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Abstract

Purpose: To investigate the bioactive and nutritional properties, as well as rapid chemical
characterization of aqueous extract of Annona muricata leaf from Mexico

Methods: The crude aqueous extract of A. muricata leaf was obtained by decoction. Cytotoxicity was
tested against cervicouterine cancer cells (HelLa) using methyl thiazol tetrazolium (MTT) assay.
Antioxidant activity was evaluated using 2, 2-diphenylpicrylhydrazyl (DPPH) assay. Nutritional
evaluation was carried out according to Association of Official Analytical Chemists (AOAC) procedures.
Rapid qualitative chemical characterization of the extract was carried out by direct analysis in real-time
mass spectrometry (DART-MS) method.

Results: The aqueous extract of A. muricata leaf showed cytotoxicity against HelLa cells and also
antioxidant activity in a concentration-dependent manner. Nutritional analysis revealed the presence of
carbohydrates, vitamin C, Na, and Fe in the aqueous extract. DART-MS spectra showed the presence
of alkaloids and phenols as the major components.

Conclusion: The cytotoxic and antioxidant activities of the aqueous extract of A. muricata leaf lend
some support for its traditional uses as anti-cancer remedy. These activities are probably due to its
active secondary metabolites. Thus, the aqueous extract is a source of healthy nutritional components
as well as a potential anti-cancer agent for humans.

Keywords: Annona muricata, Antioxidant activity, Cytotoxicity, DART-MS, Nutritional composition, Sour
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INTRODUCTION

Annona muricata L. is an important tropical
species from the family of Annonaceae, and the
most commercialized and cultivated species of
the genus Annona. In areas where A. muricata is

grown, it is traditional to use infusion or decoction
of its leaves as remedies for various conditions
such as insomnia, catarrh, rheumatism, intestinal
parasitic infections, diabetes, hypertension,
asthma, gastrointestinal disorders, and cancer
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[1,2], The last three traditional applications have
been used in México [2].

The use of A. muricata to treat cancer has
motivated some researchers to study the
phytochemicals components and the bioactivity
of extracts from this plant. The principal bioactive
compounds have been identified from organic
extracts of A. muricata leaf  using
chromatographic methods [1 — 5] New
advances in molecular ionization within mass
spectrometry have allowed the rapid chemical
profiing of plant species and their extracts
sometimes without the need for sample
preparation [6]. An example of this procedure is
Direct Analysis in Real Time Mass Spectrometry
(DART-MS) [7].

Some cytotoxic studies of aqueous extract of this
plant have been conducted using leaves of the
plant from Ivory Coast [8], and Ghana [9] against
A375, and BPH-I cell lines, respectively.
However, no studies have been reported for A.
muricata leaf from Mexico. In the studies
reported, the aqueous extracts showed less
cytotoxicity than the organic extracts. The
difference was attributed to variabilities in
bioactive compounds present in plant extracts
[2]. For this reason, in order to validate its
traditional use as an anticancer agent, the
aqueous extract of A. muricata leaf was studied
for its cytotoxic and nutritional effects, in addition
to its rapid chemical characterization of the
extract.

EXPERIMENTAL
Plant material

A. muricata leaves were collected from a
commercial farm located in Compostela, Nayarit,
Mexico, (21°14°14"N", 105°12°42.183"at 860 m
elevation) in August 2012. The plant was
identified by a taxonomist, Ignacio Garcia, at the
Centro de Investigacion Interdisciplinario para el
Desarrollo Integral de la Region (CIIDIR) del
Instituto Politécnico Nacional (IPN). A voucher
specimen was deposited at CIMI herbarium of
the CIIDIR-IPN Michoacan (voucher number:
011301). The leaves were dried for three days at
40 °C to 7.6 % humidity, and ground power. The
powered sample was kept in plastic bags at room
temperature in the dark, and vacuum-packed.

Preparation of aqueous extract

The aqueous extract of A. muricata leaf was
prepared by decoction of 200 g of dried, powered
leaves in 10 L of distilled water for 10 min. The
decoction was evaporated under vacuum

conditions at 40 — 45 °C in a Buchi rotavapor
until 10 % of the original volume was left. The
extract was kept at -80 °C until analyzed.

Cell viability assay

The MTT assay was used to measure the
cytotoxic activity of the extract against HelLa
cells. The HelLa cells were maintained in Gibco™
Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 10 % (v/v) of Gibco™ fetal
bovine serum at 37 °C in a humidified
atmosphere containing a 5 % (viv) CO,. The
cells were seeded in 96-well plates at a density
of 1 x 10* cells/well, and exposed to various
concentrations of aqueous extract (0.38 to 7.6
mg/mL) for 24 h. The cells were also treated with
2 uL of serial dilution of cisplatin (positive control)
and DMSO (negative control). At the end of the
treatment time, the medium in each well was
replaced with 100 pL MTT (5 mg/mL), followed
by incubation at 37 °C for 4 h. The reaction was
stopped by adding 100 uL DMSO to each well to
dissolve the purple-blue MTT formazan crystals
formed. The absorbance of each solution was
read in a microplate spectrophotometer (XMark,
BIORAD) at 590 nm. The results were expressed
as half-maximal inhibitory concentration (ICsp)
which was calculated by Probit method using the
statistical program, SAS system [10].

Antioxidant activity

The antioxidant property of the extract was
determined with DPPH free radical scavenging
methods assay (microplate method) [11]. From
the stock solution of the aqueous extract, various
dilutions (76, 152, 301, 456, 608, 760 and 912
pg/mL) were prepared and used for the DPPH
assay. Absorbance was measured on a Cary 50
UV-VIS (Varian, Inc., CA, US) spectrophotometer
and the ICsq was calculated from the calibration
curve.

Nutritional characterization

Standard procedures described by AOAC (1984)
[12] were using for nutritional characterization of
dried and powered leaves of A. muricata, as well
as the aqueous extract. Moisture content was
evaluated using a drying oven, while protein
content was estimated with Kjeldahl method. The
fat content was measured with Soxhlet method,
the ash analysis was evaluated by incineration in
a muffle oven, while the carbohydrate content
was estimated by subtraction of the sum of the
protein, fat and ash contents. Crude fiber was
measured by incineration after acid and base
digestion. Dietary fiber determined using
enzymatic gravimetric method. Vitamin C content
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was determined volumetrically. Vitamin A was
estimated with HPLC, while total reducing sugars
were measured with the Lans-Eyno method. The
levels of Ca, Fe, and Na were estimated using
inductively coupled plasma atomic emission
spectroscopy (ICPES). Lixiviation efficiency (Le)
from the leaves of A. muricata leaves was
calculated as shown in Equation 1.

Le (%) = Na/NI x 100 .......... 1)

where Na and NI are the nutrient content of
agueous extract and leaves, respectively.

The total polyphenols content of the aqueous
extract was estimated using the Folin-Ciocalteu
method. The results are expressed as gallic acid
equivalents (GAE mg/g of dry plant extract),
using a gallic acid standard calibration curve
(400 and 2000 pg GAE/mL) [4].

Phytochemical characterization

The phytochemical profile of the extract was
recorded on a DART-MS (JEOL-AccuTOF JMS-
T100LC). The DART-MS was operated with a
resolving power of 6000 (full-width at half-
maximum). The DART ion source was operated
with helium gas at 400 °C at a flow rate of
approximately 4.0 L/min. A mass spectrum of
polyethylene glycol (PEG) 600 solution was used
as reference standard for exact mass calibration.
The PEG solution and the extract were
positioned in the gap between the DART source
and mass spectrometer for measurements and,
were introduced into the DART Helium plasma
using the closed end of a borosilicate glass
melting point capillary tube [6,7]. Each sample
was introduced to the DART ion source three
times. The elemental composition of selected
peaks were determined using the Mass Centre
Main software (version 1.3m; JEOL Japan).

Statistical analysis

The experimental data are presented as mean +
standard deviation of three replicates in two
independent experiments for cytotoxicity, and
three replicates for antioxidant activity, total
polyphenols guantification, proximate
composition and mineral composition analyses.

RESULTS

Cytotoxic effect of agueous extract

The aqueous extract of A. muricata leaf
decreased the viability of HelLa cells in a

concentration-dependent manner. The ICsq of the
extract was 2.42 mg/mL. It was almost 300 times

less cytotoxic than the positive control cisplatin
which had an ICg of 0.0084 mg/mL.

Antioxidant activity of aqueous extract

At the lowest concentration evaluated (76
pg/mL), the extract inhibited 30 % of DPPH,
while a complete inhibition of DPPH was
observed with extract concentration of 912
pg/mL. These results suggest that the extract
scavenged DPPH free radicals in a
concentration-dependent manner. The ICsq of the
extract was 149.01 pug/mL.

Nutritional characterization

The proximate composition and mineral
components are present in the leaves of A.
muricata and its aqueous extract are shown in
Table 1. The leaves of A. muricata had
carbohydrates as the major components, while
fat, fiber, proteins and minerals were present as
minor components. Only a portion of each
component was lixiviated in the aqueous extract
of the leaves. The principal components lixiviated
from the leaves were: reducing sugars (41.6 %),
vitamin C (36.9 %) and sodium (21.1 %). Other
compounds lixiviated in a minor proportion were
dietary fiber (14.8 %), proteins (7.0 %),
carbohydrates (4.3 %), and ash (10.3 %). Among
the minerals, only sodium was lixiviated in an
appreciable quantity (21.4 %). The content of the
total polyphenols in the extract was 63.1 + 0.93
mg GAE/g, as determined using Folin-Ciocalteu
method.

Composition and mass spectra of aqueous
extract

In the DART-MS spectrum of the extract in
positive ionization mode (Figure 1A) 34 signals
were observed but only 13 of them were related
to some chemical compounds (Table 2). The
principal compounds identified were
carbohydrate-related compounds, alkaloids and
phenols.

In the DART-MS spectrum of the extract in
negative ionization mode (Figure 1B), only seven
signals were observed (Table 3). These signals
were related to carbohydrate related compounds,
organic acids and a flavone. The most intense
signal corresponded to an organic acid.

DISCUSSION

This is the first report on the inhibition of HelLa
cells by an aqueous extract of A. muricata leaf.
Previous reports showed higher cytotoxicity than
what was obtained here. In the present study, the
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Figure 1. Representative DART-MS spectrum of aqueous extract of A. muricata leaf in positive ionization mode

(A) and in negative ionization mode (B)

Table 1: Nutritional composition of Annona muricata leaves and its agueous extract

Nutrient

A. muricata leaf

Aqueous extract
of A. muricata

Lixiviation efficiency
(%) of components from

leaf leaves into agueous extract

Moisture (%) 4.95 95.18 -
Protein (%) 11.43 0.80 7.0
Ash (%) 7.50 0.77 10.3
Fat (%) 0.41 <0.10 -
Saturated fat (%) 0.20 Nd -
Total carbohydrate (%) 75.71 3.25 4.3
Total reducing sugar (%) 1.61 0.67 41.6
Dietary fiber (%) 5.42 0.80 14.8
Vitamin A (U.1./100g) 5 375.09 13.06 0.2
Vitamin C (mg/100g) 6.48 2.39 36.9
Sodium (mg/100g) 38.20 8.19 21.4
Calcium (mg/100g) 1220.00 0.082 <0.01
Iron (mg/100g) 3.05 <1.00 -
Calorie (Kcal/100g) 35.00 16.20 46.3

Nd: not detected

ICso Of the aqueous extract against HelLa cells
was (2.42 mg/mL), while in previous studies, the
ICso against A375 cells was >0.5 mg/mL [8], and
the 1Cso against BPH-I cells was 1.36 mg/ [9].

On the other hand, organic extracts of A.
muricata have shown more cytotoxic effects than
the aqueous extract. For example, the ICs
obtained here is 25 times less cytotoxic than the
ICs0 (0.097 mg/mL) previously reported for the
ethanol extract of A. muricata [13]. The lower
cytotoxicity of the aqueous extract maybe due to
the low water solubility of bioactive components
of the plant [14]. It has been suggested that the
growth inhibition of the cancer cells by ethanolic
extract of A. muricata occurs through the
disruption of mitochondrial membrane potential,
reactive oxygen species (ROS) generation and
the GO/G1 cell cycle arrest [15]. In particular, the
cytotoxic activity was attributed to flavonoids and

phenols [15]. Some of these compounds were
detected in the DART-MS spectrum of the
aqueous extract in the present study. These
compounds are probably responsible for the
observed cytotoxicity. Since the cytotoxic activity
of the extract was evaluated in a single dose
assay, therefore long-term assessments are
necessary in order to identify the effect of the
extract when other doses are administrated such
as it happens in traditional medicine.

The antioxidant activity of the extract, evaluated
using the DPPH inhibition method, was higher
(ICso = 149.01 pg/mL) than that reported by
Gavamukulya et al (ICsp = 907 pg/mL) [16]. It has
been suggested that the phenolic compounds
are responsible for most of the antioxidant
activities of plant extracts [4]. It is possible that
the antioxidant activity of the aqueous extract is
due to its polyphenol and vitamin contents. The
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Table 2: Composition of A. muricata aqueous extract determined with DART-MS in positive ionization mode

Measured Calculated Molecular Remarks Type of compound Reference

Mass (m/z) mass formula

164.0724 163.172 CsH13NOs  DNJ o DMJ o DMDP Alkaloid [17]

165.0581 164.1580 CoHgO3 p-Coumaric acid Phenolic acid [22,23]

C10H1202 Eugenol Phenol

171.148 170.1195 C7H6Os Gallic acid Phenolic acid [4]

180.0975 - - - Carbohydrate related [24]

181.1304 180.1012 CoHgO4 Caffeic acid Phenolic acid [25]

198.1041 - CsH1206 - Carbohydrate related [7,24,26]

200.1071 - - - -

207.1597 207.2010 C12H1403 Chavibetol acetate® Phenyl-propanoid [22]

235.1901 234.2478 C13H1404 Allylpyrocatechol Phenyl-propanoid [22]
diacetate®

242.1055 - - - - -

286.1518 286.2363 C15H1006 Kaempferol Flavonoid [5]

285.3376 C17H19NO3 Coclaurine Alkaloid

296.1486 295.3755 C19H21NO> Xilopine Alkaloid [18][5]

298.1755 297.3483 C18H19NOs3 Stepharine Alkaloid [3]

300.1682 299.3642 C18H2:NO3 N-methylcoclaurine Alkaloid [19]

301.1808 300.4335 Ci17H3204 1,13-tridecanediol, Ester [27]

diacetate

328.019 327.3743 C19H21NO4 Isoboldine Alkaloid [19]
Coreximine [3]

330.1817 329.3902 C19H23NO4 Reticuline Alkaloid [3]

4Compound identified in other plant species using DART-MS

Table 3: Composition of A. muricata aqueous extract determined with DART-MS in negative ionization mode

Measured Calculated Molecular Remarks Type of compound Reference

Mass (m/z) mass formula

179.0472 180.1558 CsH1206 Hexose® Carbohydrate related [26]

191.0457 192.1586 C7H1106 Quinic acid® Organic acid [26,27]
192.0197 CeHsO7 Citric acid®

215.0194 - C12H704 na - [25]

371.0973 371.3145 C20H2007 Tangeretin Flavone [4]

383.0933 - Ci14H23012 na - [27]

Na = not assigned; *Compound identified in other plant species using DART-MS

total polyphenolic content of the agqueous extract
(63.1 = 0.93 mg GAE’g) is higher than the one
reported for a decoction of the leaves collected
from the plant in India (47.75 mg GAE/Q) [4]. The
other antioxidant compounds are the vitamins. In
this study an appreciable amount of vitamin C
was lixiviated (36.88 %) from the A. muricata
leaves into the aqueous extract, probably due to
the water solubility of this vitamin.

In addition to vitamin C, other components that
were widely lixiviated from A. muricata leaves
were reducing sugars (41.61 %) and sodium
(21.13 %), while components with lower degree
of lixiviation, but were present in important
guantities in the extract were vitamin A, total
carbohydrates, protein, ash, and dietary fiber.
These findings suggest that the ingestion of the
aqueous is rich in macro and micronutrients.

A rapid chemical profiling of the extract was
obtained with the direct introduction of the
sample into DART ionization camera. The DART-

MS spectrum signals were assigned to some of
the expected phytochemical components that
had previously been reported for this plant or for
other plant species. Some signals such as m/z
196, 215 and 383 have been found in other plant
species but have not been related to any
phytochemical compounds. On the other hand, a
peak signal can be related to more than one
molecule because they have the same molecular
mass. Therefore, it was not possible to
distinguish them from DART mass spectrum
alone. This happened with DNJ/ DMJ/ DMDP
(m/z 164), p-coumaric acid/eugenol (m/z 165),
xilopine/argentinine (m/z 296), and
isoboldine/coreximine (m/z 328).

Using a sample standard, the most intensive
signals such as m/z 198 has been reported as
the ammonium adduct of monosaccharide using
a sample standard [7]. The signal at m/z 180,
assigned as carbohydrate-related, is one of the
most abundant signals in DART-MS. The
carbohydrates also were the principal
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components in the nutritional characterization of
the aqueous extract.

Few chemical analyses have been conducted
using a water solvent extract. In the DART-MS
spectrum of the aqueous extract some signals
were related to the principal alkaloids reported
for A. muricata: reticuline [3], DNJ [17] coclaurine
and xilopine [18]; argentinine [5], stepharine [3],
and N-methycoclaurine [19]. Reticuline has been
shown to exhibit cytotoxic and antitumor potential
[20]. Argentinine, an alkaloid [5], and the
kaempferol, a phenolic compound, which were
identified in the DART-MS spectrum of the
agueous extract, have been reported to possess
antioxidant and cytotoxic activities [5]. Other
phenolic compounds identified in the DART
spectrum were the caffeic acid, gallic and p-
coumaric acid. These phenolic acids occur
naturally in their free forms in almost every plant
species [21]. In addition, the flavone tangeretin
which was identified in the DART spectrum was
previously identified in the aqueous extract from
A. muricata leaf using the HPLC method [4]. It
has been reported that acetogenins are the
principal bioactive compounds of A. muricata [2],
however, in this study, acetogenins were not
observed in the DART-MS spectrum probably
due to their poor water solubilities.

CONCLUSION

The cytotoxic effect of the aqueous extract of A.
muricata leaf against HelLa cells as well as its
antioxidant activity lend some support for its
traditional use as an anticancer remedy.
However, additional long-term investigations are
necessary to ascertain this. Its observed
activiies may be due to the water-soluble
compounds such as alkaloids and phenols
compounds. Furthermore, the aqueous extract
contains carbohydrates, vitamins C, vitamin A,
and Na. Thus, it is also a potential nutritional
supplement for human use.
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