Pak Heart J 2023:56(03)
ISSN:0048-2706 E-1SSN:2227-9199

Screening of the Anticancer Potential ofLycopene-Loaded Nanoliposomes

Ashu Saini?, Lokvendra Singh Budania?, Anupam Berwal®, Sushila Kaura*, NeerajSethi®",
!Department of Biochemistry, Om Sterling Global University, Hisar
2Department of Anesthesiology, Kalpana Chawla Government Medical College and Hospital, Karnal
Department of Microbiology, Kalpana Chawla Government Medical College and Hospital, Karnal
“Department of Pharmacology, Om Sterling Global University, Hisar
SDepartment of Biotechnology, Om Sterling Global University, Hisar

Abstract

Lycopene, a naturally occurring triterpene, demonstrates significant anti-cancer potential. However, due to its limited
bioavailability, it exhibits a diminished solubility in an aqueous environment. A promising technique for enhancing the
solubility and bioavailability of Lycopene is the utilization of liposomal nano formulation. The present investigation
involved the development of Lycopene nanoliposomes, followed by a comprehensive analysis and modification of their
physical and chemical properties. Lycopene nanoliposomes exhibited favorable attributes for their prospective application
in drug administration, as evidenced by their particle size distribution spanning 40-150 nm, zeta potential of -21.5mV,
and an entrapment efficacy of 60.0%. The cytotoxic efficacy of a liposomal nano formulation loaded with Lycopene
was established in inhibiting cancer cell proliferation, as evidenced by its impact on the A-549, MCF-7, and Hela cell
lines. Consequently, the present study endeavor demonstrated the potential utility of Lycopene nanoliposomes as a viable

nano formulation for the treatment of cancer.
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Introduction

Chemotherapy works best when drugs reach their
molecular targets. Anticancer drug circulation in the
body is random and non-targeted, reducing its efficacy.
It also raises toxicity and negative effects. Site-specific
drug administration and reduced side effects are
achieved by entrapping an anticancer agent in a carrier.
For carrier- mediated cancer medicine delivery, the
particle's surface must have a suitable agent and be
biocompatible [1].

Nanotechnology could improve cancer diagnosis and
treatment [2]. Many nanotechnologies have been
createdto treat cancer more efficiently and safely due to
the disadvantages of standard chemotherapy. Over 40
nanotherapeutics, including chemotherapeutics and
imaging agents, have been given to patients. A
nanomaterial platform can integrate many therapeutic
effects [3]. For this reason, they can target specific
tissues.  Effective  systemic  distribution  of
nanotherapeutics to solid tumors requires a better
understanding of their biological and physicochemical
properties [4].

Non-immunogenic, biocompatible, and degradable
nanoliposomes are widely used drug delivery [5].
Additionally, liposomal bioactive administration
increases bioactive ingredient bioavailability as it passes
through the digestive tract and into the bloodstream.
Hydrophilic components dissolve into nanoliposomes'
watery centers during formulation, while hydrophobic
materials bond to the bilayer. Nanoliposomes can use
hydrophilic and hydrophobic bioactive substances.
Since phyto nanoformulations were discovered and
refined, advanced nano-herbal products can be made
[6]. Many herbal medications address CVS, respiratory,
diabetes, cancer, and other conditions.

Nanoformulations have improved cancer treatment,
reducing disease severity and death. Lycopene
possesses anti-inflammatory and hepatoprotective
properties [7, 8]. Lycopene triterpenoids include free
carboxylic acid and saponin aglycone [8]. It alters the
glucocorticoid receptor and reduces Bcl2 in Michigan
Cancer Foundation-7 breast cancer cell lines [9, 10].
Due to its low toxicity and natural origin, lycopene is
used in pharmaceutical formulations for local and oral
use [11, 12]. The Lycopene-loaded novel liposomal
nano formulation may overcome such constraints and
distribute Lycopene. Lycopene nanoliposomes may
increase solubility, bioavailability, and therapeutic
potential. Lycopene nanoliposomes were developed,
characterized, and tested for anti-cancer efficacy against
cancer cell lines.

Materials and methods

Drug and chemicals

Lycopene came from India, from a company called
Sigma Aldrich. Cholesterol came from a place called
Molychem in Mumbai. Cell lines A-549 (Human lung
adenocarcinoma epithelial cells), MCF-7 (Human breast
adenocarcinoma cells), and Hela (Human cervical
carcinoma cell line) were obtained from the National
Center for Cell Science (NCCS), Pune; whereas,
Lecithin, Minimum Essential Eagle Medium, Foetal
Bovine Serum (FBS), penicillin, and streptomycin were
purchased from Himedia, Mumbai. All of the substances
used in the experiments were of analytical reagent
quality.

Preparation of Lycopene nanoliposomes

Lycopene nanoliposomes (LNLs) were made by thin
film hydration. Both lecithin and cholesterol were
utilized as excipients. 28 milliliters of ethanol and 70
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milliliters of carbon tetra chloride were combined with
650 milligrams of lecithin, 100 milligrams of
cholesterol, 20 milligrams of cetyl trimethyl ammonium
chloride, and 200 milligrams of lycopene. For 4.5 hours
at 42 degrees, the mixture was evaporated in a rotary
evaporator to create a lipid film. The film was then
hydrated in 90 ml of deionized water containing 2 ml of
0.035% Tween-80solution at 70 degrees Celsius for an
hour. The large, stable, and well-hydrated multilamellar
vesicle suspension that resulted was then subjected to
sonication and extrusion.

Characterization of Lycopene nanoliposomes
Dynamic light scattering was used to determine the
average nanoliposome particle size and the degree of
heterogeneity (polydispersity index) of size-optimized
nanoliposomes. The Zetasizer Nano ZS-90 (Malvern
Instruments, Malvern, UK) was used to assess the
electrokinetic potential in a colloidal dispersion of
vesicles, which indicated whether or not the liposomal
nanoformulations were stable at 25 °C. The amount of
unbound medication in the supernatant was measured
after centrifugation at 10,000 rpm, 4 °C for 30 min, and
the % encapsulation efficiency was computed. A
transmission electron microscope (TEM-Hitachi-H-
7501SSP/N-817- 0520, Japan) was used to examine the
better batch for morphological defects. One drop of
optimized LNLs was placed on a copper grid, air-dried,
and scanned at 60,000x magnification and 80,000 V
accelerating voltage to create a TEM micrograph.
Before LNLs were extruded, their morphology was
analyzed under a fluorescent photomicroscope (LEICA
DM 2500 M) at 100X magnification. The KBr pellet of
powdered samples of Lycopene, lecithin, cholesterol,
and LNLs was analyzed in the range of 4500-500 cm-1
using the FTIR spectrophotometer  Affinity-1
(Shimadzu, Japan). The physical properties of the drug
and liposomes were determined by performing a
differential scanning calorimetry-thermogravimetric
analysis (DSC-TGA) on LNLs and dummy
nanoparticles using a TGA/DSC 3+ Stare System,
Mettler Toledo AG, Analytical, Switzerland. Samples (5
mg) were scanned between 30 and 500 C using an
alumina pan and a heat flow rate of 15 C/min.

In vitro release profile of Lycopene nanoliposomes
The release profile was studied using the dialysis sac
technique. Dialysis sacs containing 10 mg of LNLs were
immersed in a solution of 25% ethanol and 0.1 M
phosphate buffer saline at a pH of 7.4, and the mixture
was then stirred continuously at 90 rpm at a
temperature of 37 °C. There were 24 total samples
taken, each

measuring 1 ml in volume, taken at 1, 2, 3, 6, and 24-
hour intervals. The samples were then analyzed by high-
performance liquid chromatography (Agilent 1200
Infinity Series) at 216 nm for 8.24 min using a
ZORBAX SBC-18 column that was five meters long
and had a particle size of 4.6 microns by 4.6
micrometers.

Antioxidant activity

Antioxidant activity was determined as a measure of
antioxidants' capacity to quench DPPH. Lycopene and
LNLs were treated with 1, 1-diphenyl-2-picrylhydrazyl
(DPPH), a free radical solution in methanol (3.9 mg/100
ml), for 30 minutes at room temperature in the dark.
Absorption  was measured using a UV
spectrophotometer at517 nm. Nanoliposomes devoid of
lycopene, as a positive control, and lycopene, as a
negative control, as well asLNLs, were tested for their
ability to inhibit DPPH. Using the equation provided
below, we were able to determine the relative DPPH
inhibition of pure Lycopene and lycopene-loaded
nanoliposomes.

Percent antioxidant activity = (Control Abs.) - (Sample
Abs.) X 100
(Control Abs.)

In-vitrocytotoxic assay

LNLs solutions' in vitro cytotoxicity was evaluated
using the MTT assay on A-549 (human lung
adenocarcinoma epithelial cells), MCF-7 (human breast
adenocarcinoma cells), and Hela (human cervical
carcinoma cell line). Tetrazolium dye assays are used to
determine the cytotoxic or cytostatic effects of a
therapeutic bioactive agent or potentially dangerous
chemicals. Experiments using MTT reagent are
normally conducted in a dark atmosphere [11] because
to the reagent's sensitivity to light. Both normal and
malignant cell lines were cultured in a humidified
incubator at 370 degrees Celsius and 5% carbon dioxide
using a medium containing 10% inactivated fetal bovine
serum, 100 units per milliliter of streptomycin, and 100
units per milliliter of penicillin. After the cells reached
70% confluence, they were subcultured in a 0.25%
trypsin solution in a sterile environment. Dilutions of 1
M, 10 M, 20 M, 50 m, and 100 m per ml were produced
in the medium on 96-well plates using DMSO (M/ml)
stock solutions of the compound and the standard. The
proliferation characteristics of each cell line were used
to determine their respective densities. After an initial
incubation period of 8 hours, duplicate wells were
treated with varying concentrations of LNL (0.1-1000
g/ml) and Lycopene for an additional 3 days. After three
days, 3 liters (5 mg/ml) of MTT solution were added to
the growth media. The results were based on the
mitochondrial conversion of 3-(4,5-dimethylthiazol-2-
yl) 2,5- diphenyltetrazolium bromide (MTT) over a
period of 180 minutes of incubation. All of the
metabolically active cell percentage was compared to
Formazan crystals and untreated controls. After
dissolving formazan crystals inDMSO, the absorbance
at 570 nm was measured using a microplate reader
(BIORAD). The effectiveness of synthetic chemicals
against cancer was measured in comparison to
Lycopene.

Results and Discussion

Synthesis of Lycopene Nanoliposomes (LNLS)
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Thin-film hydration was used in the production of
Lycopene nanoliposomes. Since nanoliposomes have
both lipid and aqueous phases, they can be employed for
the capture, transport, and release of both lipid- and
water- soluble compounds. In the present study,
Lycopene, a hydrophobic drug, showed an overall
improvement in its pharmacological profile after being
absorbed into the liposomes.

Characterization of Lycopene Nanoliposomes

Particle size analysis and Zeta potential

Particle size matters for liposomal nanocarriers. Cellular
absorption, drug release, encapsulation, and bio-
distribution are affected [12,13]. A 150-nm
nanoliposome can enter or leave cancer cells
microenvironment. Malignant cells are bigger and
vascular [14]. Tumor locations will accumulate vascular
mediators. However, cancer cells' permeable
vasculature allows high molecular weight medicines to
boost EPR. Drugs in 400-nm liposomes passively target
cancer cells but are blocked from healthy tissues by the
endothelium [15-20]. The current investigation found
211 nm LNL particles, indicating significant vasculature
and accumulation. Zeta potential calculations assessed
surface charge and stability [21-22]. Zeta potential
regulates nano liposomal fusion, precipitation, and
aggregation. A higher negative value indicates increased
stability and cellular absorption. The zeta potential of
LNLs was -42.5 mV, indicating better stability.

Percent encapsulation efficiency (% EE)

LNLs formulation encapsulation efficacy was
determined from dispersion medium free drug
concentration. HPLC was used to compute free
Lycopene in the supernatant after centrifuging for 30
min at 10,000 rpm (4 C) (Fig. 1). The following equation
calculates encapsulation efficiency.

EE(%)= {(Cinitial — Cfinal)/Cinitial} x 100 Where,
Cinitial - initial drug concentration

and the Ciina - free drug measured in the supernatant after
centrifugationThe percent encapsulation was found to
be 65.2% for Lycopene.

Morphological studies using Photomicroscopyand
TEM

LNLs formulation encapsulation efficacy was
determined from dispersion medium free drug
concentration. HPLC was used to compute free
Lycopene in the supernatant after centrifuging for 30
min at 10,000 rpm (4 C) (Fig. 1). The following equation
calculates encapsulation efficiency.

FTIR spectroscopy

Due to the intense interaction between medications and
excipients, FTIR can distinguish several functional
groups, provide structural information in the form of
peaks or spectra, and detect molecular arrangement
changes. Lycopene has a unique FTIR signal for the -
OH stretch at 3447 cm-1. The FTIR peak for -CH2

group vibrations is 3030 cm-1. The 1742 cm-1 FTIR
signal indicates the C=0 functional group. Stretch-OH
FTIRpeak 1318 cm-1. Stretch (C-O group) peaks at
1043 and 1421 cm-1 (Fig. 3A). An FTIR signal for
cholesterol is the hydroxyl group at 3512 cm-1. Fig. 3B
shows that the aromatic stretch of CH=CH, carboxylic
acid C=0 group, and ester stretch cause the peaks at
2930 cm-1, 1565 cm-1, and 988 cm-1, respectively.
The FTIR peakof the amide group at 3546 cm-1 is
lecithin's. The P-O-C stretch vibration is at 1011 cm-1,
the P=0 stretch vibration is at 1320 cm-1, and the -OH
carboxylic stretch vibration is at 2989 cm-1 (Fig. 3C).

LNLs' FTIR spectrum shows Lycopene, cholesterol, and
lecithin peaks. The hydroxyl group peaks at 3445 cm- 1,
the aromatic CH=CH stretch at 3023 cm-1, the
carboxylic acid C=0 group at 1501 cm-1, and the
cholesterol ester stretch at 909 cm-1 (Fig. 3D).

Amide has a peak at 3021 cm-1, a -OH carboxylic
stretch vibration at 2897 cm-1, a P=0 stretch vibration
at 1365 cm-1, and a P-O-C stretch vibration at 1102 cm-
1. The FTIR peaks indicate Lycopene. The -OH group
(Stretch) FTIR peak is 1390 cm-1, while the -CH2 group
vibrations are 3012 cm-1. Stretch, or the C-O group,
peaked at 965 and 1300 cm-1. P=0 shifts from 1338
cm-1to 1387 cm-1 and P-O-C shifts from 988 cm-1 to
999 cm-1 when Lycopene and lecithin interact.
Differential Scanning calorimetric and Thermo-
gravimetric analytical studies

Two endothermic peaks appeared on the free Lycopene
DSC thermogram. The low strength of the first
endothermic peak at 286 oC confirmed Lycopene's
presence, whereas the high intensity of the second peak
revealed its crystalline shape (29-30). The thermogram
for LNLs showed an endothermic peak at 375 oC and
disintegration around 370 oC (Fig. 4A). The low peak
intensity encouraged LNLs' amorphousness. Blank
nanoliposomes showed two endothermic peaks: a low
intensity peak at 170 oC and a second peak at 365 oC
thatdecomposes beyond 365 oC (Fig. 4B). The peaks
were not sharp due to its unigueness.

To determine temperature-related weight loss, TGA was
used. At 340 oC, false nanoliposomes lost the most
weight, but LNLs lost the most at 350 oC following a
slight melting temperature change, suggesting a co-
amorphous phase difference.

In vitro drug release profile for LNLs using HPLC

Controlled medication release from the nanoparticle
matrix prevents increased metabolism and degradation.
In- vitro drug release data showed 85.6% pure Lycopene
released in 3 hours. Only 38.9% Lycopene was released
from LNLs after 3 hours of steady release. 71.6% of
Lycopene was LNL-free in 24 hours. LNL drug release
profiles show continuous Lycopene release because
Lycopene is hydrophobic (nonpolar). Liposomal
nanoformulations formed thick, firmly walled lipid
bilayers around Lycopene particles to prolong release
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(Fig. 5).

Antioxidant activity

DPPH assay is commonly used to assess encapsulated
compound antioxidant activity [31, 32]. The stable free
radical 1,1-diphenyl-2-picrylhydrazyl is rich violet
because it has spare electrons throughout the molecule.
The absorption band is 517 nm [33-34]. Violet colour
fades when DPPH is uniformly mixed with an oxidising
hydrogen molecule. The antioxidant Lycopene is
frequently utilized. Adding DPPH (a hydrogen atom
donor) to Lycopene solution turned it violet to pale
yellow. Thus, the absorption band shrank.LNLs
inhibited DPPH better than free Lycopene.
Nanoencapsulating Lycopene by lipid bilayer reduces
its nanoscale size and exposes more surface, increasing
antioxidant action (Fig. 6).

Anticancer activity

A-549, MCF-7, and Hela cell lines were used to
investigate Lycopene and LNLs for anticancer activities
using the MTT assay. The results are in Table 1. LNLs
are harmful because nanoliposomes have a large surface
area. Deeper tumor penetration is better with smaller
bilayer wvesicles [35-37]. The literature reports
Lycopene's anti- cancerous capabilities [38]. Healthy
cells contain mitochondrial dehydrogenase. It breaks
down the pale yellow MTT dye's tetrazolium ring
structure [39] to make dark purple formazan crystals that
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Figure 1: Zeta potential of Lycopene loaded nanoliposomes
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Figure3.FTIR spectra of (A) Lycopene, (B) Cholesterol, (C) Lecithin, (D) Lycopene loaded liposomal nanoformulations
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Figure 4. DSC of Lycopene loaded liposomal nanoformulations (A).

1393
http://www.pkheartjournal.com



Pak Heart J 2023:56(03)
ISSN:0048-2706 E-1SSN:2227-9199

Figure 5. In vitro drug release of Lycopene nanoliposomes
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Figure 6. Antioxidant activity of Lycopene nanoliposomes
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Table 1: 1C50 values of LNPs along with pure drug Lycopene

Samplecode |A-549 MCF-7 Hela

IC50 plC50 IC50 plC50 IC50  |pIC50
Lycopene 28.42 1.5663 26.34 -1.4913 30.98  |-1.51132
LNLs 6.3 -0.84345 6.1 -0.7480 4.8 -0.6812

Figure 7. Percentage cell inhibition of LNLs on MCF-7, A-549 and MCF-7 Cell lines after 24 h.
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