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ABSTRACT

Background: Cancer till date remains one of the world's most life threatening disease accompanied by risk of
secondary infections. Therefore formulations carrying anticancer drugs which can also decrease the risk of sec-
ondary infection are inevitable. Chemotherapeutic drug doxorubicin along with flavonoids quercetin and epi-
gallocatechin gallate (EGCG) is simultaneously loaded on liposomal formulation exploiting the amphiphilic
property of the liposomes.

Results: Atomic force microscope imaging reveal the size of liposomal formulation loaded with doxorubicin,
quercetin and EGCG to be greater than void liposome confirming the presence of drugs. Liposomal stability is
improved by PEGylation; adding to the drug release time in vitro. The charge of phosphatidylcholine is rendered
positive by coating the formulation with histone. The average size of the formulation is 342 nm. The encapsu-
lation efficiency of doxorubicin, quercetin and EGCG is found to be 65.8%, 96.8% and 98% respectively. The

Doxorubicin

above formulation demonstrated both anticancer and antimicrobial activity.

Conclusion: The formulation will provide dual anticancer and antimicrobial therapy thereby evading secondary
infection in cancer patients along with chemotherapy.

1. Introduction

Combating with secondary infections in cancer patients is a crucial
challenge faced by scientist and clinicians worldwide. A combined anti-
cancer and antimicrobial therapy is required in the present date for
effective cancer treatment. Anthracyclin drugs combined with the ver-
satile flavonoids entrapped in liposomes can provide effective cancer
treatment eradicating deleterious side effects of chemotherapy. Lipo-
somes discovered way back in 1961 by Bangham et al. is established as a
suitable tool for encapsulating drugs with varying solubility [1]. Water
soluble drugs occupy the aqueous core of the liposomes whereas drugs
with reduced affinity for water are entrapped in the lipid bilayers. In
addition liposomes when administered as drug carriers possess limited
toxicity and do not elicit immunologic responses [2]. Liposome bound
drugs, entering the lipophilic channels of the membrane have increased
bioavailability. Surface modulations enable liposomes to deliver optimal
amount of drugs in the tumor sites sparing normal cells from being
exposed to chemotherapeutic agents [3]. Most normal tissues have
perforated vascular system with pores smaller in size compared to tumor
tissues [4]. Accumulation of drug loaded liposomes in normal tissues is

* Corresponding author.
E-mail address: k.chabita@gmail.com (C. Saha).

https://doi.org/10.1016/j.heliyon.2019.e02372

minimal whereas in the fast growing tumors disorganized vascular
endothelium has larger apertures, which enable increased leakage of li-
posomes [5]. Usually, significantly reduced volume of distribution and
improved therapeutic index are achieved in liposomal delivery systems
[6]. There are four major mechanisms by which liposomes interact with
the cells [7]. Predominant among them are simple adsorption or subse-
quent endocytosis. Rarely liposomes fuse with the cell membrane and
empties out drug payloads directly within the cell. Lipid exchange by
which exchange of bilayer constituents such as lipids, cholesterol and
membrane bound components take place may be the last possible mode
of interaction.

Anthracyclines drugs are delivered to cells by the above mechanism
and stop the growth of dividing cells by intercalating into the DNA and
killing predominantly fast dividing cells. Encapsulation of these drugs
into liposome limited their toxic effects on and enabled better survival of
the experimental animals compared to free drugs. Several liposomal
formulations of anthracyclin drugs such as doxorubicin (Doxil), dauno-
rubicin (DaunoXomel) are in clinical practice [8, 9].

Our interest is to deliver more than one drug using liposomes as drug
delivery vehicles. Tea polyphenols aids in radioprotection and
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chemoprevention by scavenging reactive oxygen species (ROS) [10].
EGCG (epigallocatechin gallate), inhibits growth of cancer cells and
drives various types of tumor cells into programmed cell death due to
their pro-oxidant activity and inhibition of enzyme such as catalase [11,
12]. Tea polyphenol EGCG demonstrated broad antimicrobial spectrum
such as antifungal, antibacterial and antiviral effects [13]. Most of these
micro-organisms are the source of secondary infections in cancer
patients.

The formulation synthesised and characterized in the present study
has doxorubicin and EGCG both being hydrophilic are encapsulated in
the hydrophilic core of the liposome. Quercetin (Q), a hydrophobic
flavonoid is trapped in the lamella of the liposome (Fig. 1). Quercetin has
the ability to reduce the damaging effects of oxidation caused by ROS
[14]. It can reverse the multidrug resistance (MDR) pathways [15, 16]
and is also reported to inhibit CYP450, COX protein and tyrosine kinase
family of enzymes leading to modulation of signal transduction and
apoptosis [17].

The physiochemical characterization of the above formulation is done
using different techniques including differential scanning calorimetry
(DSC), atomic force microscopy (AFM), dynamic light scattering (DLS)
and their applicable efficacy as anticancer and antimicrobial formulation
is explored. The results obtained are expounded in the present article.

2. Materials and methods
2.1. Chemicals

L-a-phosphatidylcholine, cholesterol, DSPE-PEG (2000), EGCG and
quercetin were obtained from Sigma-Aldrich, St. Louis, MO, USA. Chlo-
roform and methanol were obtained from Merck. Milli Q water and
phosphate buffer from sigma was used where ever necessary.

2.2. Preparations of drug loaded and void liposome

L-a-phosphatidylcholine, cholesterol and DSPE-PEG (2000) were
taken in 3:1:0.15 M ratios and dissolved in a solvent mixture of chloro-
form and methanol (2:1 v/v) in a 250 ml round bottom flask. Organic
solvents were evaporated at 43 °C. EGCG (5.4 mg) and 15 pl of 700 uM
doxorubicin were then added.

Complete hydration was done at pH 6.7. Glass beads were added and
the mixture was stirred for 30 min at 60 °C to bring the liposome into the
aqueous phase and allowed to cool. Alternate freeze thaw cycles were
repeated for 6-7 times and then freeze dried to be stored for further use.
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Fig. 1. Schematic diagram of histone coated PEGylated liposome with doxo-
rubicin and EGCG entrapped in the hydrophilic core and quercetin trapped in
the lamella.
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Similarly void and quercetin loaded liposome was also prepared and
stored for further experiments. Liposomes without PEGylation were also
prepared.

PEGylated liposomes were further made positive by incubating lipo-
somes with 1 ml histone (100 pM) overnight.

2.3. Atomic force microscope

Acquisition of AFM images was done on Bruker's diINNOVA AFM
equipped with NanoDrive v8 real-time control & NanoScope Analysis
system softwares. Void and formulated liposomes were diluted 10 times
and were drop casted on glass slides. The samples were left to dry
overnight before AFM imaging. Scanning mode used was tapping mode
with scan rate of 3.41 pm/s and aspect ratio 1. Images were captured
from random spots on the slides.

2.4. Particle size analysis and zeta potential measurements

Dynamic laser scattering (DLS) was used to measure the hydrody-
namic diameter (nm), and Laser Doppler Anemometry (LDA) was used to
determine zeta potential (mV). The DLS and LDA analyses were per-
formed using Zetasizer Nano ZS (Malvern Instruments, Malvern4, UK).
To determine the particle size and zeta potential, dilute suspension of
void, quercetin-loaded liposome and the three drug-loaded liposome
were prepared separately in double distilled water. All the measurements
were performed thrice and the avarage with standard deviation is
reported.

2.5. Differential scanning calorimetry

Differential Scanning Calorimeter (Pyris Diamond DSC, Perkin Elmer)
was used to record the traces off thermal behavior of void and formulated
liposomes. The samples were loaded onto standard aluminium pans and
were scanned in a range from of 0 °C-200 °C with a scan rate of 10 °C/
min. DSC traces of quercetin was obtained in the range of 0 °C-350 °C.

2.6. Determination of drug encapsulation efficiency

The lipid bilayer of drug loaded liposomes was disrupted with
methanol and sonicated for 10 min followed centrifugation at 13000 rpm
for 15 min and the released material is then quantified by fluorescence
spectroscopy. EGCG, Quercetin and Doxorubicin were excited at 325,
365 and 480 nm with fluorescence emission maxima recorded at 458,
463 and 530 nm respectively. Percentage of drug encapsulation effi-
ciency and drug loading efficiency was calculated as follows:

Encapsulation efficiency weight % = (T—C)/T x 100 (€8]

Where T is the total amount of drug in the supernatant and sediment, and
C is the amount of drug in the supernatant [18].

Loading capacity weight % = weight of drug in the vesicles / Total weight of
vesicles tested x 100 2)

2.7. Invitro release kinetics study

In vitro release of quercetin, EGCG and doxorubicin from liposomes
was carried out by dissolving 2 mg of the formulated liposome in 1 ml of
PBS (0.01 M, pH 7.4) containing 0.1% v/v of NaN3 to maintain a sink
condition. The nano formulation suspension was equally divided in three
tubes containing 1 ml each (as the experiment was performed in tripli-
cate) and kept in a shaker at 37 °C at 150 rpm. At an interval of 24 h these
tubes were taken out from shaker and centrifuged. Supernatant was
collected and to the pellet obtained after centrifugation, 1 ml of fresh PBS
containing NaN3 solutions were added to the centrifuge tube in the
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shaker for the next readings. The collected supernatants at each interval
of time were lyophilized and dissolved in 1 ml of DMSO. The amount of
Quercetin, EGCG and doxorubicin in the sample was measured
fluorimetrically.

2.8. Cell line and culture

Leukemic cell line K562 was obtained from National Centre for Cell
Sciences (NCCS), Pune, India and were maintained in RPMI medium
supplemented with 10% FBS and 1% Pen-Step antibiotic in 25 cm? cul-
ture flasks. All cells were maintained in 37 °C in a humified atmosphere
of 5 % CO, in air.

2.9. Measurement of apoptosis by annexin V FITC-PI staining

FITC Annexin V Apoptosis Detection Kit obtained from BD bioscience
was used to quantify the percentage of cells undergoing apoptosis. K562
cells (1 x 10%) were incubated overnight with 1 mg/ml of quercetin
loaded liposome and doxorubicin, EGCG and quercetin formulated li-
posomes separately. K562 cells that were not subjected to incubation
with liposomes were used as control. Drug treated and untreated cells
were treated according to the protocol supplied with the kit. Percentage
of apoptosis was assessed using a BD FACS Calibur (San Jose, CA, USA)
equipped with 488 nm argon laser light source, 515 nm band-pass filters
for FITC fluorescence and 623 nm band-pass filter for PI fluorescence and
data were analysed using CellQuest software on flow cytometry. A total
of 20,000 events were acquired and the cells were properly gated for
analysis.

2.10. Measurement of ROS and MMP

The intracellular ROS and MMP were measured in K562 cells (5 x 10°
cells/ml), fluorimetrically, using DCFDA (dichlorohydrofluorescin-di-
acetate) and Rh123 (Rhodamine 123) respectively. DCFDA being non
polar readily diffuses in the cell and gets hydrolyzed and deacetylated by
cellular mechanism to non fluorescent compound which in the presence
of ROS gets oxidised into highly fluorescent 2'7’-dichlorofluorescein
(DCF). Quenching of Rh-123 fluorescence is induced by succinate and
ADP and the rate of fluorescence decay is proportional to the mito-
chondrial membrane potential. Cells were treated with various concen-
trations of formulated liposomes (0.375-3 mg/ml) for 2 h at 37 °C. The
cells were then washed twice and resuspended in PBS (pH 7.4). Subse-
quently cells were incubated in dark with 10 pM DCFDA/Rh123 at 37 °C
for 30 min. The detected changes of ROS and MMP were then analyzed
fluorimetrically by using an excitation wavelength of 488 nm. Both ROS
and MMP measurements were carried out in triplicates.

2.11. Test microorganisms and growth media

Escherichia coli (MCC 2412), were chosen based on their clinical and
pharmacological importance. The bacterial strains obtained from Na-
tional Centre for Microbial resource, Pune, were used for evaluating
antimicrobial activity. The bacterial stock cultures were incubated for 24
h at 37 °C on nutrient agar, following refrigeration storage at 4 °C.

2.12. Antimicrobial activity

The antibiotic sensitivity test was carried out by the method of Bauer
et al (1966) on E. coli [19]. Sterile discs were obtained from Himedia
Laboratories Limited, India. Separate sterile discs loaded with void,
quercetin loaded and liposomal formulation were carefully dropped on to
the surface of the agar plates using sterile forceps. The plates were
incubated at 37 °C for 24 h. The agar plates were examined for circular
clear area in the bacterial lawn around the disc.

Similarly minimum inhibitory concentration of the formulated lipo-
some was obtained by disc diffusion method. The zone of inhibition
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around sterile discs loaded with different concentration of the formulated
liposome was recorded.

3. Results
3.1. Atomic force microscopy

AFM in the tapping and noncontact mode approaches allows the
observation of the liposomal morphology without any sample manipu-
lation such as staining, labelling, or fixation. Particularly the intermittent
contact motion of the tip (tapping) eliminates lateral or shear forces
which would deform or scrape the sample. The main advantage of the
technique is the possibility to operate with high resolution in air or in
fluid in real-time and in the nanometre scale [20]. In corroboration with
literature, the captured AFM image (Fig. 2), protrusion with spreading
tails are assigned as the adsorbed liposome on the substrate [21]. The
physical properties of void and formulated liposomes as calculated by
AFM are tabulated in Table 1. The area of the formulation is more than
that of void liposome signifying successful encapsulation of all the three
drugs (Table 1). The diameters of the liposomes are in the same order as
obtained by DLS. Flattening of liposome which is significant from their
heights (18 & 25 nm) is because of their high surface density that pre-
vents the tip from coming in proximity with the substrate surface as
explained by Onyesom et al. 2013 [22]. From the images of liposome it is
evident that histone coated quercetin, EGCG and doxorubicin incorpo-
rated stealth liposomes have more defined spherical form than the void
liposome (Fig. 2). Quercetin being highly lipophilic enters the lamellae of
the liposome lowering the phospholipid packing density (PPD) resulting
in decreasing the stiffness of the liposome. Due to structural conforma-
tion of quercetin the intermolecular forces between lipids and quercetin
is not high as the intermolecular forces between lipid-lipid (PC-PC,
PC-cholesterol or cholestrol-cholesterol) interactions resulting in more
flexible liposome. Also the repulsion of the individual positively charged
histone coated liposomes leads to less aggregation of the lipid nano-
particles enabling clear visualization of individual liposomes (Fig. 2c and
d).

3.2. Size determination and zeta potential measurement

Size and zeta potential was measured using dynamic light scattering
(DLS). Zeta potential values are recorded to be -11.9, -11.2, -26.3 and
2.98 mV for void, quercetin loaded, doxorubicin and flavonoids loaded
liposome and histone coated PEGylated formulations respectively
(Table 2). The negative charge imparted on the liposome by the flavo-
noids and PEG was negated and to some extent made positive by coating
the liposome with histone. The measured sizes for void, quercetin loaded,
formulated liposome and histone coated PEGylated formulation is 66,
132, 255 and 342 nm respectively (Fig. 3). Incorporation of quercetin
within phosphatidylcholine and cholesterol resulted in increase in
diameter of liposome. Further change was observed on encapsulation of
doxorubicin and EGCG in the hydrophilic core. Addition of PEG to the
membrane and coating it with histone increased the size further to 342
nm. The size of void, quercetin loaded, formulated, histone coated
pegylated liposomes are tabulated in Table 2 with standard deviation
calculated from three sets of experiments.

3.3. Differential scanning calorimetric (DSC) analysis

DSC thermograms of quercetin void liposome and drug loaded lipo-
some with clear phase transition temperatures are represented in Fig. 4.
From the figure it is observed that the phase transition temperature of the
void liposome composed of phosphatidylcholine and cholesterol in the
ratio 3:1, isat 115 °C in Fig. 4b, which is in accordance with the available
literature [23]. On encapsulation of quercetin, EGCG and doxorubicin in
the liposome a phase transition is observed at 175 °C evidencing changes
in the chemical nature of the liposome (Fig. 4c). The DSC thermogram of
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Fig. 2. AFM images of void (a & b) (scale: 1.7 pM) and formulated (quercetin, EGCG and doxorubicin loaded histone coated stealth liposome) (c & d) (scale: 4.5 pM) in

2D (a & ¢) and 3D (b & d) format.

pure quercetin as recorded earlier by us, shows melting temperature (t,)
at 326 °C (Fig. 4a) [24]. The melting temperature of doxorubicin is re-
ported around the same temperature as that of quercetin [24] and that of
EGCG is reported at 209 °C [25]. Since liposome samples degraded at
temperatures higher than 200 °C, the ty of the quercetin, EGCG and
doxorubicin could not be observed in the DSC profiles of formulated li-
posomes. However the shift in phase transition of the liposome towards
higher temperature suggests successful encapsulation of the drugs in the

Table 1
Properties of liposomes as measured by AFM.

Properties Void liposome Formulated liposome
Total Count 15.00 17.00

Density (/pm?) 5.163 0.844

Height (pm) 0.018 + 0.006 0.025 + 0.021

Area (ym?) 0.006 + 0.005 0.162 + 0.268
Diameter (pm) 0.077 + 0.032 0.342 + 0.298

liposome.

3.4. Drug loading and entrapment efficiency

Quercetin, EGCG and doxorubicin were successfully encapsulated in
the liposome as suggested by AFM, DLS and DSC results. The

Table 2

Size and {-potential of void liposomes, quercetin-loaded liposome, formulated
liposome and histone coated PEGylated liposome as recorded by dynamic light
scattering (DLS).

Size (nm), +£SD C-potential (mV), £SD

Void liposome 66 + 2.1 -11.9 £ 3.2
Quercetin-loaded liposome 132 +£ 0.9 -11.2 + 2.4
Formulated liposome 255 +3.3 -26.3 +1.7
Histone coated PEGylated liposome 342 4+ 3.2 2.98 + 0.6
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Fig. 4. Differential Scanning Calorimetry traces of (a) quercetin in the region of 0-350 °C and (b) void liposome (c) formulated liposome in the range of 0-200 °C.

encapsulation efficiency of doxorubicin, quercetin and EGCG calculated
using Eq. (1) in the methods section was found to be 65.8%, 96.8% and
98% respectively. Standard deviations are calculated from the results of
three sets of experimental data. The results are tabulated in Table 3.

Loading efficiency was calculated in weight % by dividing the weight
of drugs in the vesicle by the total weight of vesicles tested. All three
drugs were successfully loaded in the liposome contributing to the total
loading efficiency of 70.8% =+ 5.25. Similar results were also reported in
other published articles [26, 27].

3.5. In-vitro release-kinetics study

The in vitro release kinetics of the three encapsulated drugs in

Table 3
Entrapment efficiency of doxorubicin, quercetin and EGCG in formu-
lated liposomes.

Drugs Entrapment efficiency (% =+ SD)
Doxorubicin 65.8 + 2.3

Quercetin 96.8 + 1.6

EGCG 98 £ 0.7

unPEGylated and PEGylated liposome are shown in Fig. 5. From the
figure it is observed that on PEGylation the release of doxorubicin is
slower compared to unPEGylated formulation (Fig. 5a) and also Quer-
cetin release is delayed compared to doxorubicin due to its hydropho-
bicity (Fig. 5b). The EGCG release pattern displays that is takes more time
to pass through the hydrophobic core and PEG coating (Fig. 5c). The
release of the encapsulated drugs is more sustained in the PEGylated
formulation and the histone coating renders the charge positive and saves
the formulation from being degraded by phagosomes [28].

3.6. Measurement of apoptosis by annexin V FITC-PI staining

It is known that phosphatidylserine (PS) is flipped from the intra to
extra plasma membrane leaflet during the early stage of apoptosis.
Annexin V, with a high affinity for PS, can therefore be employed as a
sensitive marker for early apoptosis [29]. By contrast, propidium iodide
(PD) can conjugate to necrotic cells. Double staining of cells with Annexin
V-FITC and PI was assayed with flow cytometry to follow apoptosis of
each sample. A typical quadrant analysis of apoptotic and necrotic cells in
displayed in Fig. 6. Sectors in the quadrant represent the Viable cells
(bottom left) (PI-, annexin-V/FITC-), early apoptotic cells (bottom right)
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Fig. 5. Release of (a) doxorubicin (b) quercetin (c) epigallocatechin gallate as measured fluorimetrically in the supernatant collected on regular intervals for 10 days

and represented as cumulative drug release percentage.

(PI-, annexin-V/FITC+), non-viable, late apoptotic/necrotic cells (top
right) (PI+, annexin-V/FITC+), necrotic cells (top left) (PI+,
annexin-V/FITC-). Cell death induced by quercetin-loaded liposome (b)
and formulated liposome (c) is accompanied by PS exposure in the
membrane. Unstained control represented in Fig. 6a. Numbers in the
bottom left quadrants indicate the proportions of cells in the corre-
sponding areas. Experiments were performed in triplicate, and data of
one experiment is reported.

Distinct changes are noted in the bottom right quadrant of the panel
signifying change in population of apoptotic cells. Apoptotic population
of the untreated cells were found to be 0.14 % which increased to 63.87%
and 93.77% following treatment with quercetin loaded liposome and
flavonoids and doxorubicin conjugated liposome.

3.7. Measurement of ROS and MMP

Chemotherapeutic drugs such as doxorubicin and flavonoids such as
quercetin and EGCG are reported to generate ROS which in turn will
induce oxidative damage in the nuclear materials such as DNA resulting

in cell death. Increase in ROS was observed with the increase in con-
centration of the formulation which can be a contributory effect of
doxorubicin and the flavonoids (Fig. 7a). Although there is no direct
relation between ROS and MMP (Mitochondrial membrane per-
meabilization), some evidences suggest that ROS is a direct contributor to
the decrease in MMP [30]. MMP is an early event of the apoptotic process
which results in disruption of the inner transmembrane potential causing
release of soluble inter membrane proteins [31]. Loss of MMP is also
observed with the increased dose of liposomal formulation as illustrated
in Fig. 7b. Standard deviations are calculated from the results obtained
from three sets of experiments.

3.8. Antimicrobial activity

Zone of inhibition (ZOI) was observed around doxorubicin, quercetin
and EGCG encapsulated liposome (Fig. 8a). Void and quercetin loaded
liposomes had no inhibitory effects against E coli.

Minimum inhibitory concentration of formulated liposomes was
determined to be 0.75 mg/ml by measuring the zone of inhibition
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Fig. 6. FACS analysis of K562 cells (a) unstained untreated control (b) cells treated with quercetin loaded liposomes (c) cells treated with formulated liposome loaded

with doxorubicin, quercetin and EGCG.



A. Das et al.

)
o
<
=
1]
c
o
£
@
Qo
<
0
o
?
<4
o
3
w
Control 0.375 0.75 1.5 3.0
Formulated Liposome (mg/ml)
Fi

Heliyon 5 (2019) 02372

Fluorescence intensity (A.B.U)

Gontrol 0.375 0.75 1.5 3.0

Formulated Liposome (mg/ml)

g. 7. (a) ROS population and (b) MMP changes in K562 cells with and without exposure to formulated liposome.

Fig. 8. (a) Antimicrobial activity of void, quercetin-loaded and formulated liposomes on E. coli. (b) Minimum inhibitory concentration of quercetin, EGCG and

doxorubicin loaded liposome on E. coli.
(Fig. 8b).
4. Discussion

The need to formulate a drug which will also have the property of
reversing MDR in cancer cells, protecting normal cells from the anti-
cancer drugs, and evading secondary infection may be achieved through
the proposed liposomal formulation as elucidated in the Fig. 1. The key
feature of this formulation is size and composition which is responsible
for its multifunctional capability. Anticancer drug doxorubicin along
with flavonoids quercetin and EGCG having anticancer and antimicrobial
activities are simultaneously loaded exploiting the amphiphilic property
of the liposome. Co-encapsulation of quercetin and EGCG was considered
by us in the present formulation as it is reported that combination of
flavonoids has higher antioxidant efficiency than individual flavonoids
[32]. This increased antioxidant efficacy will in turn increase the shelf
life and stability of the liposome [33] and the pro-oxidant effects at
higher flavonoids concentrations will render cancerous cells to apoptotic
state [11, 34]. Entrapment into the liposomes will also increase the
bioavailability of the polyphenols [35].

Formation of the void liposome and the formulation is displayed in
the AFM images (Fig. 2). Similar images of flattened, spherically shaped

vesicles that are assigned as liposomes that were reported in published
literatures [21, 22]. The size of the formulation is greater than the void
liposomes confirming encapsulation of doxorubicin, quercetin and EGCG
(Table 1). The size of the liposomal formulation as determined by DLS is
342 nm (Fig. 3), which is small in comparison with the polymer (PLGA)
nanomaterial synthesized by loading quercetin and doxorubicin as re-
ported by us previously [24]. Particles of size around 400 nm have shown
extravagation and accumulation in tumors [28, 36]. Liposome applied
clinically ranges between 50 and 450 nm [28, 37]. Size of the polymeric
nanoformulation is 400-500 nm and may not be able to reach out to all
types of tumor cells as reported in our previous work [24] and is
concluded that liposomes due to size may be better drug delivery systems
than polymer nano particles. Changes in the DSC traces of void and
formulated liposomes demonstrate encapsulation of the drugs (Fig. 4) in
the liposome. The entrapment efficiency of quercetin and doxorubicin
improved from 85% to 96.8% and from 23.2% to 65.8% in the liposomal
formulation compared to the polymeric nano formulation [24].
PEGylation improved the stability of liposome and considerable
amount of drugs were released upto 10 days (Fig. 5.). However controlled
release of drugs is subjected to the amount of cholesterol in liposomes
[38]. Earlier it has been reported that PEGylation increases circulation
time of liposome in vivo, after intravenous administration can be
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achieved by rendering liposomes unidentifiable by the macrophages
[28].

The anticancer activity tested on K562 cells as represented in Fig. 6
demonstrate that apoptosis and necrosis is more dominant in the cancer
cells on treatment with the liposomal formulation compared to only
quercetin loaded liposomes. Generation of ROS and decrease in MMP was
observed as two of the probable mechanism of action of the formulations
(Fig. 7). ROS mediated release of cytochrome C by mitochondria induces
apoptosis in cancer cells has been reported elsewhere [31]. Decrease in
MMP leads to disruption of the inner trans-membrane potential and
release of soluble inter-membrane proteins.

The antimicrobial activity of the formulation tested on E. coli was
confirmed by observing zone of inhibition around the sterile disc loaded
with the liposomal formulation (Fig. 8). Both quercetin and EGCG have
been reported earlier to have inhibitory effects on E. coli cell growth [39,
40]. Quercetin disrupts cell wall and membranes of E. coli [40]. Similar
results were reported earlier where antimicrobial effect of flavonoids
mixture were retained after liposome encapsulation [41]. Minimum
inhibitory concentration was found to be 0.75 mg/ml which is very
reasonable in amount.

As compared to polymeric nanoparticles, liposomes produce no
antigenic reactions. The surface charge of the formulation was measured
by DLS to be 2.98 mV. Surface charge of the liposome was made positive
by incubating the stealth liposome formulations with histone. On incu-
bation protein gets adsorbed on the surface of the liposome [42]. It is
reported earlier that neutral and anionic liposomes clear extravasations
from the tumor vasculature [43]. Cationic liposome on the other hand
accumulates at the angiogenic vesicles due to negative charge on the
tumor cells which results from over expression of glycoprotein and
lactate secretion, a characteristic of metabolically active cancer cells
[44]. Retention time for cationic liposome in the tumor site is more
compared to negative or anionic liposome. Moreover presence of
angiogenic vesicles with anionic sites such as phospholipids, pro-
teoglycans, hyperglycosylated and hypersialylated membrane proteins
etc. makes newly formed tumors more labile in the presence of cationic
liposomes As mentioned elsewhere endocytic pathway is the preferential
route of internalization for the positively charged liposomes [28]. This
mode of interaction facilitates doxorubicin, quercetin and ECGC to have
optimal chemotherapeutic activity. Positively charged liposomes also are
reported to have deleterious effects on pathogenic microbes and hence
aid in the purpose of dual therapy on cancer patients [45].

5. Conclusion

The formulation is considered to be innovative as it addresses both
the anticancer and antimicrobial activity needed in cancer treatment.
The advantage of loading doxorubicin, EGCG and quercetin in different
compartments of liposome expose the cancerous cells to these drugs in
tandem. Each drug has different mode of anticancer activity. ADR acts by
intercalation and restriction of DNA replication whereas EGCG and
quercetin is catalase inhibitor accounting for the increased oxidative
stress leading to apoptosis in cancer cells. Quercetin can reverse MDR and
induce apoptosis by modulation of signal transduction. The formulation
will provide anticancer and antimicrobial activity with efficacy to evade
secondary infection in cancer patients along with chemotherapy.
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