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ABSTRACT
Background: Annona muricata, a tropical plant species belonging to family Annonaceae is one
of the most used plants in folk medicine because of its many medicinal uses. Despite its wide
usage, there is still need to continue scientifically evaluating its medicinal properties in order
to avoid any adverse effects. Elucidating the detailed chemical composition of this plant is a
significant step towards this evaluation. Objective: The aim of this study was to conduct LC MS
analysis on the ethanolic extracts of fruits and leaves of Annona muricata for detection of novel
metabolites. Materials and Methods: Leaves and fruits of Annona muricata were collected
from Eastern Uganda during the month January 2018. Extraction was conducted using the
tissue homogenization method and the extracts were analyzed on an LC/SQ MS detection
system. The results were obtained by analyzing the MS spectra using the retentions time and
fragmentation patterns on the NIST Library. Results: The study revealed that the fruits extracts
contain 1,3-Dimethylthiourea and (4-chlorophenyl)-[4-(3-chlorophenyl)-2-[(Z)-3-(dimethylamino)
prop-1-enyl]quinolin-6-yl]-(3-methylimidazol-4-yl)methanol, which are reported antioxidant
and antineoplastic agents. The leaves contained 2,4,6-Tribromoaniline another antioxidant
and antineoplastic agent, while compound (dichlorozirconium(2+);dimethyl-bis(2-methyl-4phenylinden-1-id-1-yl)silane was found in both extracts of fruits and leaves. Conclusion: The
current study suggests that ethanolic extracts of fruits and leaves of Annona muricata contain
compounds which are potent antioxidant, antineoplastic and therapeutic agents for various
conditions and paves the way for the development of several treatment regimens from these
plant parts. Finally, the compounds reported in this study have been identified for the first time
as being found in Annona muricata.
Key words: Annona muricata, Ethanolic extracts, Phytochemicals, LC/SQ MS, Antioxidant,
Antineoplastic.

INTRODUCTION
There is a global increase in the use of medicinal
plants for health reasons. In developing countries,
herbal drugs and traditional remedies are relatively
more popular, because of cultural acceptability and
belief that being natural, they are safe and nontoxic. Although, there are some new approaches to
drug discovery, such as combinatorial chemistry
and computer based molecular modeling design,
none of them can replace the importance of natural
products in drug discovery and development.1-3
Annona muricata L. is a species of the Annonaceae
family that has been widely studied in the last
decades due to its therapeutic potential. Annona
muricata is known as Soursop (English), Graviola
(Portuguese), Guanábana (Latin American
Spanish), Omusitafeli / Ekitafeli (Uganda) and
other local indigenous names as has been enlisted.4,5
This plant is a species of the genus Annona with
the following taxonomic classification. Kingdom:

Plantae, Division: Angiosperms (Magnoliophyta),
Class: Magnolids, Order: Magnoliales, Family:
Annonaceae, Genus: Annona, Species : Annona
muricata L.6 The Annona muricata tree is about
5-10 m tall and 15-83 cm in diameter with low
branches.7-9 It is widely distributed in the tropical
regions of Central and South America, Western
Africa, Central and Eastern Africa and Southeast
Asia3,6 at altitudes below 1200 m above sea level, with
temperatures between 25 and 28°C, relative humidity
between 60 and 80% and annual rainfall above 1500
mm. The fruit is an edible collective ovoid berry, dark
green in color.
Various medicinal uses have been reported across
the globe ranging from the use of leaves, bark, roots,
fruits and seeds of Annona muricata.10 The most
widely used preparation in traditional medicine is the
decoction of bark, root, seed or leaf but applications
are varied. Ethnobotanical studies have indicated
that Annona muricata has been used as insecticide11
and parasiticide.12 Fruit juice and infusions of leaves
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or branches have been used to treat fever,13,14 sedative,15,16 respiratory
illness,17-19 malaria,20-24 gastrointestinal problems,14,25,26 liver, heart and
kidney affections.10,27 In recent years it has become widely used for
hypoglycemic,28 hypotensive26,28,29 and cancer.13,23,30-37

evaporator to reduce on the amount of the extraction solvent and then
and kept at 4oC until use.

A number of publications and reviews about Annona muricata have been
conducted to integrate the available scientific studies on this plant with
special interest on acetogenins as principal bioactive compounds.4,6,10,38
In terms of composition, the predominant compounds in Annona
muricata are acetogenins followed by alkaloids, phenols and other
compounds.39,40 Additionally, preliminary phytochemical screening
conducted on ethanolic extracts of leaves of Annona muricata have been
reported to reveal the presence of alkaloids, flavonoids, terpenoids,
coumarins and lactones, anthraquinones, tannins, cardiac glycosides,
phenols, phytosterols and saponins being present with noticeable
differences in relative abundance of all ranging from low, average and
high.33 These reports notwithstanding, studies aimed at elucidating the
chemical composition of Annona muricata ethanolic extracts from
Eastern Uganda have identified only a few of the many recognized
compounds. GC MS analysis done in East Africa on ethanolic extracts
of leaves were reported to identify 12 of the 25 detected compounds.3
This leaves room to use higher resolution analyses for identification of
more of the chemical compounds from the ethanolic extracts of fruits
and leaves of Annona muricata from this region in order to effectively
make good use of the plant’s medicinal potential. LC MS analysis has
been pointed out as one of the higher resolution analytical techniques
which can be used to identify many unidentified compounds of natural
origin. A literature search of the previous studies did not reveal any
work on LC MS analysis of extracts of Annona muricata from the
current geographical region of Eastern Africa, similarly, very little
had been reported from the rest of the world regions. The aim of this
study was therefore to conduct a phytochemical study of the ethanolic
extracts of fruits and leaves of Annona muricata using LC MS analysis
so as to elucidate more about the secondary metabolites in these parts
of the plant.

All chemicals and reagents were procured from Zayo-Sigma, a certified
supplier for Sigma-Aldrich in Uganda and were of the highest analytical
standard.

MATERIALS AND METHODS
Samples collection and authentication
Fresh leaves and ripe fruits of Annona muricata were collected from
the wild in Eastern Uganda in the districts of Kaliro, Iganga and
Mbale during the month of January 2018. The plant was identified and
authenticated in the Makerere University Botanical Herbarium (MHU)
by Dr Namaganda Mary and a voucher specimen was deposited in
the herbarium with the accession number MHU50860. The study was
registered by the Uganda National Council for Science and Technology
(Reg no: NS 43ES).

Samples preparation and extraction
The Fruits of Annona muricata were washed with clean water and then
peeled to remove the fresh pulp. The pulp was then cut into small pieces
and placed in a hot air oven to dry at 50oC for a week. The dried pulp was
then milled into a powder using an electric grater. 100 g of powdered
fruits were extracted using 250 ml of absolute ethanol for three days by
the plant tissue homogenization method as previously described.33 The
Ethanolic Extracts of Annona muricata fruits (EEAM-Fruits) was then
concentrated using a rotary evaporator to reduce on the amount of the
extraction solvent and then kept at 4oC until use.
The leaves of Annona muricata were washed with water and cut into
small pieces, drying was done at room temperature and the dried leaves
were powdered. 100 g of powdered leaves were extracted using 250
ml absolute ethanol for three days by the plant tissue homogenization
method as previously described.33 The Ethanolic Extracts of Annona
muricata leaves (EEAM-Leaves) was then concentrated using a rotary
Pharmacognosy Journal, Vol 11, Issue 4, Jul-Aug, 2019

Chemicals and reagents

Liquid chromatography single quadrupole mass
spectroscopy
Sample preparation for LCMS
10 μl of each of the concentrated samples (EEAM-Leaves and EEAMFruits) were diluted 100 fold using methanol, which was to be used
as the part of the mobile phase. The diluents were ultra-filtered with
Whatman membrane filters nylon pore size 0.2 μm (Sigma-Aldrich)
and then kept at 4oC until run on the LCMS.

LC MS parameters for secondary phytochemical analysis
Liquid chromatography (LC) parameters
A Liquid Chromatography system utilizing PerkinElmer BrownleeTM
Hres C18 column (2.1 mm x 50 mm, 1.9 µm) was used. The mobile phase
program, run in isocratic mode, comprised of methanol: water mixture
(75%:25% ratio) in formic acid (10 mM ammonium formate, pH 3)
system.41 The sample injection volume was 5µl and set at a flow rate of
0.2 ml/min and the total run time was 10 mins. Column temperature
and heat block temperature were 40oC while the dissolution line
temperature was 250oC. High purity Nitrogen gas (99.99%) was used as
both nebulizing and drying gas. The drying gas flow rate was 10L/min,
interface voltage was 4.5 kv and the interface current was 5.3 uA. The
elution form LC columns was directed to the MS.

Single quadrupole mass spectrometer (SQ MS) parameters
A PerkinElmer Flexar™ SQ 300 MS Ultra High Definition Single
Quadrupole Mass Spectrometer detector using a Chromera®
Chromatography Data System, Chromera Version 3.4.4.5945 was
utilized for the analysis. High definition mass spectrometry was
performed on a single Quadrupole Mass system detector and operated
in Electrospray Ionization (ESI) positive (resolution mode) to enable
detection of secondary metabolite compounds.41 The mass spectrometer
was operated in extended dynamic range with a scan mass range of
50-1000 m/z and spectra saved in the MS for further identification.
The elution to the MS was after every 4 min. MS retention time and
fragmentation patterns were used for identification of the compounds
through scanning the National Institute of Standards and Technology
(NIST) Library. Multiple optimizations and scans were done to reduce on
the background noise and come up with the best baseline stabilizations
for accurate compound identifications. MS spectra, TIC and identified
compounds with their corresponding structures were retrieved from
the Library as well as the PubChem Compounds database.

RESULTS AND DISCUSSION
LC/SQ MS analysis of the ethanolic extracts of the fruits
LC-MS analysis of the ethanolic extracts of fruits of Annona muricata
generated three peaks with the retention times of 0.5475, 5.6422,
7.12391 min (Figures 1, 2, and 3). Each peak was then fragmented,
resulting 12, 9 and 7 fragmentation spectra as shown in Figures 1, 2 and
3 respectively. The LC MS spectra interpretation was performed using
the NIST Library and corresponding compounds identified. The results
of spectrum interpretation on ethanolic extracts of fruits of Annona
muricata indicates that there are three detected substances. The names,
structures and uses have been elucidated as shown Table 1.
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Figure 1: LC MS total ion chromatogram for EEAM- fruits at peak 1.

Figure 2: LC MS total ion chromatogram for EEAM- fruits at peak 2.

The first peak was fragmented into 12 spectra with candidate mass
(m/z) 69.14, 80.61, 83.18, 84.60, 96.88, 98.68, 103.89, 108.68, 126.78,
144.34, 161.91 and 178.25 as shown in Figure 1 above. The LC MS
spectrums interpretation was performed using the NIST Library and
the identified compound is shown in Table 1.
The second peak was fragmented into 9 spectra with candidate mass
(m/z) 522.10, 524.22, 543.98, 561.33, 579.30, 597.21,614.17, and 619.15
as shown in Figure 2 above. The LC MS spectrums interpretation was
performed using the NIST Library and the identified compound is
shown in Table 1.
The third peak was fragmented into 7 spectra with candidate mass (m/z)
575.22, 596.29, 611.86, 626.20, 628.21, 613.24, and 633.13 as shown in
Figure 3 below. The LC-MS spectrums interpretation was performed
662

using the NIST Library and the identified compound details are shown
in Table I below.

LC/SQ MS analysis of the ethanolic extracts of the leaves
LC MS analysis of the ethanolic extracts of leaves of Annona muricata
generated 2 peaks with the retention times of 0.60224 and 7.12391 min
(Figures 4 and 5 respectively). Each peak was then fragmented, resulting
into 10 and 7 fragmentation spectra respectively as shown in Figures 4
and 5 respectively. The LC MS spectrums interpretation was performed
using the NIST Library and corresponding compounds identified. The
results of spectrum interpretation on ethanolic extracts of leaves of
Annona muricata indicates that there are two detected substances. The
names, structures and uses have been elucidated as shown Table 2.
Pharmacognosy Journal, Vol 11, Issue 4, Jul-Aug, 2019
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Figure 3: LC MS total ion chromatogram for EEAM- fruits at peak 3.
Table 1: Identified compounds from the peaks of fruits extracts.

Peak No.

Rt (min)

Mw (g/mol)

Formula

IUPAC Name

1

0.5475

104.171

C3H8N2S

1,3-Dimethylthiourea

2

7.1239

543.492

(4-chlorophenyl)-[4-(3chlorophenyl)-2-[(Z)-3(dimethylamino)prop-1-enyl]
C31H28Cl2N4O
quinolin-6-yl]-(3-methylimidazol4-yl)methanol

3

5.6422

628.283

C34H30Cl2SiZr

Uses
Antioxidant,
Neuroprotective. 42-44

Antineoplastic,
Farnesyltransferase
inhibitor for Ras
Protein in cancer.45-47

dichlorozirconium(2+);dimethylbis(2-methyl-4-phenylinden-1-id1-yl)silane

No reported activities.

The first peak was fragmented into 10 spectra with candidate mass (m/z)
59.48, 69.45, 71.37,103.82, 115.95, 172.52, 294.64, 298.70, 328.66, and
340.95 as shown in Figure 4 below. The LC MS spectra interpretation
was performed using the NIST Library and the identified compound is
shown in Table 2.
The second peak was fragmented into 7 spectra with candidate mass
(m/z) 575.22, 596.29, 611.86, 626.20, 628.21, 613.24, and 633.13 as
shown in Figure 5 below. The LC-MS spectrums interpretation was
performed using the NIST Library and the identified compound details
are shown in Table 2 below.
Pharmacognosy Journal, Vol 11, Issue 4, Jul-Aug, 2019

Structure

General discussion of the LC/SQ MS results
The LC MS analysis of ethanolic extracts of fruits of Annona muricata
has revealed three novel compounds, two of which have been
previously reported to have strong antioxidant and antineoplastic
activities. 1,3-Dimethylthiourea has been reported to be an antioxidant
as well as protective to pancreatic islets against damage by cytokines
and prevention of myocardial and pulmonary reperfusion injury.42
Earlier studies have also reported the marked antioxidant activities
of 1,3-Dimethylthiourea where its protective activity against retinal
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Figure 4: LC MS total ion chromatogram for EEAM- leaves at peak 1.

Figure 5: LC MS total ion chromatogram for EEAM- leaves at peak 2.

damage by intense visible light was reported.43 In the study, intense light
exposure resulted in an increase in heme oxygenase 1 (HO-1) protein
and a marked decrease from the high level of HO-1 mRNA induced
by light insult was observed when animals were allowed to recover
in the dark for 24 hr after light exposure. Most important, treatment
of animals with 1,3-dimethylthiourea, a synthetic antioxidant, prior
to light exposure effectively blocked the increase in HO-1 mRNA,
thus showing the protective effect of the compound. Since increased
expression of HO-1 is thought to be a cellular defense against oxidative
damage, its expression may play an important role in protecting the
retina against light damage. In another study, the neuroprotective
effect of 1,3-dimethylthiourea was reported and it was observed that
664

the number of affected neurons was significantly reduced after 1,3‐
dimethylthiourea pretreatment.44 Presence of 1,3-dimethylthiourea as
a natural product in the fruit extracts of Annona muricata is a good
indication of the potential this compound has to people who feed on its
fruits as well as the different frontiers it can open for synthesis of more
efficient and protective drugs.
On the other hand, (4-chlorophenyl)-[4-(3-chlorophenyl)-2-[(Z)-3(dimethylamino)prop-1-enyl]quinolin-6-yl]-(3-methylimidazol-4-yl)
methanol, commonly known as Quinoline, has been shown to be very
strong as a Farnesyltransferase inhibitor for Ras Protein in different
cancer types including leukemia.45,46 It is important to note that since
Pharmacognosy Journal, Vol 11, Issue 4, Jul-Aug, 2019
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Table 2: Identified compounds from the peaks of leaves extracts.
Peak
No.

Rt (min)

Mw (g/mol)

Formula

1

0.5475

329.817

C6H4Br3N

2

5.6422

628.283

C34H30Cl2SiZr

IUPAC Name

Structure

2,4,6-Tribromoaniline

dichlorozirconium(2+);dimethylbis(2-methyl-4-phenylinden-1-id-1yl)silane

its identification, the enzyme protein farnesyltransferase (FTase) that
catalyzes the first and essential step of the three Ras-processing steps
has emerged as the most promising target for therapeutic intervention.
FTase has therefore been implicated as a potential target in inhibiting
the prenylation of a variety of proteins, thus in controlling varied
disease states (e.g. cancer, neurofibromatosis, restenosis, viral hepatitis,
bone resorption, parasitic infections, corneal inflammations, and
diabetes) associated with prenyl modifications of Ras and other
proteins.47 Furthermore, it has been suggested that FTase inhibitors
indirectly help in inhibiting tumors via suppression of angiogenesis and
induction of apoptosis.47 The presence of this compound which such
reported activities indicate the potential uses of the fruit extracts of
Annona muricata in the development of specific drugs for management
conditions such as cancer.
Of the compounds identified in the leaves extracts,
2,4,6-Tribromoaniline has been widely studied because of its
anticipated antineoplastic and anticancer activities, though a study
showing its complete activity is yet to be reported.48 From the results
above, it is evident that compound dichlorozirconium (2+); dimethylbis(2-methyl-4-phenylinden-1-id-1-yl) silane is common to both
leaves and fruits. However, there has been no previously reported
activities for this compound. This could be due to the fact that no
studies have been undertaken to isolate and evaluate its properties.
Pending further studies, we hereby propose that dichlorozirconium
(2+); dimethyl-bis (2-methyl-4-phenylinden-1-id-1-yl) silane
could be widely responsible for the antineoplastic and antioxidant
activity of the plant extracts of Annona muricata. Its presence in
both fruits and leaves of Annona muricata is an indication of how
useful these parts can be in the management of such conditions.
Some bioactivities previously shown for extracts from leaves and
fruits of Annona muricata include antioxidant,33,49 anti-bacterial,50-53
anti-inflammatory,54 anti-viral,55 anti-diabetic,28 antineoplastic and
anticancer,13,23,30-37 among others. We therefore further propose that
these compounds play important roles in relation to some of the
above-named bioactivities. It however needs further studies to be
conducted by isolating and studying them in details for conclusive
activity discovery.
Pharmacognosy Journal, Vol 11, Issue 4, Jul-Aug, 2019

Uses

Antineoplastic,Antioxidant. 48

No reported activities.

This is the first study on the use of LC/SQ MS analysis which reports
the presence of the above identified compounds in an extract of
Annona muricata part. We can also confirm that no previous studies
have reported these compounds in Annona muricata irrespective of
the method of screening used and therefore these findings are a very
important addition to our understanding of this plant.

CONCLUSION
The current study shows that Annona muricata contains various
compounds which have been reported to have bioactivities against
different conditions. Based on the LC/SQ MS analysis of ethanolic
extracts of fruits and leaves of Annona muricata, it was identified that
some of the compounds in the extracts under study were antioxidant
and antineoplastic in nature. From these results, it can be concluded
that ethanolic extracts of fruits and leaves of Annona muricata
contain compounds which have been shown to have antioxidant and
antineoplastic potential and can therefore be used development of
drug remedies for the treatment of cancer and related conditions. This
is the first report on the presence of these compounds in an Annona
muricata extract. These findings notwithstanding, further studies on
some of these identified compounds whose functions have not been
previously reported need to be conducted to authenticate their exact
properties and support our proposal that they might also be involved
in the bioactivities against different conditions such as oxidative stress,
diabetes and cancer among others.
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GRAPHICAL ABSTRACT

SUMMARY
•

•

•

Ethanolic extracts of fruits and leaves of Annona
muricata were analyzed using LC/SQ MS. Three
compounds were identified in the fruits extract while
two compounds were identified in the leaves extract.
Most of the identified compounds have been known
to be strong antioxidant and antineoplastic agents.
Compound dichlorozirconium(2+);dimethyl-bis(2-methyl-4phenylinden-1-id-1-yl)silane was common to both fruits and
leaves.
We report for the first time the presence of these 4
compounds in Annona muricata and further propose that
even the compounds whose functions have not been
previously reported could actually be involved in the
different bioactivities of Annona muricata including the
antineoplastic and antioxidant activities.
The results suggest that the plant parts under study can be
very important antioxidant and antineoplastic agents upon
which modern natural anticancer drugs can be developed.
Further studies are proposed to understand the exact
functioning of these compounds.
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