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 This study evaluated the antioxidant, antimicrobial and cytotoxic activities of different 
fractions from the ethanolic crude extract of Sonneratia apetala fruits (Family: Lythraceae). 
Antimicrobial activity was assessed using the disc diffusion method with ciprofloxacin and 
fluconazole as reference standards. Among the fractions, the chloroform fraction demonstrated 
mild to moderate antimicrobial activity (8-20 mm zone of inhibition), with the highest activity 
against Pseudomonas aeruginosa (20 mm) and a minimum inhibitory concentration (MIC) of 32 
µg. The lethality test for brine shrimp was used to assess cytotoxicity, showing LC50 values of 
22.41 µg/ml (n-hexane), 20.53 µg/ml (chloroform), and 24.60 µg/ml (ethyl acetate), compared to 
vincristine sulfate (8.66 µg/ml). Antioxidant activity, determined via DPPH radical scavenging, 
revealed IC50 values of 42.03 µg/ml (n-hexane), 13.76 µg/ml (chloroform), and 49.99 µg/ml 
(ethyl acetate), with ascorbic acid as the standard (IC50 45.47 µg/ml). The highest amount of 
total phenolic content was detected in the chloroform fraction (26.88 mg GAE/g of extract). 
These findings suggest the chloroform fraction of S. apetala possesses significant antioxidant 
and cytotoxic potential, alongside moderate antimicrobial activity.
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 Research on medicinal plants is essential 
to finding novel therapeutic phytochemicals 
that can be used to manage, alleviate or cure 
different diseases and health condition. Over 
time, nonconventional therapies have gained 
enhanced consideration due to the negative effects 
of traditional medicines and the growing demand 
for more toxin-free natural items. These plants, 
which are a rich source of bioactive chemicals, have 
also been employed for millennia in traditional 
medicine. 1-3 This choice is probably due to the 
fact that natural antioxidants are abundant in plants 

which are inexpensive, have few or no negative 
side effects, and can help people live longer while 
efficiently treating a variety of conditions.4 Toxic 
effects of drugs can cause significant medical issues 
and even death. Most drugs with toxicological 
characteristics have thus been removed from 
the market. Due to their therapeutic qualities, 
affordability, and purity, plant-based therapies 
and herbal remedies have become increasingly 
significant in recent times. 
  Modern pharmacology continues to 
explore these natural remedies, often leading to the 
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development of new drugs that are more effective 
and safer than conventional one. Additionally, 
the conservation of medicinal plants is crucial for 
sustaining biodiversity and ensuring future research 
opportunities. This research supports global health 
initiatives by providing affordable and accessible 
treatment options, particularly in developing 
countries. 5-6

 Research on plant extracts’ antimicrobial 
properties is vital for discovering natural antibiotics 
and combating antibiotic resistance. Plants 
produce bioactive compounds that can inhibit or 
eliminate infections, offering a safer, eco-friendly 
alternative to conventional drugs. These plant-
based antimicrobials target pathogens effectively, 
reducing adverse effects and environmental 
impact. This research is crucial for expanding our 
arsenal against infectious diseases while promoting 
sustainable and less harmful treatments. 
 As plant extracts have the ability to fight 
against oxidative stress, it is essential to investigate 
their antioxidant properties. Chronic illnesses such 
as diabetes, cardiovascular disease, and cancer are 
mostly triggered by oxidative stress. Antioxidants 
from plants can neutralize free radicals, thereby 
protecting cells from damage. These natural 
compounds are often safer and more effective 
than synthetic alternatives. Understanding the 
antioxidant capacity of various plants can lead to 
the discovery of new, potent sources of natural 
antioxidants. Moreover, This study might help in 
generating of nutraceuticals and functional food 
and pharmaceuticals. In addition, antioxidant 
studies can promote sustainable agriculture by 
encouraging the cultivation of plants with high 
antioxidant potential. Lastly, this research fosters 
innovation in natural product development, 
aligning with the rising consumer demand for 
natural and health-promoting products.
 Studying the cytotoxic activity of plant 
extracts is vital in drug discovery, as plants are 
plentiful sources of bioactive phytoconstituents 
with potential anticancer properties. Many studies 
help identify extracts that selectively kill cancer 
cells while sparing healthy ones, aiding the 
development of safer, effective treatments. They 
also reveal mechanisms of action, contributing 
to understanding therapeutic potential and 
identifying novel compounds for drug development. 
Additionally, such research highlights alternative 

treatments for diseases with limited conventional 
therapies, promoting the sustainable preservation 
and utilization of medicinal herbs. Overall, In 
order to improve patient care and advance medical 
science, cytotoxicity studies are essential. S. 
apetala, also called belongs to the Sonneratiaceae 
family of plants that grows across coastal areas 
of multiple regions, including Bangladesh, 
Malaysia, India, New Guinea, China, Myanmar.7-8 
Additionally, because of its pharmacological 
benefits, locals commonly utilize it as medication 
to treat a variety of illnesses, such as bruising, 
diarrhea, and hepatitis. Furthermore, S. apetala is 
recommended as an anti-inflammatory medication 
by traditional healers in Bangladesh to lessen 
gastrointestinal issues such diarrhea, dysentery, and 
cramping in the stomach.9-10 Research has shown 
that S. apetala’s fruits and bark can effectively 
treat fevers, hemorrhages, wheezing, swellings, 
ulcers, and sprains. Studies have demonstrated 
that fruit extracts from S. apetala shows a 
diverse biological fuctions, such as antioxidant, 
antibacterial, anti-diabetic, anti-cancer, and and 
antibacterial effects.11 Major bioactive compounds 
present in this mangrove plant are flavonoids 
(Apigenin, Luteoline), carbohydrates, tannins 
(Catechin, Epicatechin), polyphenols (Sonneradon 
A, Ellagic acid, Gallic acid, Betulinic acid, Caffeic 
acid among others), and polyphenols.12-13 These 
substances also help the plant exhibit antioxidant 
activity.

Materials and Methods

Plant collection
 The fresh fruits of Sonneratia apetala 
were collected in the month of September 2020 
from the area of mangrove forest, Kolagachia, 
Shyamnagar, Satkhira. Identification of the 
gathered plant pieces was done at the Bangladesh 
National Herbarium, located at Mirpur 1, Dhaka, 
Bangladesh. The plant’s fresh fruits were first 
washed with water to remove any dirt that stuck to 
them, then they were chopped into small pieces and 
let to sun-dry for seven days. Following thorough 
drying, the entire quantity was crushed to a coarse 
powder using a grinder and preserved in an airtight 
container for later use.
Plant materials extraction and fractionation
 The powdered 300 gm of the fruits of S. 
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apetala was extracted three times using ethanol 
over the course of seven days, with sporadic 
shaking and stirring. Next the extracts underwent 
for filtering using cotton and filter paper. The 
extract was concentrated under at 50ÚC and it 
provided a greenish mass which was stored for 
further analysis. The final mass of the ethanolic 
extract was 2.85g.
Partition with n-hexane
 Water was added to the concentrated 
ethanol extract to create a slurry. After placing 
the slurry in a separating funnel, 40 milliliters of 
n-hexane were added. After giving the funnel a 
good shake and letting it stand for a few minutes, 
the top layer of n-hexane was collected. The 
procedure was carried out twice. The combined 
n-hexane extract was concentrated. 
Partition with Chloroform
 Following n-hexane extraction, 40 
milliliters of chloroform were mixed to the aqueous 
solution, and the bulk was vigorously shaken in 
a separating funnel. For the layers to completely 
separate, the funnel was then left to stand for a few 
minutes. The lower, organic layer was gathered. 
Two repetitions of the procedure were made. The 
combined extract of chloroform was concentrated.
Partition with ethyl acetate
 The aqueous layers left after chloroform 
extraction was again extracted with ethyl acetate in 
the same procedure as chloroform extraction. The 
combined ethyl acetate extracts was concentrated. 
antibacterial assay
 Eleven different bacteria were screened 
for antibacterial activity using the disc diffusion 
bioassay method. The test samples were measured 
and dissolved in a determined volume of solvents 
to create solutions with known concentrations (mg/
ml). Filter paper discs (6 mm in diameter) that had 
been dried and sanitized were then applied with 
known concentrations of the test chemicals using 
a micropipette. On nutrient agar medium that had 
been evenly inoculated with the pathogenic test 
microorganisms, discs holding the test materials 
were put. Blank discs (impregnated with solvents) 
and standard antibiotic discs (Ciprofloxacin 30ìg/
disc) served as positive and negative controls, 
respectively. For a whole day, these plates were 
then maintained at a low temperature (4oC) to 
maximize diffusion. For 24 hours, the plates 
were then placed for incubation at 37°C to get 

maximum proliferation of the organisms. The 
components of plants fruit extracts’ antibacterial 
properties prevented the microbes from growing, 
and a distinct and transparent zone of inhibition 
was observed around the medium. The test agent’s 
antibacterial activity was estimated by measuring 
the zone of inhibition.    14-16

Cytotoxicity screening
 A common bioassay for bioactive 
chemicals is brine shrimp lethality. Here, Artemia 
salina, a test organism, served as a practical 
screening monitor. Brine shrimp eggs were 
procured from pet shop in Dhaka, Bangladesh, 
and these eggs were incubated for 48 hours in lab 
made simulated seawater (3.8% NaCl solution) 
to produce nauplii. For the assay, test samples 
(extracts) were dissolved in dimethyl sulfoxide 
(DMSO) and then diluted with artificial seawater to 
prepare concentrations of 5, 10, 20, 40, and 80 µg/
ml. The control group consisted of a vial containing 
50 µl of DMSO which is then diluted to 5 ml with 
3.8% NaCl solution. Vincristine sulfate served as 
the standard in this assay. Each vial, including the 
control and test vials, was loaded with 10 brine 
shrimp nauplii.17 Upon completion of incubation 
time at room temperature, the test tubes were 
checked for counting and the number of surviving 
nauplii was recorded. The mortality percentage  
was calculated for each concentration.18-19

screening for antioxidant activity
 The antioxidant effect of S. apetala fruit 
extracts in ethyl acetate, n-hexane chloroform and 
was assessed using both qualitative and quantitative 
assays considering the capability to scavenge the 
stable DPPH free radical.20

Qualitative assay
 To identify the polar and non-polar 
substances of the extracts, TLC plates (pre-coated 
with silica gel) were spotted with appropriate 
diluted stock solutions and then kept in solvent 
systems of varying polarity (polar, medium polar, 
and non-polar). 0.02% DPPH in ethanol was 
sprayed on the plates after they had been let to dry 
at room temperature. After 10 minutes of DPPH 
bleaching, the identified band’s changes of color 
(yellow on a purple backdrop) were seen. 
Quantitative assay
 S. apetala leaf extract’s antioxidant 
capacity was assessed using 1, 1-diphenyl-2-
picrylhydrazyl reactive species free radical 
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scavenging test. For titrating the oxidizable groups 
of synthetic or natural antioxidants, DPPH provides 
a quick and precise technique. The solution of 
DPPH was made in 95% methanol. 5 mg 50 mL-1 
was the stock solution produced by mixing the 
raw extracts of S. apetala with 95% methanol. 
100ìg mL-1 was selected as the concentration 
of the sample solutions. By diluting the stock 
solution with methanol, the test samples were 
made, achieving concentrations of 20 g/ml, 40 g/
ml, 60 g/ml, 80 g/ml, and 100 g/ml, respectively. 
S. apetala leaf extracts were placed in each of 
these test tubes with freshly made DPPH solution, 
and after 20 min, at 517 nm the absorbances were 
taken. The positive control that was employed was 
ascorbic acid. The control solution was the DPPH 
solution without the sample solution. A blank of 
95% methanol was utilized. In order to calculate 
the percentage of DPPH radical scavenging stated 
below: 

DPPH free radical inhibition = [1-(Abs/Abc)] × 
100

 Here, Abc stands for the control’s 
absorbance and Abs for the sample solution’s. 
 After that, the percentages of inhibitions 
were plot ted against  the corresponding 
concentrations, and the IC50 was computed from 
the graph. 21-22

results

antibacterial activity
 The partitionates of fruits of S. apetala 
were examined for their antimicrobial effect on 
various gram positive, gram negative bacterial 
and fungus species by disc diffusion method. 
Ciprofloxacin (30 µg/disc) standard antibiotic 
discs were utilized as standard for bacterial species 
and Fluconazole was used (30 µg/disc) standard 
antibiotic discs were utilized as standard for fungal 
species For study against Bacteria Agar medium 
was used. The   zone of inhibition (mm) can be 
used to calculate the results. The activity of the 
applied sample increases with the size of the zone 
of inhibition.
 The result of antimicrobial activity for 
different extracts against several microorganisms, 

including gram-positive and gram-negative 
bacteria and fungus are shown below in tables.
Minimum inhibitory Concentration (MiC)
 Any biological or chemical substance 
that causes death or inhibits the growth of 
microorganisms is referred to as an antimicrobial 
agent. These antimicrobial agents are used to save 
the life of the peoples from ancient time to present. 
Plant is a potent source of these antimicrobial 
agents. The activity of a plant extract as an 
antimicrobial agent can be determined qualitatively 
by antimicrobial test which is discussed in the 
above portion of this paper. But by performing 
the lowest effective conc. the activity of a plant 
extract as an antimicrobial agent can be determined 
quantitatively. 
 The lowest effective concentration of a 
drug or substance that may inhibit an organism’s 
growth is known as the minimum inhibitory 
concentration, or MIC. Here MIC test is performed 
by Serial tube dilution technique or turbid metric 
assay. The serial dilution assay quantities the anti 
microbial activity of the crude extract by providing 
the MIC value of the drug for specific organism. 
It is an important consideration for further 
development of bioactive compounds.
 In this method a large number of 
autoclaved test tubes containing sterile nutrient 
broth medium were used. A 10µl suspension of 
test organisms was taken in the test tubes and 
thoroughly mixed, and test samples were employed 
in a range of concentrations (in serial dilution 
from 1-256µg/ml). Here the MIC test of only the 
chloroform extract of S. apetala was performed 
against Gram-negative bacteria Pseudomonas 
aeruginosa. 
 Three control test tubes designated as 
CS, CM and CI were used to perform antimicrobial 
test which contains test sample and nutrient 
broth medium, only nutrient broth medium, and 
inoculums and nutrient broth medium respectively. 
Then the test tubes were incubated at 37.5ºC for 24 
hrs. 
 After complete incubation of 24 hrs, 
growth of organism was observed only in the CI 
test tube among the control test tubes. The CS 
and CM showed no growth of organisms. The 
other test tubes were compared with them and the 
concentration up to which no growth of organism 
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table 1. Antimicrobial activity of S. apetala against gram positive bacteria

Test organism                        Diameter of Zone of inhibition
 n-Hexane extract Chloroform  Ethyl Acetate  Ciprofloxacin/
 (500µg/disc) Extract  extract Fluconazole
  (500µg/disc) (500µg/disc) (30µg/disc)

Gram positive bacteria
Sarcina lutea - 13 7 25
Staphylococcus aureus - 9 6 30
Bacillus subtilis - 13 6 30
Bacillus megaterium - 11 6 32
Bacillus cereous - 13 7 28
Gram negative bacteria
Salmonella paratyphi 5 14 0 32
Vibrio parahemolyticus - 9 6 32
Shigella dysenteriae - 11 6 28
Pseudomonas aeruginosa 7 20 8 30
Escherichia coli - 8 7 33
Fungi
Saccharromyces cerevaceae - 9 6 30
Candida albicans  5 14 6 32
Aspergillus niger - 10 6 28

table 2. Minimum Inhibitory Concentration of Chloroform extract of S. apetala against Pseudomonas 
aeruginosa

Serial No. of  Nutrient broth  Concentration of  Inoculums  Observation 
test tubes medium added (ml) chloroform of plant  added
  (µg/ml)

1 1 256 107 NG
2 1 128 107 NG
3 1 64 107 NG
4 1 32 107 NG
5 1 16 107 G
6 1 8 107 G
7 1 4 107 G
8 1 2 107 G
9 1 1 107 G
CS 1 256 00 NG
CM 1 00 00 NG
CI 1 00 107 G

was observed was determined. This concentration 
is the Minimum Inhibitory Concentration of the 
test sample against the specific organism.

 The result of that test is shown in 
following table.
Where NG, G means-
NG   = No growth
G      = Growth

 The minimum inhibitory concentrations 
(MIC) of Chloroform extract of fruits of S. apetala 
was found to be 32µg which indicates that 32µg 
extract will be the minimum dose of antimicrobial 
activity for Pseudomonas aeruginosa.23-24

Cytotoxicity activity test
 Brine Shrimp Lethality Bioassay is 
an important technique in the determination of 
cytotoxicity of bioactive compounds obtained 
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Fig. 1. LC50 values calculation for different crude extracts and standard vincristine sulphate of S. apetala fruits 
using a linear relationship between concentration logarithms and mortality percentage

Fig. 2. LC50 data of test samples of Sonneratia apetala

from plant extract. Both toxicity and a variety 
of pharmacological property (such as anticancer, 
antiviral, insecticidal, and pesticidal properties) 
of the compounds are indicated. High dosages of 
bioactive chemicals are nearly always harmful. 
Here, brine shrimp nauplii, was given in vivo 
lethality as a handy way to screen the fractionations 
in order to find new bioactive natural compounds.

 The extracts demonstrated positive 
results in this assay, suggesting that the chemicals 
exhibited biological activity. The results of this 
experiment demonstrated that lethality rates at 
various concentrations varied among the test 
samples. After a 24-hour exposure period, the 
lethality of S. apetala’s n-hexane, chloroform, 
and ethyl acetate fractions to brine shrimp was 
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Fig. 3. IC50 value calculation for standard and different crude extracts of S. apetala fruits using a linear 
relationship between concentration (µg/ml) and the percentage of DPPH inhibition or scavenging

Fig. 4. IC50 data of of S. apetala (fruits) extracts and ascorbic acid

assessed using vincristine sulphate as the reference. 
Increases in sample concentration were shown 
to increase the death rate of brine shrimp, and a 
graph showing the log of concentration vs percent 
mortality revealed a roughly linear relationship 
between the two. LC50 is the point where 50% of 
brine shrimp nauplii die and was calculated for the 
majority of the samples based on this graph. 25-26

 From the above graph the LC50 value 
of diiferent extracts of S. apetala and LC50 value 
of standard vincristine sulphate were obtained 
(Figure: 02).
antioxidant activity test
 One common free radical used to test 
a compound’s or plant extract’s first radical 
scavenging capability is DPPH.
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table 3. Total phenolic content of S. apetala (fruits)

Serial No. Extractives Phenolic compound 
  concentration 

01 n-Hexane extract of plant fruits. 9.41
02 Chloroform extract of plant fruits. 26.88
03 Ethyl acetate extract of plant fruits. 13.92

 The antioxidant activity of different 
partitionates of S.apetala is measured from the IC50 
value. It is the value which indicates half of the 
maximum inhibitory concentration. IC50 value of 
an extract is usually calculated from the percentage 
of DPPH quenching by the respective extract at 
different concentrations.
 Percentage (%) scavenging of the DPPH 
free radical quenching was calculated.
 The following graph shows this.
 From the above graph the IC50 value 
of the standard ascorbic acid and the n-hexane, 
chloroform, and ethyl acetate fractions of fruits of 
S. apetala can be obtained in the following figure.
 The different partitionates of S.apetela  
fruits were subjected for the determination of the 
total phenolic content. The amount of total phenolic 
compounds in plant extracts was estimated using 
the Folin-Ciocalteu reagent (FCR). A sample’s 
reducing capacity is measured by the FCR. 
 The total phenolic content in three 
different fractions were determined using the 
measured absorbances and the regression equation 
of the standard curve for gallic acid is-

y = 0.0162x + 0.0215
 
 The total phenolic contents of the different 
extracts of the S. apetala are given in below table.

disCussion

 The partitionates of crude extracts of 
fruits of S. apetala were investigated against 
thirteen human pathogenic organisms to check 
antimicrobial activities by disc diffusion method. 
Here Ciprofloxacin (30 µg/disc) disc was used 
as reference standard for antibacterial test. The 
n-hexane partitionates of fruits part possess no 
significant antimicrobial activity on most of the 
gram positive, negative bacteria and fungi. The 

extract has shown antimicrobial activity against 
fungi of Candida albicans with zone of inhibition 
of 6 mm. The chloroform crude fraction of fruits 
part of S. apetala possessed antimicrobial activity 
with average zone of inhibition 9-20 mm against 
gram positive, negative bacteria and fungus. 
The maximum antibacterial activity was found 
against Pseudomonas aeruginosa, a gram negative 
bacteria. A moderate antibacterial activity was 
observed against E.coli (8 mm), S. paratyphi (14 
mm) S. boidii (11 mm) and V. paramolyticus (9 
mm).
 Moderate activity with 13 mm zone of 
inhibition was observed against the gram positive 
S. lutea, B. subtilis and B. cereus while for B. 
megaterium zone of inhibition was 11 mm and 
for S. aureus it was 9 mm.The antifungal activity 
for the extract was mild to moderate with 9 mm to 
14 mm as zone of inhibition. A mild activity with 
5 mm-8 mm zone of inhibition was possessed by 
the ethylacetate partitionate of S. apetala fruit. 
A 14 mm zone of inhibition was showed against 
Candida albicans. A minimum antifungal activity 
against Aspergillus niger with zone of inhibition 
of 10 mm was showed by this chloroform extract.
 The cytotoxic activity of leaves of S. 
apetala was tested by brine shrimp lethality 
toxicity. Here it was found that it possessed potent 
cytotoxic activity. The study showed that the LC50 
value of leaves of S. apetala was 5.206 ± 0.093 mg/
ml. Here in this study n-hexane, chloroform,  ethyl 
acetate extract of S. apetala has shown the LC50 
value of 22.41µg/ml, 20.53 µg/ml, 24.60 µg/ml 
respectively which was significant in comparison 
of standard LC50 value of vincristine sulphate which 
was 8.66 µg/ml.27

 Here, Ascorbic acid was used as a standard 
in the antioxidant assay (by DPPH method) of 
S. apetala. The absorbances of three different 
partitionates of S. apetala fruits were taken at 
517nm and their percentages of inhibitions were 
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measured by using the absorbance of ascorbic acid 
as a standard or control. IC50 value for standard 
ascorbic acid and crude n-hexane, chloroform, and 
ethyl acetate fractions of fruits of S. apetala were 
determined by using percentages of inhibition of 
different extracts from linear correlation between 
concentration (µg/ml) versus percentage of 
inhibition or scavenging of DPPH free radical .28-29

 The IC50 value of ascorbic acid was 
observed 45.47µg/ml. The Crude extract of 
n-Hexane and ethylacetate fractiones have shown 
antioxidant value with IC50 value 42.03µg/ml and 
49.998µg/ml respectively. S. apetala, has been 
identified to possess high antioxidant activity 
in all its parts. IC50 value for chloroform extract 
of S. apetala was obtained 13.76 µg/ml which 
represented an excellent antioxidant activity. 30-33

 The total phenolic content varies in 
amount in S. apetala fractions and the content 
varied from 9.41 mg to 26.88 mg GAE / gm of 
extractives. The chloroform partition exhibited 
the highest phenolic content (26.88 mg GAE/g ). 
A substantial compound was also present in the 
ethyl acetate fraction (13.92 mg GAE/g). 34-36

ConClusion

 The present study highlights the 
therapeutic potential of Sonneratia apetala 
in antimicrobial, cytotoxic, and antioxidant 
applications. The research underscores the efficacy 
of its extracts in addressing bacterial infections, 
oxidative stress, and the need for safer cancer 
therapies.
 The results of the antimicrobial screening 
showed that, although not as effective as common 
antibiotics like ciprofloxacin, the chloroform 
extract shown significant inhibitory effects 
against a variety of Gram-positive and Gram-
negative bacteria and fungi. Specifically, the 
extract demonstrated a minimum inhibitory 
concentration (MIC) of 32 µg/ml against the 
bacterium Pseudomonas aeruginosa, indicating 
its potential as a supplemental treatment.
 Significant activity was confirmed by 
cytotoxicity evaluation using the brine shrimp 
lethality assay; the chloroform extract’s LC50 
value of 20.53 µg/ml suggested that it could be 
a promising source of anticancer drugs. Despite 
being less effective than vincristine sulfate 

(LC50: 8.66 µg/ml), it nonetheless emphasizes 
the necessity of additional optimization and other 
combinatorial methods.
 Antioxidant assays demonstrated 
significant free radical scavenging activity, 
particularly in the DPPH assay, indicating the 
extracts’ potential as natural antioxidants. Identified 
bioactive compounds, such as polyphenols, 
tannins, and flavonoids, suggest their role in 
preventing oxidative stress-related diseases like 
cancer, diabetes, and cardiovascular disorders. 
These findings align with the demand for natural 
antioxidants in functional foods, nutraceuticals, 
and pharmaceuticals.
 This study emphasizes the importance 
of conserving S. apetala for biodiversity and 
future research, particularly given the challenges 
of antibiotic resistance and synthetic drug side 
effects. The exploration of plant-based therapies 
offers a promising alternative, particularly 
for developing regions with limited access to 
affordable treatments. The findings support 
integrating traditional medicinal plants into 
modern pharmacology, paving the way for safer, 
sustainable, and accessible therapeutic options.
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