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ABSTRACT 
Phytochemicals are the compounds that can complement traditional therapies, with a promising approach in anticancer 
treatment. This study investigates antiproliferative and the antioxidant activity of Anisomeles malabarica methanolic leaves 
extract. Phytochemical evaluation was done by GC-MS analysis, antioxidant potential was observed by DPPH, CAT, ABTS, 
hydroxyl radical and nitric oxide scavenging assays, in vitro AChE inhibitory activity and antiproliferative activity against 
SH-SY5Y cells was evaluated by MTT assay. Bioactive components included in the extract, such as (Z)Isoeugenol, 4-
Vinylphenol, Phytol, and Pyrogallol, improve its antioxidant capability. The extract showed dose-dependent antioxidant 
activity, with DPPH scavenging (IC₅₀= 65.5 µg/mL) then hydroxyl radical scavenging (IC₅₀= 61.4 µg/mL). The extract also 
showed AChE inhibitory activity (IC₅₀=164.57 µg/mL), suggesting that it have neuroprotective and antioxidant potential. 
MTT assay revealed concentration-dependent decrease of cell viability. Finally, this study indicates the phytochemical 
composition, antioxidant capacity, AChE inhibitory activity and cytotoxic effects, indicating that extract has potent free 
radical neutralizing activity. 
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INTRODUCTION 
Neuroblastoma (NB) is cancer develops in the child’s nerve tissues 
most prevalent extra cranial solid tumour, making up about 8–10% 
of all paediatric malignancies, extremely aggressive metastatic 
disease which shows extraordinary biochemical and clinical 
heterogeneity (Arsenian 2024) (Johnsen and Kogner, 2024). 
Surgery, chemotherapy, radiation, stem cell transplantation, 
immunotherapy are the current risk-based therapeutic methods 
(Alkhazal et al., 2025). Oxidative stress is the condition where 
there is an imbalance in ionic composition between the free 
radicals released by the cells and the insufficient antioxidants that 
can leads to cancer. The release of free oxygen molecules is the 
group of ROS (reactive oxygen species), which is a bundle of 
reactive molecules released from mitochondria, during its normal 
metabolic functions (Shukla et al., 2011). This will lead to normal 
cellular signaling and immune response whereas too much of ROS 
will make the cell unstable and make the cellular condition more 
stressed (Chong & Souayah, 2025). Excessive production of ROS 
leads to the production of high levels of oxidative stress will lead 
to cellular malfunctioning causing progressive cognitive 
impairment (Beal et al., 2005). Enzymatic and nonenzymatic 
antioxidants shields cells from oxidative stress, they convert the 
free oxygen molecules into stable molecules like water. Catalase, 
peroxidase, glutathione reductase, NADPH oxidase and 
superoxide dismutase are the enzymatic antioxidants studied 
widely in the ROS mechanism.  
Over 86 billion neurons and 250–300 billion glial cells make up 
the human brain, which uses more than 20% of the oxygen. During 
the synthesis of adenosine triphosphate (ATP), the mitochondria 
in the brain convert O2 to H2O. Reactive oxygen species (ROS) 
escape from the mitochondria when there is too much of oxygen 
because the electron transport chain become inefficient and the 
brain's redox signaling system acts as an innate sensor to oxidative 

stress leads to strong formation of reactive oxygen metabolites, 
low antioxidant levels, a low ability  
 
 
for repair and leads to non-replicating neuronal brain tissue (Beal 
et al., 2005) (Cenini & Voos, 2020). Plants are the naturally 
occurring substances with secondary metabolites (Alam et al., 
2022). having their antioxidant properties associated with their 
impact on the pathways of enzymes found in human mitochondria, 
which can slow down brain deterioration, and evidence suggests 
that  oxidative stress substantially contribute to neurological 
deficits (Anwar et al., 2023). Secondary metabolites are beneficial 
for development of new drugs, due to distinct chemical 
constituents and biological activity.   
Traditionally, A. malabarica is widely distributed plants species in 
India’s Western ghats has been utilized in various folk remedies to 
treat various ailments (Santhanalakshmi et al., 2024).  ROS remain 
neutralised and oxidative stress is decreased by natural products 
such as flavonoids and polyphenols (cheng et al., 2025). 
Polyphenols can reduce oxidative stress in neuronal cells ( Mera 
et al., 2019) (De Almada-Vilhena et al., 2024).  By increasing the 
antioxidant enzymes action these natural compounds shield 
neurones from oxidative damage and maintain cognitive function 
(Arias-Sanchez et al., 2023).Thus the current study summarizes 
phytochemical components of the methanolic leaf extract of A. 
malabarica using GC-MS analysis in order to evaluate the total 
phenolic and flavonoid contents, antioxidant activity, 
acetylcholinesterase inhibitory potential, and antiproliferative 
activity against SH-SY5Y human neuroblastoma cells.  

MATERIALS AND METHODS 
PLANT COLLECTION AND PREPARATION OF 
EXTRACTS 
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 Fresh aerial parts of A.malabarica were collected from Salem 
district, Tamilnadu and authenticated at Botanical survey of India, 
Coimbatore with the number BSI/SRC/5/23/2024-25/Tech/533, 
collected leaves are shade-dried at room temperature for 3-5 days 
and powdered and stored in zip lock covers at room temperature 
until further usage.  
METHANOL EXTRACTION 
With the modified procedure of hanif et al., 2023, powdered leaf 
sample of 10g dissolved in 100ml of methanol in airtight conical 
flask enclosed with cotton to prevent contamination and to obtain 
higher yield of concentration. The content was kept on mechanical 
orbital shaker for 24 hrs at room temperature and aqueous solution 
was filtered by muslin cloth and collected. Finally, the solvent, 
methanol was evaporated from the filtrates by keeping at 40 0C in 
oven, aqueous crude methanolic extract was concentrated for 
further analysis.  

PHYTOCHEMICAL SCREENING 

GC-MS ANALYSIS 
To analyze the phytochemicals present in the methanolic leaves 
extract of A.malabarica Gas Chromatography-Mass Spectrometry 
(GC-MS) study was done using GCMSQP2010SE instrument, 
fortified with a capillary column with the instrumental conditions, 
column oven temperature initial: 50°C, final: 280°C, temperature 
program rate 60°C/min, injection temperature 250°C, split 
injection mode with pressure 68.1 kPa, total flow 16.2 ml/min with 
carrier gas helium (99.99% purity). The separated compounds with 
their respective peaks and retention time were obtained through a 
comparison of their mass spectra with the NIST/Wiley library 
database (Sparkman et al., 2011).  

QUANTITATIVE ESTIMATIONS OF TOTAL 
PHENOLS AND FLAVONOIDS 

IDENTIFICATION OF TOTAL PHENOLS 
With some modifications, the total phenolic compounds were 
examined using the Folin-Ciocalteau reagent method (Spanos and 
Wrosltad, 1990). 1ml of Folin-Ciocalteau reagent (1:10 diluted 
with distilled water), and 100 µl of A. malabarica methanol extract 
(1 mg/ml) were combined then1ml of a 20% Na2CO3 solution was 
added, after 30 minutes incubation in dark at 35◦c, absorbance was 
measured using UV-vis spectrophotometer. The gallic acid is used 
as reference to express the total phenolic content.  
DETERMINATION OF TOTAL FLAVONOIDS 
Using a slightly altered methodology of Chang et al., 2002 
technique of aluminium chloride reagent method, 500µl of plant 
extract was added with 0.5 ml of methanol and 0.5 ml of (5% w/v) 
sodium nitrite solution followed by 1 ml of 1M NaOH and 0.5 ml 
of 10% aluminium chloride solution. The absorbance at 510 nm 
was measured after the mixture was incubated for 30 minutes at 
room temperature.   

ANTIOXIDANT POTENTIAL ASSAYS (IN-VITRO) 
FREE RADICAL SCAVENGING ACTIVITY 
The DPPH radicals were measured in order to assess the ability of 
A. malabarica leaves extract to eliminate free radicals (Blois 
1958). The samples at various concentrations (20, 40, 60, 80, and 
100µg/ml) were added to 3 ml of DPPH solution (0. 1 mM) 
thoroughly mixed and incubated at 20°C in the dark for 30 
minutes. Following incubation, DPPH in methanol solution was 
employed as a negative control and ascorbic acid as a positive 
control for measuring absorbance at 517 nm using a UV-Vis 
spectrophotometer.   
ESTIMATION OF CATALASE (CAT) 
Catalase activity was measured by the method Sinha et al., (1972) 
The plant sample (at concentrations  
10-100 µg/ml) was added and make up to 1ml of 0.01M (pH.7.0) 
phosphate buffer and 0.4ml of 2M  

H2O2. The reaction was stopped after 2-3 minutes by the addition 
of 2.0 ml of dichromate acetic acid reagent (5% potassium 
dichromate and glacial acetic acid mixed in 1.3 ratio). The 
concentration of catalase was assayed at 620 nm.   
ABTS RADICAL SCAVENGING ABILITY 
The ability of leaves extracts to scavenge ABTS radicals (2, 20 - 
Azinobis-3-ethyl benzothiazolinee 6 sulfonic acid) was identified 
by the technique of Re et al., (1999). ABTS solution was done by 
mixing 3.75 mM ABTS di-ammonium salt with 1.225 mM 
potassium persulphate solution, and it was incubated overnight at 
30°C. ABTS cationic free radical solution was adjusted to the 
absorbance at 734 nm. Standard ABTS solution 200µl was 
assorted with diverse concentrations (10 – 100 µg/ml), and the 
absorbance was read at 734 nm for every 5 min up to 60 min.   
HYDROXYL RADICAL SCAVENGING ABILITY 
The scavenging ability of hydroxyl radicals (OH) was measured 
with the leaves extract (10 – 100µg/ml) was added to 1ml of ion-
EDTA solution (0.13% ferrous ammonium sulphate and 0.26% 
EDTA), 0.5ml of EDTA solution (0.018%) and 1ml of DMSO 
(0.85% v/vin 0.1M phosphate buffer, pH 7.4). 0.5 ml of ascorbic 
acid (0.22%) was added, and the mixture was incubated in a water 
bath at 80–90°C for 15 minutes. Following incubation, 1 ml of ice-
cold TCA (17.5%w/v) was added to stop the reaction. This was 
carried out by the addition of 3 ml of Nash reagent (7.5 grams of 
ammonium acetate, 0.3 ml of glacial acetic acid, and 0.2 ml of 
acetyl acetone, which were added together to make 100 ml with 
distilled water) and left 15 mins at room temperature. A UV Vis 
spectrophotometer was used to measure. The reaction mixture 
without sample was used as a negative control (Umamaheswari et 
al., 2025) whereas; BHT (Butylated hydroxytoluene) was used as 
a positive control. Percentage of hydroxyl radical scavenging 
ability (HRSA) was calculated.  
NITRIC OXIDE FREE RADICAL SCAVENGING 
ACTIVITY 
Plant extracts with concentrations of 10 to 100 µl dissolved in 
DMSO were taken, and the volume was made up to 150 µl with 
methanol. The solutions were incubated at room temperature for 
15 mins after 2.0 ml of sodium nitroprusside (10 mM) in phosphate 
buffer saline was added, then 5 ml of Greiss reagent added 
followed by the incubation, methanol was used as a blank. The 
IC50 values were analyzed by evaluating absorbance at 546 nm 
(Conforti et al., 2025).  

INVITRO ACETYLCHOLINESTERASE 
INHIBITION ASSAY 
The acetylcholinesterase (AChE) activity was estimated using a 
spectrophotometric method. The first cuvette that served as a blank 
to determine the non-enzymatic hydrolysis of acetylcholine 
contained 500 μL DTNB solution (3 mM in 0.1 M potassium 
phosphate buffer pH 8), 100 μL ACh (15 mM in water), 275 μL 
potassium phosphate buffer (0.1 M, pH 8), and 50 µg/ml,100 
µg/ml,150 µg/ml, 200 µg/ml, and 250 µg/ml of plant leaves 
methanol extract solution. The reaction cuvette contained 0.16 
µg/ml of AChE solution instead of 25 μl of buffer.A yellow colour 
compound develops when the thiocholine is formed during the 
hydrolysis of acetylcholine which rapidly reacts with DTNB. The 
absorbance was observed for five minutes at 405 nm (Ellman et 
al., 1961).   

CELL LINE AND MAINTENANCE 
The human neuroblastoma cell line (SH-SY5Y) was attained from 
National Centre for Cell Science (NCCS), Pune and grown in 
Eagles Minimum Essential Medium (EMEM) containing 10% 
fetal bovine serum (FBS). The cells were preserved at 37◦C, 5% 
CO2, 95% air and 100% relative humidity.  

CELL TREATMENT 
Using 100 µL of culture media containing 5% FBS, SH-SY5Y 
cells (1 × 104 cells/mL) were seeded onto 96-well plates and 
incubated under conventional culture conditions. The cells were 
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allowed to adhere to the wells at 37◦C, 5% CO2, 95% air, and 
100% relative humidity. After 24-hours A.malabarica leaf extract 
was administered to the cells at concentrations ranging from 18.75 
to 300 µg/mL. After 24 hours, the samples were dissolved in plain 
DMSO and then diluted with serum-free medium to a double the 
required final concentration. The plates were incubated for an 
additional 48 hours at 37 °C, 5% CO2, 95% air, and 100% relative 
humidity after the sample was added (Kovalevich & Langford 
2013).  

MTT ASSAY 
The yellow tetrazolium salt 3-[4,5-dimethylthiazol-2-yl] 2,5-
diphenyltetrazolium bromide (MTT) is a soluble salt. This 
tetrazolium ring is broken by succinate-dehydrogenase, an enzyme 

found in living cells' mitochondria, turning MTT into an insoluble 
purple formazan. Following 48 hours of incubation, each well 
received 15 µl of MTT (5 mg/ml) in phosphate buffered saline 
(PBS), which was then incubated for 4 hours at 37°C. The MTT-
containing solution was then turned off, and the formazan crystals 
that had formed were dissolved in 100 µl of DMSO before the 
absorbance at 570 nm was recorded (Riss et al., 2016).  

RESULTS AND DISCUSSION GC-MS ANALYSIS 
The GC-MS chromatogram revealed several compounds, only the 
major bioactive components are shown in Table 1, due to their 
probable pharmacological significance. Particularly identified 
(Z)Isoeugenol being the predominant constituent (41.98%), 
together with 4-vinylphenol, phytol and pyrogallol (Fig 1).  

 
Figure 1: GC MS Chromatogram of aqueous methanolic extracts of A.malabarica leaves 

Table 1: Bioactive Compounds Identified in A. malabarica leaves via GC-MS 
  GC-MS ANALYSIS  

Peak Retention Time (min) Chemical Name Common Name 
9 9.493 4-Vinylphenol p-Vinylphenol 
19 13.792 Pyrogallol, 3TBDMS derivative Pyrogallol derivative 
20 13.909 Benzene, 1,2-dimethoxy-4propenyl-, (Z)- Isoeugenol (Z-isomer, high abundance) 

31 22.072 3,7,11,15-Tetramethyl-2-hexadecen- 
1-ol Phytol 

 
The GC-MS analysis of the A.malabarica methanolic extract 
revealed the occurrence of 32 phytochemical constituents with 
varying peak areas, the most evident compound known was 
Benzene, 1,2-dimethoxy-4-propenyl-, (Z)- (Peak 20, RT: 13.909 
min) that is 41.98% of the total peak area. This compound is 
chemically known as (Z)-Isoeugenol, a phenylpropanoid. 
Isoeugenol is reported to possess antioxidant properties due to the 
presence of methoxy groups that donate electrons to stabilize free 
radicals and interact with cholinesterase binding sites (lobo et 
al.,2005). Isoeugenol is a powerful phenolic antioxidant that 
scavenges superoxide anions produced by the xanthine–xanthine 
oxidase pathway, its conjugated double bond in its alkyl side 
chain, increases the stability of the phenoxyl radical through 
electron delocalization. Isoeugenol and eugenol have been shown 
to reduce inflammation, neuronal deficits, and oxidative stress 
mediators. (Alyami et al., 2025; Damasceno et al., 2024).  
Another compound, 4-Vinylphenol (Peak 9, 9.83%) common 
phytochemical, is a phenolic compound that inhibits AChE via 
targeting the peripheral anionic site and catalytic active site of 

AChE, contributing to its cytotoxic effect (Colovic et al., 2013). 
Phytol (Peak 31, RT: 22.072 min, Area: 3.18%) is a diterpenoid 
that possesses anti-inflammatory and antioxidant activity. 
According to the study, phytol inhibits AChE through enhancing 
cholinergic transmission and interacting with AChE (Hung et al., 
2025).  
A trihydroxybenzene was identified as pyrogallol (Peak 19, 
1.16%). This acts by single electron transfer (SET) and hydrogen 
atom transfer (HAT) mechanisms. The ability of this compound to 
reduce oxidative stress in the neurons was demonstrated earlier by 
Liu et al., 2012. A chromeno [2,3-b] pyridine derivative was 
identified as Peak 28 (0.35%). This is a minor component; 
however, it was previously reported as a pharmacologically active 
compound with dual-binding site AChE inhibitors properties, 
capable of forming hydrogen bonds and π–π interactions 
simultaneously at the catalytic and peripheral anionic sites 
(Cheung et al., 2012).   
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QUANTITATIVE ESTIMATIONS OF TOTAL 
PHENOLS AND FLAVONOIDS 
The total flavonoid content of A. malabarica was 59.78 ± 0.32 
µg/mg, while the total phenolic content was 269.6 ± 0.39 µg/mg 

(Fig 2). These findings denote that antioxidants were found to be 
higher because of the presence of increased phenolic and flavonoid 
contents. Plants are capable of producing a wide variety of 
secondary metabolites. Many of them are bioactive compounds 
used as defense chemicals by plants (Newman et al., 2020).  

 

Figure 2: Total Flavanoid and Phenol content of leaves extracts of A.malabarica 

DPPH RADICAL SCAVENGING ACTIVITY 
The ability of methanolic extracts of A. malabarica leaves to 
scavenge radicals against DPPH was determined 
spectrophotometrically. DPPH reacts with an antioxidant 
compound that can donate hydrogen and it gets reduced. The 
change in colour (from deep violet to light yellow) was measured. 
DPPH is a steady free radical and accepts an electron or hydrogen 
radical to become a stable molecule. The methanolic leaf extract 
of present study showed an increase in DPPH radical scavenging 
activity in the concentration dependent manner as evidenced by 
the gradual decrease in absorbance with increasing extract 
concentration. The percentage inhibition increased from 18.34 % 
at 20 μg/mL to 58.98 % at 100 μg/mL (Fig 3) which  

 
showed increased free radical scavenging activity at higher 
concentrations. The extract has considerable antioxidant potential 
with an IC50 of 65.5 µg/mL. The lower the IC50 values, the better 
the antioxidant activity as less amount of extract is required to 
scavenge 50% of DPPH radicals (Gulcin, 2020). Reactive oxygen 
species are the reactive molecules that disrupt cellular processes 
by damaging lipids, proteins, and DNA, leading to cellular damage 
and death in particular dopaminergic neuronal cells including the 
SH-SY5Y cell line. (Riss et al., 2016; Choudhari et al., 2020). As 
an evidence of cytotoxicity, the current study demonstrated the 
loss of cell viability that were induced by A. malabarica leaf 
methanolic extract   

 

Figure 3: DPPH scavenging activity of leaves of A.malabarica 

ESTIMATION OF CATALASE (CAT) 
Catalase is an antioxidant enzyme that catalyzes the breakdown of 
hydrogen peroxide (H₂O₂) to water and oxygen, determined by 
measuring the reduction in absorbance of H₂O₂ at 240 nm using a 
UV– Visible spectrophotometer. The rate of decrease in 
absorbance is directly proportional to catalase activity, indicating 
its potential antioxidant enzyme activity. The extreme catalase 
action was observed at 72.85 µg/ml (Fig 4), suggesting that 

A.malabarica exhibits significant enzymatic antioxidant potential. 
The methanolic leaf extract showed a dose-dependent growth in 
catalase activity, confirming its potential to scavenge hydrogen 
peroxide to reduce oxidative stress. catalase enzyme converts 
hydrogen peroxide molecules into oxygen molecule hydrogen 
peroxide molecule is reduced in the first phase of the chemical 
pathway to create an intermediate product I, a covalent oxyferryl 
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species with a porphyrin π-cation radical in order to create the free 
enzyme, oxygen, and water in the second step reaction, chemical I 
is reduced by redox reactions by a two-electron transfer from an 

electron donor (Von Ossowski et al., 1993) (Deisseroth et 
al.,1970)  

 

 

Figure 4: Effect of A.malabarica Leaf Extract on Catalase Activity 

ABTS RADICAL SCAVENGING ABILITY 
The scavenging activity of A.malabarica leaf extract on ABTS 
was found to increase with increase in concentration with an IC50 
value 90.68 µg/mL. Low concentration of leaf extract (10 µg/ml) 
showed moderate scavenging effect while high concentration (100 
µg/ml) showed high scavenging activity as compared with 
ascorbic acid. At 100 µg/mL, scavenged ABTS radicals by 58.98% 
(Fig 5), which was 24.20% lower than that of ascorbic  

 
acid, a standard antioxidant (77.82%), The presence of antioxidant 
compounds like phenolics and flavonoids which donate electrons 
or hydrogen atoms to neutralize free radicals was determined by 
measuring scavenging ability. Hydrogen donation is known to be 
associated with DPPH and ABTS free radical scavenging, which 
is a measure of antioxidant activity (Lee et al., 2015).  

 

 

Figure 5: Effect of A. malabarica leaf extract on ABTS Activity 

 

HYDROXYL RADICAL SCAVENGING ABILITY 
The hydroxyl radical (OH) scavenging assay measures the ability 
of a compound to scavenge hydroxyl radicals (highly reactive ROS 
intermediates which can cause DNA, lipid, or protein damage) 
generated by the Fenton reaction (Fe²⁺ + H₂O₂ → Fe³⁺ +  

 
•OH + OH⁻), and the reduction in the formation of degradation 
products (for example, deoxyribose or other molecules (treml et 
al., 2016). A. malabarica leaf extract demonstrated a scavenging 
activity with an IC50 equal to 61.39 µg/ml (Fig 6), which is most 
prominent.  
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Figure 6: Effect of A.malabarica leaf extract on HRS Activity 

NITRIC OXIDE FREE RADICAL SCAVENGING 
ACTIVITY 
The scavenging activity of the leaf extract at the lowest 
concentration (10 µg/ml), moderate inhibition of NO radicals was 
observed, whereas the highest inhibition occurred at 100 µg/ml 
compared to standard, but the extract showed substantial radical  

 
quenching ability, confirming its antioxidant potential 
demonstrating that the leaf extract with the IC50value 141.30 µg/ml 
(Fig 7) possesses significant nitric oxide scavenging activity. 
Nitric oxide is a highly unstable, through the intermediates NO2, 
N2O4, and N3O4, it combines with O2 to form the stable products 
nitrates and nitrite (Liang et al., 2026)  

Figure 7: Effect of A.malabarica leaf extract on NO Activity 

ACETYLCHOLINESTERASE (ACHE) 
INHIBITORY ACTIVITY AND CYTOTOXIC 
POTENTIAL 
The bioactive potential of A.malabarica leaf extract was evaluated 
by the acetylcholinesterase (AChE) inhibitory activity (Ellman et 
al., 1961). The extract showed the concentration dependent 
increase of AChE inhibition with the inhibition values from 15% 
at 50 µg/mL to 72% at 250 µg/mL. The consistent  

 
inhibition observed for galanthamine was in the range of 21% to 
94% indicating the higher inhibitory efficiency of the standard 
compound. The IC₅₀ value of A. malabarica leaf extract was 
calculated as 164.57 µg/mL while galanthamine had an IC₅₀ value 
of 120.14 µg/mL (Fig 8). The increased IC50 of the extract 
indicates relatively lower enzyme inhibitory potency indicates the 
presence of active phytoconstituents contributing to its biological 
activity.  
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Figure 8: Acetylcholinesterase (AChE) inhibitory activity of A.malabarica leaves 

The presence of secondary metabolites, phenolic and flavonoids 
are known to interact with enzymatic targets through hydrogen 
bonding, hydrophobic interactions, and modulation of oxidative 
pathways, inducing cellular response (Kumar et al., 2021; 
Ghofrani et al., 2022). As the hydroxyl group promote interaction 
with the AChE active site, phenolic-rich plant extracts have been 
shown to have acetylcholinesterase inhibitory activity (Ayaz et al., 
2020; Szwajgier et al., 2021). It can cause oxidative stress 
modulation, mitochondrial dysfunction, and changes in cellular 
metabolic activity (Alam et al., 2021; Zhang et al., 2022).   

MTT ASSAY 
Cell viability was determined by MTT assay, which indicates the 
reducing ability of MTT to formazan, with reduced cell viability, 
suggesting its cytotoxic activity against SH-SY5Y neuronal cancer 

cells. As shown in the figure below (Fig 8), cell viability decreased 
with increasing concentrations of methanolic plant crude extract, 
suggesting that it has more anti-proliferative potential with an IC50 
value of 126.20 µg/ml (Gadade and Patil, 2024).  
The values below 200 µg/ml were found to be biologically active 
(Naeem et al., 2022). According to the phase-contrast microscopy, 
with the increasing of the extract concentration, the following 
signs of cell death were observed: cell shrinkage, reduction of cell 
density, membrane blebbing, and increased amount of cellular 
debris. Moreover, the strongest damage was induced by 300 
µg/mL of the extract. The typical signs of apoptosis were closely 
related to the decrease in cell viability following the treatment with 
(IC₅₀= 126.20 µg/mL). Thus, the data proved the anti-proliferative 
effect of the herbal extract on SH-SY5Y cells (Granica et al., 2022; 
Spagnuolo et al., 2025).  

 
Figure 8: Dose-dependent percentage inhibition of SH-SY5Y cell viability by A.malabarica leaves MeOH extracts measured using 

MTT assay. 
 

From the GC-MS analysis, it was recognized that Benzene, 1,2-
dimethoxy-4-propenyl-, (Z)- ((Z)isoeugenol,) (Peak 20; RT: 
13.909 min) was the major essential phytochemical isolated from 
the extract with a percent peak area of 41.98%. Reactive oxygen 
species (ROS) are highly reactive and destructive molecules that 
when present in high amounts, target various cellular 
macromolecules altering their physiological functions and causing 

toxicity to dopaminergic neuronal cells such as the SH-SY5Y cell 
line (Riss et al., 2016; Choudhari et al., 2020).   
The presence of (Z)-isoeugenol and the high concentration of 
phenolic and flavonoid contents in the extracts elucidate the anti-
proliferative activity of on the SH-SY5Y cell line through the 
induction of apoptosis (Kamatou et al., 2012; Khan et al., 2019; 
Spagnuolo et al., 2025). This is through the regulation of 
intracellular ROS, mitochondrial membrane potential 
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depolarization, caspase-dependent apoptotic pathways activation, 
or cell-cycle deregulation leading to chromatin condensation, cell 
shrinkage, membrane blebbing, and detachment from the culture 
flask (Fulda, 2010). Thus, based on the MTT assay and 

morphological observation, it is concluded that A. malabarica 
possesses significant anti-proliferative potential against the SH-
SY5Y neuroblastoma cell line.  

 

 
Figure 9: Representative phase-contrast microscopic images of SH-SY5Y neuroblastoma cells treated with A.malabarica methanolic leaf 
extract at concentrations of 18.75, 37.5, 75, 150, and 300 µg/mL for 24 h. The lowest concentration (18.75 µg/mL) showed cells with 
relatively normal morphology, whereas increasing extract concentrations induced progressive cytotoxic changes characterized by cell 
rounding, shrinkage, reduced cell density, membrane blebbing, loss of cellto-cell adhesion, increased intercellular spaces, cellular 
detachment, and accumulation of cellular debris, scale bar 100µm. Arrows indicate the characteristic morphological alterations observed 
at each concentration. 

CONCLUSION 
In conclusion, methanolic leaf extracts of A.malabarica showed 
dose dependent cytotoxic effects on SH-SY5Y neuroblastoma 
cells. As (Z)-isoeugenol (Benzene, 1,2-dimethoxy-4-propenyl-) is 
the major phytoconstituent, this bioactive molecule is liable for the 
antiproliferative activity and this is the first report on the cytotoxic 
activity of this compound from the crude extract of A. malabarica 
and specifies its potential role for further anticancer drug 
discovery.  
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