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Abstract
Purpose  The phospholipids from plant origins play an important role in different techniques, especially in drug delivery 
applications. The purpose of this study is to investigate the effect of liposomes prepared from plant origin as a cheap source 
of lipids as drug carriers.
Methods  Soy lecithin liposomes (SLP) were prepared and loaded with doxorubicin (DOX) to use as a drug delivery sys-
tem. DOX was used as the model drug and DOX/SLP was successfully combined. The characteristics of these liposomes, 
zeta potential, size distribution, drug encapsulation efficiency (EE%), drug release, Fourier transform infrared (FTIR), and 
transmission electron microscopy (TEM) were checked followed by in vitro study. The cytotoxicity study by using free DOX 
and DOX/SLP is done on Mcf-7, human breast cancer as a cell line.
Results  The optimal DOX/SLP formulation had a mean size of 342 nm, a negative zeta potential of −22.3 mV, the loaded 
DOX/SLP showed EE% (83.68%), and a drug release profile of 35 h, all are recorded. Cytotoxicity assay showed that the 
IC50 of DOX/SLP is smaller than that of free DOX.
Conclusion  These results give evidence of the efficacy of using drug carriers from plant origin combined with drugs to 
increase the effective therapies against cancer medically and economically.
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Abbreviations
Conc.	� Concentration
DLE	� Drug loading efficiency
DOX	� Doxorubicin
DOX/SLP	� Doxorubicin/soy lecithin liposome
EE%	� Encapsulation efficiency
FTIR	� Fourier transform infrared
TEM	� Transmission electron microscopy
PA	� Phosphatidic acid

PBS	� Phosphate buffer solution
PC	� Phosphatidylcholine
PE	� Phosphatidyl-ethanolamine
PI	� Phosphatidyl-inositol
Rpm	� Revolution per minute
SL	� Soy lecithin
SLP	� Soy lecithin liposome
Tm	� Transition temperature

Introduction

Liposomes are vesicles formed from non-toxic surfactants, 
cholesterols, glycolipids, sphingolipids, long-chain fatty 
acids, and even membrane proteins. When phospholipids 
are dissolved in water, they form a closed structure with 
an internal aqueous environment bounded by phospho-
lipids bi-layer membranes, this vesicular system is called 
liposome [1]. Phospholipids from soy lecithin are vastly 
used in liposomal drug delivery because they can include 
in their internal compartment water in which hydrophilic 
components can be dissolved while lipophilic drugs can be 
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entrapped within the space between the lipid’s layers [2]. 
Liposomes improve therapeutic efficacy by promoting drug 
absorption while avoiding fast degradation and side effects, 
extending the biological half-life, and reducing toxicity [3]. 
The unique advantage of liposomes is that they are biocom-
patible, biodegradable lipids, inert, and non-immunogenic. 
Liposomes can be used to entrap hydrophilic compounds 
in the inner core and/or lipophilic molecules in the double 
lipidic layer [4].

Soybean is the main phospholipids in plants. Lecithin 
from soybean is a complex mixture containing phosphati-
dylcholine (PC), phosphatidic acid (PA), phosphatidyle-
thanolamine (PE), phosphatidylinositol (PI), triglycerides, 
sphingolipids, glycolipids, and free fatty acids [5]. Leci-
thin from soybeans is highly preferable for pharmaceuti-
cal industries application due to its emulsifying properties, 
non-antigenic nature, safe, wide availability, and low cost 
for production [6].

Chemotherapy plays a major part in cancer treatment, 
especially breast cancer, lung cancer, lymphoma, thyroid 
cancer, cervix cancer, etc. There are different types of 
chemotherapy each with distinct late effects. Some of 
the late side effects are second malignancy, pulmonary 
complications, psychosocial difficulties, and cardiac tox-
icity [7].

Doxorubicin (DOX) is an antibiotic drug derived from 
the streptomyces paucities bacterium. It is a part of the 
anthracycline group of chemotherapeutic agents [8]. The 
mechanism of actions of DOX, in cancer cells, are as fol-
lows: (i) interpolation into DNA and disruption of topoi-
somerase II-mediated DNA and (ii) generation of free 
radicals which damage cellular membranes, causing DNA 
strands breakage and inhibition of both DNA and RNA 
synthesis [9]. Briefly, DOX is oxidized, an unstable metab-
olite, which releases reactive oxygen species. These species 
lead to lipid peroxidation and membrane damage, DNA 
damage, oxidative stress, and trigger apoptotic pathways 
of cell death [10]. In this study, doxorubicin/soy lecithin 
liposomes (DOX/SLP) were prepared through two steps 
that included the preparation of liposomal thin film from 
soy lecithin and conjugated with doxorubicin. This study 
aims to create an SLP system for the effective delivery of 
DOX, to tumor cells by increasing the half-life circulation 
of DOX/SLP. SLP was synthesized by using the thin film 
hydration method and then mixed with DOX. The obtained 
particles from DOX/SLP were reduced in size distribu-
tion by sonication. The physical and chemical properties 
of liposomal formulations were characterized by Fourier 
transform infrared (FTIR), size distribution, zeta potential 
measurement, transmission electron microscopy (TEM), 
drug release, encapsulation efficiency, and fluorescence 
measurements determined.

Materials

Soy lecithin (SL) powder (C35H66NO7P) was purchased 
from bulksupplements.com, 7511 Eastgate Rd, Henderson, 
NV 89,011, the USA, with a molecular weight of 643.87 g/
mol. Cholesterol (CHOL) C27H46O with MW: 386.65 gm/
mol, with melting point 148–150 °C was purchased from 
ADVENT CHEMBIO PVT LTD. Adricin, doxorubicin HCL 
(C27H29NO11) solution 50 mg/25 ml (DOX) manufactured by 
Hikma Specialized Pharmaceuticals, Badr City, Cairo, A.R.E, 
with molecular weight 543.52 g/mol. Chloroform (trichloro 
methane) CHCl3 contains 0.8% ethanol as a stabilizer, with 
assay ≥ 99.5%, molecular weight 119 g/mol, ethanol (EtOH) 
C2H5OH with concentration 99%, melting point −114.1 °C, 
molar mass 46.07 g/mol, and sodium chloride as saline (NaCl, 
with pH 5.5) 0.9%. The dialysis bag was made from regener-
ated cellulose (RC) with glycerol as a protector from embrit-
tlement. It is suitable for a pH range of 2–12 and a temperature 
of 4–60 °C with a diameter of 21 mm and 5 m in length with a 
molecular weight cutoff of 5 KDa (about 5 cm of the dialysis 
tubing bag used in our experiment).

Methods

Liposomal Preparation and Drug Loading

Two samples of SLPs were prepared by the thin-film hydra-
tion method. One was used as a blank while the second was 
loaded with DOX. Alternatively, in blank, a weighed SL 
powder of about 1.01 mol is dissolved in chloroform and 
sonicated with saline (0.9%) for 60 min at least, while in 
DOX/SLP, accurately weighed SL powder, cholesterol, and 
DOX, at a ratio of 9:1:0.5 (wt/wt/wt). Firstly, SL and choles-
terol were dissolved in chloroform in a round-bottom flask, 
using a rotary evaporator to evaporate all chloroform and to 
obtain a thin film under vacuum at a maximum of 50 °C and 
maintained under vacuum conditions overnight to remove 
all traces of the solvent. The lipid film was hydrated with 
DOX (in liquid form) which was dispersed by sonication 
for 60 min. Finally, both the obtained SLP and DOX/SLP 
dispersion were stored at 3–7 °C.

Molecular Structure Characterization

The chemical structures of all samples were analyzed by FT/
IR spectroscopy (4600 type A; National Research Center, 
Cairo, Egypt). KBr sandwiches were pellet perfectly and 
all samples were prepared by mixing with them separately. 
Spectra were acquired in the range of 4000 to 400 cm−1 with 



1417Journal of Pharmaceutical Innovation (2023) 18:1415–1426	

1 3

a resolution of 4 cm−1. Background scans were acquired and 
then subtracted from the spectrum of the sample.

Standard Curve for Doxorubicin

Each vial of adricin (25 ml) contains doxorubicin HCl 
50 mg. Therefore, the total vial concentration is 50 mg/25 ml 
which means 2 mg/ml. Different concentrations of DOX are 
prepared, and its absorbance is measured using the fluor-
imeter technique at the wavelength (excitation) of 470 nm. 
The standard curve of DOX is made as a relation between 
concentration on X-axis and absorbance on Y-axis.

Drug Loading Efficiency

Substantially, 1 ml DOX/SLP was diluted in 6 ml phos-
phate-buffer solution (PBS, with pH = 7.2) by using ultra-
centrifugation at 12,000 rpm for 15 min at 4 °C to sepa-
rate free DOX as a supernatant, from encapsulated one. 
Then take 0.1 ml from the supernatant and diluted it with 
0.9 ml of NaCl saline. The absorbance of the supernatant 
which contains the free DOX is measured using fluorim-
eter apparatus. From the DOX standard curve, the corre-
sponding concentration is measured. By using the solution 
dilution calculator to determine the residual concentration 
(C1V1 = C2V2), then the DOX loading efficiency (DLE) of 
DOX/SLP is calculated using Eq. (1) [11]:

Drug Release

A dialysis bag is a tube made from regenerated cellulose 
(RC) with glycerol as a protector from embrittlement 
which can be easily removed by soaking in water. In our 
research, about 5 cm of the dialysis tubing bag was used 
in the experiment. The tube was washed in distilled water 
several times and filled with 2 ml from our sample (DOX/
SLP), closed up and down with clips, and then placed in 
a beaker containing 30 ml of NaCl saline or until the was 
bag covered with saline. The beaker was placed on low 
stirring all time of the experiment at room temperature. 
Samples were taken after 2, 4, 6, 24, and 35 h. After each 
sample, the same quantity of fresh saline is added. The 
corresponding absorbance is measured for each sample 
using fluorimeter fluorescence apparatus. Finally, the drug 
release curve is plotted between the time and absorbance.

(1)DLE (%) =
(Total drug − free drug)

Total drug
× 100

Determination Size and Zeta Potential

The particle size and zeta potential of SLP and DOX/SLP 
were determined by a dynamic light scattering (DLS) 
Zetasizer Nanoseries (Malvern Instruments, UK) analyzer 
which provides information on particle size, zeta potential, 
concentration, and molecular weight. The samples were 
diluted 100 times before measurements. Set the detection 
angle at 90° and the temp. of 25 °C and the refractive 
index. Using a Helium–Neon LASER beam, choose the 
suitable cuvette for the sample then start the analysis.

Transmission Electron Microscopy (TEM)

A JEM-2100 HR TEM [(200 kV; JEOL, Japan); National 
Research Center, Cairo, Egypt] was used to observe the 
morphology of the prepared samples, SLP and DOX/SLP. 
The samples were prepared by placing a drop of phosphor-
tungsten acid (transmittance negative stain) on carbon-
coated copper and left to air-dry before imaging.

In Vitro Cell Line Study

The cytotoxicity assay was administered in a human breast 
cancer cell line (Mcf-7) for both DOX and DOX/SLP sam-
ples. Mcf-7 cells were seeded at a density of the order of 
1 × 105 cells/ml (100 µl/well) that was dispensed during a 
96-well tissue culture plate and incubated at 37 °C for 24 h 
to develop a complete monolayer sheet. The two-fold dilu-
tions of tested samples were made in RPMI medium with 
2% serum. A total of 0.1 ml of every dilution was tested 
in different wells leaving 3 wells as control receiving only 
maintenance medium. The plate was incubated at 37 °C and 
examined. MTT solution was prepared (5 mg/ml in PBS). 
Twenty microliters of MTT solution was added to every well 
and placed on a shaking table (150 rpm for 5 min) to mix 
MTT with media. Incubate (37 °C, 5% CO2) for 4 h to permit 
the MTT to be metabolized. Dry the plate on paper towels to 
get rid of residue if necessary. Re-suspend formazan (MTT 
metabolic product) in 200 µl DMSO, and place it on a shak-
ing table (150 rpm for 5 min). Read the optical density at 
560 nm and subtract the background at 620 nm [12].

Statistical Analysis of Data

All data were expressed as mean ± SD. The statistical 
analysis was performed using Excel 2010, origin 2018, 
and ANOVA with p < 0.05 to consider all data statistically 
significant.
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Results and Discussion

Synthesis and Characterizations of SLP and DOX/SLP

The primary characterization of SLP, DOX and DOX/
SLP was performed through FTIR spectra as shown in 
(Fig. 1A–C), respectively. Band area values were calculated 
using a linear baseline from 4000 to 2500 cm−1, from 2500 
to 1500 cm−1, and the fingerprint from 1500 to 300 cm−1.

As shown in the spectrum of SLP, the absorption 
band 2079  cm−1 (N = C = S), 1762  cm−1 (Cl–C = O), 
1640 cm−1 (C = C), 1321 cm−1 (COO-), 1247–1206 cm−1 
(C-O), 1112 cm−1 (CO–O-C), and 849 cm−1 (C–Cl) are 
identified. The spectrum was similar to DOX/SLP spec-
trum except for the appearance of bands at 3432  cm−1 
(O–H), 3000–2850 cm−1 and at 1457–1383 cm−1 (C-H), 
1086  cm−1 (C-F), 1018  cm−1 (C-N) (amine), and at 
593 cm−1 (C–Br) [13]. Note also that the sharp peak in 
SLP that corresponds to the C = O disappeared in DOX/
SLP, because of the presence of cholesterol chlorofor-
mate in the sample; the band Cl–C = O disappeared which 
means that DOX is successfully conjugated with SLP [14]. 
The shift of the C = C bond means there is a decrease in 
the frequency that marks the formation of new hydrogen 
bonds between components [15].

Standard Curve and Drug Loading Efficiency of DOX

For constructing the standard curve, 1 ml of DOX was 
diluted to different concentrations (Conc.). The absorb-
ance of each concentration is measured by a fluorimeter. 
The absorbance of each sample is measured at a wavelength 
of 470 nm (excitation) which is plotted as a function of 
DOX concentration as shown in (Fig. 2). This curve will 
be used to calculate the drug loading efficiency (DLE) of 

DOX. To calculate the DLE of DOX, 1 ml of DOX/SLP was 
diluted in 6 ml of PBS with pH = 7.2 and then centrifuged at 
12,000 rpm for 15 min at 4 °C.

Then, separate the supernatant which contains the free DOX, 
from that bound with SLP. A total of 0.1 ml of supernatant is 
diluted with 0.9 ml of PBS buffer solution, and use fluorimeter 
to get its absorbance. By using the standard curve, the corre-
sponding diluted Conc. (0.03265 mg/ml) is determined from the 
measured absorbance value and using Eq. (2). Thus, the encap-
sulated drug is calculated to be 1.673 mg/ml.

The total vial Conc. is 2 mg/ml. So, the encapsulated drug 
is calculated to be 1.673 mg/ml. From Eq. (1), The DLE% 
is calculated to be 83.68%. That tells us that larger particles 
size has large cores, which allow more drugs to be encap-
sulated per particle and give slower release. Thus, as we 

(2)C
1
V
1
= C

2
V
2

Fig. 1   The Fourier transform 
infrared (FTIR) spectra of SLP 
(a), Dox (B), and DOX./SLP 
(C)

Fig. 2   Standard curve of doxorubicin
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control particle size, it provides a means of regulating drug 
release rates and increasing encapsulation efficiency [16]. 
Also, DOX is positively charged because of its protonatable 
amino group, so it can engage in electrostatic interactions 
with full or partially negatively charged groups in the SLP 
[17]. This all leads to increasing the EE%.

Determination of Phase Transition Temperature (Tm)

The phase transition of DOX/SLP was determined using 
an RF-5301PC Spectro fluorophotometer connecting with 
a water bath equipped with a thermocouple. This device is 
an important tool for the trace analysis of compounds that 
have functional groups that exhibit fluorescence. In this 
technique, the sample was diluted (0.1 ml of sample: 1.5 ml 
of saline), and then put the sample in the cuvette chamber 
which is connected to the water bath circulator. Starting 
from 25 to 65 °C, the intensity of fluorescence reading is 
recorded every 2 °C. The recorded fluorescence values are 
plotted as a function of temperature as shown in (Fig. 3).

As shown in (Fig. 3), the Tm of DOX/SLP is calculated. 
It is found that in DOX/SLP, the Tm increased to 47.4 °C 
in comparison with SLP as blank (O’Neil SD, 1982) [18]. 
This increase in Tm because of cholesterol in the lipid led to 
a decrease in the fluidity of the membrane and gives stabil-
ity to liposomes and a decrease of uptake by the Reticulo-
endothelial-system [19].

Drug Release by the Dialysis Bag

In the beaker, put 30 ml of NaCl saline (pH 5.5) as a buffer, 
and 5 cm of dialysis bag filled with 2 ml of our sample 
DOX/SLP. Close the bag up and down with clips and then 
place it over low stirring all time during the experiment. The 

samples were taken every 2, 4, 6, 24, and 35 h, and their 
absorbance at a wavelength of 470 nm is measured using the 
fluorimeter device. The plotted curve is the time (hours) on 
the X-axis and release (%) the on Y-axis to get the release 
curve of DOX, as shown in (Fig. 4).

Drug release from DOX/SLP was very slow until 6 h 
and continued to increase until the end of the experiment. 
By using the standard curve in the analysis, it is found that 
after 6 h, only 4% of the total DOX Conc. in the bag was 
released, while after 24 h, about 15% of the total DOX 
Conc. in the bag was released. Until 35 h, about 96% of 
the total DOX concentration in the bag was released. In 
other words, the release behavior of DOX from loaded 
SLP was significantly slower than that of DOX alone. The 
result showed that doxorubicin release increased and then 

Fig. 3   Transition temp., of 
DOX/SLP

Fig. 4   Release profile of DOX, by dialysis bag
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reached a plateau region after 6 h and remained mostly 
constant until 24 h, and then start to increase again. This 
suggested the release of Dox. from SLP is too low because 
Dox. inside the SLP present as a precipitate that supports 
the Dox. stability inside the SLP [20]. This release time 
increase helps to keep DOX/SLP in circulation for a longer 
time with min. amount of release in blood circulation. That 
helps in decreasing the side effects of DOX, as a drug 
on healthy tissue [21]. As the encapsulation efficiency is 
high, the stability of liposomes is high (size distribution, 
suitable preparation methods, usage of high-quality lipids, 
suitable preparation method, and storage conditions), all 
of this preventing drug leakage [22].

The Optimal Formulation of SLP and DOX/SLP

The size and zeta potential of SLP was measured to be 
282 nm and −26.9 mV respectively, while the measured 
values of DOX/SLP were 342 nm and −22.3 mV respec-
tively. As shown in (Fig. 5), there is an increase in size that 
can be explained by increasing the attractive force between 
SLP and DOX leading to increasing the size [23]. That size 
affects the amount of drug loading, which pivotally deter-
mines the pharmacokinetics and pharmacodynamics of the 
drugs in circulation [24]. As we know that zeta potential 
is the total surface charge and the stability of SLP or SLP/
DOX. When liposomes have charge means, repulsive forces 
increase and the medium becomes stable. Zeta potential 
lesser than −30 mV or greater than 30 mV is considered to 
be more stable [25]. So, the magnitude of the zeta poten-
tial increase from −26.9 to −22.3 mV gives a sign of the 

potential stability of the sample, by increasing the repulsion 
between particles. This zeta potential has the possibility to 
improve biological performance by circumventing surface 
charge-related toxicities [26].

Transmit Electronic Microscope (TEM)

The morphology of both samples in detail was further con-
firmed by TEM. This technique can give highlight struc-
tural changes in any material. The samples were prepared by 
placing a drop from each sample on carbon-coated copper 
placed on filter paper. Let dry for a few seconds, then place a 
drop of transmittance-negative stain on it, and leave it to air-
dry before imaging. As shown in (Fig. 6), TEM verified the 
presence of liposomes in round shape with multi-lamellar, 
200 nm in width in the SLP sample while in DOX/SLP, the 
sample was round, dark in color because of DOX, and has 
around 320 nm in width. The TEM images showed that both 
SLP and DOX/SLP were spherical in morphology, and the 
liposomal system possessed a size range that fell into the 
therapeutic-potential range [27].

Cell Line Cytotoxicity

Cytotoxicity assays were performed to evaluate the biocom-
patibility of synthesized DOX/SLP as drug delivery systems 
in the normal cell line (Vero) (Table 1) and the human breast 
cancer cell line Mcf-7 in both low and high DOX and DOX/
SLP concentrations (Tables 2 and 3) respectively, followed by 
Fig. 7 which describes the histograms ± SD of all analyses of 
cell viability. Results were expressed as the percentage of cell 

Fig. 5   DLS image size, of SLP (A) and DOX/SLP (B)
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proliferation, compared with 0.1% DMSO control and were 
calculated from Eq. (3) as follows [28]:

As shown in (Table 1, Fig. 7A), the normal Vero cell line 
was exposed to 100, 50, 25, 12.5, 6.25, and 3.125 µg/ml of 
both DOX and DOX/SLP separately. When comparing cell 
viability at all conc. of DOX/SLP to cell viability of DOX 
only, a difference in cell viability was observed and cell via-
bility decreased from low to high conc. in DOX/SLP records, 
while there is approximate stability of cell viability in lower 
conc. in DOX results. IC50 ± SD of both DOX and DOX/SLP 
was 41.75 ± 0.77 and 11.08 ± 0.07, respectively. This differ-
ence possibly returns to the mechanism of release of DOX 
from SLP over the incubation time [29].

As shown in (Table 2, Fig. 7B), cell viability assay can 
determine the effect of drug candidates on cells and be used 
to optimize the cell culture conditions. As shown DOX/
SLP has an inhibition effect on cell growth [30]. This data 

(3)Viability (%) =
mean OD treated

mean OD blank
× 100

represent the effect of DOX and DOX/SLP on Mcf-7 cell 
lines by using low sample conc. 100, 50, 25, 12.5, 6.25, and 
3.125 µg/ml. These data showed that the conc. of the drug 
that needs to kill 50% of cancer cells is low in DOX/SLP 
rather than DOX only. When DOX/SLP reach the tumor site, 
they released DOX which is capable of diffusing through the 
tumor cell membrane to the nucleus which contains DNA of 
the tumor cell to block topoisomerase II and cause cell death 
[31]. IC50 ± SD of both DOX and DOX/SLP was 6.01 ± 0.28 
and 4.81 ± 0.07. This indicates that liposomes form a shell 
around DOX, which led to reduced DOX release as indicated 
in the drug release profile described above, and the amount 
of DOX released increases after 72 h of injection [32].

The last one is shown in (Table 3, Fig. 7C), the effect of 
higher sample conc. 250, 125, 62.5, 31.25, 15.62, 7.81 µg/ml 
on Mcf-7 cell line. The same effect of DOX/SLP in higher 
conc. on higher conc. especially at 31.25, 15.62, and 7.81 µg/
ml, is clearly shown a great difference in cell viability rather 
than DOX only. When DOX/SLP reaches the nuclease, a large 
amount of DOX diffuses into the tumors’ nucleus. Overall 

Fig. 6   TEM images, of SLP (a) 
and DOX/SLP (b)

Table 1   Chemo-sensitivity 
testing in a normal cell line 
(Vero) using MTT assay (by 
single-fold dimension). This 
table shows the results were 
expressed as IC50, i.e., the 
concentration of cytotoxic drug 
that reduces cell viability by 
50% relative to the control

ID µg/ml O.D Mean O.D  ± SE Viability % Toxicity % IC50 ± SD

Vero ––– 0.75 0.76 0.76 0.76 0.00 100.00 0.00
DOX 100.00 0.07 0.11 0.09 0.09 0.01 12.21 87.79 41.75 ± 0.77

50.00 0.25 0.28 0.27 0.26 0.01 34.92 65.08
25.00 0.60 0.62 0.63 0.62 0.01 81.75 18.25
12.50 0.74 0.75 0.76 0.75 0.00 98.94 1.06
6.25 0.75 0.76 0.75 0.75 0.00 99.65 0.35
3.13 0.75 0.75 0.76 0.76 0.00 100.00 0.00

DOX + SLP 100.00 0.05 0.04 0.06 0.05 0.01 6.39 93.61 11.98 ± 0.07
50.00 0.09 0.11 0.10 0.10 0.01 13.54 86.46
25.00 0.19 0.24 0.23 0.22 0.01 29.23 70.77
12.50 0.35 0.35 0.35 0.35 0.00 46.34 53.66
6.25 0.64 0.67 0.65 0.65 0.01 86.33 13.67
3.13 0.76 0.75 0.76 0.75 0.00 99.74 0.26
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conc. IC50 ± SD of DOX. and DOX/SLP was 41.02 ± 0.66 and 
27.72 ± 0.96, respectively. This proves that the encapsulation 
of DOX is high and SLP controlled in DOX release. So, it can 
be concluded that DOX/SLP are biocompatible, bioavailable, 
and appropriate for drug delivery systems [33].

The cell toxicity caused due to the action of a chemo-
therapeutic agent on Mcf-7 cells is described in After 
Analysis; it is clearly shown that at higher concentrations 
(250, 125, and 62.5 µg/ml), there is a low sample toxicity 
effect rather than free DOX. The smaller value of IC50 
of DOX/SLP in all conc. means that the amount of drug-
loaded liposome that needs to kill 50% of cancer cells is 
less than the amount of free drug, which concludes that 
much lower concentrations of drug load by liposomes will 
have as a great effect on cells as higher concentrations of 
free drugs which will greatly reduce the side effects of 
using larger doses of chemotherapeutic drugs [34].

There are some images that indicate the morphological 
changes on different cell lines, represented as follows: con-
trol cell line, after adding free DOX and after adding the 
same conc. from DOX/SLP. As shown in Figs. 8, 9, and 10, 
there is a clear difference between the effect of free DOX 
and DOX/SLP on the cancer cells.

According to published data in 2013, by comparing the 
therapeutic efficacy of Doxil (commercial doxorubicin-loaded-
liposomes) prepared from animal origin source, the cytotoxic-
ity as presented by its IC50 of free DOX, DOX/SLP, and Doxil 
is shown in (Fig. 11). The IC50 values of DOX, DOX/SLP, and 
Doxil are calculated to be 41.02 ± 0.66 µg/ml, 27.72 ± 0.96 µg/
ml, and 32.2 ± 3.6 µg/ml respectively [35]. The smaller value 
of IC50 of DOX/SLP against free DOX and Doxil indicates 
the more therapeutic efficiency of DOX/SLP as a potential 
and novel chemotherapeutic confirmation concerning other 
chemotherapeutic drugs, such as free DOX and Doxil.

Table 2   Chemo-sensitivity 
testing in Mcf-7 cell lines (low 
concentration) using MTT assay 
(by double-fold dimension). 
This table shows the results 
were expressed as IC50, i.e., the 
concentration of cytotoxic drug 
that reduces cell viability by 
50% relative to the control

ID µg/ml O.D Mean O.D  ± SE Viability % Toxicity % IC50± SD

Mcf7 ––– 0.63 0.65 0.65 0.64 0.01 100.00 0.00 µg
DOX 100.00 0.03 0.03 0.02 0.03 0.00 4.14 95.86 6.01 ± 0.28

50.00 0.05 0.05 0.05 0.05 0.00 7.61 92.39
25.00 0.12 0.11 0.13 0.12 0.00 18.27 81.73
12.50 0.21 0.20 0.20 0.20 0.00 31.78 68.22

6.25 0.33 0.30 0.27 0.30 0.02 46.43 53.57
3.13 0.60 0.57 0.58 0.58 0.01 90.73 9.27

DOX + SLP 100.00 0.02 0.02 0.02 0.02 0.00 2.80 97.20 4.81 ± 0.07
50.00 0.04 0.04 0.03 0.04 0.00 5.85 94.15
25.00 0.12 0.11 0.12 0.12 0.01 17.96 82.04
12.50 0.14 0.17 0.15 0.15 0.01 23.91 76.09

6.25 0.23 0.27 0.25 0.25 0.01 38.82 61.18
3.13 0.40 0.39 0.42 0.41 0.01 62.94 37.06

Table 3   Chemo-sensitivity 
testing in Mcf-7 cell lines (high 
concentration) using MTT assay 
(by double-fold dimension). 
This table shows the results 
were expressed as IC50, i.e., the 
concentration of cytotoxic drug 
that reduces cell viability by 
50% relative to the control

ID µg/ml O.D Mean O.D  ± SE Viability % Toxicity % IC50 ± SD

Mcf7 –––– 0.88 0.90 0.87 0.88 0.01 100.00 0.00 Ug
DOX 250.00 0.02 0.03 0.03 0.02 0.00 2.80 97.20 41.02 ± 0.66

125.00 0.08 0.09 0.07 0.08 0.01 8.69 91.31
62.50 0.20 0.19 0.22 0.20 0.01 22.75 77.25
31.25 0.49 0.47 0.47 0.48 0.01 53.85 46.15
15.62 0.84 0.89 0.86 0.86 0.01 97.81 2.19
7.81 0.87 0.89 0.88 0.88 0.00 99.58 0.42

DOX + SLP 250.00 0.07 0.06 0.07 0.07 0.00 7.52 92.48 27.72 ± 0.96
125.00 0.11 0.13 0.15 0.13 0.01 14.74 85.26
62.50 0.22 0.21 0.24 0.22 0.01 24.94 75.06
31.25 0.39 0.33 0.32 0.34 0.02 39.00 61.00
15.62 0.78 0.79 0.81 0.80 0.01 90.25 9.75
7.81 0.87 0.89 0.87 0.88 0.01 99.32 0.68
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Fig. 7   Cell viability of A Vero 
as a normal cell exposed to 100, 
50, 25, 12.5, 6.25, and 3.125 µg/
ml, B Mcf-7 cells exposed to 
100, 50, 25, 12.5, 6.25, and 
3.125 µg/ml, and C Mcf-7 cells 
exposed to 250, 125, 62.5, 
31.25, 15.62, and 7.812 µg/ml 
of DOX (orange line) and DOX/
SLP (gray line) on all
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Fig. 10   Morphology of Mcf-7 
cells at high conc.: a control 
Mcf-7 (a), the effect of free 
DOX with concentration 
(31.25 µg/ml) (b), and effect of 
DOX/SLP with concentration 
(31.25 µg/ml) (c)

Fig. 11   The cytotoxicity as indi-
cated by its IC50 of DOX, DOX/
SLP, and Doxil

Fig. 8   Morphology of Vero 
cells: a control Vero (A′), 
the effect of free DOX with 
concentration (6.25 µg/ml) (B′), 
and the effect of DOX/SLP with 
concentration (6.25 µg/ml) (C′)

Fig. 9   Morphology of Mcf-7 
cells at low conc.: a control 
Mcf-7 (A), the effect of free 
DOX with concentration 
(6.25 µg/ml) (B), and the effect 
of DOX/SLP with concentration 
(6.25 µg/ml) (C)
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Conclusion

In this study, SLP extracted from soy lecithin (plant ori-
gin) was successfully synthesized for DOX delivery. DOX/
SLP was used as a new drug conformation. The constructed 
sample is stable which will increase the circulation time of 
the drug carrier in the bloodstream. The optimal formula-
tion of DOX/SLP exhibits a spherical shape (TEM images) 
with a size range (approximately 340 nm) and zeta potential 
(−22.3 mV) with high drug loading efficiency (83.675%) 
and transition temperature (47.4 °C). DOX was released 
from DOX/SLP in a controlled manner (up to 35 h). In 
addition, IC50 ± SD for DOX/SLP (27.72 ± 0.96 µg/ml) is 
smaller than that of free DOX and Doxil. In addition, DOX/
SLP is considered a better candidate than other drug deliv-
ery systems from an economic point of view because soy 
lecithin is much cheaper than any other lipid. DOX/SLP is 
more effective in cancer treatment due to its biocompat-
ibility. Thus the new conformation, DOX/SLP, is considered 
an excellent candidate for cancer treatment that can greatly 
decrease cancer treatment costs in addition to its great effect 
with low drug concentrations that will greatly reduce the 
side effects of chemotherapy.
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