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Abstract
This study aimed to formulate and characterize the folate receptor-targeted PEGylated liposome encapsulating bioactive 
compounds from Kappaphycus alvarezii to enhance the anticancer activity. Twenty valued bioactive compounds (3-hydroxy 
benzoicacid, gallicacid, chlorogenicacid, cinnamicacid, artemiseole, hydrazine carbothioamide, etc.,) are confirmed from 
methanol extract of K. alvarezii using analytical techniques like HPLC and GC–MS. The delivery of bioactive compounds 
of K. alvarezii via naturally overexpressed folate receptor (FR) to FR-positive breast cancer cells was studied. FR targeted 
PEGylated liposome was constructed by modified thin-film hydration technique using FA-PEG-DSPE/cholesterol/DSPC 
(5:40:55) and bioactive compounds of K. alvarezii was encapsulated. Their morphology, size, shape, physiological stability 
and drug release kinetics were studied. The study reports of K. alvarezii extract-encapsulated PEGylated liposome showed 
spherical shaped particles with amorphous in nature. The mean diameter of K. alvarezii extract–encapsulated PEGylated 
and FA-conjugated PEGylated liposomes was found to be 110 ± 6 nm and 140 ± 5 nm, respectively. Based on the stability 
studies, it could be confirmed that FA-conjugated PEGylated liposome was highly stable in various physiological buffer 
medium. FA-conjugated PEGylated liposome can steadily release the bioactive compounds of K. alvarezii extract in acidic 
medium (pH 5.4). MTT assay demonstrated the concentration-dependent cytotoxicity against MCF-7 cells after 24 h with 
 IC50 of 81 µg/mL. Also, PEGylated liposome enhanced the delivery of K. alvarezii extract in MCF-7 cells. After treatment, 
typical apoptotic morphology of condensed nuclei and distorted membrane bodies was picturized. Additionally, PEGylated 
liposome targets the mitochondria of MCF-7 cells and significantly increased the level of ROS and contributes to the damage 
of mitochondrial transmembrane potential. Hence, PEGylated liposome could positively deliver the bioactive compounds of 
K. alvarezii extract into FR-positive breast cancer cells (MCF-7) and exhibit great potential in anticancer therapy.
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Introduction

Nanocapsules are carriers surrounded by polymer membrane 
where molecules can be loaded in its inner core or its surface 
(Singh and Lillard Jr 2009). Various alchemy drugs (Yoo 
and Park 2004), enzymes (Pun et al. 2004), phytochemicals 
(Xie et al. 2016) and nucleic acids (Li and Szoka 2007) are 
delivered site specifically with nanomaterials for the in vitro 
and in vivo treatment of cancer. The delivery of these mate-
rials with nanoparticles helps to improve pharmacokinetic 
properties such as controlled release of drugs, biocompat-
ibility, bioavailability; besides, it also helps to reduce sys-
temic toxicity and immunogenicity of the delivered material 
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(Malam et al. 2009; Chowdhury et al. 2017). Liposomes, 
a closed spherical sac of synthetic or natural phospholipid 
bilayer contains a hollow sphere in its core; any hydrophilic 
or hydrophobic molecules can be entrapped and carried with 
its inner core (Kunjiappan et al. 2018a). Liposomes are gen-
erally round and 400–2.5 µm in size which displays unique 
physico-chemical properties that have been widely explored 
for various site-specific delivery applications. Physical and 
chemical characteristics, including permeability, charge den-
sity and steric hindrance are based on the net constituent of 
phospholipids (Malam et al. 2009). Subsequently, the forma-
tion of liposomes was purely based on the self-association 
of the amphiphilic phospholipid molecules. Additionally, 
surface-modified PEGylated liposomes have significant 
potential therapeutic applications as injectable colloidal 
systems for controlled drug release with long circulation in 
the blood (Blume and Cevc 1990; Klibanov et al. 1990; Cho 
et al. 2015). In this regard, the drug loading mechanism can 
be achieved by the following approaches (1) the choice of 
aqueous solution-based liposome formation with appropriate 
soluble drugs, (2) using solvent exchange mechanism with 
suitable organic solvents, (3) with lipophilic drugs, and (4) 
pH gradient techniques (Qiu et al. 2008). These formula-
tions make the liposomal surface layer more comfortable 
for manipulating and adding appropriate molecules to its 
outer layer.

Multidrug resistance (MDR) is a condition appeared in 
cancer cells due to hefty and repeated usage of chemothera-
peutics (Persidis 1999). Tumors have developed strategies 
to resist chemotherapy and to avoid apoptotic pathways by 
two main mechanisms: (1) excess use of drug efflux pumps 
on the cell membrane (2) increased induction of anti-apop-
totic pathways by chemotherapeutic drugs. Hence, delivery 
of therapeutic molecule through nanoparticles can easily 
bypass the drug efflux pumps and can enhance the intracel-
lular delivery of required therapeutics. Site–specific delivery 
of bioactive agents will be a promising strategy for cancer 
where conditions like MDR may reduce the efficacy of treat-
ment. Site-specific delivery of molecules can be increased 
by targeting selective cellular markers to enhance efficacy, 
reduce toxicity and MDR of desired therapeutic agents 
(Zhao et al. 2008). Among other cell surface receptors, 
folate receptor (FR)-α is a sought-after and most promising 
cell surface marker accounted in various epithelial based 
cancer cells. Expression of folate receptors was accounted 
significantly on the surface of breast, lung, kidney, ovary, 
colon, brain cancer and myelogenous leukaemia (Low and 
Antony 2004). The importance of folate receptor (FR)-β has 
been recognized for its range of disease targets not limited to 
myelogenous leukaemia and chronic inflammatory diseases 
such as rheumatoid arthritis (Zhao et al. 2008).

Kappaphycus alvarezii is placed under the species of red 
algae which has been proved to be rich in its nutrients and 
in therapeutic level; the extracts have been used as therapeu-
tics for various diseases like cholesterol reducer, a source 
of antioxidant, anti-cancer and antiviral (Sato et al. 2011; 
Ferraces-Casais et al. 2012; Chang et al. 2017). Extracts of 
K. alvarezii was studied against mammary cancer model and 
its efficacy was proved in vitro and in vivo; however, the null 
toxic effect was found against somatic cells of Sprague–Daw-
ley rats (Chang et al. 2017). Shreds of evidence from various 
reports proved that the extracts of K. alvarezii inhibited the 
proliferation of breast, colon, liver and osteosarcoma cells 
(Suganya et al. 2016; Gutiérrez-Rodríguez et al. 2018). In 
this present study, bioactive compounds were extracted from 
K. alvarezii and were characterized by FTIR, GC–MS and 
HPLC methods. Furthermore, the extract was encapsulated 
with folate conjugated PEGylated liposome to target the 
overexpressed folate receptors. Additionally, the cytotoxic/
apoptotic activity of PEGylated liposomes against breast 
cancer (MCF-7 cells) was extensively studied in vitro with 
MTT, DAPI, live/dead assay, mitochondrial transmembrane 
potential and ROS generation methods.

Experimental section

Materials and cell lines

The chemicals, cholesterol, polyethylene glycol bis amine 
 (NH2-PEG3400), acridine orange (AO), N-hydroxysuccin-
imde, N,N-dicyclohexylcarbodiimide, pyridine, ethidium 
bromide (EB), 4′,6-diamidino-2-phenylindole (DAPI), 
dichlorodihydro-fluorescein diacetate (DCFH-DA), rho-
damine 123, fetal bovine serum (FBS), 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-tetrazolium bromide (MTT), dul-
becco’s modified eagle’s medium (DMEM), streptomycin, 
penicillin and dimethyl sulfoxide (DMSO) were procured 
in cell-culture tested grade from Himedia Laboratories Pvt. 
Ltd., Mumbai, India and Sigma-Aldrich, Bangalore, India. 
The pharmaceutical grade folic acid (97.95%) was received 
as a gift from Alkem Laboratories, Mumbai, India. 1,2-dis-
tearoyl phosphatidylethanolamine (DSPE) and Distearoyl 
phosphatidylcholine (DSPC) were obtained from Lipoid 
(Germany) and Avanti Polar Lipids (Alabaster, AL, USA). 
The remaining chemicals and reagents used for this present 
study were of analytical grade supplied by Thermo-Fisher, 
Mumbai, India. Human adenoma breast cancer cell lines 
(MCF-7 cells) was procured from NCCS, Pune, Maharash-
tra, India and maintained in DMEM medium containing 10% 
heat-inactivated fetal bovine serum (FBS), 1% penicillin/
streptomycin and amphotericin B.
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Kappaphycus alvarezii collection, extraction 
and characterization

Kappaphycus alvarezii, a macro red algae (Family: 
Solieriaceae; Division: Rhodophyta, Class: Floridophy-
ceae) was collected from Bay of Bengal Ocean of Manda-
pam coastal area (longitude: 79.12° E and latitude: 9.28º 
N), Ramanathapuram Dist. Tamilnadu, India, during January 
2018. The collected algae were thoroughly cleaned with dis-
tilled water to get rid of salt and sand particles and allowed 
to dry for 15 days. The dried algae were powdered, screened 
through 60 mesh size screen and safely stored in an airtight 
container for further investigations. The powdered K. alva-
rezii (50 g) was permitted to microwave-assisted extraction 
(microwave apparatus (CATA R) supplied by Catalyst Sys-
tems (Pune, India) attached with a magnetron of 2450 MHZ, 
nominal power of 850 W with 10 power levels, time control-
ler, exhaust system, beam reflector and a stirring device) 
using previously optimized variables of methanol (80%), 
microwave power (20%), temperature (45  °C) and time 
(14.5 min) (Baskararaj et al. 2019). The resultant extract was 
filtered and freeze-dried for further characterization. Then, 
FT-IR, Gas Chromatography-Mass Spectrum (GC–MS) and 
High-Performance Liquid Chromatography (HPLC) are used 
for the identification of biologically important compounds 
present in the extract.

Synthesis of folic acid‑PEG‑DSPE conjugate 
(FA‑PEG‑DSPE)

The synthesis of FA-PEG-DSPE conjugate was performed 
in three steps as described earlier (Gabizon et al. 1999) and 
following is the route map presented in Fig. 1 (scheme).

Synthesis of FA‑PEG‑NH2

All the reaction conditions needed for the synthesis of 
conjugate molecules are performed in dark to avoid deg-
radation of folicacid. First, FA-PEG-NH2 was synthesized 
by reacting 500 mg (0.15 mmol) polyethylene glycol bis 
amine  (NH2-PEG3400) with an equimolar quantity of 
FA (500 mg; 1.18 mmol) in 5 mL of DMSO containing 
one mmol equivalent of N, N-dicyclohexylcarbodiimide 
(184 mg; 1 mmol) and 10 µL pyridine. The mixture was 
activated in a thermostat water bath at 40 °C and stirred 
overnight at 80 rpm. Then, 10 mL of water was added and 
the insoluble by-product (dicyclohexylurea) was removed 
by centrifugation. DMSO and un-reacted FA from super-
natant of FA-PEG-NH2 were removed by dialyzed against 
5 mM  NaHCO3 buffer (pH 9.0) and then against deionized 
water. The product FA-PEG-NH2 was then lyophilized and 
analyzed for folate and -NH2 contents by thin-layer chroma-
tographic method (TLC).

Synthesis of N‑succinyl‑DSPE

Second, N-succinyl-DSPE was synthesized by reacting 
1.1 molar concentration of NHS (0.12 g) and 100 mg of 
DSPE in 5 mL chloroform containing 10 µL pyridine at 
room temperature under stirring condition. The product 
was precipitated with ice-cold acetone and confirmed by 
thin-layer chromatography (TLC).

Synthesis of FA‑PEG‑DSPE

Third, FA-PEG-DSPE conjugate was synthesized by 
N-succinyl-DSPE re-dissolved in chloroform and its car-
boxyl group was activated by reacting with one molar 
equivalent of N, N-dicyclohexylcarbodiimide for 4 h at 
room temperature. An equimolar amount of the above-
synthesized FA-PEG-NH2 dissolved in chloroform was 
then added. After overnight stirring at room temperature, 
the solvent was removed from the reaction mixture and 
the lipid pellet containing FA-PEG-DSPE conjugate was 
washed twice with ice-cold acetone, re-dissolved in chlo-
roform and stored at − -20 °C. The formation of FA-PEG-
DSPE was confirmed by FT-IR and proton NMR.

Formulation of K. alvarezii extract‑encapsulated 
control and PEGylated liposome

Control and FA-conjugated PEGylated liposomes encap-
sulated K. alvarezii extract was formulated with slightly 
modified thin-film hydration technique (Zhu et al. 2013). 
In detail, 100 mg of mixture of lipids, FA-PEG-DSPE/
cholesterol/DSPC (5:40:55) was dissolved in 10 mL mix-
ture of methanol: chloroform (2:1), followed by removal of 
solvents using rotary vacuum evaporator (Buchi Rotavap). 
The dried lipid mixture was then re-hydrated in 2 mL of 
low-pH ’trapping’ buffer (400 mM citrate, 5 mM phos-
phate, pH 4.0) by vortexing. Followed by the addition 
of diluted methanolic extract of K. alvarezii to the dried 
cationic lipid film and the mixture was incubated at room 
temperature for 4 h with intermittent mixing, resulting 
in a final lipid concentration of 10 mM. The suspended 
solution was sonicated for 5 min at optimized sonication 
conditions to achieve a homogeneous liposome mixture, 
FA-conjugated PEGylated liposome was annealed for 
1 h at 60 °C in a water bath and cooled to room tem-
perature. Control liposome was formulated using the same 
procedure with the mixing of 100 mg [cholesterol/DSPC 
(45:55)] in a mixture of chloroform: methanol (2:1), fol-
lowed by addition of diluted methanolic extract of K. 
alvarezii.
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Fig. 1  Synthetic scheme of folic acid-PEG-DSPE conjugate
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Determination of K. alvarezii extract encapsulation 
efficiency and loading capacity

The total concentration of K. alvarezii extract in the control 
liposome/FA-conjugated PEGylated liposome was deter-
mined using UV–Visible spectrophotometer (UV-1800 
series, UV Probe 2.62 software, Shimadzu Japan) (Kunji-
appan et al. 2018b). Accurately, 100 µL of control liposome/
FA-conjugated PEGylated liposome was diluted with 0.9 mL 
of methanol and centrifuged with 30,000 rpm for 1 h at 4 °C 
in a cold centrifuge. The supernatant solution containing 
free extract was separated and measured the absorption at 
530 nm. K. alvarezii extract encapsulation efficiency and 
loading capacity were calculated by employing the follow-
ing formulas:

Characterization of PEGylated liposomes

The functional groups and their integrity of K. alvarezii 
extract, K. alvarezii extract-encapsulated liposomes (con-
trol), and FA-conjugated PEGylated liposomes were iden-
tified by FT-IR spectroscopy (Shimadzu IR Tracer-100) 
(Yousefi et al. 2009). A pinch of each sample (≈1 mg) was 
mixed with an equal amount of KBr (IR grade), and a round 
disc was prepared using a hydraulic press. The disc was 
scanned with a resolution of 4 cm−1 in wavenumber ranges 
from 400 to 4000 cm−1. The z-average particle size, zeta 
potential, size distribution of control liposome and FA-con-
jugated PEGylated liposome were determined by Zetasizer 
(Nano ZS ZEN 3600, Malvern Instruments, UK) by dynamic 
light scattering (DLS) method (Van Steenis et al. 2003). The 
physical characterization of FA-PEG-DSPE conjugate and 
FA-conjugated PEGylated liposomes was obtained by X-ray 
diffractometer (BRUKER D 8 Advance ECO XRD system 
equipped with SSD160 1 D Detector) (Sun et al. 2006). The 
operating conditions of X-ray diffractometer were as fol-
lows: targeting of Cu Kα 1 radiation (l = 0.1542) in a 2θ 
configuration with 20 keV voltage power and 30 mA cur-
rent. For FE-SEM imaging to visualize the shape of FA-
conjugated PEGylated liposomes, a sample solution was 
located on a carbon strip attached to an SEM brass; the 
extra solution was absorbed using sterile blotting paper 
and allowed to dry under a mercury lamp for 5 min. The 
high-resolution FE-SEM was executed by JEOL JSM6700 
electron microscope (Kumar et al. 2017). Morphological 
details of formulated FA-conjugated PEGylated liposomes 
was observed under high-resolution transmission electron 

(1)Loading capacity (%) =
{[

(K. alvarezii extract)added−(K. alvarezii extract)measured

]

∕liposome weight
}

× 100.

(2)
Encapsulation efficiency(%) =

{[

(K. alvarezii extract)added−(K. alvarezii extract)measured

]

∕(K. alvarezii extract)added
}

× 100.

microscope (HR-TEM-JEOL 2100 at an acceleration voltage 
of 200 kV) (Li et al. 2015). For HR-TEM imaging, few drops 
of freshly formulated FA-conjugated PEGylated liposomes 
were placed over copper grid (carbon-coated) and air dried 
for 5 min.

In vitro release study

In vitro K. alvarezii extract release from FA-conjugated 
PEGylated liposome was performed triplicates in 0.01 M 
acetate buffer solutions (pH 3.2 and 5.4) and phosphate 
buffer solutions 7.4 at 37 °C (Kunjiappan et al. 2019b). In 
detail, 5 mL of FA-conjugated PEGylated liposome was 
placed in dialysis bag (Molecular weight cut-off 3500 Da) 

incubated in a beaker containing 30 mL of buffer solutions 
at 37 °C and kept under shaking at 150 rpm. The buffer 
solution outside the dialysis bag was withdrawn at specific 
time intervals and replaced with fresh medium. The col-
lected resultant supernatant was diluted with methanol and 
at specific time intervals, the amount of drug (K. alvarezii 
extract) released from FA-conjugated PEGylated liposome 
was quantified at 530 nm using UV–Visible spectrophotom-
etry. The following formula was used for calculations:

where A0 = absorbance of the control; A1 = absorbance of 
the sample.

K. alvarezii extract release kinetic studies

The above prepared K. alvarezii extract release data was 
computed using DD solver 1.0 software (Excel-plugin 
module) and the resultant data was fitted to the zero-order 
(cumulative % drug release vs. time), first-order (log % drug 
remaining vs. time), Higuchi (cumulative % drug release 
vs. square root of time), Hixson-Crowell (cube root of drug 
% remaining vs. time) and Korsmeyer-Peppas (log drug 
release vs. log time) models to verify the kinetics of drug 
release (Kunjiappan et al. 2019b; Dash et al. 2010). In the 
Korsmeyer-Peppas model, the diffusional exponent ‘n’ is a 
key indicator of the drug release kinetic mechanism from the 
dosage form. According to this, when “n = 0.45” the drug 
release is controlled by Fickian diffusion; when “n = 0.89” 
the drug release order corresponds to erosion mechanism/

(3)%Drug release =
(

A0 − A1

)

× 100∕A0.
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case II transport, while “0.45 < n > 1.0”, then the diffusional 
mechanism, is non-Fickian. If diffusion and drug release 
were found to be significant then no “n” values /kinetic data 
are calculated.

Stability studies

To the equivalent volume of solution (physiological buffered 
solutions in pH: 1.5, 3, 5, 6, 7.4 and 9; 10% NaCl and 0.5% 
BSA) present in a transparent glass vial, freshly prepared 
FA-conjugated PEGylated liposomes (approximately 1 mL) 
was transferred. The vial was at 37 ± 1 °C for 72 h. After 
72 h, UV–Visible spectrophotometry was used to assess 
instantly the maximum absorbance (λmax) of K. alvarezii 
extract FA-conjugated PEGylated liposomes (Bhalerao and 
Raje Harshal 2003).

In vitro cytotoxicity screening

The in vitro cytotoxicity of K. alvarezii extract FA-con-
jugated PEGylated liposomes in MCF-7 cells was studied 
using MTT colorimetric assay (Kunjiappan et al. 2018c; 
Lappalainen et al. 1994). In detail, cells were cultured over-
night in a 96-well flat-bottom cell culture plates at a density 
of 1 × 105 cells/well in DMEM (100 μL) at 37 °C in 5% 
 CO2 atmosphere. After 24 h of initial incubation, the culture 
medium was replaced with fresh DMEM containing vari-
ous concentrations of FA-conjugated PEGylated liposomes 
(200, 150, 100, 50, 25, 12.5, 6.25 µg/mL) and the cells were 
incubated for another 24 h. Also, negative/vehicle control 
and positive control (K. alvarezii extract) were also used for 
comparison. After completion of the desired treatment, the 
cells were washed with PBS. Next, 200 μL (5 mg mL−1) of 
0.5% MTT solution in serum-free medium was added to each 
well and incubated in 5%  CO2 at 37 °C for 4 h. Cytotoxicity 
was assessed by quantifying the formazan crystals converted 
from tetrazolium MTT salt. The medium was removed and 
formazan was dissolved with DMSO (100 μL). The absorb-
ance was measured with microplate spectrophotometer (Bio-
Rad, 680, Hercules, CA) at 570 nm. The following equation 
was used to calculate % cell viability:

where, At and Ac are mean absorbance of FA-conjugated 
PEGylated liposomes treated and control cells, respectively 
(n = 5; where n is the number of independent experiment).

Measurement of apoptosis by AO/EB double 
staining method

K. alvarezii extract-encapsulated FA-conjugated PEGylated 
liposomes prompted cellular apoptosis was visualized by 

(4)Cell viability (%) = At∕Ac × 100.

acridine orange/ethidium bromide double staining assay 
method (Kunjiappan et al. 2019a; Liao et al. 2018). In detail, 
MCF-7 cells seeded in 96-well plate at a density of 1 × 105 
cells per well and incubated with 400 µL of FA-conjugated 
PEGylated liposome  (IC50 value)/DMEM at 37 °C for 48 h 
in a humidified 5%  CO2 atmosphere. After the incubation 
time, cells were removed by trypsinization and suspended 
in 50 μL of phosphate-buffered saline (PBS), 1 μL of acri-
dine orange (10 μg/mL in PBS) and 1 μL of ethidium bro-
mide (10 μg/mL in PBS) for 30 min, and washed with PBS. 
To study the morphology of apoptotic cells, fluorescence 
microscopy was used. The images were captured at 40X 
magnification. To ensure accurate and consistent results, all 
the experiments were performed in triplicate.

Determination of mitochondrial transmembrane 
potential (ΔΨm)

The changes of mitochondrial transmembrane potential 
(ΔΨm) was analyzed using rhodamine-123 (cationic fluo-
rophore) by the previously described method (Kunjiappan 
et al. 2019a; Biswas et al. 2012). In detail, cells (MCF-7) 
were cultured at 37 °C for 4 h with  IC50 concentration of 
FA-conjugated PEGylated liposomes and the cells were 
rinsed with ice-cold PBS. Then, cells were stained with 
2 μM rhodamine-123 and incubated at 37 °C in the dark for 
30 min. Next, the cells were washed twice and fluorescence 
intensity was calculated at 480 nm (excitation wavelength) 
and 530 nm (emission wavelength) using Spectramax M2 
fluorescence spectrophotometer (Molecular Devices, USA). 
The reduced transmembrane potential of mitochondria was 
indicated by the reduction in staining of rhodamine 123.

4′,6′‑diamino‑2‑phenylindole. 2HCl (DAPI) 
fluorescent staining for nuclear morphology study

The morphological changes of nuclear materials were 
assessed after staining with DAPI (Kunjiappan et al. 2019a; 
Wang et al. 2018). In brief, MCF-7 cells (1 × 105 cells/well 
density) were seeded onto a coverslip of 24-well flat-bottom 
microplate and maintained at 37 °C in a  CO2 incubator for 
overnight. Cultured cells were treated with  IC50 concentra-
tion of FA-conjugated PEGylated liposomes and incubated 
at 37 °C for 48 h. The cells were subsequently washed twice 
with 1 × PBS and fixed with 4% paraformaldehyde solution 
for 30 min. Fixed cells were incubated with 20 µL (0.1 µg/
mL) of DAPI in the dark at room temperature for 5 min; 
then cells were washed twice with PBS and examined under 
fluorescent microscope (Labomed LX-400, Binocular Fluo-
rescence Compound Microscope). The number of apoptotic 



3 Biotech (2020) 10:136 

1 3

Page 7 of 18 136

cells was evaluated in representative fields and percentage 
of apoptotic cells were calculated.

Determination of intracellular ROS (reactive oxygen 
species) levels

Intracellular generation of ROS in control and treated 
breast cancer cells (MCF-7 cells) were determined using 
the fluorescent dye (DCFH-DA) (Kunjiappan et al. 2015; 
Gijsens et al. 2002). In detail, MCF-7 cells (1 × 105 cells/
well) seeded in 24-well culture plate and incubated for 24 h. 
Cells were then exposed with 10% FBS supplemented with 
 IC50 concentration of FA-conjugated PEGylated liposomes 
for 24 and 48 h further incubation. The time was selected to 
give adequate amounts of drug uptake within a time frame 
in which ROS generation may be projected. Later, cells were 
washed twice with 1 × PBS and labelled with 20 μM DCFH-
DA for 15 min at 37 °C. Next, the cells were placed on ice, 
filtered using cell strainer (70 μM) and the reaction mixture 
was exchanged to PBS (200 μL) with subsequent 10 min 
incubation in the dark at room temperature. The fluorescence 
intensity change was monitored at 475 nm (λex) and 525 nm 
(λem) using Spectramax M2 fluorescence spectrophotometer 
(Molecular Devices, USA).

Statistical analysis

The experimental data were analyzed using Statistical Pack-
age for Social Science (SPSS) version 20.0 software (SPSS 
Inc., Chicago, IL, USA). All studies were repeated at least 
three times. Obtained quantitative data were expressed as 
mean ± standard deviation. One-way ANOVA and Dunnett’s 
multiple comparison method is used to study the significance 
of the statistical method. A p value < 0.05 was considered to 
indicate a statistically significant difference. For cytotoxic-
ity studies, from the % viability values,  IC50 was calculated 
using robust curve fit non-linear regression method. ROS 
generation data was analyzed using a paired t-test method.

Results

K. alvarezii crude extract

Figure 2 shows FT-IR spectrum of K. alvarezii methanolic 
extract to confirm the functional groups. The characteris-
tic spectrum showed O–H stretching of carboxyl groups 
(3338 cm−1), –CH2 stretching of aliphatic groups (2922 and 
2848 cm−1), alkynyl C–H stretching (2353 cm−1), alkenyl 
C=C stretching (1637 cm−1), vinyl C–H in-plane bending 
(1406 cm−1), methylene C–H bending (1217 cm−1), trans 
C–H out of plane (952 cm−1) and cis C–H out of plane bend-
ing (719 cm−1). From GC–MS [Supplementary Fig. 1 (a)] 

analysis of K. alvarezii extract showed 15 valued bioactive 
compounds (listed in Supplementary Table 1). Supplemen-
tary Fig. 1 (b) shows the RP-HPLC spectra of K. alvarezii 
extract. Four peaks were detected and identified as com-
pound -1 (3-hydroxy benzoic acid), compound-2 (Cinnamic 
acid), compound-3 (Chlorogenic acid) and compound-4 
(Gallic acid) (Baskararaj et al. 2019).

FA‑PEG‑DSPE conjugate

Using TLC grade silica gel GF (75:36:6 chloroform/meth-
anol/water) showed a new spot (Rf = 0.54) due to the for-
mation of the product (FA-PEG-NH2). The appearance of 
–NH (Rf = 0.72) from the reaction mixture was confirmed 

Fig. 2  FT-IR spectra of K. alvarezii extract, K. alvarezii extract-
encapsulated PEGylate liposome, K. alvarezii extract-encapsulated 
FA-conjugated PEGylate liposome

Fig. 3  FT-IR spectra of FA and folic acid-PEG-DSPE conjugate
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by ninhydrin spray. The FT-IR spectra of FA and FA-PEG-
DSPE conjugates are depicted in Fig. 3. Absorbance peaks at 
1453 and 1508 cm−1 are related to aromatic C=C stretching 
vibrations in folicacid (FA). FA-PEG-DSPE conjugate spec-
trum shows two remarkable absorption peaks at 1691 cm−1 
due to the presence of amide (–NH) group and 1648 cm−1 
due to the presence of ester (–COO) group of DSPE. These 
absorption peaks indicated that FA had been structurally 
transferred into FA-PEG-DSPE. Moreover, a sharp peak at 
1178 cm−1 is representing to P=O stretching vibrations in 
DSPE. The peaks at 2867 and 2965 cm−1 are related to C–H 
stretching bands in the aliphatic structure of PEG, FA and 
DSPE. The broadband at 3287 cm−1 is recognized to O–H 
acid groups and O–H on the ring of folicacid. The 1H-NMR 
(Fig. 4) analysis of the new formulated compound is under 
the assigned structures. The 1H-NMR (δ: ppm) spectrum 
of FA-PEG-DSPE showed respective peaks of aliphatic 
 CH2 group at 1.4. The δ value of 2.8 confirms the pres-
ence of –NH2, further aromatic, amide, carboxylic acid and 
ester δ signals are observed at the respective peak area. The 
observed peak of the corresponding groups provides a piece 
of strong evidence for the formation of the formulated struc-
ture FA-PEG-DSPE.

Characterization of PEGylated liposomes

K. alvarezii extract was encapsulated in cholesterol/DSPC 
and FA-PEG-DSPE/cholesterol/DSPC named as control 
and FA-conjugated PEGylated liposomes, respectively. The 
encapsulation efficiency and loading capacity of K. alvarezii 
extract in control and FA-conjugated PEGylated liposomes 
were detected to be 84.56%, 82.72% and 13.42%, 12.81%, 
respectively. The FT-IR spectra of freeze-dried samples of 
control and FA-conjugated PEGylated liposomes are dis-
played in Fig. 2 [insert control liposome Fig(a) and FA-con-
jugated PEGylated liposome Fig(b)]. The FT-IR spectra of 

K. alvarezii extract–encapsulated FA-conjugated PEGylated 
liposomes showed strong absorption peak at 3395 cm−1 due 
to O–H group of active polyphenolic compounds of K. alva-
rezii extract, carboxyl moiety of FA. The absorption peak at 
2834 cm−1 confirms the presence of C-H stretching bands 
in the aliphatic structure of PEG, FA and DSPE. The peak 
at 1713 cm−1 indicates the stretching vibration of benzene 
ring skeleton of FA and polyphenolic compounds of K. 
alvarezii extract. While, the amide (–NH) group and ester 
(COO) group of conjugate DSPE are confirmed by the pres-
ence of peak at 1649 cm−1 and 1691 cm−1, respectively. A 
peak at 1099 cm−1 represents C-O stretching of α–anomer 
of polyphenolic compounds of K. alvarezii extract and FA. 
The peak at 2834 cm−1 is related to C–H stretching band in 
the aliphatic structure of the PEG, FA and DSPE. In Fig. 5, 
the XRD crystalline peaks of FA-PEG-DSPE was absent 
in the XRD pattern of K. alvarezii extract–encapsulated 

Fig. 4  Proton magnetic resonance spectrum of Folic acid-PEG-DSPE conjugate

Fig. 5  XRD pattern of folic acid-PEG-DSPE conjugate and K. alva-
rezii extract-encapsulated FA-conjugated PEGylate liposome
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FA-conjugated PEGylated liposomes. This spectacle may 
be demonstrated to the possible interaction such as hydro-
gen bonding between polyphenolic compounds of K. alva-
rezii extract and FA-PEG-DSPE. The intensity weighted 
mean diameter (z average), zeta potential of the K. alvarezii 
extract-encapsulated control and FA-conjugated PEGylated 
liposomes were measured using DLS and are displayed in 
Fig. 6 (a–d) respectively. The mean diameter of K. alvarezii 
extract-encapsulated control and FA-conjugated PEGylated 
liposomes was found to be 110 ± 6 nm and 140 ± 5 nm, 
respectively. The observed zeta potential of − 5  mV 
and + 0.2 mV and polydispersity index was 0.25 ± 0.014 

and 0.48 ± 0.026, respectively. These reports indicated that 
FA-conjugated PEGylated liposomes are monodispersed and 
highly stable. FESEM images (Fig. 7a, b) revealed that K. 
alvarezii extract-encapsulated FA-conjugated PEGylated 
liposomes were found to be smaller spherical particles 
with ~ 140 nm size. Further, TEM images (Fig. 8) showed 
that the diameter of K. alvarezii extract-encapsulated FA-
conjugated PEGylated liposomes were ranged from 100 to 
160 nm and the liposomes are spherical in shape.

Fig. 6  The DLS measurement of average particle size of K. alvarezii 
extract-encapsulated PEGylate liposome (control) (a); Zeta potential 
of K. alvarezii extract-encapsulated PEGylate liposome (control) (b); 

average particle size of K. alvarezii extract-encapsulated FA-conju-
gated PEGylate liposome (c); Zeta potential of K. alvarezii extract-
encapsulated FA-conjugated PEGylate liposome (d)

Fig. 7  FE-SEM images of K. alvarezii extract-encapsulated FA-conjugated PEGylate liposome
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Stability studies

Chemical stability is one of the prime parameters for the 
storage of pharmaceutical formulations. Figure 9 dem-
onstrates the stability of freshly formulated K. alvarezii 
extract-encapsulated FA-conjugated PEGylated liposomes 
in 10% NaCl (w/v), 0.5% BSA (w/v), physiological buffer 
solutions (pH: 1.5, 3.4, 5.2, 7.4 and 9). The λmax of K. 
alvarezii extract-encapsulated PEGylated liposomes in 
10% NaCl (w/v), 0.5% BSA (w/v) were found 450 nm 
and physiological buffer solutions (pH: 1.5, 3.4, 5.2, 7.4 
and 9) were found to be 460–465 nm. At pH 7.4 phos-
phate and 5.4 in acetate-buffered medium, K. alvarezii 

extract-encapsulated PEGylated liposome displayed 
about 5 nm shifts in its λmax. These data demonstrated 
the excellent stability of K. alvarezii extract-encapsulated 
PEGylated liposomes at various conditions.

Drug release studies

Figure 10 demonstrates the release profile of K. alvarezii 
extract from PEGylated liposomes in 0.01 M acetate buffer 
system (pH 3.2 and 5.4) phosphate buffer solution pH 7.4 
at 37 °C. The release profile was exposed as a cumulative 
percentage of the released K. alvarezii extract in time. An 
authenticated UV–Visible spectrophotometry was used to 
measure the quantity of K. alvarezii extract released. It can 
be observed that the release of K. alvarezii extract from 
PEGylated liposomes was in slow, steady and sustained 

Fig. 8  TEM images of K. alvarezii extract-encapsulated FA-conjugated PEGylate liposome

Fig. 9  The in  vitro stability studies of K. alvarezii extract-encapsu-
lated FA-conjugated PEGylate liposome in different physiological 
medium and pH buffer solutions. A stable peak appeared for 10% 
NaCl, 0.5% BSA and physiological buffered solutions (pH: 1.5, 
3.4, 5.2, 7.4 and 9), between the range of 460 nm and 460–465 nm, 
respectively

Fig. 10  In vitro K. alvarezii extract release pattern of FA-conjugated 
PEGylate liposome in pH 3.2, 5.4 and pH 7.4 at 37 ºC in PBS buffer 
as a function of time. Data were represented as mean ± standard devi-
ation (n = 3)



3 Biotech (2020) 10:136 

1 3

Page 11 of 18 136

release manner, which is pH-dependent and higher amount 
of K. alvarezii extract was released at pH 5.4. The cumula-
tive release of K. alvarezii extract from PEGylated liposome 
for first 30 min was found to be 0.08 ± 0.0006% (pH 3.2), 
0.08 ± 0.0007% (pH 5.4) and 0.08 ± 0.0007% (pH 7.4). After 
18 h, approx. 18% (pH 3.2), 21% (pH 5.4) and 18% (pH 
7.4) of K. alvarezii extract was released from PEGylated 
liposomes with gradual increase. The variations in pH 
did not significantly affect the K. alvarezii extract release 
from PEGylated liposomes. After, a steady-state increase 
in accumulative amount and release rate of K. alvarezii 
extract released from PEGylated liposomes was observed 
(at pH 3.2, 5.4 and 7.4 release rate was found to be 70.47%, 
81.35%, and 73.72%, respectively) after 66 h. The observed 
experimental data exposed that K. alvarezii extract release 
from PEGylated liposome was higher and efficient at pH 5.4 
compared to neutral pH 7.4.

Drug release kinetics

Additionally, the drug release kinetics of K. alvarezii extract 
release from PEGylated liposomes was determined using 
the above drug release data. The estimated drug release data 
were fitted into various kinetic models, including zero order, 
first order, Higuchi, Korsmeyer-Peppas and Hixson-Crowell 
models. The summary of in vitro drug release kinetics data 
was presented in Table 1. For each kinetic model, the regres-
sion coefficient (r2) value was generated and the release rate 

constant of these models was also predicted. In general, 
the closer r2 value is to 1 the better the fit. The first-order 
kinetics regression coefficient (r2) values are higher than 
that of zero-order kinetics i.e., 0.9616–0.9001 (in pH 3.2), 
0.9692–0.9285 (in pH 5.4) and 0.9618–0.8961 (in pH 7.4). 
These values are very close to 1, hence these models were 
considered to be good fit. The data was most fitted to the 
Higuchi model, with a regression coefficient (r2) of 0.8824 
(in pH 3.2), 0.8878 (in pH 5.4) and 0.8848 (in pH 7.4). 
According to this model, the PBS solution penetrates the 
lipid vesicle and dissolves the entrapped K. alvarezii extract 
and so the K. alvarezii extract release seems to be a process 
majorly controlled by diffusion. In addition, the diffusion 
exponent (n) in Korsmeyer-Peppas model was slightly varied 
[0.742 (pH 3.2), 0.778 (pH 5.4) and 0.733 (pH 7.4)]. This 
also demonstrates the uniform dissolution and controlled 
release of the formulation. Further, the observed release 
kinetics data indicates the non-Fickian behaviour of K. alva-
rezii extract-encapsulated PEGylated liposomes formulation. 
In Hixon Crowell model, high r2 values (0.9741) indicated a 
fixed amount of drug release and uniform dissolution from 
the PEGylated liposomes. However, the release of K. alva-
rezii extract from PEGylated liposomes was principally con-
trolled as well as sustained at fixed quantity of drug release 
pattern at pH 3.2, 5.4 and 7.4.

Table 1  Drug release kinetics 
profile of K. alvarezii extract-
encapsulated PEGylated 
liposome

Where, AIC akaike information criterion, F fraction of drug release in time t, K0 apparent rate constant of 
zero-order release constant, K1 first-order release constant, KH higuchi constant, kKP Korsmeyer–Peppas 
rate constant, kHC Hixon–Crowell constant, n diffusional exponent. And r2 squared correlation coefficient

Model Parameter K. alvarezii extract from PEGylated 
liposome

pH 3.2 pH 5.4 pH 7.4

Zero order F = K0 × t K0 0.015 0.017 0.015
r2 Adjusted 0.9001 0.9285 0.8961
AIC 340.521 337.430 343.741

First order F = 100 × [1-Exp (-k1 × t)] K1 0.01 0.01 0.01
r2 Adjusted 0.9616 0.9692 0.9618
AIC 300.411 302.144 301.786

Higuchi model F = KH × t1/2 Kh 0.904 1.026 0.926
r2 Adjusted 0.8824 0.8878 0.8848
AIC 347.390 356.379 348.114

Korsmeyer-Peppas model F = kKP × tn kKP 0.1272 0.1078 0.140
r2 Adjusted 0.9363 0.9535 0.9356
n 0.742 0.778 0.733
AIC 323.637 321.364 325.669

Hixon-Crowell model F = 100 × [1-(1-kHC × t)3] kHC 0.001 0.001 0.001
r2 Adjusted 0.9554 0.9741 0.9555
AIC 306.618 294.757 308.127
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Cytotoxicity studies

The potential cytotoxicity of K. alvarezii extract-encap-
sulated PEGylated liposomes was determined by MTT 
assay on MCF-7 cancer cells. It was found that K. alvarezii 
extract-encapsulated PEGylated liposomes exerts quantifi-
able cytotoxicity of cells in a concentration-dependent man-
ner, as shown in Fig. 11a. For 6.25 µg/mL concentration 
of K. alvarezii extract-encapsulated PEGylated liposomes 
concentration, no statistically significant change of viabil-
ity (98%) was observed, whereas, 100 µg/mL concentration 
of K. alvarezii extract-encapsulated PEGylated liposomes 
showed 43% of cellular viability. About 82% cellular viabil-
ity was observed with 100 µg/mL concentration of K. alva-
rezii extract and 28% of cell viability was observed with 
100 µg/mL of doxorubicin. Moreover, 50% of cell viability 
was observed at 81 µg/mL K. alvarezii extract-encapsulated 
PEGylated liposomes and this concentration was selected 
as half-maximal inhibitory concentration  (IC50) of K. alva-
rezii extract-encapsulated PEGylated liposomes for further 
study. After incubation with  IC50 concentration (81 µg/mL) 
of K. alvarezii extract-encapsulated PEGylated liposomes, 

the morphology of MCF-7 cells has changed as depicted in 
Fig. 11 (b, c).

Apoptosis analyses

The morphological changes induced by 81 µg/mL of K. 
alvarezii extract-encapsulated PEGylated liposomes  (IC50 
concentration) in MCF-7 cancer cells are analyzed by acri-
dine orange (AO)/ethidium bromide (EB) double staining 
assay method. The (AO)/(EB) double staining principle 
combines the differential uptake of fluorescent DNA bind-
ing dyes (AO/EB) and also the morphological changes of 
chromatin condensation within the stained nucleus. The AO/
EB assay is suitable for K. alvarezii extract-encapsulated 
PEGylated liposomes allowing to their cell membrane dis-
ruption potential. After 48 h of exposure with 81 µg/mL of 
K. alvarezii extract-encapsulated PEGylated liposomes, the 
cells are harvested, stained with AO/EB and visualized in a 
fluorescent microscope. In negative control cells, no signifi-
cant apoptosis was observed (Fig. 12a). In contrast, in the K. 
alvarezii extract-encapsulated PEGylated liposomes treated 
cells round, irregular shape with condensed nuclei, distorted 
cell membrane and the presence of apoptotic bodies were 

Fig. 11  Cytotoxic activity of human adenoma breast cancer (MCF-
7) cells using different concentrations of K. alvarezii extract-encap-
sulated FA-conjugated PEGylate liposome after 24 h treatment. The 
percentage of apoptotic cells increased dose dependently. Values are 

mean ± standard deviation of triplicate measurements (p < 0.05) (a); 
Morphology of the control cells (b); and treated cells (c) observed 
using a phase-contrast microscope

Fig. 12  Apoptotic morphologi-
cal variations of MCF-7 cells 
identified with AO/EB staining 
and observed using fluorescence 
microscope (a) control cells; 
(b) 81 μg/mL of K. alvarezii 
extract-encapsulated FA-
conjugated PEGylate liposome 
for 48 h
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observed (Fig. 12b). This result indicated the high concen-
tration of K. alvarezii extract entered into the MCF-7 cancer 
cells.

Mitochondrial transmembrane potential (ΔΨm)

To determine the mitochondrial transmembrane collapse, 
MCF-7 cancer cells were stained with rhodamine-123 after 
treated with K. alvarezii extract-encapsulated PEGylated 
liposomes. In the MCF-7 cells, after exposure with 
81 μg/mL of K. alvarezii extract-encapsulated PEGylated 
liposomes, a significant mitochondrial membrane potential 
loss was observed (Fig. 13a, b). Besides, K. alvarezii extract-
encapsulated PEGylated liposomes induced depolarization 
of the mitochondrial membrane as well. Our results demon-
strated that the K. alvarezii extract-encapsulated PEGylated 
liposomes permeate mitochondrial membrane via endocy-
tosis and leads to cell death (Fig. 14).

4′,6′‑diamidino‑2‑phenylindole.2HCl (DAPI) 
fluorescent staining

DAPI staining was assessed to distinguish the potential 
nuclear changes like DNA damage which are accountable 
for the cellular inhibitory effect of K. alvarezii extract-
encapsulated PEGylated liposomes related to the induction 

of cell apoptosis. Figure 14a, b represented the morphol-
ogy of DAPI stained MCF-7 cell lines without (control) 
and treated K. alvarezii extract-encapsulated PEGylated 
liposomes (24  h), respectively. The collection of cells 
(Fig. 14a) treated with 81 μg/mL of K. alvarezii extract-
encapsulated PEGylated liposomes exhibited typical apop-
totic morphology with cell shrinkage, nuclear fragmentation 

Fig. 13  Effects of K. alvarezii 
extract-encapsulated FA-con-
jugated PEGylate liposome on 
mitochondrial transmembrane 
potential in MCF-7 cancer cells. 
Control cells (a); notable loss of 
mitochondrial transmembrane 
potential on treated cells (b)

Fig. 14  DAPI stained image of 
MCF-7 cancer cells. Control 
cells (a) and (b) treatment with 
K. alvarezii extract-encapsu-
lated FA-conjugated PEGylate 
liposome. Chromatin fragmen-
tation is shown with arrow

Fig. 15  Effects of 81 μg/mL of Rt encapsulated K. alvarezii extract-
encapsulated FA-conjugated PEGylate liposome on ROS genera-
tion (percentage of control value) in MCF-7 cancer cells. Results 
expressed as mean ± standard deviation triplicate measurements 
(p < 0.05)
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and DNA condensation. Using DAPI staining, the intact 
nuclear morphology in the negative control collection of 
cells was observed.

ROS generation assay

Figure 15 shows the significantly increased level of intra-
cellular ROS in MCF-7 cancer cells treated with  IC50 con-
centration (81 µg/mL) of K. alvarezii extract-encapsulated 
PEGylated liposomes as compared to untreated control cells.

Discussion

Breast cancer has become one of the highest incidences of 
malignant tumor in the global women society (Bray et al. 
2018). Conventional chemotherapy has non-targeted distri-
bution and leads to severe toxicity, less bio-availability at 
disease site and permanently fails in MDR (Jain 2017). The 
natural bioactive compounds are frequently considered due 
to cost-effective, better bio-compatibility and productive 
comparable anti-cancer activity with limited toxicity than 
synthetic compounds (McClements et al. 2009). A major-
ity of bioactive compounds were highly insoluble/soluble 
in water and they might be speedy hepatic first-pass metab-
olism, the metabolites are less active/toxic effects and do 
not reach disease site (Shimizu 1985; Hidalgo et al. 2018). 
Bio-availability is one of the critical parameters ensuring 
the bio-efficacy of bioactive compounds for pharmaceutical 
formulations (Becker et al. 2011). Presently, some efforts 
have been taken on the cationic lipid vehicle entrapped with 
natural bioactive compounds with higher bio-availability and 
targeted efficiency without affecting normal healthy cells. 
Here, PEGylated liposomes were formulated and their sur-
face was modified with folic acid for effective targeted deliv-
ery. The bioactive compounds of K. alvarezii crude extract 
were encapsulated with PEGylated liposomes and its effect 
against cancer progression in vitro was studied with MCF–7 
cell lines. The apoptosis effect of K. alvarezii crude extract 
was proven with DAPI, acridine orange/ethidium bromide 
double staining, ROS and mitochondrial membrane leakage 
methods.

Marine algae are rich sources of therapeutics; among, sea-
weeds are considered as valuable sources of protein, iodine, 
vitamin, minerals and their metabolites has been proven for 
their promising activity against cancer incidences (Yaakob 
et al. 2014; Sithranga Boopathy and Kathiresan 2010). There 
have been many reports available on antioxidant, antican-
cer and immunomodulating activities of seaweeds (Jiménez 
Escrig et al. 2001). K. alvarezii extracts were found to be 
suitable for their therapeutic properties and their presence is 
rich in nutrients and nutraceuticals (Kumar et al. 2008). The 
extracts of K. alvarezii has been considered as antioxidant, 

antiviral and anticancer compounds (Ferraces-Casais et al. 
2012). K. alvarezii was collected, and active metabolites 
were extracted through microwave-assisted extraction 
(MAE) with minimal consumption of methanol (Baskara-
raj et al. 2019). Several scientific studies accounted for the 
advantages and applicability of microwave-assisted extrac-
tion upon medicinal plants. Carrageenan was extracted from 
Hypnea musciformis, well-known red algae (Ghannam et al. 
2013). The authors accounted that MAE is a rapid method to 
extract metabolites than conventional methods; also, MAE 
can be applied under low availability of algae powder with 
maximum cropping of bioactive compounds (Ganesan et al. 
2018).

Liposomes are potential drug carriers, having the capa-
bility of delivering drugs across cell membrane provided 
with stability and bioavailability; also, liposomes can protect 
the molecules loaded in its core from digestion (Torchilin 
2005). Liposomes were fabricated with FA-PEG-DSPE / 
cholesterol / DSPC composition and K. alvarezii methanolic 
extract was encapsulated in its core by thin-film hydration 
technique. The liposomes were characterized for its entrap-
ment and loading efficiency. Entrapment efficiency, size 
distribution and bioavailability of liposomes are based on 
the methodology employed to fabricate liposomes. Thin-
film hydration is one of the widely utilized and most straight 
forward methods of fabricating liposomes (Solis-Gonzalez 
2014). Đorđević et al. (2015) accounted that the size of the 
liposomes formulated by thin-film method depends on the 
bilayer composition and a load of molecules in its inner core. 
Hydroxyzine and Cetirizine-loaded liposomes were formu-
lated using thin-film hydration and freeze-thawing method 
by Elzainy et al. (2005). The authors analyzed the long term 
stability of liposomes by varying the duration of hydration 
of thin lipid film, freeze-thawing treatments and pH values. 
The results concluded that the liposomes synthesized with 
thin-film hydration method provided stability to liposomes 
for long term storage.

Even though liposomes are being considered as promis-
ing agents for delivering materials intracellular, they can 
be degraded by proteolytic enzymes, rapidly cleared by the 
reticuloendothelial system and can induce opsonisation 
process which ultimately leads to reducing half-life under 
peripheral circulating system (Prokop and Davidson 2008). 
PEGylation, the process in which polyethylene glycol chains 
are embedded to outer surface of liposomes can overcome 
these shortcomings and can improve pharmacokinetics of 
liposomes in the bloodstream (Harris and Chess 2003). 
PEGylated liposomes surface was conjugated with folic 
acid to enhance bioavailability and for folate receptor (nat-
urally overexpressed on the surface of breast cancer cells) 
targeted delivery. PEGylation of liposomes for enhance-
ment of extended circulation was accounted by numerous 
research reports (Gabizon 2001). Folate receptor targeted 
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liposomal nanoparticles were fabricated for efficient delivery 
with the target of chemoresistant breast cancer cells. The 
efficacy of folate receptor-targeted liposomal nanoparticles 
was proved with various in vitro and in vivo experiments. 
The same research group has previously reported that folic 
acid conjugated keratin nanoparticles encapsulated with 
rutin were non-covalently binded on the membrane surface 
folate receptor of breast cancer cells (MCF-7) (Kunjiappan 
et al. 2019a). Its folate conjugation was broken and keratin 
nanoparticles were subjected to smooth endocytosis on the 
cancer cells. The authors also accounted that the nanomate-
rial was effective against doxorubicin-resistant tumors; also, 
increase in tumor selectivity enhances the therapeutic out-
come of the liposomes (Riganti et al. 2011). Cationic lipid 
type folate acid-modified PEGylated liposomes were fabri-
cated for the delivery of siRNA in tumor cells. The results 
revealed that the FA-PEG modified cationic liposomes 
boosted in vitro gene silencing activity when compared to 
unmodified liposomes (Hattori et al. 2019).

In a pathophysiological state, the physicochemical prop-
erties like stability, size, shape, physical nature, the zeta 
potential of the liposomes are essential parameters for deter-
mining its drug delivery applications. Large size liposomes 
(µM) allow to carry macromolecules (like enzymes, pro-
teins) but are more rapidly eliminated from the blood cir-
culation by mononuclear phagocyte system, while small 
size (nm) liposomes limit the size of particles but increases 
the half-life circulation. Under observed with FE-SEM 
and TEM, the formulated K. alvarezii extract-encapsulated 
PEGylated liposomes were 140 nm in diameter with majorly 
spherical shape, which was verified with DLS reports. Also, 
the spherical shape of the liposomes instigated EPR effect 
which resulted in the initiation of the cancer cells nuclear 
materials leak. This was one of the significant advantages 
in lipid-based drug delivery system. The X-ray diffraction 
analysis established that the formulated K. alvarezii extract-
encapsulated PEGylated liposomes are monodispersed, 
amorphous in nature and they readily bind to the target 
receptor and then release the active drug at targeted cells. 
Zeta potential is one of the critical criteria for the stability 
of liposomes in the colloidal state. Liposomes with surface 
charge in terms of zeta potential are more rapidly uptaken 
into cancer cells and can release the intended bioactive com-
pounds. The formulated K. alvarezii extract-encapsulated 
PEGylated liposomes were displayed high stability in 10% 
NaCl, 0.5% BSA and at various pH buffer solutions. The 
observed higher stability of K. alvarezii extract-encapsulated 
PEGylated liposomes formulation might be responsible for 
controlled and sustained release of K. alvarezii extract from 
PEGylated liposomes.

Followed by the physicochemical characterization, 
in  vitro release of K. alvarezii extract from PEGylated 
liposomes was studied in various pH buffer solution to 

(a) authorize the successful encapsulation of K. alvarezii 
extract, (b) study the K. alvarezii extract release kinetics 
and release mechanism from PEGylated liposomes, (c) 
find out the most favourable conditions (pH) for maximal 
release of K. alvarezii extract from PEGylated liposomes, 
which is necessary for further extended in vivo studies. In 
this work, the observed K. alvarezii extract release data was 
extrapolated by five models (zero-order, first-order, Higuchi, 
Korsmeyer-Peppas and Hixson-Crowell models) to know the 
mechanism of K. alvarezii extract release from this formula-
tion. The observed regression coefficient (r2) for each release 
model was tabulated in Table 1. Based on the above results, 
it was found that the highest content, K. alvarezii extract 
(81.35%) was released from liposomes at pH 5.4 (acidic 
medium). Compared to healthy tissues, solid tumor tissues 
are more acidic (pH: 5–6). In this study, we observed that 
formulated liposomes at pH 5.4 medium mimicking tumor 
microenvironment, facilitates K. alvarezii extract release 
from PEGylated liposomes. Moreover, in vitro release pro-
files of K. alvarezii extract from all this formulation might be 
best expressed by Korsmeyer-Peppas equation, as the plots 
showed the highest regression coefficient (r2 = 0.93 to 0.95). 
The ‘n’ value was applied to specify Fickian and non-Fickian 
diffusion. For spherical liposomes, n ≤ 0.43 signifies case 
I transport (Fickian release), while n = 0.85 signifies con-
trolled delivery (case II transport). Intermediate values, i.e. 
0.43 < n < 0.85, describes a non-Fickian release (an anoma-
lous behaviour corresponding to coupled diffusion/polymer 
relaxation). In our study, at pH 5.4, n value was > 0.778. 
Hence, the drug release follows non-Fickian diffusion kinet-
ics and zero-order kinetics.

Viability of breast cancer cells against K. alvarezii 
extract-encapsulated PEGylated liposomes was assessed 
with MTT assay. The potential inhibitory concentration 
of K. alvarezii extract-encapsulated PEGylated liposomes 
against cancer cells (in vitro) was found to be 81 µg/mL. 
The role of K. alvarezii extract on controlling cancer pro-
gression was proven with different types of cancer models, 
including mammary, cervical and colon. K. alvarezii extract 
was studied against mammary cancer in vitro with MCF-7 
cell lines and 4.100 ± 0.690 mg/mL of extract reported as 
potential concentration to inhibit the progression of cells up 
to 50%. Further, the same was proven in Sprague–Dawley 
rat models (Chang et al. 2017). Prevention of colon carcino-
genesis was proven with HCT116 cell lines in vitro with low 
molecular weight κ-Carrageenan, an extract of K. alvarezii 
at 1000 µg/ml. The results accounted that the extracts having 
the capability of inducing apoptosis and it was proven with 
flow-cytometry cell cycle analysis (Annamalai et al. 2015). 
These reports support our findings that the extracts of K. 
alvarezii contain promising molecules to inhibit the growth 
of cancer cells.
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Further, the potential of K. alvarezii extract-encapsu-
lated PEGylated liposomes were proven with mitochon-
drial transmembrane potential, ROS generation assay, 
acridine orange, ethidium bromide and DAPI staining 
methods. Triggering apoptosis in cancer cells can be 
proven by various methods where DAPI and acridine 
orange are considered as auspicious technique. Time-
dependent increase of apoptosis with condensed nuclei 
was observed in HeLa and Caov-4 cell lines in association 
with DAPI staining (Prokhorova et al. 2018). Apoptotic 
effect of medicinal herb Bacopa monnieri was evaluated 
by Smith et al., with its purified extract (Smith et al. 2018). 
HT-29, SW480, SW620 and HCT116 cell lines were cho-
sen to prove the role of medicinal extract on enhancing 
apoptotic body formation with acridine orange staining 
method (Kauntz et al. 2011).

Conclusions

Folate conjugated K. alvarezii extract-encapsulated 
PEGylated liposomes was formulated by thin-film hydra-
tion technique. PEGylated liposomes were significantly 
delivered the bioactive compounds of K. alvarezii extract 
into human adenoma MCF-7 breast cancer cells, inhib-
ited the cell growth and induced apoptosis. The observed 
anticancer activity might be due to FR-receptor-targeted 
liposome internalization significantly increased the cel-
lular uptake efficiency. In this study, folate conjugated 
liposomes were formulated by incorporating FA-PEG-
DSPE/cholesterol/DSPC construct in the lipid bilayer 
and bioactive compounds of K. alvarezii was encapsu-
lated. FA-conjugated K. alvarezii extract-encapsulated 
PEGylated liposomes have been found to possess con-
trolled release characteristics with excellent physiologi-
cal stability and biocompatibility. PEGylated liposomes 
were found to be 140 nm diameter, nearly spherical shape 
with + 0.2 mV zeta potential. Bioactive compounds of 
K. alvarezii extract released from PEGylated liposomes 
prompted the apoptosis by increasing ROS production, 
mitochondrial transmembrane potential damage/loss and 
morphological changes of the nucleus of MCF-7 cells. 
The outcomes of cellular up-take assay confirmed that FA-
conjugated K. alvarezii extract-encapsulated PEGylated 
liposomes feasibly selected the target (folate receptor) 
cancer cells. Hence, further in vivo animal studies will 
be required to reveal the exact molecular mechanisms 
behind the apoptosis induced by FA-conjugated K. alva-
rezii extract-encapsulated PEGylated liposomes.
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