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Squamosa L., commonly known as custard apple, is widely used in traditional medicines
for its healing properties. Its leaf extract shows diverse therapeutic effects like
antioxidant, anticancer, and antimicrobial effects. The research focuses on identifying
and analyzing the therapeutic phytochemicals and the health benefits of Annona
Squamosa leaf extract using water or alcohol like methanol or ethanol. We discovered
a high concentration of bioactive compounds such as flavonoids, alkaloids, tannins,
saponins, etc. Our study found that the extract is packed with antioxidants and
demonstrates significant antibacterial efficacy against Gram-positive and Gram-
negative bacteria. In case of diabetes, blocks the alpha glucosidase enzyme. Not only
leaves but also its seeds, bark and roots contain therapeutic properties due to the
presence of acetogenins, squamone, alkaloids, etc. The findings state that Annona
Squamosa leaf extract is a potent and significant medicine for cancer (particularly
against cervical cancer) making them valuable for medicinal use. Annona Squamosa can
be the most effective remedy for various diseases and research will definitely help to
lead a disease free and healthy life.

INTRODUCTION

incorporated into traditional healing systems for

In recent years, herbal products have seen
substantial rise in use not only across developed
nations but also in many other regions in recent
years.! The World Health Organization estimates
that roughly 80% of people globally rely on herbal
medicine for at least part of their primary
healthcare needs. A wide range of plant species are

diverse  diseases.’
Over the past 20 years, oxidative stress has
become a major focus in biological research due to
its strong link to numerous conditions, particularly
autoimmune and chronic inflammatory disorders.
It occurs when the body produces an excess of
reactive oxygen and nitrogen species (RONS) that

the  management of
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surpasses its natural antioxidant defenses, creating
an imbalance at the cellular level. If this imbalance
persists, it can harm essential cellular components
like DNA, proteins, and lipids, interfere with
normal cell communication, and trigger the release
of pro-inflammatory mediators®.  Oxidative
damage from reactive oxygen and nitrogen species
(RONS) is now seen as a major driver of both the
start and progression of cancer. Cancer remains
one of the leading causes of death worldwide —
it’s the top cause in high-income countries and the
second in low- and middle-income countries —
highlighting its global health impact. Standard
treatments like chemotherapy, surgery, radiation,
and hormone therapy can be effective in early-
stage cancer. However, they are often costly and
have limits in advanced stages. They also tend to
cause serious side effects such as fatigue, a
weakened immune system, and damage to healthy

Annona Squamosa
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tissues, which can affect a patient’s well-being and
make it harder to continue treatment. This has led
to increased interest in complementary options,
particularly plant-based antioxidants and natural
compounds. These may help reduce oxidative
damage while generally having fewer side effects.*

The growing problem of antibiotic resistance and
the reduced effectiveness of chemotherapy drugs
have pushed researchers to study medicinal plants
for their ability to fight harmful microbes. Natural
antimicrobials can come from different parts of
plants like bark, stems, leaves, flowers, and fruits,
as well as from animal tissues or microorganisms.
While some of a plant’s healing effects can be
linked to one specific compound, most herbs
contain many active ingredients. It’s often the
combination of these compounds that gives the
plant its overall therapeutic benefit.’

Annona Sqgqumaosa L.

Common Name : Sugar Apple

Custard Apple
: Plantae
: Magnoliales
s Annonaceae
: Annona

: Annona
squamosa Linn.

:Aagnnona
asiatica Linn.

Fig. Annona squamosa Linn. plant: (A) flowers; (B) fruits; (C) seeds

Researchers have recently focused a lot on the
antioxidant and antimicrobial properties of
extracts from various plants. Medicinal plants are
important for developing new medicines because
they are often effective, have fewer side effects,
and cost less than synthetic drugs. This study looks
at the phytochemical compounds in the crude leaf
extract of Annona squamosa (L.), along with its
antibacterial, anticancer, antidiabetic, and

especially its antioxidant properties.°

]

dw
Wk

2N,

1) INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES

1.1 Drug profile:

e Annona Squamosa L.: Traditional studies
report that leaves of Annona squamosa have
been used in folk medicine across various
regions for its antioxidant activity.
Antioxidant activity of Annona squamosa was
reported in the leaf extracts. From the leaf of
Annona squamosa, a bioactive flavonoid,
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Phenolic compounds were isolated from this squamocin, alkaloids like isoquinoline such as
plant for antioxidant property.’ annonaine, glaucine, etc. exhibited strong
cytotoxic and antiproliferative activities
against breast cancer cell lines (MCF-7 and
MDA-MB-231) and cervical cancer. °

3. Antidiabetic activity: Annona squamosa
leaves are widely used as a nutritional
supplement for glycemic control in diabetes.
Quercetin-3-O-glucoside, a major bioactive
constituent of the leaf extract, and
polyphenols and flavonoids like Rutin
exhibits antidiabetic activity through its
insulin-secretory and antioxidant properties,
making it a candidate for therapeutic
application in diabetes.!”

4. Antibacterial activity: The leaves of A.
squamosa  contain  several  bioactive
compounds that contribute to their
antibacterial properties, with sesquiterpenes
(C15H24) being among the most prevalent.
The extracts also show strong antioxidant

Fig. Leaves of Annona Squamosa L. activity and are effective against both gram-

positive like Staphylococcus aureus and

gram-negative bacteria like Escherichia coli.!!

e Bioactive phytoconstituents with therapeutic
activity:

5. Antifungal activity: The antifungal activity in
Annona squamosa leaf is due to presence of
flavonoids,  alkaloids like  anonaine,
acetogenins, tannins and saponins and
essential oil terpenes like eugenol, thymol,
etc. which has strong toxicity against fungi.

1. Antioxidant activity: Antioxidants help
counter oxidative stress by neutralizing free
radicals, which can damage cells. Natural
antioxidants, particularly flavonoids and other
phenolic compounds, have been shown to
protect cells against this damage. Studies on
the ethanol extract of Annona squamosa
leaves indicate that the leaves contain

The leaf extract of A. squamosa has been
shown to suppress the growth of Fusarium
oxysporum and is particularly effective

flavonoid compounds such as rutin and against Colletotrichum capsici.'2

hyperoside, which contribute to their

. . . . 8 . .
antioxidant activity. 1.2. Different species of Annona squamosa l.:

2. Anticancer activity: Leaves of Annona
squamosa have a number of phytochemicals
including annonaceous acetogenins like
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Sr. | Species name Common Properties Major phytoconstituents
No. name
1. Annona Sugar Apple/ Anti-inflammatory, antimicrobial, | Anonaine, squamocin, rutin,
Squamosa L. | Custard Apple insecticidal; used for wound Kaurene diterpenes, palmitic
healing and treating dysentery acid.
2. Annona Soursop/ Antioxidant, antiviral, sedative; Annonacin, muricapentocin,
muricata’ Graviola used for hypertension, rheumatism, coreximine, reticuline,
and inflammation. quercetin.,
3. Annona Cherimoya Cardioprotective, antidepressant Cerimoline, anonaine, rutin,
cherimola®” like effects; used to digest food and | caffeic acid, Beta-sitosterol.
alleviate skin irritations
4. Annona Ramphal/ Anthelmentic, Antipyretic; used for Reticuline, squamone,
reticulata'® Bullock’s heart treating diarrhea and dysentery. bullatacin, kaur-16-en-19-oic
acid.
5. Annona Pond apple/ Insecticidal, cytotoxic; used to treat | Asimicin, glabrin A and B,
glabra"’ alligator apple pulmonary ailments and external oxoanolobine, kaurene
parasites. derivatives.
e Justification: the strongest radical-scavenging action

Annona squamosa is chosen for antioxidant use
because its leaves have higher levels of ascorbic
acid'® rutin, and quercetin than A. cherimola and
which
polyphenols that scavenge free radicals. In
addition, unlike wild species such as A. glabra and
A. muricata that produce toxic compounds like
asimicin and annonacin, A. squamosa has a safer
biochemical profile with low toxicity. This makes
it more suitable for dietary and therapeutic
applications aimed at reducing oxidative stress. "

A. reticulata, contain fewer active

2. LITERATURE SURVEY:

The following sections provide a theoretical
literature survey detailing the work of 10 scientists
and research groups who have extracted and
evaluated the antioxidant potential of Annona
squamosa (custard apple) leaves.

e N. Kalidindi et al. (2015): Through sequential
processing with methanol, chloroform, and
water, this team analyzed the therapeutic
properties of Annona squamosa foliage. They
noted that the methanolic fraction generated
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against DPPH, nitric oxide, and hydrogen
peroxide due to its dense phenolic profile.?°

e A.Awada et al. (2023): Awada evaluated the
difference in final antioxidant potential
between fresh leaves, naturally dried leaves,
and microwave-dried leaves. Their qualitative
profiling confirmed that methanolic leaf
preparations yielded a high distribution of
secondary metabolites, including condensed
tannins and terpenoids, ensuring optimal
radical neutralization.?!

o Al-Nemari et al (2020): Using 80% ethanol
and 80% methanol extraction, this group
compared the antioxidant behavior of
different botanical segments. The leaves
demonstrated the highest accumulation of
total phenolics (117.2 mg GAE/g) and a
superior DPPH value of 13.61 g/mL, easily
outperforming the bark and pulp tissue.?

o A. A. Mariod et al. (2012): Mariod and
colleagues  isolated  secondary  plant
metabolites from leaf matter using pure
methanol maceration. Their testing confirmed
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that the leaf layers contain a high
concentration of flavonoids that successfully
inhibit radical propagation, maintaining
reliable clearance rates between 7.81 and 125

microgram/m].%?

R. Chatterjee et al. (2024): To evaluate how
solvent dynamics influence yields, this
research team tested leaf percolation with
hexane, ethyl acetate, methanol, and water.
They observed that recovery efficiency
followed a descending pattern of Methanol >
Water > Ethyl Acetate, with the methanol
solvent yielding the highest total polyphenol
count at 31.42 mg/g**.

M. Nguyen et al. (2020): Nguyen directed a
multi-solvent extraction using fresh leaves to
simultaneously monitor chemical profiles and
free-radical neutralisation power. The group
identified a prominent distribution of
sesquiterpenes in the leaf samples, which act
synergistically to curb oxidative stress while
offering defensive antibacterial traits.?

A. Tomar et al. (2023): Tomar investigated
the biochemical efficacy of polyphenol-dense
water decoctions prepared from fresh leaf
tissues. The resulting solution yielded a total
phenol concentration of 74.9 mg GAE/g,
which successfully shielded biological
structures from oxidative cell damage even at
minimal dosages.?¢

Y. Y. Ren et al. (2021): This team relied on an
acidified water extraction routine to separate
and evaluate the functional polysaccharides
locked within the leaves. Their structural
mapping verified that these macromolecular
isolates hold significant radical-neutralizing
properties, presenting an alternative, non-
phenolic pathway to achieve antioxidant
stability.?’

o D.S. Rajetal. (2008): Raj executed an in vivo
leaf extraction to trace the
behavior of the
inside

alcoholic
physiological
compounds

plant's
dynamic  biological
models. Their evaluations showed that the
administered leaf extract
elevated the concentration of native cellular
like catalase and

successfully
scavenging enzymes
superoxide dismutase®®.

o S. Srinivasan et al. (2015):
explored sequential organic leaf extraction to
study the structural concentration-dependent

srinivasan

paths of antioxidants using targeted reducing
power assays. Their team quantified that the
radical inhibition strength followed a distinct
sequence of Methanol > Chloroform >
Aqueous mediums.*’

3. AIM:

To obtain Annona squamosa leaf extract and
assess its ability to scavenge free radicals using the
DPPH assay.

Objective of work:

1. To extract phytoconstituents from Annona
squamosa leaves using an appropriate solvent
system.

2. To screen the leaf extract for major
phytochemicals such as phenolics and flavonoids.

3. To evaluate the free radical scavenging capacity
of the extract through the DPPH method.

4. To evaluate the concentration dependent free
radical scavenging activity of the leaf extract.

5. To relate the antioxidant potential of the extract
to its phytochemical content.

Scientific Justification:

¥ o
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Annona squamosa is a prominent ethnomedicinal
species in India, historically recognized for its
therapeutic role in managing inflammation and
microbial pathogens. Given that oxidative stress is
a primary driver of chronic pathologies like
diabetes and cardiovascular decline, there is a
critical need for biocompatible, plant-derived
antioxidants to replace synthetic alternatives.’® By
investigating the often-discarded leaves, this study
promotes "waste-to-value" resource management,

potentially validating the plant's integration into
high-value nutraceutical and pharmaceutical
formulations.

4. PLAN OF WORK:

The following table outlines the sequential steps
from raw material collection to final reporting,
spanning approximately one month.

Phase Activity Duration Key tasks
1 Sample collection and 15 days Identification, cleaning, and shade drying of Annona
preparation squamosa leaves.

2 Extraction process 5 days Grinding dried leaves and performing solvent
extraction (Soxhlet)

3 Preliminary evaluation 10 days Qualitative phytochemical screening and basic

physiochemical parameter testing.

4 External laboratory testing 1 month DPPH, ABTS, or FRAP assays conducted at a
specialized faculty

5 Data analysis and reporting 5to 7 days Compiling lab results and finalizing the project report

6 Thesis writing 25 to 30 days Documentation of data, formatting and references

5. METHODOLOGY: using a mechanical grinder and sieved to obtain

Preparation of extract:
5.1: Collection of materials:

Fresh, fully matured leaves of Annona squamosa
(L.), commonly known as custard apple, were
collected from the Chhatrapati Sambhajinagar
district during the early morning hours to ensure
maximum phytochemical content. The collected
leaves were immediately rinsed under running tap
water to remove dust, debris, and surface
contaminants, followed by a final wash with
distilled water to eliminate any residual
impurities.®! After washing, the leaves were spread
evenly on clean trays and shade-dried at room
temperature for 10—12 days to retain the bioactive
constituents. Shade drying is preferred over direct
sunlight as it prevents degradation of heat-
sensitive antioxidants®2. Once completely dry, the
leaves were pulverized into a fine, uniform powder
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consistent particle size for better solvent
penetration during extraction. The powdered
material was then stored in an airtight container at
room temperature until extraction was carried out.

5.2: Preparation of Annona Squamosa leaf
extract:

10 grams of shade-dried Annona squamosa leaf
powder were placed in a cellulose thimble and
loaded into the main chamber of a Soxhlet
apparatus. 100 ml of ethanol were added to the
round-bottom flask, and the system was fitted with
a water-cooled condenser. The flask was heated to
about 78°C to allow continuous reflux for 6—8
hours, until the solvent returning to the flask
became clear. After the solution cooled to room
temperature, it was filtered through Whatman No.
1 filter paper. The ethanol was then removed using
a hot plate. This resulted in a dark green,
concentrated crude extract paste. The extract was
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weighed to determine the yield and stored in a
sealed amber vial at 4°C to preserve its activity.>?

— W
Fig. Soxhlet extraction of Annona squamosa leaf
powder

5.3 Evaluation of Annona squamosa leaf

extract:

e Preliminary Phytochemical Investigation:

Fig. evaluation tests for identification of
Pphytochemicals

1. Solubility test: 1 gm of Annona squamosa leaf
powder is added in 10 ml water, ethanol,
methanol  simultaneously and  shake
vigorously. Annona squamosa leaf extract

ﬁ‘} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

solubility tests show high solubility in water,
methanol, ethanol.

2. Test for carbohydrates: To 2ml of plant
extracts, Iml of Molisch’s reagent and few
drops of concentrated sulphuric acid were
added. Purple colour formation indicated the
presence of carbohydrates.>

3. Test for alkaloids: alkaloids were
qualitatively assessed using Mayer’s test.
Briefly, 2 mL of plant extract was acidified
with 2 mL of concentrated HCI, followed by
the addition of a few drops of Mayer’s
reagent. A green coloration was observed,
indicating a positive result for alkaloids.>

4. Test for saponins: 1 mL of the plant extract
was mixed with 2 mL of 5% ferric chloride
solution. A greenish-black colour change
showed that tannins were present in the
extract.

5. Test for flavonoids: 5ml of dilute ammonia
solution was added to a 10 ml of the aqueous
filtrate of plant extract followed by addition of
concentrated sulphuric acid. Yellow colour
indicated the presence of flavonoids.>’

6. Test for tannins: Tannin content in the plant
extract was confirmed via the ferric chloride
assay. Upon addition of 2 mL of 5% FeCls to
1 mL of extract, a greenish-black coloration
developed, indicating the presence of tannins.

6. RESULTS AND DISCUSSION:

The DPPH  (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging assay serves as a standard,
efficient spectrophotometric method to quantify
this specific defense capacity.’® During the
procedure, antioxidant compounds in the plant
extract donate electrons or hydrogen atoms to the
stable DPPH radical, shifting the solution color
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from deep violet to light yellow. Analyzing
Annona squamosa through this assay confirms its
pharmacological value as a natural agent for
managing oxidative stress disorders.

Principle: DPPH (2,2-diphenyl-1-picrylhydrazyl)
is a stable free radical with a deep violet color.
Antioxidants reduce DPPH, causing a color
change from violet to yellow, which can be
measured spectrophotometrically at 517 nm.

o Antioxidant Activity by DPPH Method (Test
Tube Method):

Materials Required:
o DPPH (analytical grade)
o Methanol or ethanol (analytical grade)
o Test samples (plant extracts or compounds)
o Standard antioxidant (e.g., Ascorbic Acid)
o Test tubes
o UV-Visible spectrophotometer
o Pipettes and micropipettes
o Vortex mixer
o Aluminum foil or dark chamber
e Reagent Preparation:
1. DPPH Solution (0.1 mM):

o Dissolve 3.94 mg of DPPH in 100 mL
methanol.

o Mix thoroughly until completely dissolved.

o Store the solution in a dark-colored bottle and
prepare freshly before use.

i’;a»'jy INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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2. Sample and Standard Preparation:

o Dissolve the test
separately in methanol.

sample and standard

o Prepare different concentrations such as 20 to
1000 pg/ml.

o Procedure (Test Tube Method):

1. Label clean and dry test tubes for control,
standard, and test samples.

2. Pipette 1 mL of each concentration of test
sample or standard solution into the respective test
tubes.

3. Add 1 mL of freshly prepared 0.1 mM DPPH
solution to each test tube.

4. For the control, mix 1 mL methanol with 1 mL
DPPH solution.

5. For the blank, use methanol without DPPH
solution.

6. Vortex the reaction mixtures thoroughly to
ensure proper mixing.

7. Cover the test tubes with aluminum foil or keep
them in a dark chamber to protect from light.

8. Incubate the reaction mixtures at room
temperature for 30 minutes in the dark.

9. After incubation, measure the absorbance of
each solution at 517 nm using a UV-Visible
spectrophotometer against the blank.

10. Perform all experiments in triplicate and
calculate the mean absorbance values.

o Calculation:

Inhibition (%) =
Control x100

(OD Control — OD Sample) / OD
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e Antioxidant Activity of Sample by DPPH
Method Spectrophotometer:

Sr. no Sample code Conc. Microgram/ml oD Mean | Percent inhibition

1. Control - 1.20 | 1.24 | 1.28 | 1.24 -

Standard (Ascorbic Acid) 200 0.4210.42 ] 0.38 | 041 67.20

400 0.3210.31 1029 | 0.31 75.27

600 0.2410.23 1022 | 0.23 81.45

800 0.1910.17 ] 0.14 | 0.17 86.56

1000 0.09 [ 0.08 | 0.08 | 0.08 93.28

3. Sample-A 200 048 10.47 1047 | 047 61.83

400 0.35]10.32 031 ] 0.33 73.66

600 0.29 10.31 ] 0.31] 0.30 75.54

800 0.28 10.2510.25 | 0.27 78.49

10000 0.25]10.2310.23 | 0.24 80.65

Discussion:

The antioxidant activity of Sample-A was
evaluated by the DPPH free radical scavenging
assay using a spectrophotometric method and
compared with the standard antioxidant, Ascorbic
Acid. The DPPH assay is a widely accepted
method for determining the hydrogen-donating
and free radical scavenging potential of plant
extracts and bioactive compounds. The results
demonstrated that the standard Ascorbic Acid
exhibited strong concentration-dependent
antioxidant activity, with percentage inhibition
increasing from 67.20% at 200 pg/ml to 93.28% at
1000 pg/ml. This indicates the high free radical
scavenging efficiency of the standard compound.
Sample-A also exhibited appreciable antioxidant
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activity against DPPH radicals. The percentage
inhibition ranged from 61.83% to 80.65% across
the tested concentrations. At 200 pg/ml, Sample-
A showed 73.66% inhibition, indicating notable
antioxidant potential even at lower concentration.
Although a slight decrease in activity was
observed at 400 pg/ml (61.83%), the scavenging
activity subsequently increased with
concentration, reaching 80.65% inhibition at 1000
pg/ml.

Hence, the present study demonstrated that
Sample-A  possesses significant antioxidant
activity as evaluated by the DPPH radical
scavenging assay using spectrophotometric
analysis. The sample exhibited considerable free
radical inhibition ranging from 61.83% to 80.65%
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at different concentrations. Although the activity
was lower than the standard Ascorbic Acid, the

results indicate that Sample-A has good
antioxidant potential.
8. SUMMARY:

In recent years, oxidative stress has become a
major health concern as it contributes to the
development of chronic diseases such as cancer,
diabetes, and cardiovascular disorders. Oxidative
stress occurs when the body produces more
reactive oxygen species than it can neutralize,
leading to damage of cells, proteins, and DNA. To
address this, there is increasing interest in natural
antioxidants derived from medicinal plants, as
they are generally safer, more economical, and
have fewer side effects compared to synthetic
alternatives.

So, the objective of this study is to extract and
evaluate the antioxidant potential of Annona
squamosa leaf extract, commonly known as
custard apple, which has been traditionally used in
herbal medicine for its healing properties.

By reviewing existing literature, it was found that
Annona squamosa leaves contain a rich profile of
bioactive compounds including flavonoids,
phenolic compounds, alkaloids, tannins, and
saponins. These phytochemicals are known for
their ability to neutralize free radicals and protect
cells from oxidative damage. Additionally, the
plant has shown antibacterial and antidiabetic
properties, making it valuable for multiple
therapeutic applications.

The material collection and extraction process
involved shade-drying fresh leaves to preserve
bioactive constituents, followed by grinding into a
fine powder. The powder was then subjected to
solvent extraction using ethanol, methanol, or
water to isolate the active compounds. The extract
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was further analyzed through phytochemical
screening to confirm the presence of key
antioxidant constituents such as polyphenols and
flavonoids.

The evaluation of antioxidant activity was carried
out using standard laboratory methods like DPPH
radical scavenging assay, FRAP assay, and Total
Phenolic Content test. These methods measure the
extract’s ability to neutralize free radicals and its
reducing power. The results were compared with
standard antioxidants like ascorbic acid and
quercetin to determine relative effectiveness.

The findings indicate that Annona squamosa leaf
extract exhibits strong antioxidant activity due to
the high concentration of flavonoids and phenolic
compounds. The extract effectively scavenges free
radicals and helps reduce oxidative stress at the
cellular level. Compared to synthetic antioxidants,
it offers a natural and safer alternative with
additional antibacterial and antidiabetic benefits.

This study highlights Annona squamosa leaf
extract as a promising natural source of
antioxidants for use in pharmaceutical and
nutraceutical products. It also supports the concept
of waste-to-value by utilizing plant parts that are
often discarded. Further research can explore its
broader therapeutic applications in managing
oxidative stress-related diseases.

CONCLUSION

The study shows that the leaf extract of Annona
squamosa contains bioactive compounds, mainly
flavonoids and phenolic substances, which
contribute to its antioxidant activity. The extract
was found to effectively neutralize free radicals
and help reduce oxidative stress in cells.

Compared to standard antioxidants, the plant
extract offers a natural alternative that is both
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effective and economical, with fewer adverse
effects. These properties make A. squamosa leaf
extract a valuable candidate for use in health and
pharmaceutical products.

In summary, the results support the potential of
Annona squamosa leaf extract as a natural
antioxidant, and further research can explore its
broader therapeutic applications.
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