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ABSTRACT

The present study was designed to enhance the therapeutic efficacy and bioavailability
of wedelolactone isolated from Eclipta alba leaf extract through phytosomal encapsulation and to
evaluate its anticancer potential against breast cancer. Wedelolactone-loaded phytosomes were
prepared using the nanoprecipitation technique and comprehensively characterized by dialysis
membrane diffusion studies and dynamic light scattering. Critical physicochemical parameters,
including particle size, polydispersity index, zeta potential and drug encapsulation were systematically
evaluated. In vitro drug release behavior was investigated, and cytotoxic and antiproliferative activities
were assessed using the MTT assay against 4T1 murine breast cancer cells. Acute oral toxicity
and anticancer activity was evaluated in Swiss albino mice. The optimized phytosomal formulation
exhibited a mean particle size of 584 + 0.15 nm, a zeta potential of -23.8 + 1.2 mV, and a PDI of
0.4 + 0.002, indicating acceptable stability and size uniformity. Encapsulation efficiency was found
to be 89.75 + 1.70%. In vitro release studies demonstrated a an initial burst followed by sustained
drug release. The wedelolactone-loaded phytosomes showed significantly enhanced antiproliferative
activity against 4T1 cells, with an IC value of 67.8 + 2.4 ug/mL (p < 0.001). Acute toxicity studies
confirmed the formulation’s safety up to a dose of 400 mg/kg. Furthermore, in vivo evaluation revealed
a tumor inhibition of 60.9% following treatment with wedelolactone phytosomes. We can conclude
that phytosomal encapsulation of isolated wedelolactone markedly improved its anticancer efficacy
while maintaining a favorable safety profile, highlighting its promising potential as an advanced
nanocarrier-based therapeutic strategy for breast cancer management.
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INTRODUCTION

Breast cancer remains the leading cause of
cancer-related mortality among women worldwide,
representing a significant global public health
challengel2. In 2020, approximately 2.3 million new
cases and 685,000 deaths were reported globally,
with developing countries bearing a disproportionate
share of this burden 2. Limited access to early
diagnosis and advanced treatment modalities in
low- and middle-income countries contributes to a
higher mortality-to-incidence ratio®®. The escalating
incidence of breast cancer in these regions has
been linked to changing reproductive patterns,
lifestyle transitions, and increased life expectancy
“, Although conventional adjuvant therapies such
as chemotherapy, immunotherapy, and radiotherapy
have substantially improved clinical outcomes, their
application is frequently limited by severe adverse
effects, the emergence of drug resistance, and high
treatment costs, particularly in resource-limited
settings®¢. These challenges underscore the urgent
need for alternative, effective, and economically
viable therapeutic strategies.

Natural products derived from medicinal
plants have emerged as a valuable source of
anticancer agents, often exhibiting multitargeted
mechanisms of action with reduced systemic
toxicity. The clinical success of plant-derived
chemotherapeutic agents, such as docetaxel from
Taxus baccata, highlights the therapeutic relevance
of phytochemicals in cancer management. Among
such medicinal plants, Eclipta alba (Bhringaraj)
has garnered significant attention due to its
promising anticancer potential”®l. Eclipta alba is
rich in bioactive phytoconstituents, including
wedelolactone, apigenin, ursolic acid, oleanolic acid,
luteolin, and eclalbasaponins, which collectively
contribute to its pharmacological profile ©.. Notably,
wedelolactone—a coumestan derivative has
been identified as one of the principal bioactive
compounds responsible for the plant’s anticancer
activity.

Preclinical studies have demonstrated that
Eclipta alba extracts and wedelolactone can inhibit
the proliferation of various cancer cell lines, including
breast and colon cancer cells”®. The anticancer
mechanisms attributed to wedelolactone include the
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induction of apoptosis, suppression of angiogenesis,
modulation of inflammatory pathways, and inhibition
of key signaling molecules involved in tumor growth
and metastasis ["l. Importantly, alcoholic extracts
of Eclipta alba have shown potent antioxidant and
anticancer activities without inducing significant
toxicity, further supporting their therapeutic safety
¥l Nevertheless, wedelolactone's low bioavailability
and restricted water solubility hinder its clinical
translation, albeit its encouraging pharmacological
profile.

Nanomedicine offers innovative solutions
to overcome these limitations by improving the
delivery, stability, and therapeutic efficacy of
anticancer agents!'®'2. Nanoparticles, typically
ranging from 1 to 100 nm in size, can be engineered
to function as efficient drug delivery systems,
enhancing tumor targeting while minimizing systemic
toxicity '3, Within this context, phytosomes
hybrid nanostructures formed by complexing
phytoconstituents with phospholipids—have
emerged as a promising nanocarrier system [15-18,
Phytosomes enhance the lipophilicity of plant-
derived compounds, facilitating their passage
across lipid-rich biological membranes and thereby
improving bioavailability.

In cancer therapy, phytosomal formulations
can passively target tumor tissues via the enhanced
permeability and retention (EPR) effect, which
allows preferential accumulation of nanoparticles in
tumor sites due to leaky vasculature ['%. Moreover,
phytosomes offer protection of encapsulated
bioactives from enzymatic degradation, sustained
drug release, improved therapeutic efficacy,
and reduced toxicity 2%2'l, These attributes make
phytosomes particularly attractive for the delivery
of poorly bioavailable phytochemicals such as
wedelolactone.

Collectively, the potent anticancer activity of
wedelolactone derived from Eclipta alba, combined
with the advanced drug delivery capabilities of
phytosomal nanocarriers, represents a promising
and innovative strategy for the development of
effective, safe, and affordable breast cancer
therapeutics.

MATERIALS AND METHODS
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High-purity dichloromethane, hexane, chloroform
and ethanol were procured from SD Fine Chemicals
(Indore, India). Soy phosphatidylcholine was
obtained from Qualigens Chemicals (India). The
MTT reagent and TRIzol® reagent were purchased
from Sigma-Aldrich (Mumbai, India). The 4T1
murine mammary carcinoma cell line were procured
from the CCMB, Pune, India. Cell culture media
and supplements, including Dulbecco’s Modified
Eagle Medium (DMEM), fetal bovine serum (10%),
L-glutamine (1%), and antibiotic solution (1%), were
procured from Rankem, India.

Preparation of extract

We obtained the fresh Eclipta alba leaves
from Shobhasavi Ayurvedics and Agros in Bhopal,
India, and the Department of Botany at Shri Krishna
University verified their authenticity. The procured
leaves were dried in air at room temperature for
one week and subsequently pulverized into a
coarse powder. Soxhlet extraction was employed
to efficiently isolate bioactive constituents from
the powdered plant material®?. Briefly, 200 g of
the powdered leaves were extracted with ethanol
in Soxhlet apparatus for 72 hours, maintaining the
extraction temperature at 50°C.

Isolation of Wedelolactone

The ethanolic extract of Eclipta alba (15
g) was processed using column chromatography
to isolate wedelolactone. The crude extract was
adsorbed onto silica gel (60-120 mesh) and loaded
onto a glass column packed with a silica gel slurry
prepared in hexane, followed by sequential elution
with solvents of increasing polarity, namely hexane,
chloroform, ethyl acetate, and methanol, to achieve
polarity-based separation of phytoconstituents.
Elution was performed using 100-200 mL of each
solvent and fractions of 20 mL were collected and
monitored by thin-layer chromatography using
chloroform:methanol (9:1, v/v) as the mobile phase.
Fractions exhibited a prominent spot with an Rf value
of approximately 0.52, were therefore pooled and
concentrated. The resulting semi-solid residue was
further purified by recrystallization from hot methanol
to yield yellow crystalline wedelolactone 22,

Phytosome Preparation
Wedelolactone-loaded phytosomes
were prepared using the thin-layer hydration

technique as previously reported®®®. Briefly,
soy phosphatidylcholine was dissolved in
dichloromethane, while wedelolactone was
separately dissolved in 90% ethanol in the
proportions indicated in Table 1. The two solutions
were combined in a RBF and sonicated for 10 min
to ensure uniform mixing and promote complex
formation.

The resulting mixture was subjected to
solvent evaporation using a Bichi Mini Spray Dryer
B-290, wherein controlled nitrogen gas flow, inlet and
outlet temperatures of 100°C, and appropriate pump
and aspirator settings facilitated efficient removal of
organic solvents. This process led to the formation of
a thin, uniform film of the wedelolactone phytosomal
complex. The thin-layer hydration method was
selected due to its simplicity, reproducibility, and
effectiveness in producing homogeneous and stable
phytosome formulations.?3.,

Table 1: Composition of Phytosome
Formulation of Isolated wedelolactone

Phytosomes Molar ratio Chloroform
Formulation (Egg lecithin: (ml)
code Cholesterol:
isolated
wedelolactone)
F1 1:0.5:1 10
F2 2:1:1 10
F3 1:0.5:2 10
F4 2:1:2 10

Characterization of Wedelolactone Phytosomes

Percentage Entrapment Efficiency

The entrapment efficiency (%EE) of
wedelolactone within the phytosomal complex was
determined by ultracentrifugation as described
previously ?4. The phytosome dispersion was
centrifuged at 15,000 rpm for 90 min at 4°C,
following which the supernatant containing the
unencapsulated drug was carefully collected. The
amount of free wedelolactone in the supernatant was
quantified by UV-visible spectrophotometry at 351
nm. The measured concentration of unentrapped
wedelolactone was used to calculate the percentage
entrapment efficiency according to standard
methods.
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Zeta Potential, Polydispersity Index, and Particle

Size Distribution

Dynamic light scattering (DLS) analysis
was carried out using a Malvern Zetasizer Nano
system to determine the particle size distribution,
zeta potential, and polydispersity index (PDI) of
the phytosomal complex 2627]. Measurements were
performed under standardized conditions, including
a temperature of 25°C, appropriate laser wavelength
and scattering angle, and predefined refractive index
and viscosity settings of the dispersant, as specified
by the instrument software 128,

In Vitro Drug Release of wedelolactone from
Prepared Phytosomes

Wedelolactone phytosomes were tested
for their in vitro drug release characteristics using
a modified dynamic dialysis approach. A pH 7.4
phosphate-buffered saline solution with a molecular
weight cutoff of 4000 Da was used as the release
medium in the dialysis bag. Ten milligrammes
of phytosomes and two millilitres of PBS were
combined in the dialysis bag. Afterwards, 100 mL
of PBS was added to the bag, and the mixture was
swirled at 100 rpm in an Erlenmeyer flask while
being held at 37°C. At 0, 8, 12, 24, and 72 hours,
fresh PBS was added to replace the whole release
medium. This process was prepared. The collected
sample underwent filtering using a 0.45 pm Millipore
filter. The amount of released wedelolactone in the
filtrate was determined by spectrophotometer at 351
nm, with fresh PBS serving as a reference B

Cell Viability Test

The MTT assay was used to investigate
the cytotoxic activity of wedelolactone phytosomes
against the 4T1 murine mammary cancer cell
lines #2331 In a nutshell, cells that were multiplying
exponentially were trypsinized, counted by trypan
blue exclusion, and then seeded in 96-well microtiter
plates with 100 pL of minimum necessary media
and 10% fetal bovine serum at a density of 1 x 10
cells/mL. Cells were treated with wedelolactone
phytosomes with increasing concentrations (10—-100
pg/mL) after incubating them for 24 hours at 37°C
in a humidified environment with 5% CO . The wells
were supplemented three times with progressively
diluted phytosomes, beginning at a concentration
of 100 pL. The plates were incubated at 37°C for an
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extra 2 hours after being incubated for 72 hours, after
which 50 pL of MTT dye was added to every well. To
dissolve the formazan crystals produced by live cells,
100 pL of dimethyl sulfoxide was added later. Utilizing
a Thermo Fisher Multiskan Go Spectrophotometer,
the absorbance was ascertained at 570 nm. As a
positive control, doxorubicin was used. The term
CC , which stands for the concentration that causes
50% cell death, was used to express the cytotoxicity
compared to the untreated cells (the negative
control). The IC of wedelolactone phytosomes
against 4T1 cells was calculated with the help of
GraphPad Prism 6.

In Vivo Acute Toxicity Study

Female Swiss albino mice weighing 18-
22 g and kept in a controlled environment with a
temperature of 25°C and lighting provided by the
PBRI animal house were utilized in this study. The
mice were allowed free access to food and drink.
Each of the nine groups consisted of six mice per
group, who were identified by their unique tail marks.
Following OECD recommendations with minor
adjustments, the acute toxicity research was carried
OUt [34,35]_

The mice were given a single oral dosage
of the test drug in PBS at concentrations of 50,
300, or 2000 mg/kg body weight, administered at
a volume of 0.2 mL, after a 3-hour fasting period
during which they were given water as they needed
it. The first five hours of each observation were
devoted to tracking general behavior, changes in
body weight, and death; subsequent assessments
were performed daily for the duration of the study.
The following parameters were included in these
observations: death rate, symptoms of acute toxicity,
behavioral changes (such as aggression, paralysis,
vocalization, restlessness, agitation, convulsions,
ataxia, diarrhea, piloerection, catatonia, altered
locomotion, grooming, fasciculation, sleep patterns,
coma, prostration, hypoxia, hyperactivity) . Day 1,
7, and 14 were the days when body weights were
recorded. After 14 days of observation, the animals
were put to sleep and a necropsy was conducted.
We looked for obvious problems in the brain, ovaries,
liver, kidneys, spleen, lungs, and intestines 1¥7-38,

Anticancer Potential of Isolated Wedelolactone
Phytosomes
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To evaluate the in-vivo effectiveness of wedelolactone
phytosomes, we have utilised the 4T1 syngenic
mouse model, which more closely resembles
human breast cancer in an immune-competent
state. Mammary cancer of the mice We allowed
4T1 cells to grow into palpable tumours in female
Balb/c mice that were 4 to 6 weeks old by injecting
them subcutaneously into the mammary fat pad
on the right flank. A two-week course of treatment
included an intravenous injection once daily. Table
2 shows that the experimental group of mice
were intravenously injected with wedelolactone
phytosomes suspended in normal saline solution,
while the control group of mice were given only
normal saline solution. An electronic digital calliper
was used to measure the tumour size at regular
intervals. Once the study came to a close, the mice
were killed 25401,

Table 2: Treatment protocol for breast cancer
induced mice

Groups Treatment

Group!l Normal control i.e. Normal saline
solution

Group Il Standard (Doxorubicin 2mg/kg), iv
injection

Group lll  Treated with isolated wedelolactone
(100 mg/kg)

Group IV Treated with Wedelolactone

Phytosomes (100mg/kg)

RESULTS AND DISCUSSION

The Soxhlet extraction method produced
a dark brown extract of Eclipta alba with a notable
yield of 12.65% w/w. This relatively high extraction
efficiency is attributed to the continuous solvent
circulation inherent to the Soxhlet system, which
ensures sustained contact between the fresh
solvent and plant material, thereby facilitating the
exhaustive extraction of bioactive phytoconstituents.
The percentage yield of wedelolactone from the
ethanolic extract of Eclipta alba was found to be
67.18%, which is considered significantly high
for the isolation of a specific phytoconstituent.
This high yield can be attributed to efficient
solvent extraction by ethanol. The use of ethanol
likely enhanced solubilization and extraction
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efficiency of wedelolactone from plant material. The
wedelolactone obtained was subsequently utilized
for the formulation of phytosomes 4142,

Percentage Encapsulation Efficiency

Formulation F2 exhibited the highest
entrapment efficiency of 89.75 + 1.70%, indicating
an optimal phospholipid-to- isolated wedelolactone
ratio that facilitated maximum incorporation of the
active phytoconstituents within the lipid bilayer.
Other formulations F1, F3 and F4 shown an EE
(%) of 82.30 + 1.52, 77.43 + 1.25 and 78.67 =
1.38respectively 4349,

Particle Size, Polydispersity Index and Zeta
Potential

Hydrodynamic diameter of phytosomes,
obtained from five DLS measurements, ranged from
584.1 nm (Table 3). This size range falls within the
microsphere category (< 500 nm). The polydispersity
index, ranging from 0.116 + 0.003 to 0.208 + 0.015,
indicates a homogeneous particle size distribution,
consistent with the criterion for optimal homogeneity
(PDI < 0.5) 4l,

Table 3: Vesicle Diameter Readings of Isolated
Wedelolactone Phytosome Formulations

Formulation Vesicle Diameter
Code Mean = SD (nm)

F1 604.0 + 10.2

F2 584.1 + 3.6

F3 597.2+6.9

F4 5942 +7.6

The measured zeta potential for F2 was
—23.8 mV. Formulation F1, F3 and F4 shown zeta
potential -22.2 + 1.4, -22.4 + 1.1 and -23.4 = 0.6.
Although slightly below the ideal threshold of
—30 mV, this negative surface charge still indicates
moderate stability and suggests a reasonable degree
of electrostatic repulsion preventing immediate
aggregation. [46-491,

In Vitro Drug Release Study

Formulation F2 exhibited a sustained
and controlled release profile, with approximately
82.6+1.3% of the drug released over 12 hours,
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compared to a more rapid release observed in other
formulations (Figure 1). This indicates the efficient
encapsulation and gradual release behavior of the
phytoconstituents from the phytosomal matrix. The
sustained release effect observed in F2 makes it
a promising candidate for prolonged therapeutic
action. Formulation F2 demonstrated the most
sustained drug release profile, suggesting its
potential for long-acting therapeutic applications. [50-
52]. The release data was most closely matched by
the Korsmeyer-Peppas model (R2 = 0.9306) among
the kinetic models that were tested. Consistent with
previous findings and typical of controlled-release
systems, this points to the presence of erosion and

diffusion as governing processes for drug release
(53]

Figure 1. Comparison of In vitro Drug Release
(%) of Isolated Wedelolactone Phytosomal
Formulations (F1-F4)

Cytotoxicity Studies

The phytosomal formulation exhibited
significantly lower IC values across the cell lines
compared to the crude isolated wedelolactone,
indicating enhanced cytotoxic activity.

Table 4: In vitro Cytotoxicity (MTT Assay)
of Isolated Wedelolactone Phytosomal
Formulation and Isolated Wedelolactone
against Breast Cancer Cell Lines

Conc. (ug/mL) 4T1
10 914 +2A1
25 79.1+2.0
50 63.8 +2.5
75 472 +23
100 349+1.8
IC (pug/mL) 67.8x24

In Vivo Toxicity Studies

At lower doses (50 and 100 mg/kg),
no signs of toxicity or behavioral abnormalities
were observed. At 200 mg/kg, mild signs such as
temporary lethargy and reduced locomotor activity
were noted within the first 24 hours, which resolved
spontaneously. However, at 400 mg/kg, moderate
toxicity signs (e.g., piloerection, labored breathing,
and transient convulsions) were observed, and 1
out of 6 animals died, suggesting a dose-dependent
response.

In vivo Anticancer Potential of Wedelolactone
Phytosomal Formulation

Animals treated with the wedelolactone
phytosome formulation exhibited a marked
and statistically significant reduction in tumor
progression when compared with both the untreated
control group and the group receiving crude isolated
wedelolactone (p < 0.01). By day 21, the mean
tumor volume in the phytosome-treated group was
limited to 410.3 + 28.4 mm3, indicating substantial
inhibition of tumor growth. In contrast, animals
treated with crude isolated wedelolactone showed
a considerably higher mean tumor volume of 756.5
+ 34.2 mm3, while the control group demonstrated
rapid and uncontrolled tumor growth, reaching
1050.2 + 41.7 mm? (Table 5).

Table 5: In vivo Anticancer Activity of Isolated
Wedelolactone Phytosomes in 4T1 Tumor-
Bearing Mice

Group Tumor Body % Survival
Volume Weight Tumor  Rate
(mm3) (9) (Day  In- (%)
(Day 21) 21) hibition

Control 1056.2+41.7 234+12 — 66.7

(Saline)

Doxorubicin  395.7 + 25.1 21515 625% 100.0

(2 mg/kg)

Crude 769.5 + 34.2 246+1.0 271% 833

isolated

wedelol-

actone

(100 mg/

kg)

Phytosome 412.3+284 258+1.3 60.9% 100.0

(100 mg/kg)

(p<0.01, £ SD; n =6)
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CONCLUSIONS

The development of wedelolactone
phytosomes addresses the limitations of conventional
herbal extracts by enhancing solubility, bioavailability,
and stability, thereby improving therapeutic efficacy.
Comprehensive in vitro and in vivo studies have
confirmed the safety and efficacy of wedelolactone
phytosomes, demonstrating their potential as a
promising therapeutic agent.

The absence of acute toxicity and adverse
effects at high doses further strengthens their
potential for clinical translation. Future research
should focus on long-term toxicity studies, detailed
mechanistic investigations, and clinical trials to fully
realize the therapeutic benefits of wedelolactone
phytosomes.
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