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Annona fruit, leaves, seeds, roots, and bark have been conventionally used in many countries for medical
treatments as they are considered ideal sources of pharmacologically active compounds, but Annona remains an
underutilized fruit in many countries. Annona seed oil contains numerous health-benefiting factors such as
vitamins, minerals, bioactive compounds, fatty acids, antioxidants, and phenolic compounds, which are responsible

for various biological activities, including antibacterial, antioxidant, and antitumor activities.

Annona muricata Annona squamosa Annona reticulata Annona seed oil antioxidants

chemopreventive potential phytochemicals

| 1. Introduction

Chemoprevention is a method of controlling cancer with which the development of the illness can be completely
avoided, slowed down, or reversed by one or more organic or inorganic substances. Annona might offer an
indispensable choice besides chemotherapy and radiotherapy, especially for terminally ill patients, as the Annona
genus contains secondary metabolites, including phytochemicals, antioxidants, essential oils, FAs, minerals, and
vitamins, in nearly every component of Annona plants 2, The structure of bioactive substances affects their
ability to treat or prevent cancers. The efficiency of cytotoxic activity is determined by the high number of hydroxyl
groups supported by the hydroxyl position flanking the y-lactone ring and the stereo-chemical configuration of the
ring [Bl4l Researchers have recently focused on the anticancer effects of Annona seeds, including ASSO, AMSO,
and ARSO, and unique chemical compounds extracted from Annona have shown anticancer activities, which
allows for further improvements to the available treatment methods, and this research needs to continue to allow

for the development of more efficient but less expensive treatments against cancer BIEI7],

| 2. Fatty Acids in Annona Seed Oils

FAs are usually found as components of many complex lipid molecules and can be identified as SFAs or UFAs
based on the hydrogen atom bonding to the carbon atoms in the molecule. UFAs can be either MUFAs (mono-
unsaturated fatty acids) or PUFAs [, In terms of composition, unlike animal oils that are made up mainly of SFAs,
ASOs contain varying proportions of SFAs and UFAs tied in their TAG (triacylglyceride) molecules, and the
percentage of UFAs is higher than that of SFAs (i.e., FAs esterified to a glycerol moiety). Additionally, this makes
ASO an interesting source of two PUFAs; linoleic and linolenic acids, which are termed EFAs (essential fatty acids)
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because humans must obtain them from their diets. TAG is the principal means of storing FAs in biological systems

and is considered cytotoxic [,

The oil and fat available in Annona seeds consist of different FA compositions and lipid profiles. By utilizing the
GC/MS method to examine the methyl esters of the seed oil's fatty oil, it is possible to ascertain the chemical
composition of the oil 19, In order to be an oil that is nontoxic for humans, the concentration of linoleic acid and
oleic acid should not be more than 12% and 1%, respectively, of that of FA methyl esters, according to European
guidelines. Despite being toxic, ASO has large levels of UFAs, particularly oleic and linoleic acids. After
detoxification, ASO can also be consumed because it contains a lot of UFAs 11, Consumed oils have a significant
impact on human physiology, including lipid metabolism, chronic illness prevention, and general well-being [22113]
(14][15]116] ASO can be widely used to cure cancer because it includes oleic acid, linoleic acid, stearic acid, palmitic
acid, and other UFAs [,

The physio-chemical properties, such as melting point, solid fat index, saponification value, cloud point, flash point,
iodine value, color, viscosity, density, specific heat, and the heat of fusion, etc., of oils are largely dependent on the
nature of their constituent FA and TAG compositions. Nonetheless, the FA and TAG compositions of different oils
from diverse sources mostly determine their qualitative features and applications, and some of them can become
source materials for functional lipids 28119 |n this context, the FA type, the degree of saturation or desaturation,
the method of delivery to cancer cells or hosts, and the tumor/cell type must be considered when evaluating the
effects of FAs on tumor cell lines 29, In the literature, the cytotoxic effects of FAs have been individually evaluated
in different tumor cell lines with differing results [21[22]123124]125]  For example, ASSO has been shown to suppress
H22 solid tumor development and show selective cytotoxic activity against HepG2 cell lines, which might be

attributed to the presence of UFAs and acetogenins [28],

According to the criteria adopted by the American National Cancer Institute and some cytotoxic screening assays,
a crude extract oil showing an 1C50 value < 30 pg-mL™1 in tumor cell lines is considered promising for anticancer
drug development 27, Since ASO has a high content of UFAs, a well-known antineoplastic activity, and different
cytotoxic effects have been reported for some species of Annona, its cytotoxic effects against tumor and non-tumor

cell lines should be further studied 2811291,

| 3. Phytochemicals in Annona Seed Oils

Plant species rich in phytochemicals are believed to reduce disease risk and have therapeutic characteristics, thus
having potential medicinal value 11, Phytochemicals are secondary metabolic compounds, namely acetogenins,
alkaloids, phenolic compounds, essential oils, flavonoids, terpenoids, cyclopeptides, carotenoids, amino acids, etc.
(Figure 1). Some phytochemicals, such as acetogenins, have shown neurotoxicity in in vitro and in vivo studies.
More research is needed to quantify the number, of neurotoxic compounds and to determine the level of human
exposure. Metabolic studies are also necessary to determine whether digestive processes decrease or increase
the bioactivity and/or neurotoxicity of the active compounds. These studies have been extended to ASOs used in

medicinal treatments 32,
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Due to their capacity to scavenge potentially damaging free radicals, it has been discovered that the
pharmacological effects of ASOs, including anticancer properties, are connected to the availability and content of
phytochemicals and are influenced by the structure of these bioactive compounds. Annona has attracted the
interest of individuals interested in the utilization of natural compounds that play a crucial role in the food and
pharmaceutical industries B, Due to Annona’s alleged ethno-medical applications against tumors and cancer,
extensive anticancer research has been carried out on these plants B, Some studies stated that ASO showed

high antioxidant activities and phenolic contents and thus may have therapeutic uses [22I33],

The most prevalent bioactive molecules in the Anonaceace family are Anonaceous acetogenins, a special class of
long-chain FA derivatives produced via the polyketide pathway. More than 120 acetogenins have been discovered
in earlier phytochemical studies on Annona’s leaves, stems, bark, seeds, pulp, and fruit peel 4. Solamin,
annoreticulin-9-one, annomonicin, squamone, and rolliniastatin are the principal five annonaceous acetogenins
with cytotoxic properties 8. The mechanism of acetogenin’s cytotoxic action is the inhibition of mitochondrial
complex | 38l and the inhibition of ubiquinone-linked NADH oxidase in the plasma membranes of cancerous cells,
causing apoptosis €. A broad class of naturally occurring secondary metabolites is called alkaloids, and they are
derived from amino acids or the transamination process 7. Isolated and reported alkaloids include anomurine,
anomuricine, isoquinoleic alkaloids, anonaine, and isolaureline 28, Since the majority of phenolic compounds are
water-soluble and the conventional medicinal extract is an aqueous infusion, they are regarded as the most

significant phytochemicals 22,

The important bioactive constituents of ARSO are alkaloids, tannins, flavonoids, cardiac glycosides, phenols,
terpenoids, steroids, and saponins %, The phytochemical concentrations ranged from 0.16 mg/100 g to 16.15
mg/100 g, with phenol found to be significantly prevalent, whilst tannins, alkaloids, and flavonoids were found to be
moderately prevalent, and terpenoids and steroids had the lowest prevalence 414243] |n general, flavonoids have
the potential to significantly reduce the risk of disease through a variety of physiological processes, including
cytotoxic and antioxidant actions [44. Acetogenins have been identified from ARSOs, and some of these
substances have demonstrated strong cytotoxic action against four human cancer cell lines (Table 1). The
biological activity of annonacin was investigated after further purification, and it was discovered that this substance
killed cells in several cancer cell lines. The biological effects of squamocin were also examined, and this research

demonstrated that squamocin is a cytotoxic component for almost all cancer cell lines 421[481147],

According to preliminary phytochemical analyses, the biological actions of ASSO are primarily brought on by
phenolic chemicals such as alkaloids, peptides, amino acids, sterols, tannins, flavonoids, polysaccharides, and
tocopherols, which are known to have strong anticancer activities, and they can be used to treat or prevent a
variety of illnesses, including cancer “8I49BAI5152] ASSO has demonstrated substantial antitumor activity in vitro
and in vivo against human hepatoma cells, suggesting the potential for the extract to be developed as a novel anti-
liver cancer medication (231541 An earlier investigation into the pharmacology of ASSO revealed that it has specific

cytotoxic effects on the HepG2 cell line 52!,

Table 1. Reported cytotoxic activities of acetogenins present in ASOs.
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Seed Oil

Annona
reticulata seed
oil *

Annona
squamosa
seed oil **

Annona
muricata Seed

0|| *k%k

Acetogenins

bullatacin
cis-/trans-
isomurisolenin
cis-/trans-
bullatacinone
annoreticulin
annoreticulin-9-
one
cis-/trans-
murisolinone
squamocin
annonacin
squamaocin

12, 15-cis-
squamostatin-A
bullatacin
squadiolin A,
squadiolin B,
squadfosacin B

muricins
muricatetrocin A
muricatetrocin B
longifolicin

Reported Cytotoxic Activities

strong cytotoxic action against human cancer cell lines, including
breast cancer (CCM2), mouth epidermal cancer (Hep.G2 and
Hep.2, 3, 15), and liver cancer (Hep.G2 and Hep.2, 3, 15)

cytotoxic for other cancer cell lines, including the HeLa and HelLa
S3 cervical cancer cell lines, the SKOV3 and PA-1 ovarian cancer
cell lines, the BCC-1 skin cancer cell line, and the MCF-7 breast

cancer cell line

apoptosis was induced as a result of encouraging the production of

the Bax protein and raising caspase 3 activity

kills cells in several cancer cell lines, including T24 bladder cancer

cells

blocks the c-test

cytotoxic component for almost all cancer cell lines

significant anticancer capabilities against the cancer cells A-549,

Hela, MCF-7, and HepGZ2, particularly for Hep G2 and MCF-7

taken orally to inhibit the growth of hepatic cancer cell (H22) lines in

mice

significant anticancer activity in animals carrying H22 xenografts; its

inhibitory rate was 53.54% against the growth of H22 cell lines

significantly damages MDA-MB-231

significantly cytotoxic to the breast cancer cells MDA-MB-231

extremely hazardous to human Hep G2 and 3B hepatoma cells as
well as MCF-7 breast cancer cells, and it demonstrates cytotoxicity
against HepG2, Hep 3B, and the MCF-7 cell line

cytotoxic effects on leukemia cells CCRF-CEM
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Seed Oil Acetogenins Reported Cytotoxic Activities

corossolin significantly harms the human hepatoma cell lines Hep G2 and
corossolone

annotacin A and B 2,2,15 in in vitro experiments

- invitro tests using the human hepatoma cell lines Hep G2 and Hep

2.2.15 revealed strong antiproliferative effects
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Figure 1. Structures of a few phytochemicals present in ASSO, ARSO, and AMSO [61],

The total acetogenin content in ASSO was 41.00 mg/g, and it exhibited remarkable cytotoxic activities against
human tumor cell lines in a study and helped treat cancers of the liver, cervix, pancreas, etc. B3I58l The study
showed that various acetogenin types exhibit various inhibitory effects against various cancer cells (Table 1), and

they have been shown to be the major bioactive compounds that possess strong antitumor/anticancer activity 31,
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Using high-performance liquid chromatography (HPLC), two significant acetogenins have been identified in ASSO:
12, 15-cis-squamostatin-A (47.98 mg/g) and bullatacin (256.18 mg/g). Other constituents with antitumor activities
include annosquacin A, B, and C, annosquatin A and B, squamostanin A, B, and D, squamostolide, and
uvarigrandin A. Although it has been established that the fundamental mechanism is the stimulation of apoptosis,
ASSO shows selectivity for certain cancer cells. Free radical production is also considered to be a key mechanism

for the anticancer action of seed oils [531(58],

Cancer cells are frequently treated with A. muricata, and the entire plant has a promising future as a
chemotherapeutic treatment for cancer, according to research. AMSO contains about thirty-seven phenolic
compounds, such as acetogenins, alkaloids, phenolic compounds, etc. 2. In addition to the vitamins and
carotenes found in seeds, there have also been shown to be 37 volatile chemicals and 18 essential oils. It
improves the capacity of non-cancerous cells in the body. Higher levels of flavonoids are present, which are crucial
for reducing cancer cell migration and cellular proliferation, both of which cause a response to reactive oxygen
species (ROS) [63. AMSO-containing acetogenins play a crucial role in preventing cancers (Table 1). Soursop
seeds are low in toxins such as tannins, phytates, and cyanides and are high in oil and vitamins 4!, Accordingly,

ASOs have huge potential to be used in chemoprevention, which needs to be researched further.

| 4. Antioxidant Activity of Annona Seed Oils

Natural antioxidants include nitrogen compounds such as alkaloids, amino acids, peptides, and amines and
derivatives of chlorophyll, carotenoids, and ascorbic acid, as well as phenolic compounds such as flavonoids,
phenolic acids, and tannins 2. Food antioxidants have a significant impact on maintaining good health and are
directly linked to the prevention of degenerative diseases like cancer, cardiovascular disease, and neurological
disorders 68, Free radicals such as peroxide, hydroperoxide, or lipid peroxyl, which are harmful to the bodly,
causing cancer, aging, and cellular damage, are scavenged by antioxidants and prevent the oxidative processes
that cause degenerative illnesses 7. Omega-3 (n-3) UFAs have been linked to cancer prevention 88, Reactive
oxygen species (ROS), also known as oxygen free radicals, play a dual role in biological systems, where both

beneficial and detrimental effects are possible 62,

Different antioxidant screening methods were used to examine Annona’s capacity to scavenge free radicals, and
the findings showed that ASO has significant antioxidants. Additional research may result in the development of
powerful antioxidant agents from ASOs U7 Antioxidant-based chemoprevention has been proposed to have a
promising future in the provision of significant fundamental advantages to public health. Many scientists and
medical professionals are now considering this as a crucial tactic for preventing, postponing, or even stopping the
development of cancer [, Although numerous research studies have found a correlation between plant phenolic
content and antioxidant capacity, it was noted that data about the antioxidant potential of ASO are rare to find 22,
To develop products, cosmetics, nutraceuticals, and biopharmaceuticals to combat cancer and to add to the
database of highly significant medicinal plants, further investigation is needed to identify the bioactive compounds

responsible for antioxidant activity (3],
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Using a DPPH assay, a study found that ASSO has antioxidant activity, with an IC50 value of 7.88 g/mL B4, In a
different investigation, the antioxidant activity of oral-administered ASSO was evaluated in rats (150-210 g) with
alcohol-induced liver damage. Superoxide dismutase, glutathione, and catalase levels were shown to be
significantly raised following treatment with the ethanolic seed extract /4], As a result, ASSO therapy results in the
restoration of normal antioxidant enzymes. Through oral administration, ASSO reduced the development of H22

tumor cells in mice by a maximum inhibitory rate of 53.54% 56,

In addition to the six previously reported cytotoxic acetogenins annoreticuin, annoreticuin-9-one, cis-/trans-
bullatacinone, bullatacin, cis-/trans-murisolinone, and squamocin, cis-/trans-isomurisolenin was also discovered 2
73l There have also been reports of spathenelol, muurolene, copaene, and eudesmol, among other terpenes.
Cyclohexapeptide glabrin A was recovered from a methanol extract of ARSO, and novel cyclooctapeptides were
discovered by analyzing the sequence and three-dimensional structure of cycloreticulins A and B. N-fatty acyl
tryptamines were also obtained 278, AMSOs contain a considerable amount of antioxidants, and the antioxidant

activity of soursop seed oil was 77.34% (dry basis) [,

Mother nature has provided us with many naturally occurring medicinal plants, yet we often use them without
realizing their therapeutic value 8. Several medicinal plants have been examined scientifically, and it has been
found that their secondary metabolites and bioactive chemicals have the potential to have an anticancer impact.
The best example of this is the Annona species. The chosen A. squamosa, A. muricata, and A. reticulata have also
grown in favor as a result of more modern research being conducted on the bioactivities and health benefits of
various plant parts, such as the seeds, bark, leaves, fruits, etc. Although the seeds of the fruit are usually waste
and the fruit itself is edible, literature reviews have reported that ASO primarily consists of fatty acids,
phytochemicals, and antioxidants like polyketides, annonaceous acetogenins (neurotoxins), cyclopeptides,
carbohydrates, proteins, lipids, oleic acid, and linoleic acid. The phytochemical composition and molecular basis of
the bioactivities of Annona seeds have been the subject of a few studies. The demand for innovative treatments is
growing as a result of the wide variety of cancer types and their primary causes. A novel cancer medication that
can target and prevent apoptosis in cancer cells is the subject of intense research efforts today. Accordingly, it has
been noted that plants of the same species collected from various areas have varying levels of secondary
metabolites, indicating that the synthesis of a plant’s bioactive components may also vary, impacting how effective

it is against cancer cells 29,

In conventional medicines, Annona is regarded as an ideal source of pharmacologically active compounds. Several
prior investigations on the biological functions of the various Annona spp. components have been conducted £1182],
Annona seed oil contains phytochemicals, antioxidants, and fatty acids found in ARSO, AMSO, and ASSO, which
are employed for the treatment of cancer. In vitro and in vivo studies that show their usefulness in chemoprevention
have been explored, as have anticancer agents. Fatty acid-derived lipids serve as the building blocks for cell
membrane formation in addition to being crucial for hormone and signal transmission B3, Due to their rapid
proliferation and division, tumor cells require a lot of FAs. FAs make up a large portion of ASO. Tumor cells will
undoubtedly absorb more ASO. Additionally, ASO primarily enters cells through passive transport 841,
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