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Abstract

Py

Annonaceae is a large, prominent family
within the Magnoliales order, containing
many genera. Among these, the genus

Annona holds significance for its G

substantial diversity and traditional

medicinal value. Annona squamosa L. is ,

one of the most common species of this o nt . inﬂaﬁ;tory
genus. This tropical species, commonly './,'.?0\‘

known as the sugar apple, exhibits ‘\’/‘/'«" 20

distinct morphological features. { ‘ ,/'L-UJ 4
Phytochemical investigations of A. S / A

squamosa revealed the presence of o ‘g,

acetogenins, alkaloids, diterpenes, and ATtidiabetic - Antimicrobial

cyclopeptides in various plant parts.
Acetogenins, found mainly in seeds and
representing  the major  active
constituents, possess distinctive Immunostimulant
structures and biological activities.
Alkaloids, predominantly isolated from

leaves, represent the second major class
of A. squamosa active constituents. 4. squamosa exhibits a wide array of pharmacological
activities encompassing anti-tumor, anti-inflammatory, antioxidant, antidiabetic, antimicrobial,
antiviral, immunomodulatory, and wound-healing properties. This comprehensive review
highlights the botanical characteristics, phytochemical composition, and diverse pharmacological
activities of A. squamosa and aims to be a guide for further research on 4. squamosa.
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1. Introduction

Medicinal plants have been utilized since
ancient times for different therapeutic
purposes (V. They still act as the primary
healthcare method for about 85% of the
world population due to their low cost ?.
Additionally, they serve as an important
source for the development of modern
medicine, with approximately 80% of the
synthetic drugs derived from natural sources
). So, focusing on the traditional uses of
plants and studying their active metabolites
may provide a rational for their known uses
and help to discover new therapeutic agents.
Annonaceae plants are one of the medicinal
plants with an increasing utilization rate
nowadays . It is considered the largest
family of the Magnoliales order ®, including
over 2000 species and 120 genera ©. It is
subdivided into 4 subfamilies, Annonoideae,
Malmeoideae, Anaxagoreoideae, and
Ambavioideae, and 15 tribes 7.

Annona L. is a highly significant genus
within the Annonaceae family, renowned for
its edible fruits and medicinal properties ®.
This genus is indigenous to tropical regions
and is characterized by its substantial
diversity, encompassing around 166 species.
Common species within this genus include A4.
cherimola, A. muricata, A. reticulata, A.
squamosa, A. glauca, A. montana, A.
scleroderma, A. glabra, and A. purpurea ©.
Sugar apple, the common name of A.
squamosa, 1s recognized as one of the most
extensively distributed species within
Annona genus 9. It is a small deciduous tree,
about 3-6 m in height, with an open crown on
which the branches are arranged irregularly.
The leaves, which are about 5-15 cm long and
2-5 cm wide, are oblong or lanceolate with a
blunt tip and arranged on short petioles. The
flower is about 2.5-3.8 cm long with yellow-
green petals on the outside and pale-yellow
inside and purple spots at the base. The fruit,
which is about 6-10 cm long, has a round or
conical shape with a pale green or bluish-
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green pericarp and a creamy-white, juicy, and
sweet pulp. In most cases, the fruit contains
black or dark-brown seeds about 1.25 cm
long Y,

A. squamosa 1is cultivated in tropical South
America, southern Mexico, and occasionally
in southern Florida. In the 17th century, it has
been introduced into southern China,
Queensland, Australia, Polynesia, Hawaii,
tropical Africa, Egypt, and the lowlands of
Palestine (V.

2. Taxonomy of A. squamosa »
Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida (Dicotyledons)
Order: Magnolialesles

Family: Annonaceae (Custard-apple family)
Genus: Annona L.

Species: A. squamosa

3. A. squamosa as a traditional medicine
Traditionally, 4. squamosa has been utilized
to relieve numerous health conditions. The
leaf decoction was reported to be used in
cases of vomiting and other digestive system
disorders. Furthermore, it has been used to
reduce fatigue and muscle aches, as well as in
the treatment of certain skin disorders such as
abscesses. Moreover, the decoction was used
to regulate fever and control convulsions.
One of the most common traditional uses of
A. squamosa is the utilization of its leaf
decoction as an antimalarial agent, that has
been widely used @. In different cultures, 4.
squamosa has been used for its analgesic,

antihelmintic, anti-inflammatory,
antimicrobial, antirheumatic, carminative,
digestive, and headache-controlling

properties. Furthermore, different parts of 4.
squamosa have been extensively reported to
be used in the treatment of various types of
cancer (%),

4. Phytochemical literature of A.

squamosa
Phytochemical investigations have revealed
that A. squamosa primarily contains

acetogenins, diterpenes, alkaloids, essential
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oils, and cyclopeptides as its major
constituents ¥, Upon reviewing the
phytochemical literature of A. squamosa, it
has been observed that acetogenins and
cyclopeptides are predominantly found in the
seeds, while the leaves are a rich source of
alkaloids, and diterpenes are commonly
1solated from the bark and stem. Moreover,
the majority of volatile oils were reported in
fruit pulp and leaves. 1419,
4.1. Acetogenins

The primary bioactive compounds of Annona
are acetogenins !7. Acetogenins have a
structure derived from long-chain fatty acids
and share common characteristics such as a
long aliphatic chain with a butyrolactone
ring. Additionally, they are substituted with
one or more tetrahydrofuran rings, epoxide
rings, hydroxyl groups, or double bonds (¥,
Acetogenins are categorized into four groups
based on the substitutions present along the
hydrocarbon chain 9. The first category of
acetogenins is called linear acetogenins,
where the aliphatic chain is substituted with
oxygenated groups such as hydroxyls,
ketones, epoxides, or a double bond.
However, it does not include a furan ring 2%,
The second category is mono tetrahydrofuran
acetogenins, which have one tetrahydrofuran
ring substitution. The third category, bis-
tetrahydrofuran  acetogenins, has two
tetrahydrofuran rings, either adjacent or non-
adjacent. Lastly, the fourth category is
miscellaneous acetogenins, which
encompasses  acetogenins ~ with  tri-
tetrahydrofuran rings or a combination of
tetrahydrofuran and tetrahydropyran rings
20 Table 1 shows the recently isolated
acetogenins.
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Acetogenins exhibit a wide range of
biological and pharmacological activities,
including insecticidal, antimicrobial,
fungicidal, anti-inflammatory, and cytotoxic
activity ?'2»- Annotemoyin-1, annotemoyin-
2, and squamocin, isolated from A. squamosa
seed, were reported to be effective
antibacterial agents that have activity against
Pseudomonus aeruginosa and Escherichia
coli ®).  Furthermore, squamocin A,
squamocin G, and squamostatin A, isolated
from A. squamosa seed, showed antifungal
activity against Bursaphelenchus xylophilus
and Meloidogyne incognita and can be
effective against many plant diseases caused
by fungal infections @Y. Despite the
numerous activities of acetogenins, their
cytotoxicity and antitumor activity remain
the most important points that studies have
focused on. It was reported that acetogenins
inhibit NADH enzyme, which is over-
expressed in cancer cells, inhibiting ATP
production and causing cell death @9,
Additionally, squamoxinone-D was
identified to have selective activity against
the H460 cell line (lung cancer) ?®. Both
squadiolins A and B were reported to exhibit
a cytotoxic effect on MDA-MB-231 (breast
cancer) cells ?7?. Squamocin P and
annosquatin 11, extracted from the seed, have
a selective cytotoxic effect on SMMS 7721/T
(hepatocarcinoma) and MCF-7/ADR (breast
cancer) cell lines, respectively ?®. Moreover,
acetogenins were found to be effective
against some multidrug-resistant cancer cell
lines, such as annotemoyin X, that showed
potent cytotoxic activity against SMMC
7721, A549, and MCF-7 cell lines.

Table 1: Some of the previously isolated acetogenins from A. squamosa

Name

Structure

Plant part

1 Annotemoyin L B e

Seed )

ISSN: 3009-7061

84



Safaa Yassin et al. JAPS, 1(1), 2024
Table 1: Continue

2 Annotemoyin Y Seed
3 Annotemoyin X Seed @
4 Muricin O Seed G
5 Squamocin-V Seed @D
6 Squamosten B Seed 0
7 Squamocin P Seed 2%
(€1))

8 Squamocin-1V Seed
(30)

9 Squamotin A Seed
Seed G0

10 Squamotin B

85
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Table 1: Continue
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11 Squamotin C Seed G0
12 Squamotin D Seed G0
13  Squamoxinone-E Seed GV
14 Annosquatin-IIT Seed @®
15 Annosquatin-IV Seed G0
16 Annosquatin-V Seed G0
4.2. Alkaloids tetrahydroisoquinoline  and  coclaurine

The second major active component found in
A. squamosa is alkaloids ®?. Alkaloids have
been predominantly extracted from the leaves
of the plant, with aporphine alkaloids being
the most prevalent type of alkaloids in
Annona genus Y. A. squamosa alkaloids
have been studied for their various biological
activities. They exhibit antibacterial,
antioxidant, and cytotoxic activity ¢35 6, 7-
Dimethoxy-1-(a-hydroxy-4-

methoxybenzyl)-2-methyl-1, 2, 3, 4-

ISSN: 3009-7061

86

showed excellent cytotoxic activity against
HepG-2, MCF-7, and HCT-116 cell lines.
Additionally, O-methylarmepavine alkaloid

was reported to be effective against
Leishmania chagasi ©®  Moreover, N-
nitrosoxylopine, roemerolidine, and

duguevalline, which were isolated from A.
squamosa leaves, are known for their
antimalarial activity against chloroquine-
sensitive and chloroquine-resistant strains of
Plasmodium falciparum ©7. 1t was also
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reported that some alkaloids, such as
lanuginosine, (+)-O-methylarmepavine, and
N-methyl-6, 7-dimethoxyisoquinolone from
A. squamosa twigs, can modulate the
immune system response through stimulation
of macrophages and enhancement of the

JAPS, 1(1), 2024

methylarmepavine, = N-methylcorydaldine,
and isocorydine from A. squamosa twigs
have anti-ulcer activity as they decrease
gastric acidity and the digestive enzymes
level ©. Their effects are comparable to
omeprazole ®9. Table 2 shows some of the

proliferation of B and T cells ©%. previously isolated alkaloids from A.
Furthermore, other alkaloids such as (+)-O- squamosa.
Table 2: Some of the previously isolated alkaloids from A. squamosa
Name Structure Plant part
Stem, Leaves

1 Isocorydine 0

2 N-Nitrosoxylopine Bark @V

3 Roemerolidine Bark @V

4 Duguevalline Bark ¢V

5 Lanuginosine Twigs ¢
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Table 2: Continue
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6, 7-Dimethoxy-1-(a-hydroxy-4-

jog (42)
6 methoxybenzyl)-2-methyl-1, 2, 3, 4- Twigs
tetrahydroisoquinoline
7 Coclaurine Leaves @3
8 O-Methylarmepavine Twigs ¢
- S
9  N-Methyl-6,7-dimethoxyisoquinolone ~o N Twigs ¢
[
0
o)
10 N-Methylcorydaldine m Twigs ¢
O \
| |
0
4.3. Diterpenoids en-19-oic acid, from pericarp oil, were

A. Squamosa diterpenoids are concentrated in
plant stems and bark with ent-kaurane
diterpenoids being the most prevalent type
(49 Diterpenoids contribute to the different
activities of 4. squamosa. 17-Hydroxy-ent-
kaur-15-en-19-al, 15,16-epoxy-17-hydroxy-
ent-kauran-19-oic acid, ent-kaur-16-en-19-
oic acid, and 16a,17-dihydroxy-ent-kauran-
19-al were reported to be promising cytotoxic
agents against human lung cancer (95-D) and
ovarian cancer (A2780) cell lines “¥. 16a,
17-Dihydroxy-ent-kauran-19-oic acid, ent-
kaur-16-en-19-oic acid, and ent-kauran-15-
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reported to exhibit a cytotoxic activity by
induction of apoptosis and cell cycle arrest 4>
49 Additionally, 16p, 17-dihydroxy-ent-
kauran-19-oic acid was found to be effective
against the replication of HIV in H9
lymphocyte cells 7. It was also reported that
A. squamosa diterpenoids, as ent-kaur-16-en-
19-oic acid and 16a-hydro-19-al-ent-kauran-
17-0oic acid, may be of benefit for
atherosclerosis patients as they inhibit
platelet aggregation “®). Table 3 shows some
of the previously isolated diterpenoids from
A. squamosa.



Safaa Yassin et al. JAPS, 1(1), 2024

Table 3: Some of the previously isolated diterpenoids from 4. squamosa

Name Structure Plant part

1 17-Hydroxy-ent-kaur-15-en-19-al Bark @9
/ : H
) 15,16-Epoxy-1 7-hydrqu—en t- Bark @9
kauran-19-oic acid

3 16a,1 7-D1hydro>;i/-en t-kauran-19- Bark 4

4 16a,17-Dihydroxy-ent-kauran-19- Stem ©9),
oic acid pericarp 9

~—OH
\OH

5 168,17-Dihydroxy-ent-kauran-19- Stem 0
oic acid

6 16a-Hydro-19-al-ent-kauran-17- Stem 60

oic acid

89
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Table 3: Continue
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7 Ent-kaur-16-en-19-oic acid Stem “®

8 Ent-kauran-15-en-19-oic acid Pericarp 9

4.4.Cyclic peptides extract inhibit the production of pro-
Cyclic peptides are peptides with ring inflammatory  cytokines in  activated

structures that are formed by linking the
peptides ends together either by amide bond,
lactone, ether, thioether, or disulfide bonds
D They are considered among the most
important 4. squamosa active metabolites
with many pharmacological activities.
Fanlizhicyclopeptide A and
fanlizhicyclopeptide B from plant exocarp
showed anti-inflammatory activity by
inhibition of the production of inflammatory
mediators ©?. Moreover, cyclosquamosin D
and cherimolacyclopeptide B from the seed

macrophages % 9 Additionally, they
contribute to the cytotoxic activity of the
plant such as annosquamosin A which has
anti-cancer activity against 95-D lung cancer
cells and A2780 ovarian cancer cells 9.
Moreover, cyclosquamosin B showed a
vasorelaxant activity that is thought to be due
to the inhibition of calcium influx by
blocking of voltage-gated calcium channels
(53 Table 4 shows some of the previously
isolated Cyclic peptides from A. squamosa.

Table 4: Some of the previously isolated Cyclic peptides from A. squamosa

Name

Structure Plant part

1 Annosquamosin A

Oes/
nﬁj o

[™NH

N

Seed %

2 Cherimolacyclopeptide B

Seed %
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Table 4: Continue
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3 Cyclosquamosin B

Seed 67

4 Cyclosquamosin D

Seed 7

5 Fanlizhicyclopeptide A

N\I 1“’;'"'- Exocarp (52)

6 Fanlizhicyclopeptide B

HO

Exocarp ¢

4.5. Essential oils
The analysis of 4. squamosa leaf essential
oils showed that sesquiterpenes represent the
majority of the oils. Germacrene D and
bicyclogermacrene contribute with the
largest percentage of oil composition with
17.1 % and 10.8 % respectively ©¥. The
pericarp essential oil with (-)-spathulenol
(32.51%) as the major constituent showed
cytotoxic activity against SMMC-7721
hepatoma cell line *”). On the other hand, the
bark essential oil containing 1H-cycloprop(
e) azulene (3.46%), germacrene D (11.44%),
bisabolene (4.48%), caryophyllene oxide
(29.38%), bisabolene epoxide (3.64%) and
kaur-16-ene  (19.13%) as the major
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constituents with antimicrobial activity
against Bacillus subtilis and Staphylococcus
aureus . Also, caryophyllene oxide, which
was isolated from the bark, has analgesic and
anti-inflammatory activity V). Table 5 shows
some of the previously detected essential oil
components from 4. squamosa.

5. Biological and pharmacological

activities of A. squamosa

A. squamosa is a medicinally active plant that
is rich in many active constituents that can be
effective for different health problems 2,
The different parts of the plant, seeds, leaves,
and fruits, contribute to the pharmacological
activities which include the following:
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Table 5: Some of the previously isolated
essential oil components from 4. squamosa

Name Structure Plant
part
1 Bisabolene Bark
(60)
2 Bisabolene Bark
epoxide (60)
6 =
AN
3  Germacrene D Fruit
pulp
(62),
bark
H !
4 Bicyclogermacr Fruit
ene ul
/ 362})
Leaves
= (64)
5 Caryophyllene \\ H Bark
oxide 63),
Leaves
(64)
rd
0 ’l
6  1H-cycloprop Bark
(e) azulene C (©3)
7 Kaur-16-ene Bark
E = @
8 Spathulenol \\ Pericar
‘1 p (59)
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5.1.Anti-tumor activity
A. squamosa different extracts showed
anticancer activity either against human cell
lines or in animal models. The cytotoxic
effect of the seed extract is mainly due
presence of cytotoxic acetogenins that induce
apoptosis and increase the production of free
radicals in cancer cells ©®. In vivo study
showed that both aqueous and organic seed
extracts exhibited a potent cytotoxic activity
against a rat histiocytic tumor cell line, AK-5
67 Another study was performed using the
aqueous and organic seed extracts that
showed promising activity against MCF-7
and K-562 cell lines ©®®. The ethyl acetate
fraction of seed ethanolic extract was studied
to investigate its effect on hepatoma cell
lines. The extract showed significant activity
against Hep G2 cell lines. Additionally, the
oral administration of the seed extract
inhibited the growth of Hz> tumor cells in
mice ©?. Moreover, The leaf extract is found
to be effective against T-cell
leukemia/lymphoma "%, The ethanolic leaf
extract as well as the ethyl acetate fraction
were reported to be effective against human
epidermoid carcinoma cell line KB-3-1 and
colon cancer cell line HCT-116 7. Recently,
different extracts of 4. squamosa leaves were
tested against different breast cancer cell
lines, MCF-7 and MDA-MB-231. The study
showed that all extracts exhibited an
antiproliferative effect and induced apoptosis
in the two cell lines '),
5.2. Anti-inflammatory activity

As A. squamosa extracts were reported to
decrease the activity of inflammatory
mediators, that play an important role in
different inflammatory conditions © 73,
Methanolic leaf and bark extracts were
revealed to exert a potent anti-inflammatory
effect by reducing IL-6 secretion ®. an in
vitro study conducted on the ethanolic extract
of fruit peel showed that the extract exhibited
a strong anti-inflammatory effect in an
induced rheumatoid arthritis mice model 79,
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Furthermore, the anti-inflammatory effect of
aqueous leaf extract was evaluated using an
experimental ulcerative colitis animal model.
It was found that the extract decreased
colonic malondialdehyde (MDA) and
increased colonic  glutathione (GSH),
glutathione peroxidase (GPx), and catalase
(CAT) activities 7. The anti-inflammatory
effect of leaf ethanolic extract was also
confirmed by its ability to decrease
carrageenan-induced edema in rat paws by
about 47.16% 9. One of the most interesting
outcomes of the anti-inflammatory properties
of A. squamosa is the anti-psoriatic effect of
seed oil. Petroleum ether seed extract was
evaluated in vitro and in vivo to evaluate this
effect. It was observed that the
antiproliferative effect of the seed extract was
higher than that observed with topical
clobetasol propionaste. The oil also showed a
remarkable decrease in the inflammatory
mediators responsible for most of the
symptoms an,
5.3. Antioxidant activity

A. squamosa leaf extract, with its content of
flavonoids, glycosides, saponins, phenols,
and tannins, has free radical scavenging
properties "®. The ethanolic leaf extract
showed strong free radical scavenging
activity 7). Another in vivo study to evaluate
the antioxidant activity of 4. squamosa
showed that the water leaf extract increased
the activities of catalase, superoxide
dismutase, reduced glutathione, glutathione
reductase, and glutathione-s-transferase,
which act as scavenging enzymes, and
decreased malondialdehyde levels in
different tissues 9. ASPW80-1, a water-
soluble polysaccharide isolated from A.
squamosa pulp, has hydroxyl radical
scavenging activity and can also proliferate
the spleen cells ®V. Furthermore, the seed oil,
with its tocopherol content, has significant
antioxidant activity ¢,
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5.4.Antidiabetic activity
A. squamosa extracts from several organs,
including seeds, leaves, and pulp, were
reported to have hypoglycemic activity ®3-89,
The leaf extract was found to enhance insulin
secretion and inhibit a- glucosidase activity,
which decreases blood sugar levels ®9.
Additionally, the oral administration of
alcoholic leaf extract was reported to
decrease blood sugar levels in a non-insulin-
dependent diabetes mellitus (NIDDM) rat
model ®%. Moreover, the hexane leaf extract
was used to detect the hypoglycemic
mechanism of action of 4. squamosa. The
study revealed that the extract inhibited
protein tyrosine phosphatase 1B (PTP1B),
leading to insulin signalling modulation ¢7),
Also, GASP3-3-I, which is a polysaccharide
isolated from the fruit pulp, has a-
glucosidase inhibitory activity ®®.  The
combination of 4. squamosa leaf extract and
glipizide was reported to be effective in
reducing the glipizide dose by 50% .

5.5. Antifungal and  antimicrobial

activity

The leaf extract was found to be effective
against different fungal strains such as
Alternaria alternate, Candida albicans,
Fusarium solani, Microsporum canis, and
Aspergillus niger 7. A. squamosa leaf
extract was reported to have antibacterial
activity against both gram-positive and gram-
negative bacteria. It has bactericidal activity

against  Staphylococcus  aureus,  and
bacteriostatic activity against many species,
such as Klebsiella pneumoniae and

Enterococcus faecalis ®°. The fruit extract
was tested for its antibacterial effect using
saliva samples. The study showed that A.
squamosa extract exhibited an antibacterial
effect comparable to that of chlorhexidine
©D. Moreover, the methanolic seed extract
was reported to exert strong activity against
some gram-positive (Bacillus  subtilis,
Staphylococcus aureus) and gram-negative
(Escherichia coli, Pseudomonas aeruginosa,
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and Klebsiella pneumoniae) bacteria ©?).
Another study, performed using fruit peel
alcoholic extract, reported an antibacterial
effect against Staphylococcus aureus and
Pseudomonas aeruginosa ©?.

5.6.Hepatoprotective activity
The methanol extract of 4. squamosa leaves
and the hydroalcoholic extract of the seeds
were reported to have a protective effect on
liver cells ®*?. The leaf extract was found
to restore elevated liver enzymes and
bilirubin in chemically induced hepatotoxic
rats ). The hepatoprotective effect of the
hydroalcoholic seed extract was evaluated in
vivo against carbon tetrachloride-induced
hepatotoxicity. The study revealed that the
seed extract exhibited a promising
hepatoprotective effect demonstrated by
reducing the levels of SGOT, SGPT, ALP,
and total bilirubin ¥,

5.7.Wound healing activity
The ethanolic extract of 4. squamosa leaves
was found to increase collagen synthesis and
cell proliferation when applied topically,
which may be helpful for wound healing ©°.
In another study, the alcoholic extract of A.
squamosa leaves was used topically to
evaluate its wound-healing activity in
streptozotocin-induced diabetic rats. The
extract was found to promote wound healing
by increasing DNA, protein, collagen, and
cellular proliferation at the wound site ©7).
Currently, Annona plants are receiving
special attention for their potent effects in
combating  cancer. = Researchers  are
particularly interested in the remarkable anti-
cancer properties exhibited by various
compounds found within Annona species 7>
73.98) Moreover, there is a notable increase in
studies concerning the applications of
nanoparticle drug delivery systems in
combination with different 4. squamosa
extracts for different therapeutic purposes °-
10D Also, there is an increasing interest in the
promising antidiabetic effect of some Annona
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species (12109 A1] these make 4. squamosa
an optimal point for future investigations.
6. Conclusions
A. squamosa is a valuable plant species
within the Annonaceae family, known for its
diverse medicinal properties. The presence of
acetogenins, alkaloids, diterpenes, and
cyclopeptides contributes to its
pharmacological activities. The identification
and understanding of these active
constituents provide insights into the
potential therapeutic applications of A.
squamosa in various health conditions. It is
also observed that most of the studies have
focused on the pharmacological activities of
different plant extracts and isolated
compounds, but the mechanism of action of
these compounds is still not well studied.
Additionally, further investigations of the
possible toxicity of these compounds are
required to provide a complete picture of
their safety and efficacy. Furthermore, the
nutritional value of 4. squamosa can be an
interesting point to study. Finally, this review
article aims to be a source of inspiration and
direction  for  conducting  additional
preclinical and clinical studies on the
utilization of A. squamosa in clinical and
pharmaceutical fields.
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