracts of M. azedarach
L. green and ripe fruit were prepared, where
the phenolic content was found to be 10.54 mg
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Figure 2. Total phenolic contents (A) and antioxidant activities (B) of green fruit and leaf extracts.

GAEs/g dry weight [4]. In our study, TPC of green
fruit was found as 173.67+10.84 mg GAEs/g dry
weight according to the infusion method which
reveals the importance of the temperature during
the extraction process. It should not be forgotten
that a number of factors (collection time,
geographical origin, climatic conditions, etc.) also
have influence on the phenolic compound content
in a plant extract [4].

CUPRAC Antioxidant Capacity

The CUPRAC method is based on the Cu(ll)-Cu
(I) reduction by antioxidants in the presence of
neocuproine. Itisimportant that CUPRAC reagent
should be freshly prepared [21,22] it is desirable
to establish a method that can measure the total
antioxidant activity level directly from vegetable
extracts. The current literature clearly states that
there is no \"total antioxidant\" as a nutritional
index available for food labeling because of the
lack of standard quantitation methods. Thus, this
work reports the development of a simple, widely
applicable antioxidant capacity index for dietary
polyphenols and vitamins C and E, utilizing the
copper(l. In our study, the antioxidant content of
the leaf and green fruit extracts were determined
by the CUPRAC method, which showed leaf
extracts to have the maximum antioxidant activity
according to Trolox calculations.

As shown in Figure 2B, the leaf and green fruit
extracts exhibit strong antioxidant activity. Cupric
reducing capacity of the aqueous green fruit and
leaf extracts were found to be 172.51+13.23 and
569.16+10.41 mg Trolox/L, respectively. Aoudia

et al. (2013), found the cupric reducing capacity
of aqueous leaf extracts to be 78.71 mg Trolox/L
which underlines the success of infusion process
seed and almonds of Melia azedarach grown in
Algeria were defatted and extracted with three
solvents, agueous 70%, v/v [23].

GC-MS Results

In order to identify the chemical composition
of the leaf and green fruit extracts, GC-MS, a
very widespread analytical technique, was
performed. According to the results, stearic

acid, polyunsaturated fatty acid, furfural,
2-furancarboxyaldehyde-5-(methyl), acetic acid,
5-hydroxymethyl-2-furaldehyde,  hexanoic  acid,

monoterpenes, phytosterol, flavonoids, 2,3-Dihydro-
3,5-Dihyroxy-6-Methyl-4H-Pyran-4-One and ethyl
nonadecanoate were determinedin the green fruit
extract (Figure 3A). The leaf extract on the other
hand revealed the presence of flavonoids, furfural,
2-furancarboxyaldehyde-5-(methyl), acetic
acid, 5-Hydroxymethyl-2-furaldehyde, hexanoic
acid, phytosterol, monoterpenes, Vitamin E and
2,3-Dihydro-3,5-Dihyroxy-6-Methyl-4H-Pyran-4-
One (Figure 3B). GC-MS screening showed that
the most abundant substance (%) was acetic acid
according to the peak area.

Organic acids and furfural derivatives have
been used against plant parasitic nematodes, for
years. On the other hand, flavonoid derivatives
are potential chemical substances used as anti-
inflammatory and anti-cancer agents. Additionally,
vitamin E is an antioxidant and it protects tissues
from deleterious free radicals. Apart from these,
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Figure 3. GC-MS chromatograms of green fruit (A) and leaf (B) extracts.

Figure 4. Experimental setup for XTT assay and inverted phase-contrast microscopy images of hAMSCs that were treated
with various concentrations of the extracts. Un-treated hAMSCs as control (A), microscopic images of green fruit extract
(B, C, D, Eand F) and leaf extract (G, H, I, J and K) as dose-depended concentrations (Black scale bar: 200 pm).

monoterpenes can inhibit microbial proliferation
and prevent dehydration, etc. [24,25]. Finally,
the active substance/s that cause cell apoptosis
were not specified because of the huge chemical
composition of the green fruit extract.

Cytotoxicity

Human adipose-derived MSCs were treated with
aqueous leaf and green fruit extracts, and the
cell viability was determined via the XTT assay
often used in the identification of cytotoxicity
levels (Figure 4). The colorimetric assay depends

on the reduction of tetrazolium salts (XTT) to
orange colored formazan products by living cells
(metabolically active). Cell viability measurements
obtained from the XTT assay are represented in
Figure 5.

M. azedarach L. green fruit extracts showed
dose dependent cytotoxic effect on hAMSCs.
The IC,, value for green fruit extract was found
to be 728.05 pg/well, whereas no value could
be determined for the leaf extract because it
did not show any cytotoxic effect against the
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Figure 5. Cell viability assessment of green fruit (A) and leaf (B) extract.

hAMSCs. Green fruit extracts inhibited the cell
proliferation as shown in Figure 5A. Although
the TPC and antioxidant capacities of leaf
extracts were higher than that of the green fruit
extract (Figure 2), surprisingly, the green fruit
extract showed a remarkable cytotoxic effect on

hAMSCs in contrast to leaf extract (Figure 5B).

The absence of similar studies in the literature
limits our interpretation about these results. It
is noteworthy in mentioning that the underlying
reason of cytotoxicity is not related to the TPC
or antioxidant capacity, but probably, to the
presence of a chemical compound.

CONCLUSION

Plants have been used as alternative medicine
for therapeutic purposes since the beginning
of mankind. Therefore, the identification of
extraordinary chemical contents is crucial for
their use in the healthcare industry. Nowadays,
hMSCs, hAMSCs in particular, are utilized in the
treatment of many types of diseases. Exploring
novel agents or substances from medicinal plants
for proliferation, differentiation or maintenance of
hMSCs may present and lead to new opportunities
in tissue engineering and regenerative medicine
applications. M. azedarach L. leaf and green fruit
extracts were prepared and applied to hAMSCs
with the aim of evaluating their cytotoxicity
levels, which in turn is the preliminary phase
in understanding the potential effect of these
extracts on hAMSCs.

The green fruit extract was found to be highly
cytotoxic in contrast to leaf extract. We believe
further studies on M. azedarach L. extracts should
be designed in order to gain a better understanding

of the main underlying causes of the cytotoxicity or
proliferation of hAMSCs.
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