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Introduction                                                                     

Breast cancer is the most prevalent disease that 
holds second rank in the mortality rate of women 
(after lung cancer). In 2019, approximately 
231840 new breast cancer cases and 40730 
breast cancer deaths (40290 women, 440 men) 
are estimated throughout the world. The World 
Health Organization (WHO) predicts that by 
2050 there will be 27 million new cases of breast 
cancer and 17.5 million deaths from breast cancer 
per annum [1].  Therapeutic options for breast 
cancer are limited and associated with toxicities. 
Nanoparticles showed potential for treating or 
targeting breast cancer. Among the nanoparticles, 
various lipid nanoparticles are developed 
over the years for the breast cancer therapy, 
namely liposomes, solid lipid nanoparticles, 
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nanostructured lipid carriers and lipid polymer 
hybrid nanoparticles [1,2]. Jose et al. [3] developed 
dual drug tamoxifen and imatinib which loaded 
temperature-sensitive liposomes for breast 
cancer treatment. Dual drug loaded liposomes 
have demonstrated synergistic growth inhibition 
against breast cancer cells MCF-7 and MDA-
MB-231. Co-delivery of tamoxifen and imatinib 
can be produced using temperature-sensitive 
liposomes as a possible targeting strategy against 
breast cancer. 

Targeted doxorubicin (DOX) encapsulating 
liposomes were built by loading tamoxifen (TMX) 
in bilayers which conferred on the liposomal 
surface estrogen receptor (ER) specificity and 
positive charge. TMX-DOX liposomes were 
found to be more effective in destroying MCF-7 
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cells compared to DOX liposomes, as indicated 
by various studies of the in vitro cell line, and also 
showed superior ability to inhibit tumor growth in 
nude mice [4]. 

Fontana et al. [5] formulated solid lipid 
nanoparticles (SLNs) that contained tamoxifen 
citrate that were stable and demonstrated the 
sustained release in different in vitro aqueous 
media. Tamoxifen SLNs demonstrated extended 
release of intact medication in plasma, in effect, 
improved the medication bioavailability. In vitro 
anti-cancer tests on MCF-7 cell lines showed that 
the drug-loaded SLNs’ cytotoxic activity was 
significant compared to the free drug without 
affecting the bioavailability. 

The developed Tamoxifen-loaded 
nanostructured lipid carriers (NLCs) targeted 
intestinal lymphatic systems by [6]. Tamoxifen-
loaded NLCs showed a dose-dependent 
cytotoxicity in MCF-7 (acinar epithelium), 
but their activity decreased in ZR-75-1 (ductal 
epithelium). 

Zhang et al. [7] used emulsification-
ultrasonication approach to encapsulate a water-
soluble drug Mitoxantrone into lipid polymer 
nanoparticles (LPN). Mitoxantrone LPN increased 
cytotoxic activity in the MCF-7 and MCF-7-MX 
(multi-drug-resistant variant) as compared with 
free drug.

Liposomes are biocompatible and 
biodegradable, making them ideal for research 
in biomedicine. The unique feature of liposomes 
is their ability by nature to compartmentalize 
and solubilize both hydrophilic and hydrophobic 
matters. Phospholipids, which are amphiphilic 
molecules (with a hydrophilic head and 
hydrophobic tail) form the essential part of 
liposome. The hydrophilic part is predominantly 
phosphoric acid bound to a water-soluble 
molecule, while the hydrophobic portion consists 
of two fatty acid chains with 10-24 carbon atoms 
and 0-6 double bonds in each chain. When these 
phospholipids are dispersed in aqueous media, 
they form lamellar sheets such that the polar 
head group faces the aqueous region outwards, 
while the fatty acid groups face each other and 
eventually form spherical / vesicle structures 
called liposomes. The polar component remains 
in contact with aqueous region along with 
shielding of the non-polar part (located at an 
angle to the membrane surface) [8]. Coupled 
with biocompatibility and biodegradability, this 

unique feature makes liposomes very attractive as 
anticancer drug delivery vehicles [9-14]. 

Liposomes overcome the limitations of 
conventional chemotherapy by improving the 
bioavailability and stability of the drug molecules 
and minimizing side effects by site-specific 
targeted delivery of the drugs [15]. DaunoXome, 
Galen’s registered trademark, is the FDA-
approved liposomal formulation of daunorubicin 
for the treatment of AIDS-related sarcoma kaposi 
[16-17]. Myocet, Cephalon’s approved trade mark, 
is a non-PEGylated liposomal doxorubicin 
formulation. Myocet was approved for the 
treatment of metastatic breast cancer in Europe, in 
conjunction with cyclophosphamide [18]. MM-398 
is a liposomal sphere developed by Merrimack 
pharma which encapsulates irinotecan. In the 
clinical trials, MM-398 is being tested for its 
potential to treat multiple chemotherapy-resistant 
cancers such as pancreatic, colorectal, lung and 
glioma [19- 21].

Tamoxifen is a non-steroidal antiestrogen 
drug that is widely used in the treatment, and 
prevention of breast cancer. The mechanism 
by which antiestrogens, such as tamoxifen, 
antagonize the growth of tumors indicates that 
its antitumor activity is due to a competition with 
endogenous estrogen-receptor binding sites [22]. 

Numerous studies have shown that cationic 
nanocarriers are more effective vehicles for 
drug delivery than conventional, neutral, or 
anionic liposomes, maybe due to the electrostatic 
interactions between the cationic liposomes, 
and the negatively charged cell membranes, 
the absorption of nanoparticles by adsorptive-
mediated endocytosis is enhanced [23-24]. 

To our knowledge, no previous studies on 
the interaction of tamoxifen with positively 
charged phospholipids were performed from the 
perspective of the thermotropic phase behavior 
of phospholipids and to detect the changes of 
acyl chain conformations and characteristic 
PO2

− bands in the polar heads of phospholipids. 
The formulated tamoxifen liposomal conjugate 
was characterized by analytical techniques to 
determine its size, size-distribution, thermotropic 
changes and conformational changes along with 
possible cytotoxicity towards MCF-7 (Breast 
cancer cell line) in Vitro.

The goal of this study was to determine 
whether neutrally or positively charged liposomes 
encapsulated with tamoxifen could inhibit the 
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proliferation of human breast cancer MCF-7 
cell proliferation compared to free tamoxifen by 
estimating the potential effects of these complexes 
on the cell death of human breast carcinoma 
(MCF-7) cell lines. 

Materials and Methods                                              

Chemicals
Distearoyl phosphatidylcholine (DSPC) 

in powder form, with a molecular weight of 
790.161 g, purity 99% (presented in Figure 1), 
and stearyl amine (SA), with molecular weight 
of 269.5 g and 99% purity were all purchased 
from Sigma (ST. Louis, Mo, USA). Tris base 
in powder form, molecular weight of 121.1 g, 
was purchased from CDH, New Delhi, India. 
Tamoxifen with a molecular weight of 371.515 
g was purchased from EIPICO (Egyptian 
International Pharmaceutical Industries Co, 
Egypt). The molecular structure of tamoxifen is 
shown in Figure (2). Ethanol was of analytical 
grade and purchased from DaeJung Chemicals 
(Seohaean-ro, Gyeonggi-do, Korea). All other 
reagents and solvents used in this work were of 
research grade.

Liposome preparation
For the preparation of neutral small 

unilamellar vesicles (SUVs) liposomes, a mixture 
of Distearoyl phosphatidylcholine (DSPC) to 
tamoxifen at molar ratio 7:2 was used following 
the method of [25]. In round bottom flask (50 ml), 
30 mg of DSPC and 4 mg tamoxifen (corresponds 
to 29 mol%) were mixed. One and a half mg of SA 
was added to the lipid composition to introduce 
a net positive charge. Then 20 mL of ethanol 
(EtOH) was added, and the flask was shaken 
until all lipids dissolved. The organic solvent 
was removed gradually using a rotary evaporator 
under vacuum to produce a uniform thin film of 
lipids on the inner wall of the flask. The lipid film 
was hydrated with Tris buffer (pH 7.4 at 37°C) 
in a water bath at 50°C for 15 min at 60 rpm to 
form multilamellar vesicles (MLVs) liposomes. 
MLVs were sonicated by using an ultrasonic 
homogenizer with Titanium probe (model 150VT, 
BioLogics, USA) at 50% amplitude with a pulse 
90% at 42 °C, under nitrogen stream for 5 min to 
form small unilamellar vesicles (SUVs). Control 
empty liposomes were prepared following the 
same method as described above using only 
aliquots of DSPC.

Fig.1. Schematic chemical structure of DSPC.

Fig.2. The chemical structure of Tamoxifen.
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Dynamic light scattering (DLS)
The mean particle size and size distribution of 

freshly prepared empty liposomes, and neutrally 
and positively charged liposomes encapsulated 
with tamoxifen were determined by dynamic light 
scattering using a particle sizing system (Nanotrac 
Wave II, Microtrac, USA) at 25°C in Tris buffer 
(pH 7.4). The measurements were performed in 
triplicate and an average size was determined. 

DSC measurements
Differential scanning calorimetry (DSC) was 

carried out by using (model DSC-50, Shimadzu, 
Japan) calibrated with indium to investigate the 
thermal behavior of lyophilized samples of empty 
liposomes, and neutrally and positively charged 
liposomes encapsulated with tamoxifen. Analyses 
were performed using 5 mg of samples sealed in a 
standard aluminum pans. The thermogram of each 
sample covered the 25 - 200°C temperature range 
at a scanning rate of 3°C/min.

FTIR Spectroscopy
FTIR spectra of lyophilized samples of empty 

DSPC liposomes and those neutrally or positively 
charged liposomes encapsulated with tamoxifen 
deposited in KBr disks were recorded on a 
Jasco FT/IR-4100 spectrometer (Tokyo, Japan). 
Scanning was done in the range between 400–
4,000 cm-1 at a speed of 2 mm/s, with a resolution 
of 4 cm-1 at room temperature. 

In-Vitro cytotoxicity assay 
Breast cancer cell line (MCF-7) was cultivated 

in a humidified incubator under 5% CO2 and 95% 
air at 37 °C in RPMI 1640 media supplemented 
with penicillin (100 IU/mL), streptomycin (100 
μg/mL) and decomplemented fetal bovine serum 
(10%, v/v).

The drug treatments were performed in growth 
assays (96 well culture plates). Each drug at a 
calculated final concentration (50, 100, 200, 400, 
800 and 1000 µg/ml), was added to the culture 
medium. The cell viability and proliferation (cell 
numbers) were measured using SRB (Sulfo-
RhodamineB-stain) assay [26-27]. 

Using the method of Skehan et al., [26], the 
cytotoxic activity of free tamoxifen and those 
neutrally or positively charged liposomes doped 
with tamoxifen was tested separately. In order to 
permit adhesion of cells to the walls of the plate 
MCF-7  cells  were  plated in 96-multi  well plate (

 cells / well) for 24 h before treatment w ith the 
applied drugs. In a laminar flow cabinet, different 

concentrations of free tamoxifen, neutrally or 
positively tamoxifen-loaded liposomes under test 
(50, 100, 200, 400, 800 and 1000 µg/ml) were 
added to the cell monolayer triplicate wells. 

In an atmosphere of 5% CO2 and 37˚C, 
monolayer cells were incubated with free 
tamoxifen, neutrally or positively tamoxifen-
loaded liposomes, separately for 48 h. After 48 
h, the cells were fixed, washed and stained with 
Sulfo-Rhodamine-B stain [26]. Excess stain was 
washed with acetic acid and attached stain was 
recovered with Tris- EDTA buffer. In an ELISA 
reader (ELISA- TECAN-SUNRISE, Germany), 
the optical density (O.D.) of each well was 
measured at 564 nm with an ELIZA microplate 
reader. In order to calculate the cell viability curve 
for MCF-7 cancer cell line after the treatment with 
free tamoxifen and those neutrally or positively 
tamoxifen-loaded liposomes, the relation between 
cell viability percentage (surviving fraction) and 
drug concentration was determined.

The percentage of cell survival was calculated 
using the following formula: 

Survival fraction = O.D. (treated cells) / O.D. 
(control cells). 

The IC50 values (the concentrations of drug 
required to produce 50 % inhibition of cell 
growth). The experiment was repeated 3 times for 
each individual drug.

Results and Discussion                                                             

Dynamic light scattering (DLS) of a solid/
liquid system, is a technique that is used in 
particle size measurement [28]. The results of 
particle size measurement of freshly prepared 
neutrally or positively charged liposomes doped 
with tamoxifen as opposed to empty liposomes 
are presented in Figure 3. The particle size 
distribution of all tested liposomal formulations 
showed unimodal symmetrical distribution 
pattern. The size distribution of empty liposomal 
samples clustered at a mean size diameter of 
about 64.70±49.75 nm with 0.394 PDI Figure 3A. 
Polydispersity index (PDI) effectively accounts 
for particle homogeneity of colloidal suspension. 
Values greater than 0.7 designate that the sample 
is probably not stable for the DLS technique. 
The encapsulation of tamoxifen into neutrally 
charged liposomes resulted in an increase in the 
calculated mean size diameter of blank liposomes 
from 64.70±49.75 nm to 73.72±23.8 nm with 
0.477 PDI Figure 3B. Such results may indicate 
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that the liposomes may be physically conjugated 
with tamoxifen at the surface and the molecule 
of tamoxifen appears to interact to a large extent 
with the lipid bilayer which could explain why the 
size is increased.

Once tamoxifen was encapsulated into 
positively charged liposomes, the mean vesicle 
sizes increased significantly (119±54.7 nm with 
0.734 PDI) (Figure 3C). These results indicate 
that the inclusion of tamoxifen into positive 
liposomes increased the spacing between the 
adjacent bilayers resulting in the formation of 
liposomes bigger in size compared with the 
control ones. The increase of particle size may 
be due to stronger electrostatic repulsive force 
occurring between the DSPC N(CH3)3

+ group and 
the tamoxifen NH3

+ group within the lipid bilayer 
of liposomes. Table (1) summarizes the particle 

size for each formulation of tamoxifen-loaded 
liposomes as compared to empty liposomes. 
However, there are some conflicting results on 
the average particle size of tamoxifen loaded 
liposomes.  

The DSPC vesicles have been used as model 
membranes because this phospholipid can mimic 
many aspects of biological membranes, being one 
of their most abundant constituents.

Upon dehydration pure DSPC vesicles when 
submitted to DSC analysis, showed a main 
endothermic peak at 140°C (Figure 4), which 
is in agreement with [29-30]. The pre-transition 
temperature (Tp) was around 60°C for pure DSPC 
liposomes. The incorporation of tamoxifen into 
positively charged liposomes exhibited distinct 
broadening and shift to lower temperature (135 
°C) of the main endothermic peak of pure DSPC 

Fig.3. Liposomes size distribution measured by dynamic light scattering (DLS) for (A) empty liposomes (B), 
Tamoxifen-loaded neutral liposomes and (C) Tamoxifen-loaded positive liposomes.
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TABLE 1: Particle size distribution measured by dynamic light scattering (DLS) for different liposomal 
formulations.

Liposomal formulation Average size vesicles (nm)
Empty liposomes 64.70±49.75

Tamoxifen neutral liposomes 73.72±23.8
Tamoxifen positive liposomes 119±54.7

that exists at 140 °C, its intensity was markedly 
depressed of about 90% when compared to pure 
DSPC. This result indicated that tamoxifen had 
a substantial impact on the acyl chains of DSPC 
bilayers, and that their presence reduced the 
cooperative transition of the lipid acyl chains. 
The lowered temperature of the main DSPC 
transition process indicated that there was a 
likelihood that tamoxifen incorporation would 
cause the formation of acyl chains in a disordered 
and loose state. These findings were in agreement 
with previous studies [31-33]. The pre-transition 
temperature was around 60°C either for pure 
DSPC liposomes or those doped with tamoxifen.  
Broadening of the main transition peak by the 
presence of tamoxifen (TAM) especially for 6 
mol%, 9 mol% and 15 mol% concentrations was 
an indicative of model membrane destabilization, 
indicating that this drug was intercalated within 
the lipid bilayer [32].

Compared with positively charged liposomes, 
the greater impact of tamoxifen could be observed 
upon its incorporation into neutral liposomes. 
The incorporated tamoxifen probably conjugated 
with the lipid bilayers, interacted with them to a 
large extent, and disturbed them which resulted 
in the disappearance of the main characteristic 
endothermic peak of pure DSPC that exists at 
140 °C. This phenomenon can be explained by 
solubilization of tamoxifen that was dispersed 
in an amorphous nature in the molten liposomes 
ensured a significant interaction of tamoxifen 
with DSPC liposomes. 

FTIR, which was used to examine the 
wavenumber of the vibrational modes of the 
different functional groups to detect any structural 
alterations in vesicles of liposomal membrane 
structure could confirm these observed changes in 
the present DSC study.  

FTIR spectra of empty lyophilized DSPC 
liposomes was compared with neutrally or positively 
charged liposomes doped with tamoxifen samples 
in two distinct spectral regions, namely 3500–2800 
cm–1 (Figure 5), and 1800–1200 cm–1 (Figure 6). 

The spectrum of the DSPC liposomes 
displayed the FTIR peaks of highest absorption, 
especially those corresponding to the symmetric 
and antisymmetric PO2

- stretching vibrations 
at 1090 and 1220 cm-1, respectively. The peak 
noticed near 1470 cm-1 is due to CH2 bending 
vibration and that at 1734 cm-1 is due to the 
carbonyl stretching vibration C=O. Two peaks 
relative to the symmetric and antisymmetric 
stretching vibrations of the CH2 in the acyl chain 
around 2850 and 2920 cm-1, respectively were 
apparent. These data are in accordance with the 
data reported in the literature (34).

The peaks of the symmetric and antisymmetric 
stretching vibrations of CH2 have been used as a 
sensitive indicator of the ordering of the alkyl 
chains. A change in the wavenumber of the 
antisymmetric CH2 stretching bands in the acyl 
chain appearing in Figure 5 was induced after 
the encapsulation of tamoxifen into positively 
charged DSPC liposomes, suggesting that 
tamoxifen creates a conformational disorder 
within the acyl chains of phospholipids. The 
peak at 2920.66 cm-1 for the pure DSPC is shifted 
towards higher wavenumber 2922.66 cm-1 for 
tamoxifen liposomes imparted with positive 
charge. This result indicates that the number 
of gauche conformers may be increased which 
implies an increase in the disorder of the bilayer 
and thereby destabilization of the system in the 
gel phase (Figure 5) [35]. The increase in the 
wavenumber represents an increase in the number 
of gauche conformers indicating that tamoxifen 
disorders the membrane.

The present findings were consistent with 
FTIR spectroscopy results obtained by Bilge 
et al., [32] which showed that the increasing 
concentrations of tamoxifen (TAM) (except 
one mol percent) increased the wavenumbers of 
CH2 stretching modes, suggesting a disordering 
effect for DSPC MLVs in both the gel and liquid 
crystalline phases. Except for one mol percent, the 
bandwidth values of the CH2 stretchings increased 
when TAM concentrations for DSPC liposomes 
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Fig. 4. DSC diagrams of liposomes made of pure DSPC and neutrally or positively charged liposomes doped with 
Tamoxifen.  

increased, indicating an increase in liposome 
dynamics.

To monitor the average trans/gauche 
isomerization in the systems, the wavenumbers of 
the CH2 stretching bands of acyl chains depended 
on the degree of conformational disorder and, hence 
the wavenumber values could be used [36]. The 

Fig. 5. The magnified part (3500–2800 cm ) of FTIR spectra of empty DSPC and DSPC/ Tamoxifen in different 
liposomal formulations.

CH2 scissoring vibration modes which are located 
at 1464.67 cm-1 is affected by the incorporation 
of tamoxifen into DSPC liposomal preparation. 
The wavenumber was shifted to higher values at 
1468.53 cm-1 after the encapsulation of tamoxifen 
into positively charged DSPC liposomes. This 
implied the presence of disordering effect in acyl 
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chain packing in the gel phases of phospholipids, 
in accordance with DSC studies. Upon the 
encapsulation of tamoxifen into neutrally charged 
DSPC liposomes, the wavenumber was shifted 
towards higher values at 1466.6 cm-1. This result 
assumes that the molecules of tamoxifen induce a 
slight disorder in the hydrocarbon as they may act 
as small spacers of the polar head group (Figure 
6) These findings are in accordance with previous 
studies [31-33].

The interaction of tamoxifen with the glycerol 
backbone near the interfacial region, the C=O 
stretching band was analyzed. The wavenumber 
value of C=O group was shifted to higher degrees 
(from 1734.66 cm-1 to 1736.58 cm-1) for the neutral 
liposomes sample containing tamoxifen, without 
any evidence of hydrogen bonding formation. 
The wavenumber value of C=O group exhibited 
shift towards higher value (from 1734.66 cm-1 to 
1737.55 cm-1) for the positive liposomes sample 
containing tamoxifen, implying dehydration about 
these functional groups in the interfacial region 
of the lipid membranes. Therefore, any effects in 
the spectra of this region can be attributed to an 
interaction between tamoxifen and the interfacial 
region of the membrane (Figure 6) [31-32].

The interaction between the head group of 
DSPC liposomes and tamoxifen was examined 
by means of the PO2

– antisymmetric stretching 

band, which is located at 1246.75 cm–1. Figure 
6 shows the PO2

– antisymmetric stretching 
band for DSPC liposomes formulations in 
the absence and presence of tamoxifen.  The 
wavenumber was shifted to lower values (1238 
cm-1 and 1236 cm-1) after the encapsulation of 
tamoxifen into neutrally and positively charged 
DSPC liposomes, respectively. This implied 
the presence of hydrogen bonding between 
the liposome head group and tamoxifen. The 
decrease in wavenumber values might indicate 
a strengthening of existing hydrogen bonding 
or in the formation of new hydrogen bonding 
between the components [35].

 Table 2 shows the chemical shifts observed 
for tamoxifen after the incorporation into neutrally 
and positively charged DSPC liposomes.

The potential cytotoxic activity of tamoxifen 
has been investigated using cell viability (in 
vitro cytotoxicity SRB) assay at different drug 
concentrations of free tamoxifen or tamoxifen 
combined with neutrally or positively charged 
liposomes against breast carcinoma (MCF-7) 
cell lines [26]. At zero concentration of each drug 
untreated cells served as controls. The MCF-7 
cancer cell lines were incubated separately with 
the same series of different drug concentrations 
50, 100, 200, 400, 800 and 1000 µg/ml, for 48 h 
(Figure 7). 

Fig. 6. The magnified part (1800–1200 cm) of FTIR spectra of empty DSPC and DSPC/ Tamoxifen in different 
liposomal formulations.
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TABLE 2. The chemical shifts observed for tamoxifen after the incorporation into neutrally and positively charged 
DSPC liposomes.

Peak assignment Wavenumber 
(cm–1)

Wavenumber (cm–1)

Empty 
Liposomes

Tamoxifen 
neutral liposomes

Tamoxifen 
Positive

liposomes

Antisymmetric stretching 
vibration of the CH2 in the 
acyl chain

(2920–3000) 2920.66 2920.66 2922.66

CH2 scissoring vibration (1456-1470) 1464.67 1466.6 1468.53

Carbonyl stretching 
vibrations (C=O)

(1730–1740) 1734.66 1736.58 1737.55

Anti-symmetric PO2
- 

stretching vibration
(1220-1245) 1246.75 1238.08 1236.15

At the lower concentration roughly at 
200 µg /ml, MCF-7 treated cells with neutrally 
or positively charged liposomes loaded with 
tamoxifen showed cell viability of about 20% 
as compared to free tamoxifen of about 38 
% (Figure 7). Higher cytotoxic efficacy was 
observed above 200 µg /ml against MCF-7 cell 
lines treated with tamoxifen-loaded liposomes 
when compared to free tamoxifen. At the highest 
tamoxifen-loaded liposomes concentration 
(1000 µg/ml), MCF-7 treated cells showed cell 
viability of approximately 10 %, at 48 hours of 
incubation. While for free tamoxifen treated cells, 
the cell viability was approximately 40 % at the 
same concentration (1000 µg/ml) (Figure 7). The 
increase in tamoxifen concentration (200 to 1000 
µg /ml) in liposomes increased growth inhibition 
from 80% to 90%. In contrast, addition of 
tamoxifen at higher concentration range (2 to 10 
μM) in liposomes increased the growth inhibition 
from 6.1 % to 33.2 % [3]. The decrease in cell 
viability that accompanied by the administration 
of tamoxifen-loaded liposomes as compared to the 
free tamoxifen could be attributed to the sustained 
release of the encapsulated tamoxifen from 
liposomes then diffused passively into the cells, 
or the liposomes might be directly internalized by 
endocytosis. Bhatia et al., [37] aimed to explore 
the in vitro cytotoxicity of developed liposomal 
systems of tamoxifen employing the human breast 
cancer MCF-7 cell line. The findings showed that 
the viability of MCF-7 cells with encapsulated 
tamoxifen versus free drug was strongly inhibited 
by composition based. The encouraging findings 

from their work reveal immense potential in 
the treatment of breast cancer from lipid-based 
vesicular systems.

IC50 value for tamoxifen in the cytotoxic 
assay with MCF-7 treated cells was 0.34 μg/ml, 
while tamoxifen-loaded neutrally or positively 
charged liposomes showed an increase of IC50 
value to 119.62 and 101.23 µg /ml, respectively. 
This increase in IC50 value can be attributed 
to tamoxifen’s lipo-solubilized state due to its 
imprisonment in multiple vesicle lipoid domains 
(Figure 10). The latter was achieved in the 
presence of bilayered systems’ aqueous and 
nonaqueous phases, a condition best appropriate 
for better drug interaction with cells. In addition, 
phospholipid is considered to be a significant 
component of both the vesicular and cell 
membrane structures. It may help in generating 
and retaining the required physicochemical state 
of the drug for its improved biological interactions. 
This would lead to facilitate cell penetration of 
the encapsulated drug and to increase tamoxifen 
efficacy. Zeisig et al., [38] demonstrated for the 
first time that tamoxifen-containing liposomes 
can be prepared that are sufficiently active to 
significantly reduce resistance to tamoxifen in 
several in vivo xenografts of human breast cancer.

Conclusion                                                                              

The present study shows that a combination 
of tamoxifen with liposomes shows synergistic 
growth inhibitory activity on breast carcinoma 
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Fig. 7. Cytotoxicity of free Tamoxifen, Tamoxifen bound neutrally or positively charged liposomes against breast 
carcinoma (MCF-7) cell lines; incubated for 48 h with different concentrations (50, 100, 200, 400, 800 and 
1000 µg/ml). The cell viability was determined using the SRB assay. The data represent mean ± standard 
error of triplicate experiments.

Fig. 8. IC50 chart with significant values for free Tamoxifen and Tamoxifen bound neutrally or positively charged 
liposomes against breast carcinoma (MCF-7) cell lines by using SRB assay, 48 h post-treatment.
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(MCF-7) cell lines via induction of cytotoxicity 
and may be a promising approach to treat breast 
cancer, although more studies are needed. The 
current data suggest a novel formulation of 
liposomal tamoxifen that is replaced by free 
tamoxifen to raise its anticancer activity against 
MCF-7 cancer cell lines. This would improve the 
therapeutic index of tamoxifen and is a proof of 
principle in support of administering liposomally 
co-encapsulated drug. 

Conflict of interest: The author alone is 
responsible for the content and writing of this 
paper.

References                                                                                      

1.	 1- Thakur V., Kutty R.V. (2019) Recent advances 
in nanotheranostics for triple negative breast 
cancer treatment. J. Exp & Clinic Cancer Res. 
38: 1– 22.  

2.	 Bozzuto G., Molinari A. (2015) Liposomes as 
nanomedical devices. Int. J. Nanomed. 10:975-999. 

3.	 Jose A., Ninave K.M., Karnam S., Venuganti 
V.V.K. (2018) Temperature-sensitive liposomes 
for co-delivery of tamoxifen and imatinib for 
synergistic breast cancer treatment. J. Liposome 
Res. 29, 153–162.

4.	 Jain A.S., Goel P.N., Shah S.M., et al. (2014) 
Tamoxifen guided liposomes for targeting 
encapsulated anticancer agent to estrogen receptor 
positive breast cancer cells: in vitro and in vivo 
evaluation. Biomed. Pharmacother. 68:429–38.

5.	 Fontana G., Maniscalco L., Schillaci D., et al. 
(2005) Solid lipid nanoparticles containing 
tamoxifen characterization and in vitro antitumoral 
activity. Drug Deliv. 12:385–92.

6.	 Shete H., Chatterjee S., De A., Patravale V. 
(2013) Long chain lipid-based tamoxifen NLC. 
Part II: pharmacokinetic, biodistribution and in 
vitro anticancer efficacy studies. Int. J. Pharm. 
454:584–92.

7.	 Zhang P., Ling G., Pan X., et al. (2012) Novel 
nanostructured lipid-dextran sulfate hybrid 
carriers overcome tumor multidrug resistance 
of mitoxantrone hydrochloride. Nanomed. 
Nanotechnol. Biol. Med. 8:185–93.

8.	 Lasic, D.D. (1988) The mechanism of vesicle 
formation. Biochem. J. 256: 1-11.

9.	 Chang R.S., Kim J., Lee H.Y., Han S., Na J., 
Kwangmeyung K., Kwon I.C., Kim Y.B., Oh 

Y. (2010) Reduced dose limiting toxicity of 
intraperitoneal mitoxantrone chemotherapy using 
cardiolipin-based anionic liposomes. Nanomed. 6: 
69–776. 

10.	 Hwang J.S., Tsai Y.L., Hsu K.C. (2010) The 
feasibility of antihypertensive oligopeptides 
encapsulated in liposomes prepared with 
phytosterols-β-sitosterol or stigmasterol. Food 
Res. Int. 43: 133–139.

11.	 Bangham A.D., Hill M.W., Miller N.G.A. (1974) 
In: Methods in Membrane Biology (Korn N.D., 
ed.) Plenum. N.Y., Vol.1, p.l.

12.	 Riaz M.D. (1996) liposomes preparation methods. 
Pakistan J. Pharm. Sci. 19(1) :65-77.

13.	 Varshochian R., Hosseinzadeh H., Gandomi 
N., Tavassolian F., Atyabi F. (2014) Utilizing 
liposomes and lipid nanoparticles to overcome 
challenges in breast cancer treatment. J. Clin. 
Lipidol. 9: 571-585. 

14.	 Maji R., Dey N.S., Satapathy B.S., Mukherjee B., 
Mondal S. (2014) Preparation and characterization 
of Tamoxifen citrate loaded nanoparticles for 
breast cancer therapy. Int. J. Nanomed. 9: 3107–
3118. 

15.	 Deshpande P. P., Biswas S., Torchilin V. P. (2013) 
Current trends in the use of liposomes for tumor 
targeting. Nanomed. (Lond) 8: 1509–1528. 

16.	 Cooley T., Henry D., Tonda M., Sun S., 
O’Connell M., Rackoff W. (2007) A randomized, 
double-blind study of pegylated liposomal 
doxorubicin for the treatment of AIDS-related 
Kaposi’s sarcoma. Oncologist.12: 114-123.

17.	 Petre C.E., Dittmer D.P. (2007) Liposomal 
daunorubicin as treatment for Kaposi’s 
sarcoma. Int. J. Nanomed. 2: 277-288.

18.	 Batist G., Ramakrishnan G., Rao C.S., 
Chandrasekharan A., Gutheil J., Guthrie T., et 
al. (2001) Reduced cardiotoxicity and preserved 
antitumor efficacy of liposome-encapsulated 
doxorubicin and cyclophosphamide compared with 
conventional doxorubicin and cyclophosphamide 
in a randomized, multicenter trial of metastatic 
breast cancer. J. Clin. Oncol. 19: 1444-1454.

19.	 Ko A.H., Tempero M.A., Shan Y.S., Su W.C., Lin 
Y.L., Dito E., et al. (2013) A multinational phase 
2 study of nanoliposomal irinotecan sucrosofate 
(PEP02, MM-398) for patients with gemcitabine-
refractory metastatic pancreatic cancer. Br. J. 
Cancer. 109: 920-925.



30

Egypt. J. Biophys. Biomed. Eng., Vol.21  (2020)

MEDHAT W. SHAFAA

20.	 Roy A.C., Park S.R., Cunningham D., Kang Y.K., 
Chao Y., Chen L.T., et al. (2013) A randomized 
phase II study of PEP02 (MM-398), irinotecan or 
docetaxel as a second-line therapy in patients with 
locally advanced or metastatic gastric or gastro-
oesophageal junction adenocarcinoma. Ann. 
Oncol. 24: 1567-1573.

21.	 Saif M.W. (2014) MM-398 achieves primary 
endpoint of overall survival in phase III study in 
patients with gemcitabine refractory metastatic 
pancreatic cancer. JOP. 15: 278-279.

22.	 Wiseman H. (1994) Tamoxifen: new membrane 
mediated mechanisms of action and therapeutic 
advances. Trends Pharmacol. Sci. 15(3):83-9. 

23.	 Karmali P. P., Chaudhuri A. (2007). Cationic 
liposomes as non‐viral carriers of gene 
medicines: resolved issues, open questions, and 
future promises. Med Res Rev. 27(5): 696-722.‏

24.	 Dass C. R., Choong, P. F. (2006) Targeting of 
small molecule anticancer drugs to the tumour and 
its vasculature using cationic liposomes: lessons 
from gene therapy. Cancer cell int. 6(1): 17.‏

25.	 Deamer D.W., Uster P.S. (1983) In liposomes. 
(Ostro M.J.,Ed), Dekker, New York: p.27-51. 

26.	 Skehan P., Storeng R., Scudiero D., Monks A., 
McMahon J., Vistica D., Warren J.T., Bokesch H., 
Kenney S., Boyd M.R. (1990) New Colorimetric 
Cytotoxicity Assay for Anticancer-Drug Screening. J. 
Natl. Cancer Ins. 82 (13): 1107-1112. 

27.	 Vichai V, Kirtikara K. (2006) Sulforhodamine B 
colorimetric assay for cytotoxicity screening. Nat. 
Protoc. 1(3):1112–1116.

28.	 Carvalho P.M., Felício M.R., Santos N.C., 
Gonçalves S., Domingues M.M. (2018) 
Application of Light Scattering Techniques to 
Nanoparticle Characterization and Development. 
Front. Chem. 6:237. 

29.	 Koynova R., Caffeey M. (1998) Phases and phase 
transitions of the phosphatidylcholines. Biochim 
Biophys Acta. 1376: 91-145. 

30.	 Hathout R.M., Mansour S., Mortada N.D., 
Guinedi A.S. (2007) Liposomes as an ocular 
delivery system for acetazolamide: in vitro and in 
vivo studies. AAPS Pharm. Sci. Tech. 8: E1–E12.

31.	 Bilge D., Kazanci N., Severcan F. (2013) Acyl 
chain length and charge effect on tamoxifen–lipid 
model membrane interactions. J. Mol. Struct. 
1040: 75-82.

32.	 Bilge D., Sahin I., Kazanci N., Severcan F. 
(2014) Interactions of tamoxifen with distearoyl 
phosphatidylcholine multilamellar vesicles: 
FTIR and DSC studies. Spectrochim. Acta A Mol. 
Biomol. Spectrosc. 130: 250-256.

33.	 Engelke M., Bojarski P., Blob R., Diehl H. 
(2001) Tamoxifen perturbs lipid bilayer order and 
permeability: comparison of DSC, fluorescence 
anisotropy, Laurdan generalized polarization and 
carboxyfluorescein leakage studies. Biophys. 
Chem. 90:157–173.

34.	 Mady M.M., Shafaa M.W., Abbase E.R., Fahium 
A.H. (2012) Interaction of doxorubicin and 
dipalmitoylphosphatidyl-choline liposomes. Cell 
Biochem Biophys.62: 481-486.

35.	 Severcan F., Sahin I., Kazanci N. (2005) Melatonin 
strongly interacts with zwitterionic model 
membranes—evidence from Fourier transform 
infrared spectroscopy and differential scanning 
calorimetry. Biochim Biophys Acta. 1668: 215–
222. 

36.	 Mady M. M., Fathy M. M., Youssef T., Khalil 
W.M. (2012) Biophysical characterization of 
gold nanoparticles-loaded liposomes. Phys. Med. 
 ‏.288-295 :(4)28

37.	 Bhatia A., Bhushan S., Singh B., Katare O.P. 
(2009) Studies on tamoxifen encapsulated in lipid 
vesicles: effect on the growth of human breast 
cancer MCF-7 cells.  J. Liposome Res.19 (3): 
169–172.

38.	 Zeisig R., Ruckerl D., Fichtner I. (2004) 
Reduction of tamoxifen resistance in human breast 
carcinomas by tamoxifen-containing liposomes in 
vivo. Anticancer Drugs. 15: 707–714.

                                                      (Received 8/5/2020 ;

                                                        accepted 9/6/2020 )



31

Egypt. J. Biophys. Biomed. Eng., Vol. 21 (2020)

CYTOTOXIC ACTIVITY OF TAMOXIFEN BOUND LIPOSOMES AGAINST BREAST CANCER...

ان الهدف من هذه الدراسة هو تحديد ما إذا كانت الليبوسومات المحايدة للشحنة أو ذات الشحنة الموجبة المحوصلة 
لعقار التاموكسيفين يمكن أن تمنع انتشار سرطان الثدي البشري MCF-7 مقارنة مع عقار التاموكسيفين الحر 
MCF- ( من خلال تقدير الآثار المحتملة لهذه المركبات على موت خطوط الخلايا من سرطان الثدي البشري
7(. تميز اقتران التاموكسيفين المرتبط بالليبوسومات بتقنيات تحليلية لتحديد حجمه وتوزيعه والتغيرات الحرارية 
والتغيرات التركيبية  إلى جانب السمية الخلوية المحتملة تجاه MCF-7 )خط خلايا سرطان الثدي( في المختبر. 
نانومتر  نانومتر ، ±119 54.7  نانومتر ، ±73.72 23.8  بـ ±64.70 49.75  الجسيم  قدُر متوسط ​​قطر 
لليبوسومات  الفارغة ، الليبوسومات المحايدة والموجبة الشحنة المرتبطة بالتاموكسيفين ، على التوالي. عندما تم 
إدخال عقار التاموكسيفين إلى الليبوسومات ذات الشحنة الموجبة ، أدى إلى تعريض ملحوظ وتحول إلى درجة 
حرارة أقل عند 135 درجة مئوية مقارنة بالقمة المميزة الرئيسية للحرارة )Tm( لليبوسومات النقية عند 140 
درجة مئوية ، في حين ساهم إدخال عقار التاموكسيفين في الليبوسومات المحايدة للشحنة اختفاء القمة الرئيسية 

للحرارة لليبوسومات النقية. 

كشف تحليل FTIR عن تغييرات هيكلية في الحويصلات بعد دمج عقار التاموكسيفين في الليبوسومات. كما 
كانت قيمة IC50 للتاموكسيفين الحر في اختبار السمية للخلايا مع خلايا MCF-7 المعالجة بـ 0.34 ميكروجرام 
/ ملى ، في حين أظهرت الليبوسومات المحملة بالتاموكسيفين  ذات الشحنة المحايدة والموجبة زيادة في قيمة 
IC50 إلى  119.62 و  101.23 ميكروجرام / ملى ، على التوالي. تشيرالنتائج الحالية إلى نظام علاجي جديد 
حيث يتم استبدال التاموكسيفين الحر مع التاموكسيفين  الليبوسومى  لتحسين النشاط المضاد للسرطان ضد خطوط 

.MCF- 7 الخلايا السرطانية

 تحضير وتوصيف وتقييم نشاط السمية الخلوية للتاموكسفين المرتبط بالليبوسومات ضد خط
خلايا سرطان الثدى
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