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ABSTRACT

Cancer continues to be one of the major public health concerns and encourages the development of new drugs
having anticancer properties. One such compound that has received attention due to its pharmacological
properties is Mahanimbine (MB), which is a carbazole alkaloid compound from Murraya koenigii. MB has been
tested for its effects on the viability, mitochondrial membrane potential, ROS production and nucleus of MCF-7
cells. MCF-7 cells were exposed to various doses of MB and the toxicity of MB was assessed through MTT test.
Changes in the mitochondrial membrane potential upon MB treatment were observed with the help of Rhodamine
123 staining. Intracellular production of ROS was measured by using fluorescent dye. Nuclear changes were
determined through DAPI staining technique. MB exhibited dose-dependent inhibition of viability of MCF-7
cells with ICso value of 45.6uM. Treatment with MB resulted in alteration of the Rhodamine 123 fluorescence
staining due to the effect of the drug on the mitochondria’s membrane potential. In addition, MB treatment led to
the increase in intracellular ROS production compared to untreated cells. Chromatin condensation and nuclear
fragmentation were observed during DAPI staining indicating nuclear changes characteristic of apoptotic cells.
MB demonstrated cytotoxicity against MCF-7 breast cancer cells. Generation of ROS, depolarization of
mitochondrial membrane and alteration in nuclear structure indicate that oxidative stress and mitochondria
dysfunction contribute to the mechanism of MB-induced cell death. Therefore, it can be seen that there is a
potential in MB as a possible anticancer drug against breast cancer.
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1. INTRODUCTION

Breast cancer is the most frequent malignant disease; it
can be considered the public health issue due to
significant contribution of this oncological disease to
the incidence and mortality rates among
women(Smolarz et al., 2022). It is a highly
heterogeneous tumour which differs in its histological
features, molecular alterations, receptor status,

remain important issues(Wang & Wu, 2023). As a
result, search and investigation of novel bioactive
substances with antitumor activity remains relevant in
cancer studies(Asma et al., 2022). Natural products
have made a significant contribution to the discovery of
new therapies and remain a promising source of
structurally diverse compounds which can serve for the
development of new pharmaceuticals(Naeem et al.,

behaviour and response to therapy. According to certain
characteristics at the molecular level, breast cancer is
classified into several types like HER2-positive,
hormone receptor-positive, and triple-negative breast
cancer(Tsang & Gary, 2020). These variations affect the
course and management of the disease. However,
despite the significant advances in early detection of
breast cancer, its diagnosis, surgical and nonsurgical
treatments, resistance, failure, relapse and toxicity

2022). Natural compounds derived from plants are
especially interesting because of their complex
chemical structure including secondary metabolites.
Such compounds can regulate various physiological
processes that are responsible for the tumorigenesis
including uncontrolled proliferation, oxidative stress,
mitochondrial dysfunctions, cell cycle regulation,
inflammation, autophagy and programmed cell
death(Dehelean et al., 2021). Study of such compounds
can be useful for the development of new approaches
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for cancer treatment. Murraya koenigii (L.) Spreng.,
commonly called curry leaf is a plant from the family
Rutaceae which is widely used because of its
nutritional, traditional and medicinal
value(Balakrishnan et al., 2020). Many bioactive
substances including carbazole alkaloids have been
identified in the course of phytochemical analysis of M.
koenigii(Hussien et al., 2025). Several bioactivities of
carbazole alkaloids isolated from M. koenigii have been
found to include antioxidative, antimicrobial, anti-
inflammatory, and antitumor activities. One of the
compounds isolated from M. koenigii is MB —
prenylated carbazole alkaloid which has received much
attention owing to its pharmacological potential. MB
was investigated for the influence of this compound on
processes of cancer cell survival and proliferation(Bose
et al, 2025). Important mechanism of action of
antitumor drugs includes the disruption of cellular
redox balance. Cancer cells usually have altered
metabolic pathways and higher basal levels of reactive
oxygen species (ROS)(Mishra et al., 2023). This makes
them wvulnerable to further elevations in oxidative
stress(Venugopal et al., 2026). Elevated ROS levels
result in oxidative damage to proteins, lipids, DNA, and
other cellular structures and ultimately cell death.
Mitochondria play an important role in this process
because they are involved in cellular bioenergetics,
ROS production and regulation of programmed cell
death(Hobani, 2022). Altered mitochondrial membrane
potential is a sign of mitochondrial dysfunction and can
be followed by other events leading to cell death. MCF-
7 cancer cell line is widely used in vitro model which
helps to study the biology of breast cancer and
antitumor effects of test compounds(Sibuh et al., 2021).
Characteristic features and reproducibility of this cell
line make it suitable for the study of treatment-induced
changes in  cell wviability and  cellular
morphology(Ahmad et al., 2022). In the current study,
cytotoxicity of MB was assessed by means of MTT test,
which is based on measurement of changes in
metabolic activity and cell viability. The ICso value
represents a quantifiable indicator of the concentration
that causes inhibition of 50% cell viability. In addition
to cytotoxicity, assessment of mitochondrial
dysfunction and oxidative stress can reveal possible
mechanisms of mahanimbine-induced cellular effects.
Staining with Rhodamine 123 was done to determine
the alteration of mitochondrial membrane potential
following treatment(Aniogo et al., 2023). The changes
in the fluorescence intensity are an indicator of
mitochondrial function and cellular bioenergetics. In
addition, the generation of intracellular ROS was
evaluated to reveal whether oxidative stress is involved
in mahanimbine-induced cytotoxicity(Ullah et al.,
2020). DAPI staining was used for visualization of the
changes in the nucleus and identification of the changes
such as chromatin condensation, nuclear
fragmentation, etc. which can be associated with
apoptosis(Moradipour et al., 2022). Thus, the purpose
of this research is to evaluate the antitumor activity of

MB in MCF-7 breast carcinoma cells. This includes the
assessment of the cytotoxic effect of MB via MTT
analysis and calculation of ICso (45.6 uM). Also,
alteration in the mitochondrial membrane potential was
examined via Rhodamine 123 dye. The intracellular
generation of ROS was detected using a fluorochrome
sensitive to ROS, and the nuclear structure was
evaluated with the help of DAPI staining (Betts, Z et
al.,2023) All of these techniques were employed to
assess the role of oxidative stress, mitochondrial
dysfunction, and nuclear changes in the reduction of
MCF-7 cell viability after MB administration. The
results of the study will give more information about
mahanimbine cellular effects and lay the foundation for
further investigation of this natural carbazole alkaloid
as antitumor agent.

2. METHODOLOGY

Chemicals

MB (mahanimbine) (chemical abstract services registry
number: 21104-28-9) (Cayman Chemicals, USA);
MCEF-7 Cells purchased from National Centre of Cell
Science (NCCS), Pune; MTT Assay Kit (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyl tetrazolium
bromide); Dimethyl Sulfoxide (DMSO) HIMEDIA;
4,6-Diamidino-2-phenylindole (DAPI) HIMEDIA;
2',7'-Dichlorodihydro-fluorescein diacetate
(H2DCFDA kit) Invitrogen; Rhodamine 123 (Cayman
Chemicals, USA), Gibco, The highest-quality Gibco
RPMI 1640, PBS, as well as other solvents and
chemicals were purchased for the experiment. Distilled
water was used as an aqueous solution in the
experiment. The buffers were prepared with the help of
0.2um filter paper and were used at once.

Maintenance of Cell Culture

Human breast carcinoma cell line (MCF-7) cells were
procured from NCCS (National Centre for Cell
Science), Pune, India. MCF-7 cell line was maintained
in RPMI-1640 medium containing 10% FBS (fetal
bovine serum) and 1% antibiotics. Cultured cells were
maintained in an incubator at 37°C temperature and 5%
CO2 atmosphere. Subculture was done twice in a week
before reaching confluence of 80%.

MTT assay for Cell Viability Test

The cytotoxicity of Mahanimbine (MB) towards MCF-
7 breast carcinoma cells was assessed by MTT test as
described earlier with certain modifications(Manikyam
et al., 2021). Moreover, The MCF-7 cells were grown
at the density of 5 x 10° cells per well in 96-well plates
and incubated in an incubator for 24 hours to allow cell
adhesion. The MB was dissolved in DMSO and then
diluted in different concentrations (3.5, 7, 15, 30, 60
and 120 uM). Then the cells were exposed to the
appropriate concentration of the MB and kept in an
incubator with 5% CO: at 37 °C for 24 hours. In case
of the control group, untreated cells along with culture
medium was included in the study. The wells were then
treated with MB and MTT reagent (10 puL; 5 mg/mL)
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was added and allowed to incubate for 4 hours at 37 °C
to obtain violet coloured formazan crystals due to the
metabolic reaction taking place within live cells. Later
on, the culture medium was withdrawn from all the
wells and the crystals were solubilized using 100 pL of
DMSO per well(Alshehri et al., 2022).

Morphology of MB pretreated cells

Morphological alterations caused by the action of MB
on MCF-7 cells were investigated using the method of
phase-contrast microscopy. For this purpose, about 5 x
103 cells/well were plated in a 96-well plate and were
incubated for overnight attachment. Afterwards, the
cells were exposed to the above-mentioned
concentrations of MB and further incubated for 24
hours in accordance with the standard cultivation
conditions. Differences in morphology of MB treated
and untreated control cells were assessed after the
incubation period. Pictures were made in the relief
phase mode on the FLoid Imaging Station at 20x
magnification (Thermo Fisher Scientific,
USA)(Marsico et al., 2021).

Identification of nuclear condensation

Analysis of Apoptosis Index was carried out
qualitatively in the MCF-7 cell line as a result of the
effect of MB on the nuclei stained with DAPI. Cells
were cultured in 6x10° cells/mL density in 6-well plates
and left overnight to grow. Thereafter, the cells were
incubated with different concentrations of MB as stated
above for 24 hours. The medium was then disposed,
and the cells were fixed using a cold PBS solution and
cold methanol for 10 minutes. The cells were
permeabilized using 3% paraformaldehyde and 0.25%
Triton X-100(Hasan et al., 2023). Alterations in nuclear
structure including chromatin condensation and
fragmentation were visualized in the blue fluorescence
on FLoid Imaging Station (Thermo Fisher Scientific,
USA) by excitation/emission wavelengths of 390/40
and 446/33, respectively).

Evaluation of ROS Generated by Mahanimbine in
MCF-7 Cells

The production of reactive oxygen species by the cells
in intracellular organelles stimulated with MB was
quantified and determined with the help of application
of 2',7'-dichlorodihydrofluorescein diacetate (DCFH-

DA)(Jomova et al., 2023). For fluorescent microscopy,
MCEF-7 cells were grown in 12-well plates by using 2 x
10* cells/well density. Thereafter, the cells were treated
with MB at various concentrations for 24 hours. To
observe the production of reactive oxygen species,
media were removed from the cells, and then cells were
incubated in 10 pM DCFH-DA at room temperature for
30 minutes in the dark condition. Subsequently, the
cells were washed in PBS buffer, and then production
of intracellular ROS was observed in the fluorescence
channel of FLoid Imaging Station (ex: 482/18 nm; em:
532/59 nm; Thermo Fisher Scientific, USA).

Measurement of Mitochondrial Membrane
Potential (A¥Ym) Assay

The alterations in A¥Ym of MB-treated cells were
studied using fluorescence staining with Rhodamine
123 dye. The cells were cultured in 24 well plates using
culture medium with 1 x 10° cells per well. The cells
were given time to adhere before adding an effective
amount of MB and incubating for 24 hours. This was
followed by staining of cells using 300 nM of
rhodamine 123 stain for 30 minutes at room
temperature (RT). The microphotographs cells were
taken using green flouroscence of FLoid Imaging
Station (Thermo Fisher Scientific, USA).

3. RESULTS AND DISCUSSIONS

MB cytotoxicity and anticancer activity

For studying the cytotoxic effect and anti-proliferation
effect of MB on MCF-7 cells, an MTT assay was
carried out after treating MCF-7 with various
concentrations of MB (3.5, 7, 15, 30, 60 and 120 uM)
for 24 hours. The MCF-7 cells that have been exposed
to MB have showed a significant reduction in their cell
viability as shown in Figure 1, which is 95.1 £ 2.1%,
90.7 £ 2.4%, 80.2 + 2.2%, 62.4 + 2.0%, 38.7 + 1.7%
and 19.8 + 1.2% for different concentrations of 3.5, 7,
15, 30, 60 and 120 uM of MB, respectively (Figure 1,
2). The optical density of plate was measured in
Thermo Fisher plate reader at 570 nm. Optical density
was calculated for the percentage of cytotoxicity.

% Cell viability = (OD value for test/OD value for
control) x 100

% cytotoxicity = 100 - % cell viability
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Cytotoxicity of MB-treated MCF-7 cells after 24 h
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Figure 1: Anticancer assessment of Mahanimbine by MTT assay

Figure 2. Mahanimbine-induced inverted phase contrast images demonstrating dose dependent

morphological alterations in MCF-7 cells.

ligand: MCF-7 cell viability following treatment with mahanimbine (3.5-120 pM) for 24 h was
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determined using the MTT assay. The ICso of mahanimbine was calculated as 45.6 pM after 24 h of
treatment. Values are presented as mean = SD of three independent experiments, each performed in
triplicate. Statistical significance was determined relative to the control group and is indicated as ns (p >
0.05), *p <0.05, ** p <0.01, and *** p < 0.001.

MTT assay

The cytotoxic effect of Mahanimbine on MCF-7 breast
carcinoma cell line was measured by MTT
test(Samanta et al., 2024). MTT assay is a colorimetric
assay where the yellow dye, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) is oxidized to a dark purple coloured product,
formazan, by succinate dehydrogenase enzyme in
living cells(Rego et al., 2026). The more viable the cells
are, the more purple formazan is formed (0-120 pg/mL)
and cell viability was assessed using the formation of
formazan crystals. Mahanimbine demonstrated dose-
dependent cytotoxicity on MCF-7 cells (Fig. 2). The
ICso of mahanimbine was calculated as 45.6 uM.

Control

Assessment of mitochondrial membrane potential
(A¥m)

The mitochondrial membrane potential (A¥m)
exhibited a considerable decline upon treatment of the
cells with mahanimbine for 24 hours compared to the
untreated controls(Hu et al., 2023). It was shown that
the fluorescence of rhodamine 123 was directly
proportional to AWm; the fluorescence was highest in
the untreated control cells. After treatment with
mahanimbine, there was a gradual decrease in the
fluorescence value with increasing concentrations of
the drug. These findings suggest that mahanimbine
causes a concentration-dependent decrease in A¥Wm,
indicating depolarization of mitochondrial membranes.
This implies that mitochondria serve as the site for
apoptosis induction.

100pum 15 Y

100um

60 uM
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Figure 3. Rhodamine 123 fluorescence microscopy showing changes in mitochondrial membrane potential
in MCF-7 cells following 24 h treatment with mahanimbine at 3.5, 7, 15, 30 and 60 pM. Images were

acquired at 20x magnification; scale bar = 100 pm.

Assessment of Nuclear Condensation

In MCF-7 cells, after 24 hours exposure to
mahanimbine in different concentrations, showed
significant nuclear condensation and fragmentation,
while normal nuclear morphology was observed in

Control

7
100pum

Assessment of ROS production

The level of ROS in MCF-7 cells was significantly
increased after 24 hours exposure to different
concentrations of Mahanimbine (Figure 5). DCF
fluorescence was directly proportional to ROS levels in
cells exposed to Mahanimbine. Untreated control cells
did not have any detectable fluorescence, while there
was a significant increase in fluorescence after

M
30 uM 100pum| 60 uM 100um

Figure 4: DAPI staining shows the nuclear Morphology of MCF-7 cells following 24 hours of Mahanimbine
treatment at concentrations 3.5, 7, 15, 30, 60 nM. The figures below represent morphological changes in the
nucleus in a concentration-dependent manner (scale bar: 100 pm; magnification: x20).

untreated control cells (Figure 4). There was also a
concentration-dependent occurrence of the significant
nuclear changes. The observed chromatin
condensation and nuclear fragmentation are
characteristics of apoptosis-associated nuclear changes.

15 uM 100um

treatment with Mahanimbine. Moreover, ROS levels
significantly increased with increasing concentrations
of Mahanimbine from 3.5 pM. Hence, Mahanimbine
has been found to induce generation of ROS in a dose
dependent manner in MCF-7 cells. Also, ROS
production indicates oxidative stress induced by
Mahanimbine and can be responsible for apoptosis
induction in MCF-7 cells.
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Figure 5: Qualitative analysis of ROS level in MCF-7 cells stained with HDCFDA with treatments of 3.5,
7, 15, 30, and 60 pM after 24 h using fluorescence microscopy. The images are representative of three

independent experiments (scale bar: 100 pm; magnification: x20). All of the images were taken by the same
control picture.
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Intracellular ROS Generation in MCF-7 Cells
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Figure 6: Graphical representation of the Intracellular ROS Generation in MCF-7 Cells

CONCLUSION

In conclusion, the present study demonstrates that
mahanimbine exerts a cytotoxic effect against MCF-7
breast cancer cells and induces multiple cellular
alterations associated with cellular stress and apoptosis.
Phase-contrast microscopic observations showed
noticeable morphological changes in mahanimbine-
treated cells, including alterations in cell morphology
and reduced cellular density compared with untreated
control cells. Consistent with these observations, the
MTT assay demonstrated a concentration-dependent
reduction in cell viability following mahanimbine
treatment, with an ICso value of 45.6 uM after 24 h of
exposure. DAPI staining further revealed distinct
nuclear alterations in mahanimbine-treated cells,
including chromatin condensation and nuclear
fragmentation, which are characteristic of apoptosis-
associated nuclear changes. Assessment of
mitochondrial membrane potential using Rhodamine-
123 showed a decrease in mitochondrial membrane
potential following mahanimbine treatment, suggesting
impairment of mitochondrial function. In parallel,
H:DCFDA-based ROS analysis demonstrated a marked
increase in intracellular ROS levels after mahanimbine
exposure. At 45.6 pM, mahanimbine increased
intracellular ROS levels to 182% of the control value
(100%), whereas the vehicle control showed only a
minor increase to 102%, which was statistically non-
significant (ns). The increase induced by mahanimbine
was highly statistically significant, supporting an
association between mahanimbine treatment and
increased intracellular ROS generation. The observed
reduction in cell viability, apoptotic nuclear alterations,
mitochondrial membrane potential changes, and
increased intracellular ROS levels indicate that
mahanimbine induces substantial cellular stress and
apoptosis-associated alterations in MCF-7 breast
cancer cells. These findings support the potential of
mahanimbine as a promising anticancer compound;
however, further mechanistic studies are required to
establish the precise molecular pathways underlying

these effects and to determine its therapeutic relevance
in appropriate preclinical models.
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