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Abstract

Syzygium cumini seeds were subjected to qualitative phytochemical screening, revealing the presence of alkaloids, flavonoids,
tannins, phenolics, saponins, terpenoids, steroids, glycosides, and carbohydrates, with proteins and amino acids absent. The
extract demonstrated significant larvicidal and pupicidal activity against Aedes aegypti, with mortality rates increasing dose-
dependently across all instars and pupal stages. The lowest LCsp value (118.202 pg/mL) was observed for the 1st instar larvae,
indicating higher susceptibility compared to later stages and pupae. Morphological assessment of treated 3rd instar larvae via
microscopy revealed visible deformities and inhibition of normal development. Additionally, the extract exhibited notable in
vitro antidiabetic potential, likely attributed to its rich phytochemical profile, particularly flavonoids and alkaloids, which are
known for bioactive properties. These findings suggest that Syzygium cumini seed extract holds promise as a natural, eco-
friendly agent for mosquito vector control and as a potential source of antidiabetic compounds, warranting further in vivo

studies.
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Introduction

The increasing prevalence of vector-borne diseases and
metabolic disorders represents a significant challenge to
global public health M. Among these, dengue fever,
transmitted primarily by the mosquito Aedes aegypti, is a
major concern, particularly in tropical and subtropical
regions 1. Traditional control methods heavily rely on
synthetic insecticides, which have led to the development of
resistant mosquito populations, adverse environmental
impacts, and potential risks to non-target organisms and
human health Bl Concurrently, diabetes mellitus has
emerged as a worldwide epidemic, driving the search for
novel therapeutic agents that are effective, affordable, and
derived from natural sources to complement or provide
alternatives to conventional pharmaceuticals ™. This dual
health challenge has intensified research into medicinal
plants, which serve as rich repositories of bioactive
secondary metabolites with diverse pharmacological
properties.

The genus Syzygium, belonging to the Myrtaceae family,
encompasses numerous species celebrated in traditional
medicine across Asia. Syzygium cumini (L.) Skeels,
commonly known as Java plum or Jamun, is particularly
noteworthy 1. Virtually all parts of the tree, including its
fruit, bark, leaves, and seeds, have been employed in
Ayurvedic and other traditional systems for the treatment of
various ailments such as diabetes, diarrhea, inflammation,
and infectious diseases. The seeds, often a byproduct of the
fruit industry, are reported to be rich in a complex array of
phytochemicals, including alkaloids, flavonoids, tannins,
terpenoids, and glycosides. These compounds are associated
with a wide spectrum of biological activities, including
antioxidant,  anti-inflammatory,  antimicrobial,  and
antidiabetic effects [,
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Recent scientific investigations have begun to validate these
traditional uses, with a growing body of evidence
highlighting the therapeutic potential of S. cumini seed
extracts ["). Their antidiabetic properties are often attributed
to bioactive constituents that may enhance insulin secretion,
improve glucose uptake, or inhibit carbohydrate-digesting
enzymes like a-amylase and a-glucosidase. Simultaneously,
the insecticidal potential of plant-derived compounds offers
a promising, eco-friendly strategy for integrated vector
management. Phytochemicals can act as potent larvicides
and pupicides through various modes of action, including
neurotoxicity, growth disruption, and interference with
metabolic pathways, often with reduced risk of resistance
development compared to synthetic agents (€,

Despite these promising indications, a comprehensive
evaluation that integrates phytochemical profiling with
specific bioactivities is essential to establish a clear
structure-activity  relationship and  understand  the
mechanistic basis of the plant's efficacy ¥, In particular,
detailed studies on the larvicidal and pupicidal effects of S.
cumini seed extract against A. aegypti, coupled with
morphological assessments of affected larvae, remain
underexplored. Such investigations are crucial to confirm its
insecticidal  potential and visualize the physical
manifestations of toxicity.

Therefore, the present study was designed with the
following objectives: (1) to conduct a qualitative
phytochemical screening of Syzygium cumini seed extract to
identify the major classes of bioactive constituents; (2) to
evaluate its larvicidal and pupicidal efficacy against Aedes
aegypti across different developmental stages, determining
lethal concentrations (LC~50~ and LC~90~); (3) to perform
a microscopic morphological assessment of treated third-
instar larvae to document deformities and growth inhibition;
and (4) to preliminarily assess the in vitro antidiabetic



potential of the extract. By bridging phytochemistry with
targeted bioactivity assessments, this research aims to
provide a holistic view of the extract's dual potential as a
natural insecticidal agent and a source of antidiabetic
compounds, contributing valuable data for the development
of plant-based solutions in public health and therapeutics.

Materials and Methods

Seed Collection and Preparation

Mature seeds of Syzygium cumini were collected from
healthy trees in the Thanjavur district of Tamil Nadu, India,
during the peak fruiting season (June—July). The collected
seeds were thoroughly washed with tap water to remove any
pulp and adhering debris, followed by a final rinse with
distilled water. They were then shade-dried at room
temperature (~25-30°C) for two weeks to prevent thermal
degradation of bioactive compounds. The completely dried
seeds were ground into a fine, homogeneous powder using a
mechanical grinder and stored in airtight containers at 4°C
until further use 0L,

Extraction

The extraction was performed using a Soxhlet apparatus
with methanol as the solvent, chosen for its efficiency in
extracting a broad spectrum of polar to moderately polar
phytoconstituents. Approximately 100 g of the powdered
seed material was packed into a thimble and subjected to
continuous hot percolation with 500 mL of methanol for 6-8
hours, or until the solvent in the siphon tube became
colorless. The resulting extract was filtered using Whatman
No. 1 filter paper. The filtrate was concentrated under
reduced pressure at 40°C using a rotary evaporator to obtain
a crude, semi-solid extract. The extract yield was calculated,
and the concentrate was stored at 4°C. For bioassays, a
stock solution was prepared by dissolving a known weight
of the extract in a minimal volume of dimethyl sulfoxide
(DMSO) and then diluting with distilled water to achieve
the required concentrations, ensuring the final DMSO
concentration did not exceed 0.5% (v/v), a level non-toxic to
test organisms (4,

Preliminary Phytochemical Screening

Qualitative phytochemical analysis was conducted using
standard chemical tests to identify major classes of bioactive
compounds. Alkaloids were detected using Wagner’s test,
flavonoids with the alkaline reagent test, tannins and
phenolics with ferric chloride test, saponins via the froth
test, terpenoids using the Salkowski test, steroids with the
Liebermann—Burchard test, glycosides via Keller—Killani
test, carbohydrates with Molisch’s test, and proteins/amino
acids using the Biuret test. Observations were recorded, and
the relative abundance of each class was semi-quantitatively
graded as abundantly present (+++), moderately present
(++), weakly present (+), or absent (-) 2,

Larvicidal and Pupicidal Toxicity Bioassay

Laboratory-reared Aedes aegypti larvae and pupae were
used for the bioassay. For each larval instar (1st to 4th) and
pupal stage, five different concentrations (50, 100, 150, 200,
and 250 pg/mL) of the seed extract were prepared in
distilled water. Control groups received only 0.5% DMSO
in distilled water. For each concentration, five replicates of
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20 organisms each were placed in 250 mL beakers
containing 200 mL of the test solution. Mortality was
recorded after 24 hours of exposure. Larvae or pupae were
considered dead if they showed no movement upon gentle
prodding with a fine brush. The percentage mortality was
calculated and corrected using Abbott’s formula when
necessary. Lethal concentrations (LCso and LCgp) with 95%
confidence limits were determined by probit analysis 11,

Morphological Analysis of Treated Larvae

Third-instar larvae exposed to the LCso concentration of the
extract and control larvae were collected after 24 hours.
They were carefully rinsed with distilled water and
immobilized. Morphological changes were examined and
documented using a compound light microscope at 40X and
100X magnifications. Observations focused on structural
deformities, cuticular changes, pigmentation alterations, and
overall growth inhibition 1141,

In vitro Antidiabetic Assay

The antidiabetic potential was evaluated through a-amylase
and o-glucosidase inhibition assays. For the a-amylase
inhibition assay, the extract at various concentrations was
incubated with porcine pancreatic a-amylase and starch
solution. The reaction was stopped, and the release of
maltose was measured spectrophotometrically at 540 nm
using the dinitrosalicylic acid (DNSA) method. For the a-
glucosidase inhibition assay, the extract was incubated with
yeast a-glucosidase and p-nitrophenyl-a-D-glucopyranoside
(PNPG) substrate. The release of p-nitrophenol was
measured at 405 nm. Acarbose was used as a standard
inhibitor in both assays. The percentage inhibition and ICso
values were calculated [*91,

Data Analysis

All bioassays were conducted with five independent
replicates. Data are presented as mean * standard deviation
(SD). Mortality data were subjected to one-way analysis of
variance (ANOVA), followed by Tukey’s post-hoc test to
determine significant differences (p < 0.05) among
concentrations. Lethal concentrations and their confidence
limits were computed using probit analysis. Chi-square (3?)
goodness-of-fit test was used to assess the probit model. For
antidiabetic assays, inhibition percentages and ICso values
were derived from non-linear regression analysis. All
statistical analyses were performed using SPSS software
(Version 22.0).

Results and Discussion

Qualitative Phytochemical Screening

The qualitative analysis of the methanolic extract
of Syzygium cumini seeds revealed the presence of a wide
spectrum of bioactive phytochemical classes, as summarized
in Table 1. The extract tested strongly positive (+++) for
alkaloids and tannins & phenolics, indicating their
abundance. Moderately present (++) compounds included
flavonoids, terpenoids, and carbohydrates, while saponins,
steroids, and glycosides were weakly present (+). Proteins
and amino acids were absent (-).



Table 1: Qualitative Phytochemical Screening of Syzygium cumini Seed Extract

Phytochemical Class Test/Reagent Used Observation Result
Alkaloids Wagner's test Formation of reddish-brown precipitate +++
Flavonoids Alkaline reagent test Development of intense yellow color ++

Tannins & Phenolics Ferric chloride test Bluish-black coloration +++
Saponins Froth test Formation of persistent foam (>1 cm) +
Terpenoids Salkowski test Formation of reddish-brown ring at interface ++

Steroids Liebermann-Burchard test Formation of greenish-blue ring +
Glycosides Keller-Killani test Formation of reddish-brown ring at interface +
Carbohydrates Molisch's test Formation of violet ring at interface ++
Proteins & Amino Acids Biuret test Development of violet/pink color -

Key: +++ = Abundantly Present, ++ = Moderately Present, + = Weakly Present, - = Absent

This rich phytochemical profile aligns with previous reports
on S. cumini seeds and provides a chemical basis for its
observed bioactivities. Alkaloids and flavonoids are well-
documented for their insecticidal and antidiabetic properties,
often acting through neurotoxic, growth-regulatory, or
enzyme-inhibitory mechanisms. Tannins and phenolics
contribute to antioxidant and protein-binding activities,
which may disrupt larval digestion and cuticle formation.
The presence of terpenoids and steroids further supports
potential hormonal disruption in insects, while saponins
may enhance membrane permeability, facilitating the entry
of toxic compounds 1261,

Larvicidal and Pupicidal Activity
The methanolic seed extract of Syzygium
cumini demonstrated significant concentration-dependent

toxicity against all larval instars and pupae of Aedes aegypti.
The lethal concentrations required to kill 50% (LCso) and
90% (LCs) of the exposed populations increased
progressively from the early larval stages to the pupal stage,
indicating a developmental stage-specific susceptibility.

The 1st instar larvae were the most susceptible with an LCso
of 118.202 pg/mL, followed by the 2nd (126.770 pg/mL),
3rd (136.330 pg/mL), and 4th instars (153.767 pg/mL). The
pupal stage exhibited the highest tolerance, with an LCso of
183.110 pg/mL. The low chi-square (¥?) values and non-
significant (n.s.) results for all stages confirm that the
mortality data fit the probit model well, and the observed
responses are reliably explained by the applied
concentrations. The regression equations show a consistent
negative slope, reinforcing the inverse relationship between
concentration and survival (Table 2).

Table 2: Larvicidal/Pupicidal activity of Syzygium cumini seed extract against Aedes aegypti larvae

Mosquito 95% confidence Limit _ _
life stages LCso (LCg0) (Hg/mL) L Cso (LCg0) Regression equation ¥ (df=4)
LCL UCL

st Instar 118.202 (214.643) 88.485 (183.159) | 142.590 (277.401) y=-1.571+0.013 x 6.954 n.s.

2" Instar 126.770 (232.950) 115.700 (216.490) | 137.155 (254.661) y=-1.530+0.012 x 1.662 n.s.

3" Instar 136.330 (260.107) 124.060 (239.642) | 148.009 (288.106) y=-1.412+0.010 x 0.492 n.s.

4™ Instar 153.767 (291.068) 140.922 (265.721) | 166.822 (327.049) y=-1.435+0.009 x 1.487 ns.
Pupa 183.110 (328.177) 169.458 (297.046) | 198.856 (373.854) y=-1.618+0.009 x 2.011 ns.

Mortality rates are means + SD of five replicates

Different superscript letters (a—€) within a row indicate
significant differences between concentrations (p < 0.05).
LCso = lethal concentration that kills 50% of the exposed
organisms

LCgy = lethal concentration that kills 90% of the exposed
organisms

LCL = Lower Confidence Limit

UCL = Upper Confidence Limit

x2= chi-square; n.s. = not significant (a = 0.05)

The graded susceptibility observed—where younger larvae
are more vulnerable than older larvae and pupae—is a
common phenomenon in insect toxicology. This can be
attributed to several physiological and behavioral factors.
Early instars have a higher surface-area-to-volume ratio,
thinner cuticles, and less developed detoxification systems,
making them more permeable and susceptible to bioactive
plant compounds. The increased tolerance in later stages
likely results from thicker exoskeletons, more efficient
metabolic detoxification pathways (e.g., cytochrome P450
monooxygenases, glutathione S-transferases), and larger
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body mass requiring higher internal toxin concentrations for
lethality. Many plant extracts, particularly those containing
alkaloids and terpenoids, act as acetylcholinesterase (AChE)
inhibitors or GABA-gated chloride channel antagonists,
leading to hyperexcitation, paralysis, and death 71 The
progressive mortality observed from hours 24 to 48 in our
bioassay aligns with a neurotoxic action. Furthermore, the
presence of phytoecdysteroids or compounds mimicking
juvenile hormone (common in Myrtaceae family plants)
could disrupt molting and metamorphosis. The significant
pupicidal activity, though at higher concentrations, suggests
interference with the endocrine regulation of pupal-adult
transformation, leading to failed eclosion or deformed
adults. The primary route of exposure for larvae is oral
ingestion. High tannin and saponin content inS.
cumini seeds can cause severe damage to the peritrophic
membrane and midgut epithelial cells €1, In summary, the
larvicidal and pupicidal activity of Syzygium cumini seed
extract is not attributable to a single mechanism but is likely
the concerted result of neurotoxicity, gut damage,
respiratory inhibition, and oxidative stress.



Morphological Analysis of Treated Larvae

}

Control Treated

Fig 1: Microscopic examination of 3rd instar larvae of Aedes
aegypti

Microscopic examination of 3rd instar larvae treated with
the LCso concentration revealed pronounced morphological
deformities compared to the control group (Figure 1).
Control larvae (Fig. 1a) exhibited normal elongated body
shape, smooth cuticle, well-defined segments, and active
movement. In contrast, treated larvae (Fig. 1b) displayed
severe body curvature, cuticular darkening, segmental
shrinkage, and loss of motility. In many specimens, the
integument appeared wrinkled and fragile, with visible
disintegration of abdominal segments.

These deformities suggest multiple modes of action,
including disruption of chitin synthesis, oxidative stress-
induced damage, and interference with molting hormones.
The observed cuticular darkening may result from phenolic
oxidation or melanization, a common stress response in
insects 191, Such structural impairments likely compromise
larval buoyancy, feeding, and respiration, ultimately leading
to death. These findings visually corroborate the larvicidal
efficacy quantified in the bioassays and provide insight into
the physiotoxic effects of the extract.

In vitro Antidiabetic Activity

The methanolic extract demonstrated notable inhibitory
effects on carbohydrate-digesting enzymes in a dose-
dependent manner (Figure 2 and 3). In the a-amylase
inhibition assay (Fig. 2), the extract exhibited significant
activity, with ICso values comparable to the standard drug
acarbose. Similarly, in the a-glucosidase inhibition assay
(Fig. 3), the extract showed strong inhibitory potential, often
more pronounced than against a-amylase.
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Fig 2: a-amylase inhibition assay of methanolic extract
of Syzygium cumini seeds
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Fig 2: a-glucosidase inhibition assay of methanolic extract
of Syzygium cumini seeds

This dual inhibitory action is pharmacologically favorable,
as it can delay glucose absorption without causing severe
gastrointestinal side effects associated with strong a-
amylase inhibition alone. The observed activity can be
attributed to the high content of flavonoids, alkaloids,
tannins, and terpenoids, which are known to interact with
the active sites of these enzymes through hydrogen bonding,
hydrophobic interactions, or chelation of essential cofactors.
The presence of polyphenols may also contribute to
antioxidant effects, mitigating oxidative stress associated
with hyperglycemia 2%,

Conclusion

The methanolic extract of Syzygium  cumini seeds
demonstrated significant bioactive potential, attributed to its
rich phytochemical composition. It exhibited potent,
concentration-dependent larvicidal and pupicidal activity
against Aedes aegypti, with pronounced morphological
deformities observed in treated larvae. Additionally, the
extract showed strong in vitro a-amylase and a-glucosidase
inhibitory activity, highlighting its antidiabetic promise.
These findings validate the traditional uses of S. cumini and
support its potential as a dual-purpose natural agent for eco-
friendly mosquito control and as a source of antidiabetic
compounds, warranting further investigation into its active
principles and in vivo efficacy.

References

1. Chala B, Hamde F. Emerging and re-emerging vector-
borne infectious diseases and the challenges for control:
a review. Frontiers in public health,2021:9:715759.

2. World Health Organization. A global brief on vector-
borne diseases (No. WHO/DCO/WHD/2014.1). World
Health Organization, 2014.

3. Benelli G, Maggi F, Pavela R, Murugan K,
Govindarajan M, Vaseeharan B, Petrelli R, Cappellacci
L, Kumar S, Hofer A, Youssefi MR. Mosquito control
with green nanopesticides: towards the One Health
approach? A review of non-target effects.
Environmental Science and Pollution
Research,2018:25(11):10184-10206.

4. Ansari MA, Chauhan W, Shoaib S, Alyahya SA, Ali M,
Ashraf H, Alomary MN, Al-Suhaimi EA. Emerging
therapeutic options in the management of diabetes:

recent trends, challenges and future directions.
International Journal of Obesity,2023:47(12):1179-
1199.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nair KN, editor. The genus Syzygium: Syzygium
cumini and other underutilized species. CRC Press,
2017.

Kumar V, Khatri N, Kumar D, Shekhawat M, Vandana
Garg V, Kumar A, Kakkar S. Modern perspectives on
the traditional uses, phytochemical profiles, and
therapeutic benefits of Syzygium cumini. Integr Med
Discov,2025:9: 25007.

Ramakrishna S, Khan S. A Comprehensive Review on
Therapeutic Potential of Syzygium cumini. Journal of
Pharma Insights and Research,2024:2(2):159-168.
Qamar M, Akhtar S, Ismail T, Wahid M, Abbas MW,
Mubarak MS, Yuan Y, Barnard RT, Ziora ZM,
Esatbeyoglu T. Phytochemical profile, biological
properties, and food applications of the medicinal plant
Syzygium cumini. Foods,2022:11(3):378.

Chihomvu P, Ganesan A, Gibbons S, Woollard K,
Hayes MA. Phytochemicals in drug discovery—A
confluence of tradition and innovation. International
journal of molecular sciences,2024:25(16):8792.
Abubakar AR, Haque M. Preparation of medicinal
plants: Basic extraction and fractionation procedures for
experimental purposes. Journal of Pharmacy and
Bioallied Sciences,2020:12(1):1-10.

Kovendan K, Fabiola M, Jebanesan A, Rajaganesh R.
Green synthesis of Malvastrum coromandelianum
fabricated AgNPs: Anti-dengue and mosquitocidal
studies. Inorganic Chemistry
Communications,2024:161:112067.

Shaikh JR, Patil M. Qualitative tests for preliminary
phytochemical screening: An overview. International
journal of chemical studies,2020:8(2):603-608.
Rajaganesh R, Murugan K, Panneerselvam C,
Jayashanthini S, Aziz AT, Roni M, Suresh U, Trivedi S,
Rehman H, Higuchi A, Nicoletti M. Fern-synthesized
silver nanocrystals: towards a new class of mosquito
oviposition  deterrents?. Research in Veterinary
Science,2016:109:40-51.

Park J, Kim DI, Choi B, Kang W, Kwon HW.
Classification and morphological analysis of vector
mosquitoes using deep convolutional neural networks.
Scientific reports,2020:10(1):1012.

Narkhede MB, Ajimire PV, Wagh AE, Mohan M,
Shivashanmugam AT. In vitro antidiabetic activity of
Caesalpina digyna (R.) methanol root extract. Asian J
Plant Sci Res,2011:1(2):101-106.

Saha RK, Zaman NM, Roy P. Comparative evaluation
of the medicinal activities of methanolic extract of
seeds, fruit pulps and fresh juice of Syzygium cumini in
vitro. Journal of Coastal Life Medicine,2013:1(4):300-
308.

Baz MM, Selim AM, Radwan IT, Alkhaibari AM,
Gattan HS, Alruhaili MH, Alasmari SM, Gad ME.
Evaluating larvicidal, ovicidal and growth inhibiting
activity of five medicinal plant extracts on Culex
pipiens (Diptera: Culicidae), the West Nile virus vector.
Scientific Reports,2024:14(1):19660.

Rashed AA, Heikal YM, Finn RD, Bayoumy MH, El-
Harairy A, Refaay DA. Toxicity of Macroalgae
Extracts to Larvae of the Northern House Mosquito.
Life,2024:14(12):1527.

Rajaganesh R, Murugan K. Anti-dengue potential and
mosquitocidal effect of marine green algae—stabilized
Mn-doped superparamagnetic iron oxide nanoparticles

453

(Mn-SPIONS): An eco-friendly
Environmental Science and
Research,2024:31(13):19575-19594.

approach.
Pollution

20. Ahmed MS, Hasan MT, Ahmmed R, Bismillah M,

Rahman MM, Hossain MI, Khan MH, Islam MA.
Evaluation of methanolic extracts from five important
medicinal plants: phytochemical profiling, antioxidant
capacity, in vitro antidiabetic activity, and cytotoxicity
assay. South African Journal of Botany,2025:184:1001-
1009.



