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Developed and undeveloped countries both are utilizing herbs for maintaining health
wellbeing by providing proper treatment and prevention of diseases. The present review gives
the Ethnobotanical information linking between plant Annona squamosa L. and human beings
were also providing updated facts of phytochemical and pharmacological approaches of the
above plant in the present 21st century. Annona squamosa L. is a multipurpose shrub tree that
is distributed throughout tropical countries and eminently a desert fruit in India. The plant
belongs to the family Annonaceae which in Hindi known as Sitaphal or Sharifa which is utilized
for its medicinal properties. The ethnobotanical traditional uses include wound healing, lice
repellant, treatment of dysentery and urinary tract infection. Phytochemicals includes alkaloids
(benzoxyquinazoline, salsolinol, coclaurine), terpenoids (annomosin A, annosquamosin A),
glycoside (quercetin-3-glucoside), essential oil (bicyclogernacrene, T-cadinol), flavonoids
(kaempherol, farmarixetin) tannins, and many more responsible for pharmacologically action
of plant parts are fruits, seeds, leaves, bark, and flower. Information on medicinal uses and
organoleptic properties of various pharmacologically active parts is also provided. The present
article discusses the updated information regarding distribution, plant parts used, chemical
constituents, traditional uses, morphological and pharmacological importance of this plant
hoping for exploring better medicinal value.
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Since earliest time, Ayurvedic system of
medicine utilizes medicinal plants for maintenance
of health and treatment of diseases. The written
evidence of utilization of plants as drug was
obtained from Mesopotamia.'

Various lead structures which are used
for new drug synthesis by the pharmaceutical
industry have their origin from natural source
i.e. camptothecin, podophyllotoxin, paclitaxel,
etc. The collabration of the pharmaceutical
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industry with academic institutions have created
progressive programmers for plant medicine based
research?. The new approved structures from plant
source continue to play significant role in novel
drug discovery®. The plant product shows more
structural variation than synthetic product where
the majority of bioactive agents are used for new
drug discovery. Usually the bioactive guided
isolation of plants shows new finding which results
in discovery of important drugs®.
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Different unknown species in plant
kingdom consist of chemical constituents having
nutraceutical and therapeutical value. In the catalog
of nutritional compounds, fruits and vegetables are
always ‘Treasure House’. For the manufacturing
of the novel drug in modern pharmaceutical
industries, abundant amount of genuine plant are
required for herbal formulation. Sophisticated
technology of extraction for separation of active
constituents are assets for production of drug
formulations.

Distribution

It had previously been grown in the
Philippines and India by Spanish and Portuguese
colonists in the 16th century. When compared
to the other Annona species, which are found in
warmer tropical and subtropical locations, Annona
squamosa L. is the one that is most commonly
grown. The word “Annona” comes from the word
“anon,” which refers to the cultivation of fruit and
means “yearly yield.” The flowering plant Annona
squamosa L., a member of the Annonaceae family,
is well-known for its mouthwatering fruit. It is a
little deciduous tree with erratic branches, about
5 to 6 metres in height. In Hindi, it is known as
Sharifa, sitaphal, and in Sanskrit, it is known as
shubha, suda, and ganda. In English, it is popularly
known as sweetsop, custard apple, and sugar apple.

Leaves are thin, simple, alternate, which
are single 5cm to 17cm long and 2cm to 6cm
wide. They are rounded at the base and pointed at
the tip with oblong-lanceolate in shape with pale
green color on both surfaces. Flowers are greenish-
yellow about 2.5cm long and occur in spring-early
summer®

Fruits are greenish yellow and size of
5-10cm in diameter in round or heart shaped. The
fruit pulp is white tinged and sweetly edible. It may
or may not contain carpel. Seeds are 1.3-1.6 cm
oblong, shiny which are brown to black in color’.
Plant Parts Used

Fruits, seeds, flower, leaves and bark 8.
Traditional Uses

Leaves of Annona squamosa L. was
extensively used as ethnobotanical used for
treatment of diabetes, hysteria, intestinal infection
whereas bark was conventionally used in diarrhea
and dysentery. The plant is also used traditionally
as insecticidal, antispasmodic, analgesic and anti-
inflammatory etc'®>.
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Chemical Composition

It has been determined that over 100
chemicals from various categories exist as:

* Alkaloids: Benzoxyquinazoline, samoquasine A,
N-nitrosoxylopine, roemerolidine, duguevalline,
meleagrine, chrysogine, dopamine, salsolinol,
coclaurine, liriodenine, oxoanalobine. 1!

» Flavanoids: Rutin,isoquercitrin, bullatacin,
quercetin, kaempherol, farmarixetin, isorhamnetin®
12

* Entkaurenediterpenoid: Annomosin A
Annosquamosin A, annosquamoannosquamosin
D, annosquamosin E, annosquamosin F,
annoquamosin.

* Glycoside: quercetin-3-glucoside™

* Essential oil: germacrene, a-elemene, &
and a pinene, sabinene, bicyclogernacrene,
T-cadinol, T-mucirololspathulenol, bornylacetate,
borneol,verbenone!*

* Other compounds includes from Glucopyranoside,
coumarinoligans annotemoyin-1, annonacin,
annonacin A, and annonastatin, as well as
Squamocin B to Squamocin N, annotemoyin-2,
Squamocin andcholestryl, etc. Fig. 1 showing
various constituents of Annona squamosa L. plants.
Organoleptic Characters

Annona squamosa L. have irregularly
spreading branches with height of 3-7m Lanceolate
to oblong lanceolate, pale green on both sides, and
almost globate leaves are found singly, measuring
6-17 x 3-6 cm. They belong to the category of
semi-deciduous tree having light brown bark with
smoothies fissured in plates.

Flowers are greenish yellow with
fragrance on slender hairy stalk produces singly
or in short clusters in 2.5cm length where sepals
in 16mm length are pointed, hairy, green in color.
The three outer petals are yellow-green, slightly
hairy, thick and oblong at the tips whereas inner
petelsare ovate and pointed scale. Flowers are
greenish-yellow with fragrance, produced singly
or in short lateral clusters of 2-4 flowers, about 2.5
cm long, and 2.5 cm wide; sepals are pointed, hairy,
green, about 16 mm long; the three outer petals are
oblong, thick and rounded at the tips, fleshy, 1.6-2.5
cm long, and 0.6 cm wide; they are yellow-green,
slightly hairy, and the interior is light yellow with
a purplish or red Scales on the three-minute inner
petals are ovoid. Table 1.1 showing morphological
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features of seeds, leaves, stem, roots and fruits of
Annona squamosa L.

Fruits are green-yellow in color, round,
ovate, irregular and heart shaped having size 5-10
cm in diameter. When ripen, pulp becomes edible,
white and sweet. Seed are oblong, shiny, black,
1.3-1.6cm long numerous in each carpel. Ovary are
light green, style is white and crowded and stamen
are numerous, white and crowded in 16mm long.
Fig. 2, Fig. 3, Fig. 4 and Fig. 5 showing respective
fruits, flower, seeds and whole plant.
Pharmacological Importance of Annona
squamosa L.

A versatile shrub tree that grows in
tropical regions and is well-known in India as
a fruit for deserts. The plant is a member of
the Annonaceae family and is referred to as
Sitaphal or Sharifa in Hindi due to its well-
known medicinal virtues and commercial use.
Typical uses include the treatment of urinary tract
infections, dysentery, and wounds. The plant has
a number of medical benefits because it contains
a variety of phytochemicals, including alkaloids,
polysaccharides, fixed oil, tannins, flavonoids, and
phenolic compounds. Each component of the plant
has strong bioactive ingredients. Recent studies
have demonstrated therapeutic activity against
cancer, against oxidative stress, against diabetes,
against hypertension, against parasites, against
malaria, against insects, and against microbes. '

The seeds extract showed the regulation
of hyperthyroidism and lipid peroxidation which
involves the presence of quercetin through
phytochemical analysis including HPLC.

The plant has been reported to possess
cytotoxic effect and antidiabetic activity. The
saponified petroleum ether extract of bark of
Annona squamosa L. showed central and peripheral
analgesic and anti-inflammatory activity. Its leaves
extract showed protection against aspirin and pyloric
ligation induced ulcers. (+)-O-Methylarmepavine,
isocorydine and methyl corydaldine are anti-ulcer
compounds isolated with anti-secretory properties.
16 beta, 17-dihydroxy-ent-kaurane-19-oic acid is
compound have significant activity against H9
lymphocyte cells with HIV replication showing
antiviral activity with 0.8ig/ml EC50 value.

Annona squamosa L. reported
hepatoprotective activity, hypolipidimic activity,
molluscidal properties, antimicrobial activity,
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Vaso-relaxant activity, antimalarial, antioxidant,
anthelmintic, insecticidal activity, wound healing
and genotoxic effect.”-® 718

Antimicrobial activity

The bacterial membrane destabilization
property of methanolic extract of Annona squamosa
L. leaves has been evaluated using bacterial
strains Staphylococcus aures, Enterobacter
cloacae, Klebsiella pneumonia, Pseudomonas
aeruginosa, bacillus cereus, Enterococcus faecalis,
Shigelladysenteriae, Escherichia coli, Salmonella
typhimurium and Salmonella choleraesuis. It was
concluded that Annona squamosa L. can be utilized
for the treatment of microbial infection.'. Table
1.2 showing antimicrobial activity of Annona
squamosa L.

The in-vitro antibacterial evaluation of
many leaf extracts from Annona squamosa L.,
including petroleum ether, methanol, acetone,
chloroform, and petroleum ether, was carried out.
Both gram positive and gram-negative bacterial
strains were used to assess the antibacterial activity.
The evaluation techniques for in-vitro antibacterial
activity are the agar disc diffusion method and the
agar well diffusion method.

The standard antibiotic drugs used
was chloramphenicol and ampicillin whereas
the standard antifungal drug was nystatin and
clotrimazole. The result showed better activity of
methanolic extract as compared to other extract of
Annona squamosa L. leaves.?

Antibacterial and Insecticidal activity

The antibacterial and insecticidal of seeds
activity was investigated for aqueous, ethanol,
methanol and acetone extract Annona squamosa
L. seeds. The antibacterial activity was performed
against P. vulgaris, S. epidermidis, S. aureus, E.
coli, P. aerogenes, S.typhi, E.aerogenes and S.
typhimuriu. Compared to all four extracts, the
methanolic extract showed better antibacterial and
insecticidal activity. The possible phytochemical
responsible was alkaloids and flavonoids for
insecticidal activity. The seeds Annona squamosa
L. can also be used as bio-insecticidal.”

Using Aedes albopictus and Culex
quinquefasciatus as vectors, the aqueous and oil
extracts of Annona squamosa L. and Annona
muricata seeds were assessed as a mosquito-
controlling agent. Alkaloids and flavonoids were
the phytochemicals in responsible. The vectors
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that cause fever, chikungunya, and dengue include
Aedes albopictus and Culex quinquefasciatus.
Due to increasing problem of mosquito resistance
over chemical insecticides, the two plant of
Annonaceae were investigated to control the
insects. Both Annona squamosa L. and Annona
muricata’s oil and aqueous extract shown potential
as insecticides. The Annona muricata extract was
shown to be superior to the other two plant extracts.
26
Antifungal activity

Using the agar well diffusion method,
the effects of methanol, chloroform, and an
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aqueous extract of Annona squamosa L. leaves
were assessed. Inhibitory minimum concentration
for the broth microdilution method using various
strains of fungi Aspergillus niger, Microsporum
canis, Candida albicans, alternaria alternate and
fusarium solani were investigated. The comparison
of antimicrobial activity between various parts of
Annona squamosa L. such as root, leaf, seeds and
cotyledon were made. The antimicrobial activity
of methanol extract of above-mentioned plant parts
was evaluated against four fungi Trichophyton
rubrum, Aspergillus niger, Candida albicans and
Aspergillus flavus. Agar well diffusion was used to
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Fig. 1. Showing various constituents of Annora squamosal L. plants.
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examine the effects of methanol, chloroform, and
an aqueous extract of Annona squamosa L. leaves.
the smallest inhibitory dose ¥’
Anticancer Activity

Evaluation of anticancer on peel, seed
and pulp was performed using MTT assay
method where sulfated polysaccharide, tannins,
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flavonoid and triterpenoid was also calculated
using RP-HPLC.?® Lebanese Annona squamosa
L. seeds were used in the phytochemical screening
and cytotoxic activity of the extracts, which
demonstrated antioxidant, anti-diabetic, and anti-
proliferative properties due to the presence of

Table 1. Organoleptic characters various parts of plant Annona squamosa L.

Characters Leaves Fruits Seeds Stem Roots

Taste Bitter Sweet No Taste Sight bitter Bitter

Odor Characteristic Characteristic No Odour No odor No odor

Color Green Pulp White Black Brown Brown
inside and

green outside

b2 AP AN
Fig. 2. Annona squamosa L. Fruits

Fig. 3. Annona squamosa L. flowers

several secondary metabolites such flavonoids and
phenol..” Table 1.3 showing anticancer activity of
Annona squamosa L.

The findings of an evaluation of Annona
squamosa L. seeds oil’s anticancer efficacy
revealed that the oil inhibits the growth of H22
solid tumours, which may be because of the oil’s
unsaturated fatty acid composition and level of total
annonaceous acetogenins (ACGs).*°

Numerous pathways, including vascular,
adipose tissues, inflammation, structural, and
physiological, are involved in cellulite. Cellular
lipid accumulation, anti-platelet aggregation,

Fig. 4. Annona squamosa L. seeds
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and microcirculation was evaluated for three
plants where Rosmarinus officinalis, and
Annona squamosa L. showed reduction of lipid
accumulation whereas Rosmarinus officinalis
showed inhibition in platelet aggregation and

Fig. 5. Annona squamosa L. Plant
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Zanthoxylum clavaherculis showed reduction of
recto-anus coefficient by 79.6% which result in the
improvement in microcirculations. This results a
formulation with standardized composition which
suggested its usage for cellulite.?!
Immunostimulant Activity

Haematological tests were used to assess
the immunostimulant activity of Annona squamosa
L. aqueous extract in which phytochemical analysis
was performed, and the findings showed that
alkaloids, steroids, tannins, phenols, reducing
sugar, saponin, and flavonoids were present. The
findings supported the plant’s immunomodulatory
properties.!

Gas chromatography-mass
chromatography (GC-MS) and gas chromatography-
flame ionisation detector (GC-FID) were used to
evaluate the chemical makeup of the essential oil
of Annona squamosa L. leaves from northern India.
The majority of sesquiterpenoids and oxygenated
sesquiterpenoid were obtained. (E)-caryophyllene,
epi-a-cadinol, a-elemene, (Z) caryophyllene,
a-humulene, viridiflorene, caryophyllene oxide,
spathulenol, (2Z,6Z)-farnesal and many more
sesquiterpenoids were also obtained. The
monoterpenoids present in the essential oil were
p-cymene, limonene and bornyl acetate. The
major constituents of sesquiterpenoids were (E)-

Table 2. Antimicrobial activity of Annona squamosa.

No Part Extract Strain Method Result References
1. Leaves  Water Essherichia coli Agar cup Showed inhibition 21
Alcohol Pseudomonas method in 5pl and 10pl

chloroform aeroginosa concentration.
2 Leaves  Water Candid albicans Agar cup No inhibition 21
Alcohol Aspergillusniger method activity
chloroform
3 Folier Water Collosobru Showed inhibition 22
schuschinesis in 0.07 mg ml™
concentration
4 Seed Ethyl acetate Raj, Castaneumviz Larval The petroleum 23
Petroleum CR1FSSIICTC-12 bioassay spirit extract of the
ether seed had the highest
Acetone T. castaneumlarval
methanol mortality rate.
5 Leaves  Ethanol Sitophilusoryzae Insect assayed For concentrations of 24
pest. Contact bioassay 1% w/v and 5% w/v,
mortality (100%) was

attained at 39.61.4 and
14.51.1min, respectively.
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Table 3. Anticancer activity of Annona squamosa L.
No Plant part Cell lines Method Result References
1. Fruit, seed, liver (HepG-2), MTT Assay For four cancer cell lines, [28]
pulp and peel.  breast (MCF-7), technique seed extracts showed the
prostate (PC3), lowest IC50 values
and colon (Caco-2) (7.31 0.03 and 15.99
1.25 for PC-3 and MCF-7,
respectively).
2. Leaves Human Colon Assay for 1C50292.39/mL [32]
3-(4,5-dimethylthiazol demonstrated strong
-2-yl)-2,5- cytotoxicity.
diphenyltetrazolium
3. Seeds breast cancer (MCF-7) MTT Assay method A panel of cancer cell lines, [33]
cells, leukaemia including nasopharyngeal
(K-562) cells, cancer (KB) cells, lung
nasopharyngeal cancer (A-549) cells, breast
cancer (KB) cells, cancer (MCF-7) cells, and
lung cancer (A-549) leukemia (K-562) cells,
cells were evaluated, and the
four extracts tested in
petroleum ether had the
highest levels of cytotoxicity.
4. Leaves MDA-MB-231 and Nuclear staining, At a concentration of [34]
MCF-7 breast cancer MTT, and 100ig/mL, showed strong
cell lines LDH tests antiproliferative and
cytotoxic effects
5. Seeds HT-29 colon cancer sulforhodamine The Ovcar-5 cell line showed [35]
cell lines, ovary cancer B assay method the greatest activity (69.72),
cell lines, breast cancer and considerable activity
cell lines, cervix cancer was also shown against the
cell lines (SiHa), liver HT and SiHa cell lines.
cancer cell lines.
6. Seeds MCF-7, Hep G2 H(22) hepatoma (MTT) cytotoxicity in vitro [36]
cellsH(22) tumor cells cells transplanted and MCF-7 transplanted
into a tumour model tumour model using H(22)
in vivo and (MTT) hepatoma cells (IC50). Hep G2
cytotoxicity in vitro (0.25% g/ml) (IC50). cells
in vitro at 0.36 g/ml. (MTT)
cytotoxicity in vitro and MCF-7
transplanted tumour model
using H(22) hepatoma cells
(IC50). Hep G2 (0.25% g/ml)
(IC50). cells in vitro at 0.36 g/ml.
7. Leaves T47D cells MTT assay IC50 value was 174.25 Apg/ml [38]
8. Leaves LNCap-FGC Prostate MTT assay IC50 value of 200 mg/ml [36]
tumour in a human, for all the three tested cell lines
A549 A human lung
cancer cell line and
human kidney cell
lines HEK-293
9. Barkand MCF-7 cells, MTT assay A. squamosa suppresses the [40]
Leaves breast cancer growth of MCF-7 via causing
cell lines apoptosis, according to an IC50

value of 10 ug/ml.
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Table 4. Hepatoprotective activity of Annona squamosa

No Parts Extract Method Result References
1 Seeds Ethanolic Biochemical indicators, Indicated the protective [50]
including albumin, total effect against alcohol
protein, ALT, AST, ALP, liver induced injury
LDH, SBL, and total
cholesterol;
2 Leaves Ethanolwater Total bilirubin, protein, to be useful in controlling [51]
ALP, AST, ALT and a-GT hepatic injury in drug
induced hepatotoxicity
3 Seeds Hydroalcoholic SGOT, ALP, SGPT the possibility of liver [49]
and total bilirubin protection by lowering
the levels of SGOT, SGPT,
ALP, and total bilirubin
4  Leaves  water ALT, AST, GGT, ALP, hepatoprotective effect [50]

creatinine kinase, bilirubin,
serum creatinine, albumin,
globulin and total protein

at dose dependent manner.

caryophylene, epi-a-cadinol, (Z)-caryophyllene,
a-humulene, a-cardinene, viridiflorene and
a-muurolene.

Significant impact especially in relation
to an average of antibody titer where gumboro
(like HIV) affects the profile of antibody titers
from ethanol extract of leaves [43] whereas
fruits ethanol extract showed cell mediated
and humoral immunity in mice as compared to
control animal which confirms good potential of
immunomodulatory activity.*

Antioxidant activity

The ability of extracts to reduce and
scavenge free radicals were both studied.
Comparable to chloroform and aqueous extract,
the methanolic extract demonstrated stronger
antioxidant activity. It was shown that the
antifungal activity varied depending on the dosage.
46

A papaya seed extract and Annona
squamosa L. extract was studied for their
antioxidant potential. Additionally, the quantity
of total flavonoids and phenols was calculated. The
papaya seed extract from Carica Papaya had the
highest antioxidant activity.*

Antiulcer property

Pyloric ligation was used to test an
aqueous extract of Annona squamosa L. seeds.
Gastric juice volume, pH, free acidity, total acidity,
and ulcer index were the variables examined.

Increases in the dosage of Annona squamosa
L. aqueous extract resulted in a reduction in the
ulcer index. Ranitidine served as the reference
standard drug. Ranitidine’s ulcer index was 0.71
for ranitidine and 1.10 for the 200 mg/kg aqueous
extract of Annona squamosa L. seeds.’
Hepatoprotective activity

The hepatotoxicity caused by
diethylnitrosamine at a level of 200 mg/kg
was examined in an ethanol extract of Annona
squamosa L. leaves. Total protein, serum and
tissue glutamyloxaloacetae transaminase, serum
and tissue glutamyl pyruvate transaminase (GPT),
serum and tissue alkaline phosphatase (ALP),
serum acid phosphatase (ACP), alpha fetoprotein
(AFP), and bilirubin were among the biochemical
markers examined. The histopathological studies of
the liver of mice revealed normal pattern of blood
in the spaces which confirmed the hepatoprotective
activity. The lowering of the GOT, GPT, ALP,
AFP, total, and direct bilirubin levels with the
chosen dose of Annona squamosa L. leaves further
confirmed the hepatoprotective potential.*® 557

Carbon tetrachloride-induced liver
damaged with Rats were used to test the
hydroalcoholic extract of Annona squamosa L.
seeds for hepatoprotective efficacy. As Annona
squamosa L. seeds contain flavonoids and
phenols, a hydroalcoholic extract of the seeds has
hepatoprotective properties.*
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Antidiabetic activity

Recent research indicates that the root
extract of Annona squamosa L. has anti-diabetic
properties in streptozotocin (STZ) induced
diabetes mellitus and insulin insufficiency lead
to elevated glucose level. In mice with diabetes
that had been induced by the drug streptozocin
(STZ), the aqueous extract of Annona squamosa
L. leaves significantly reduced blood sugar levels
and increased antioxidant activity.?
Antimalarial activity

In recent research on Annona squamosa
L., all compounds shown modest effectiveness
against a chloroquine-sensitive strain and a
chloroquine-resistant strain of Plasmodium
falcifarum. Isolation of antimalarial compound
including N-Nitrosoxylopine (1), Roemerolidine
(2) and Duguevalline which was isolated from
bark showed moderate activity against chlorquine
resistant strain.>
Anti-inflammatory property

In order to study the effects of an
ethanolic extract of Annona squamosa L. seeds,
indomethacin was utilised as the reference
medication and a technique to produce hind paw
edoema with carrageenan was employed. The
results of the phytochemical screening indicated the
presence of amino acids, reducing sugar, phenolic
compounds, alkaloids, and tannins. A 100mg/kg
dose of Annona squamosa L. seeds resulted in
substantial anti-inflammatory effects.”!
Anthelmintic activity

Utilizing a variety of models, the
anthelmintic properties of Annona squamosa L.
and its leaf extract have been investigated. In
order to determine the duration of paralysis and
the time until death, the crude drug’s extracts in
hexane, ethyl acetate, and ethanol were examined
at various concentrations. When compound 1 was
extracted from ethyl acetate extract, it reduced
the hatching of Haemanthus contortus eggs and
the seeds of Annona squamosa L. demonstrated
anthelmintic efficacy against this parasite at 25
mg ml-1. Based on spectroscopic investigation, it
was discovered that had a C37 trihydroxy adjacent
bistetrahydrofuran acetogenin structure.’* The
anthelminthic activity from Annona squamosa
L. were evaluated by using Indian earthworm
Pheretima posthuma demonstrated that the isolated
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compounds (AS-4 and AS-5) had good paralysis
times that are equivalent to albendazole standards.
Against genotoxicity activity

Research on Annona squamosa L.
potential for against genotoxicity has revealed that
blood enzyme levels under oxidative stress were
considerably changed by the treatment with plant
extract.!”

Novel Formulation Approaches Annona
squamosa L.

Plant extracts and isolates have improved
over past years in the creation of novel medication
delivery methods. Annona squamosa L.showed
significant antimicrobial activity, antibacterial,
insecticidal activity, anticancer Activity,
heptoprotective, anti-genotoxic, anthelmintic
activity, antimalarial activity, Antidiabetic activity,
anti-inflammatory property, and many more
pharmacological activities. To justify various
therapeutic activities and effective therapeutic
treatment involving better absorption of the drug
with minimum risk of complications which was
to be the main basis for the production of herbal
formulation.

Tetranychus urticae was tested for
fatal toxicity after a formulation of Annona
squamosa L. extract microencapsulation. The
microencapsulation was shown to be effective in
killing the two-spotted spider mite and might be
utilised to control it.*®

In streptozotocin-induced diabetic rats,
the effects of a polyherbal formulation containing
Annona squamosa L. and Nigella sativa on blood
sugar, plasma insulin, tissue lipid profile, and lipid
peroxidation were examined.’* Emulgel loaded
with Annona squamosa L. extract with and without
penetration enhancer where the formulation was
evaluated at various storage conditions. The result
showed good pharmaceutical stability that help
to utilize in the cosmetic and pharmaceutical and
cosmetic industry.*

CONCLUSION

Medicinal plants are considered as rich
sources for the phytochemicals which can be
utilized for drug formulation and development. The
natural medicines are reliable and safe approach
for treatment and prevention of various diseases
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as compared to synthetic drug. Additionally, herbal
drugs are economic due to low cost compared to
synthetic drug.

Annona squamosa L. has become
more well-known as a result of recent research
and studies that have been undertaken on the
bioactivities and health benefits of various plant
components, including the seeds, bark, leaves,
and fruits. It has a long history of usage as a
purgative, vermicide, insecticide, and therapy for
abscesses, infertility, and cancer. The reported
pharmacological properties include antidiabetic
activity, hepatoprotective activity, antimalarial
activity, antibacterial, antiulcer, wound healing,
anti-inflammatory, anti-microbial and several
other medicinal properties. Phytoconstituents
investigations considered as alkaloids i.e.
samoquasine A, N-nitrosoxylopine etc., flavonoids
i.e. rutin, quercetin, bullaracin etc., entkaurene
diterpenoid i.e. Annomosin A, Annosquamosin
etc., glycoside i.e. quercetin-3glucoside, essential
oil i.e. germacrene, a-elemene etc. as secondary
metabolites.

According to research and development,
novel drug delivery and polyherbal formulations
have a number of advantages over conventional
formulations, including improved solubility,
bioavailability, and protection from toxicity,
pharmacological activity, stability, improved
tissue macrophage distribution, sustained delivery,
and defense against physical and chemical
deterioration.

Annona squamosa L. fruit with medicinal
properties but also quality of ice confectionery
that can be utilized as one of the ingredients in the
food industry and nutraceutical industry which
can be helpful for human civilization.®'2. It has
been utilised in traditional folk medicine across the
globe and is probably used in the food industry.
Vitamin B1 (thiamine), dietary fibre, potassium,
and sodium are all present in significant
levels in the pulp, which is utilised as an ice
cream flavouring due to the fact that between
50 and 80 percent of the fruit is edible.

The future investigation of phytochemistry
and pharmacological studies of the plant will have
fruitful scope with justified evidence based herbal
formulation as phytotherapeutic medicine for the
purpose of prevention and treatment of severe
disease. In further future, Annona squamosa L.

MEHTA et al., Biosci., Biotech. Res. Asia, Vol. 20(4), 1133-1145 (2023)

plant needs to explore investigation in various
emerging areas with possible clinical studies that
can be useful for welfare of the mankind.
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