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Enhanced cytotoxic activity of beta carotene conjugated 
liposomes towards breast cancer cell line: comparative 
studies with cyclophosphamide
Gina R. Mahrousa, Nourhan S. Elkholyb, Gehan Safwata and  
Medhat W. Shafaab 

This work aims to evaluate cyclophosphamide (Cyclo) 
cytotoxic efficacy combined with liposomes in the presence 
or absence of beta carotene (beta) by detecting the effects 
of these compounds on the breast cancer cell line (MCF-
7) DNA damage. The IC50 value for beta in cytotoxic 
assay with MCF-7 treated cells was 21.15 μg/ml, while 
with liposomal beta (LipoBeta) being 121 μg/ml. The free 
Cyclo IC50 value was 719.86 μg/ml, its liposomal form 
(LipoCyclo) was 172 μg/ml. The results indicated that in 
contrast with Cyclo and control values, all comet assay 
parameters for the LipoBeta were significantly increased 
(P < 0.05). In MCF-7 cells treated with beta, the findings 
show a higher intensity of comet tail than those treated 
with LipoBeta. The presence of several double-strand 
breaks suggests this high intensity relative to the head. The 
molecular combination between Cyclo and liposomes in the 
presence or absence of beta was characterized. Dynamic 
light scattering measurements confirmed the mono-
dispersity of all samples. The incorporation of Cyclo or beta 

into liposomes exhibited a slight shift to higher temperature 
compared to the main peak of empty liposomes that exists 
at 101.5ºC which creates a conformational disorder within 
the phospholipids. The FTIR study showed structural 
alterations in vesicles after liposome encapsulation. Anti-
Cancer Drugs XXX: 000–000 Copyright © 2021 Wolters 
Kluwer Health, Inc. All rights reserved.
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Introduction
Cancer is characterized by the spread and uncontrolled 
growth of abnormal cells. It may result in death if the 
spread is not managed. In the USA, it is known to be the 
second most common cause of death, surpassed only by 
heart disease, and accounts for almost one in four deaths. 
Surgery, radiation, chemotherapy, hormonal therapy, 
immune therapy and targeted therapy are included in 
cancer treatments [1].

Managing and treating cancer cases involves usually 
using antineoplastic agents. These agents are toxic to 
rapidly proliferating cells and destroy neoplastic tissue as 
a result. However, they can also disrupt proliferating nor-
mal cells due to their low therapeutic index. Long-term 
use of antineoplastic agents is, therefore, a compromise 
with many destructive and unnecessary effects, and they 
are therefore a subject of growing concern [2]. Monitoring 
the mutagenic ability of anticancer agents may help 
reduce the immediate harmful effects on genetic materi-
als and also to create another cancer in patients undergo-
ing chemotherapy [3].

Breast cancer ranks second among women (after lung 
cancer) in the mortality rate. About 231  840 new cases 

of breast cancer and 40  730 deaths from breast cancer 
(40  290 women, 440 men) are reported worldwide in 
2019. According to the WHO, it is estimated that 27 mil-
lion new cases of breast cancer and 17.5 million deaths 
from breast cancer will occur annually by 2050 [4].

Cyclophosphamide (Cyclo), is also a well-known muta-
gen and clastogen [5]. It is an alkylating antineoplastic 
agent, creating the highly active carbonium ion that inter-
acts with nucleic acids and proteins, which are extremely 
rich in electrons. In vivo, it also causes the development 
of free radicals or reactive oxygen species. Free radicals 
due to their high chemical reactivity induce cellular dam-
age in several ways [3]. The most damaging effects of free 
radicals include damage to DNA, which can lead to a vari-
ety of pathological conditions, including cancer [6].

Beta-carotene is one of several naturally occurring com-
pounds called carotenoids. Carotenoids are hydrophobic 
pigments prevalent in bacteria, plants and animal tissues 
[7,8]. There are about 50 of the 600 naturally occurring 
carotenoids present in the nutritional chain. As antioxi-
dants and as prevention agents for cancer, cardiovascular, 
or skin disorders, dietary carotenoids play a significant 
role in vision [9].

mailto:phy.nsayed@gmail.com
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Epidemiological studies have shown that the risk of can-
cer is inversely associated with green and yellow vege-
tables and the consumption of fruit. Since β-carotene is 
present in abundance in these vegetables and fruits, the 
cancer prevention agent has been studied as extensively 
as possible. The findings obtained in this study indicate 
that there is an anticarcinogenic activity of β-carotene 
distributed in our daily foods [8,9].

Natural treatment could be the best replacement for the 
treatment of cancer avoiding the various physical side 
effects caused by chemotherapy and radiation therapy. 
This treatment can effectively avoid the damaging of 
normal, healthy cells near cancer cells [10].

Liposomes are artificial membrane vesicles formed by 
bilayers of phospholipids. The similarity between the core 
of the liposomal and membrane bilayer makes liposomes 
a very useful method for investigating the importance of 
antineoplastic drug–membrane interactions [11,12].

An essential part of the liposome is made up of phospho-
lipids, which are amphiphilic molecules (with a hydro-
philic head and a hydrophobic tail) that form an integral 
part of the liposome. Once these phospholipids are dis-
persed in aqueous media, lipid molecules associate with 
noncovalent interactions form supramolecular structures 
as monolayers, micelles, bilayers or vesicles like struc-
tures called liposomes [13].

Distearoylphosphatidylcholine (DSPC), which is widely 
used in the delivery system of liposomal drugs, is used in 
vivo compartments to mimic the bulk lipids in eukaryotic 
and bacterial membranes. DSPC has many unusual phys-
icochemical properties, such as a higher transition temper-
ature, which in bilayers leads to decreased phospholipid 
tail movement. Thus, it has been increasingly used as the 
main bilayer portion in liposome formulation in recent 
years [14,15]. Literature also stated that DSPC liposomes 
as the main phospholipids are more stable than liposomes 
containing dipalmitoylphosphatidylcholine (DPPC) [16].

Several clinical trials have examined the use of carrier 
systems that can enhance the delivery specificity of ther-
apeutic drugs; in particular, liposomes have been tested 
as carriers of several antineoplastic drugs, including 
cyclophosphamide and doxorubicin [3,17]. Animals have 
shown that anticancer drugs encapsulated into liposomes 
are much less toxic than unencapsulated anticancer drugs. 
Also, liposomes focus mostly on organs rich in reticuloen-
dothelial cells when they are administered intravenously. 
Therefore, liposomal delivery of antineoplastic agents will 
improve some of their effectiveness by steering the drug 
away from healthy tissue or reducing the dose needed to 
achieve a cytotoxic effect on tumor cells [3].

The objective of this study was to determine if free beta 
carotene or integrated into liposomes could inhibit human 
breast cancer MCF-7 cell proliferation compared to free 

cyclophosphamide and its conjugation with liposomes by 
detecting the possible effects of these compounds on the 
cell death of human breast carcinoma MCF-7 cell lines. 
The formulated beta carotene or cyclophosphamide /
liposomal conjugate was characterized by analytical tech-
niques to assess their size, size distribution, thermotropic 
changes and conformational changes along with in vitro 
potential cytotoxicity against MCF-7 (breast cancer cell 
line) in vitro.

Materials and methods
Chemicals
From Sigma (ST. Louis, Missouri, USA), beta-car-
otene was acquired. It was checked by HPLC for 
purity. The molecular weight of beta-carotene is 536.9. 
Cyclophosphamide with a molecular weight of 261.1, was 
purchased from Asta (Germany). The molecular struc-
ture of beta-carotene and cyclophosphamide are shown 
in Fig.  1. Ethanol alcohol was bought from DaeJung 
Chemicals (Seohaean-ro, Gyeonggi-do, Korea), with an 
absolute 99.9%. Distearoyl phosphatidylcholine (DSPC) 
was purchased from Sigma with a molecular weight of 
790.161 in powder form and a purity of 99% (Fig.  2), 
Tris base (hydroxymethyl) in powder form, a molecular 
weight of 121.1 was purchased from CDH, New Delhi, 
India. Human tumor cell line MCF-7 was collected fro-
zen in liquid nitrogen (−180°C) from the American Form 
Culture Array. The tumor cell lines were preserved in 
the National Institute of Cancer, Cairo, Egypt, by serial 
subculturing. Dimethylsulphoxide (DMSO), RPMI-1640 
medium, sodium bicarbonate, Trypan blue: An isotonic 

Fig. 1

The chemical structure of Cylophosphamide (a) and Beta-Carotene 
(b).
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solution of 0.05 % trypan blue in normal saline, penicil-
lin/streptomycin, trypsin, acetic acid, fetal bovine serum 
(FBS), sulphorhodamine-B (SRB), 0.4 % SRB dissolved 
in 1 % acetic acid, trichloroacetic acid (TCA), 100 % iso-
propanol were bought from Sigma Chemical Co. In dis-
tilled ultra-pure water, solutions were prepared. HPLC 
grade was used with all the other preparations used in 
this work.

Preparation of liposomes
DSPC:cyclophosphamide at a molar ratio of 7:2 were 
used to prepare neutral MLVs using the thin film hydra-
tion method of Bangham [18]. 10 mg of DSPC and 1 mg 
of cyclophosphamide in the absence or presence of 
1.94 mg of beta-carotene at a molar ratio of 2:7 to DSPC 
were transferred to a 50  ml round bottom flask. Then 
20 ml of ethanol (EtOH) were added, and the flask was 
shaken until all components were dissolved in the EtOH. 
The organic solvent was removed gradually using a rotary 
evaporator under a vacuum in a warm water bath (50°C) 
to produce a uniform thin film of lipid on the inner wall 
of the flask. In a water bath at 50°C for 15 min, the lipid 
film was hydrated with a Tris buffer (pH 7.4 at 37°C) to 
form multilamellar vesicles (MLV). At 50°C, the flask was 
shaken mechanically for 1 h. Then the flask was flushed 
through with a nitrogen stream and immediately stop-
pered. Empty liposome serves as control was prepared 
using the same process as mentioned above, using only 
DSPC mass aliquots previously used in the preparation.

Encapsulation efficiency measurement
By extracting untrapped cyclophosphamide by centrifu-
gation at 11 000 rpm for 15 min, the encapsulation effi-
ciency of cyclophosphamide into DSPC liposomes was 
achieved. Using a UV-Vis spectrophotometer (Jasco V-630, 
Germany), the unloaded cyclophosphamide in the super-
natant was measured spectrophotometrically at a wave-
length of 278 nm. At 278 nm (resonance absorption peaks 
of cyclophosphamide), the wavelength was adjusted. For 
each sample, the absorption of the supernatant was com-
pared with the calibration curve for the absorption of dif-
ferent concentrations of cyclophosphamide.

The determination of the encapsulation efficiency of 
beta-carotene was performed by extraction according 

to Tan et al. [19]. 3  ml of ethyl acetate and aliquots of 
1 ml of beta-carotene-loaded liposomes were combined 
strongly for 3 min at ambient temperature by vortexing 
to obtain the free amount of beta-carotene in suspension. 
The mixed sample was centrifuged for 5 min at 2000 rpm 
to extract the supernatant from the centrifuged sample. 
The procedure referred to above was replicated twice. 
Finally, the obtained supernatant was mixed in a tube 
and diluted with ethyl acetate. For beta carotene with 
ethyl acetate as blank, the free amount of carotenoid 
was spectrophotometrically quantized at 452 nm, respec-
tively. Each experiment was conducted as a triplet.

Determination of entrapment efficiency percentage
The entrapment efficiency (EE%) was calculated 
through the following relationship [20]:

EE%
Total drug imput Drug in supernatant

Total drug
= ( ) −mg mg( )

  input( )mg
×100

In vitro release studies
At pH 7.4 of 37°C, phosphate buffer saline (PBS) was pre-
pared. In a shaking incubator at 50 rpm and 37°C, a certain 
volume of liposomal samples (5 ml) was combined with 
15 ml of PBS. An aliquot of the mixture was removed at 
proper time intervals and replaced with the same volume 
of PBS. The collected samples were extracted and ana-
lyzed spectrophotometrically in the same way mentioned 
above. The amounts released were determined by sub-
tracting the free quantity of the drug initially prepared. 
The rate of release was quantized as follows:

Release rate
released amount of drug

total amount of drug
= ×1000

Dynamic light scattering and zeta potential
The mean particle size, size distribution and zeta poten-
tial of freshly prepared empty liposomes and liposomes 
doped with either cyclophosphamide (LipoCyclo), 
beta carotene (LipoBeta) or cyclophosphamide com-
bined with beta carotene (LipoCycloBeta) were calcu-
lated using a particle sizing method (Nanotrac Wave II, 

Fig. 2

Schematic chemical structure of DSPC. DSPC, distearoylphosphatidylcholine.
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Microtrac, York, USA) for dynamic light scattering at 25 ° 
C in Tris buffer (pH 7.4). The experiment was carried out 
in a triplicate and all data are expressed as mean ± SD.

DSC measurements
To investigate the thermal behavior of lyophilized sam-
ples of empty liposomes and liposomes doped with 
either cyclophosphamide (LipoCyclo) or beta carotene 
(LipoBeta), or cyclophosphamide coupled with beta car-
otene (LipoCycloBeta), differential scanning calorimetry 
(DSC) (model DSC-50, Shimadzu, Kyoto, Japan) cali-
brated with indium was used. Analyses are conducted in 
standard aluminum pans on 5-mg samples sealed. The 
thermogram of each sample spans the temperature range 
of 25–200° C at a scanning rate of 3°C/min.

FTIR Spectroscopy
A Jasco FT / IR-4100 spectrometer (Tokyo, Japan) 
recorded FTIR spectra of lyophilized samples of empty 
liposomes and liposomes doped with either cyclophos-
phamide (LipoCyclo) or beta-carotene (LipoBeta) 
or cyclophosphamide combined with beta-carotene 
(LipoCycloBeta) deposited on KBr discs. The scanning 
was taken place at room temperature with a speed of 
2  mm/s and a resolution of 4  cm−1 within the range of 
400–4000 cm−1.

In vitro cytotoxicity assay
In RPMI-1640 media, the breast cancer cell line (MCF-
7) was cultivated, supplemented with decomplemented 
FBS (10 %, v/v), penicillin (100 IU/ml) and streptomycin 
(100  μg/ml) under 5 % CO

2
 and 95 % air at 37°C in a 

humidified incubator.

Drug treatments were carried out in growth assays plates 
(96 well culture plates). For triplicate studies, drugs were 
applied to the culture medium at a determined final con-
centration. The SRB (Sulfo-RhodamineB-stain) assay 
was used to measure the level of cell viability and prolif-
eration (cell numbers).

The potential cytotoxicity of free cyclophosphamide, 
beta carotene alone, CycloBeta, LipoCyclo, LipoBeta 
and LipoCycloBeta was tested separately using the 
method of Skehan et al. [21]. MCF-7cells were plated 
in 96-multi well plate (104 cells/well) for 24  h before 
treatment with the applied drugs to permit adhesion 
of the cell to the wall of the plate. With each dose, 
different concentrations of free cyclophosphamide, 
beta carotene alone, CycloBeta, LipoCyclo, LipoBeta, 
and LipoCycloBeta (5, 12.5, 25, 50, 100, 200, 400, 800, 
1000 μg/ml) were applied to the triplicate cell monolayer 
wells (for further fertilization in the laminar flow cabi-
net). The free cyclophosphamide, beta carotene alone, 
CycloBeta, LipoCyclo, LipoBeta and LipoCycloBeta 
were incubated with monolayer cells separately for 
48  h at 37°C and in an atmosphere of 5% CO

2
. After 

48  h, the cells were fixed, washed, and stained with 

sulforhodamine -B stain. The residual stain was cleaned 
with acetic acid and the attached stain with the Tris-
EDTA buffer was retrieved. An ELISA reader (ELISA- 
TECAN-SUNRISE, Germany) measured the color 
intensity. The relationship between drug concentration 
and the percentage of cell viability (surviving fraction) 
is plotted to find the cell viability curve for the MCF-7 
cancer cell line after treatment with free cyclophos-
phamide, beta carotene alone, CycloBeta, LipoCyclo, 
LipoBeta and LipoCycloBeta. The percentage of cell 
survival has been determined as follows:

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

IC50 values (the drug concentrations needed to produce 
50 % cell growth inhibition). For each cell line, the exper-
iment was replicated three times.

Single-cell gel electrophoresis (comet assay)
As a rapid, simple, visual and sensitive technique, comet 
assay is seen to evaluate DNA fragmentation typical for 
toxic DNA damage, including single and double-strand 
breaks, DNA adducts, cross-links and early stage of apop-
tosis. Comet assay was performed according to Singh et 
al. [22] with modifications according to Blasiak et al. [23].

Cell microgels were prepared as layers. The first layer of 
gel was made by applying 100 μl of normal melting point 
agarose (0.7%) onto precleaned microscope-charged slides 
and coverslipped gently. The coverslip was removed after 
the agarose solidified at 4ºC. Low melting-point agarose 
(0.5%) was prepared in 100  mmol/LPBS and kept at 
37ºC. Mononuclear cells were mixed with the low melt-
ing-point agarose and 100 μl of the mixture was applied 
to the first gel layer. The slides were then covered with 
a coverslip and placed at 4ºC for solidification. After the 
second layer solidified, the coverslips were removed from 
the cell microgels. A final layer of low-melting agarose was 
added followed by coverslips, left to solidify for 10 min 
then the coverslips were removed. The slides were cov-
ered with 100 ml of fresh lysis buffer at pH 10 at 4ºC for 
1 h. Buffer contains; 2.5 mol/l NaCl, 100 mmol/l EDTA, 
1% sodium hydroxide, 10 mmol/l Tris, 1% Triton X-100, 
10% DMSO. After draining, microgels slides were treated 
with DNA-unwinding solution (300  mmol/l NaOH, 
1 mmol/l EDTA, pH 13) for 30 min at 4ºC, and placed 
directly into a horizontal gel electrophoresis chamber 
filled with DNA-unwinding solution. Gels were run with 
a constant current (300 mA at 4ºC) for 30 min. The micro-
gels were neutralized with a 0.4 M Trisma base at pH 7.5 
for 10 min after electrophoresis. The slides were stained 
with 20 μl ethidium bromide (10 μg/ml) [24].

Using a fluorescence microscope (IX70; Olympus, Tokyo, 
Japan) equipped with an excitation filter of 549 nm and 
a barrier filter of 590  nm, attached to a video camera 
(Olympus), the slides were examined at 400× magnifica-
tion. As each cell had the appearance of a comet, with a 
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brightly fluorescent head and a tail to one side formed 
by the DNA-containing strand breaks that were drawn 
away during electrophoresis, a damaged cell is visualized. 
Samples were analyzed by counting the damaged cell out 
of 100 cells per slide to calculate the percent of the dam-
age [24].

Results and discussion
The entrapment efficiency percentage was found to be 
higher than 90% for all prepared liposomal suspensions 
when the drug was mixed with the lipid powder before 
dissolving it in ethanol.

Some indications of drug delivery performance were 
estimated for the in vitro release of cyclophosphamide 
or beta-carotene from the DSPC liposomes. The leak-
age of cyclophosphamide or beta-carotene from lipos-
omes was investigated by incubation in PBS at 37°C 
versus time in hours. Further analysis of Fig. 3 reveals 
that the initial step of continuous drug release is evident 
within the first half-hour for either cyclophosphamide 
or beta-carotene. The formulation of cyclophospha-
mide or beta-carotene is reasonably stable at a temper-
ature of 37°C, releasing approximately 15–18 % over 
2 h, followed by relatively rapid release rates over the 
next hours (23–40%). Beta-carotene doped with lipos-
omes shows better stability of in vitro release (about 
21%) than cyclophosphamide (about 34%) between 
the 3rd and 6th hours, manifested by a lower percent-
age of beta-carotene leakage rate which would lead to 

the higher beta-carotene retention. Additionally, the 
percentage of cyclophosphamide released was approx-
imately 40 % over 6 h.

Beta-carotene vesicles show significantly improved sta-
bility of in vitro release (P  <  0.01) and a lower rate of 
leakage manifested by higher drug retention than cyclo-
phosphamide. The random distribution of nonpolar 
beta-carotene in the lipid bilayer without any desired ori-
entation may explain these findings.

Beta-carotene vesicles show significantly improved sta-
bility of in vitro release (P  <  0.01) and a lower rate of 
leakage manifested by higher drug retention than cyclo-
phosphamide. These findings may be explained by the 
random distribution of the nonpolar beta-carotene in 
the lipid bilayer, without any desired orientation [25] 
resulting in higher stability of beta-carotene and a conse-
quently lower rate of leakage. The results of the kinetic 
analysis revealed that the liposomal cyclophosphamide 
adopted a diffusion release order whereas beta carotene 
was released from liposomal form adopting first-order 
kinetics as summarized in Table 1.

Figure 4a shows the size distribution of a pure DSPC sam-
ple was concentrated around 230.8 ± 209.1 nm mean size 
diameter with 0.1711 PDI. Figure 4b displays an increase 
in mean size diameter of pure DSPC to 1417 ± 918 nm 
with 0.546 PDI upon the encapsulation of beta-carotene 
into DSPC and this probably could be attributed to that 
the beta-carotene molecule appears to be buried in a 

Fig. 3

Release rates of cyclophosphamide and beta carotene from DSPC liposomes formulation. Data are expressed as mean ± SE. DSPC, 
distearoylphosphatidylcholine.
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randomly distributed lipid bilayer without any desired ori-
entation, resulting in increased motional freedom of the 
alkyl hydrocarbon chains, which may explain why the size 
is increased. The incorporation of cyclophosphamide into 
DSPC resulted in an increase in the calculated mean size 
diameter of blank liposomes to 385 ± 300 nm with 0.317 
PDI. Such an increase could be attributed to the electro-
static repulsive force between the positive charge of the 
DSPC N(CH

3
)
3
+ group and the positive charge of the NH 

group of cyclophosphamides where cyclophosphamide 
drug is mainly considered as a hydrophilic drug and could 
be entrapped in the aqueous core of the bilayer Fig. 4c. 
Figure  4d shows a significant increase in the calculated 
mean size of blank DSPC to 5340 ± 1726 nm with 0.272 
PDI after incorporation of cyclophosphamide associated 
with beta carotene together at molar ratio (1:1) into DSPC 
liposomes. These results are consistent with the sum of 
DLS measurements obtained upon the entrapment of 
cyclophosphamide or beta carotene separately into DSPC 
liposomes. From the above results, beta carotene may 
increase the lipid bilayer size as well as cyclophospha-
mide increases the liposomal core size. These results are 
in strong alignment with the data observed by the studies 
of DSC and FTIR.

The possible stability of the colloidal system is indicated 
by the magnitude of the zeta potential. If the zeta poten-
tial increases, there will be an increased repulsion between 
particles, leading to a more stable dispersion of colloids. If 
all suspended particles have a strong zeta potential that is 
negative or positive, they seem to repel each other, and 
the particles are not likely to join together [27].

Following the findings of others, empty liposomes 
showed negative zeta potential (−6.58  mV) [28–31]. 
Cyclophosphamide or beta carotene-loaded lipos-
omes had higher negative zeta potential (−19.2 mV and 
−7.51 mV, respectively) than blank liposomes due to the 
integration of both into the liposomal membranes.

Within liposomal membranes, the incorporation of cyclo-
phosphamide (LipoCyclo) or beta carotene (LipoBeta) 
appears to increase the density of negative charge and 
hence made the zeta potential negative.

The liposomal formulation LipoCycloBeta in the pres-
ence of cyclophosphamide combined with beta carotene 
recorded the lowest zeta potential value (−2.31  mV) as 
the repulsion phenomenon between particles are smaller, 
thus leading to a less stable colloidal dispersion (Fig. 5). 

Table 2 summarizes the results of zeta potential measure-
ments of different liposomal formulations.

DSC characterization was used to analyze changes in 
phase transition temperature of the lipid bilayer due to 
altered interactions between the encapsulated drugs and 
liposomes [32,33].

As this phospholipid may mimic many characteristics of 
biological membranes, the DSPC vesicles were used as 
model membranes. When submitted to DSC analysis, 
pure DSPC vesicles upon dehydration showed a signifi-
cant major endothermic peak (T

m
) at 101.5°C (Fig. 6), in 

accordance with [34–37]. The pretransition temperature 
(T

p
) was around 60°C for pure DSPC liposomes.

The presence of a compound in the DSPC membranes 
might influence the thermotropic parameters of the vesicle 
transition. Compared to the main endothermic peak (T

m
) 

of empty DSPC present at 101.5°C, the incorporation of 
cyclophosphamide or beta carotene into DSPC liposomes 
showed a slight shift to a higher temperature at 104°C and 
102.2°C, respectively, which suggests that cyclophospha-
mide or beta carotene had a major impact on the DSPC 
bilayers acyl chains creating a conformational disorder 
within the phospholipids and decrease the transition coop-
eratively of lipid acyl chains [38,39]. The increased tem-
perature of the main endothermic peak (T

m
) of empty 

DSPC indicated that the incorporation of cyclophospha-
mide or beta carotene is more favorable to the formation of 
acyl chains in a disordered and loose state. The pretransi-
tion temperature (T

p
) peak for cyclophosphamide or beta 

carotene liposomes is disappeared, which revealed that 
either cyclophosphamide or beta carotene interacted with 
the polar head group of phospholipids. The incorporation 
of biomolecules into lipid bilayers could be a sensitive cri-
terion for the disappearance of the pretransition [40].

Interestingly, the incorporation of cyclophosphamide 
combined with beta carotene into DSPC liposomes 
caused no noticeable shift to the main characteristic 
endothermic peak of pure DSPC existing at 101.5°C, 
its intensity was markedly depressed. The pretransition 
temperature was found to be shifted from 60–86.4°C for 
DSPC liposomes doped cyclophosphamide combined 
with beta carotene which revealed a membrane fluidiz-
ing effect. The insertion of the drug between the DSPC 
polar heads can favor the development of a less orderly 
liquid crystalline phase than the gel phase and slightly 
decrease the transition temperature of the gel-to-liquid 

Table 1  Summarized data obtained for the release kinetic analysis for liposomes encapsulated by cyclophosphamide and beta carotene.

Drug

Zero-order 1st order Diffusion

Release score Correction coefficient Release score Correction coefficient Release score Correction coefficient

Cyclophosphamide 0.927 0.963 0.938 −0.969 0.979 0.990
Beta carotene 0.964 0.982 0.970 −0.985 0.957 0.979

Dynamic light scattering (DLS) is a technique used in the calculation of particle size. The index of polydispersity (PDI) efficiently accounts for colloidal suspension particle 
homogeneity. Values above 0.7 indicate that the sample has a very large size distribution and may not be stable for the DLS technique [26].
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crystal phase as observed by DSC [41]. For the DSPC/
cyclophosphamide combined with a beta carotene sam-
ple, there was an appearance of an additional transition 
peak at nearly 128°C. The microheterogeneous distri-
bution of cyclophosphamide in combination with beta 

carotene that interacts with DSPC can be presumed to 
the formation of lateral domains. Using DSC, it has been 
observed that DSPC and cyclophosphamide or beta caro-
tene mixtures display a single peak, suggesting that they 
are miscible [42].

Fig. 4

Liposomes size distribution measured by dynamic light scattering (DLS) for (a) empty DSPC liposomal sample, (b) beta carotene-encapsulated 
liposomes, (c) cyclophosphamide-encapsulated liposomes and (d) cyclophosphamide combined with beta carotene into liposomes. DSPC, 
distearoylphosphatidylcholine.
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Fig. 5

Zeta potential for (a) empty DSPC liposomal sample, (b) beta carotene-encapsulated liposomes, (c) cyclophosphamide-encapsulated liposomes 
and (d) cyclophosphamide combined with beta carotene into liposomes. DSPC, distearoylphosphatidylcholine.
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Interestingly, its intensity was markedly depressed after 
the incorporation of cyclophosphamide combined with 
beta carotene into DSPC liposomes caused no noticeable 
shift to the main characteristic endothermic peak of pure 
DSPC existing at 101.5°C.

Some modifications observed in the current DSC work 
can be verified by FTIR, which has been used to detect 
any changes in the liposomal membrane structure 
by analyzing the wavenumber of various vibrational 
modes.

To analyze possible changes in the structure of DSPC, 
FTIR spectroscopy was used to analyze the wavenumber 
of different functional groups considering the acyl chains 
and the lipid molecule head group region in the presence 
or absence of foreign molecules.

Compared with cyclophosphamide or beta carotene or 
both/DSPC liposomal samples in the 4000–400  cm–1 

region, FTIR spectra of empty lyophilized DSPC lipos-
omes are presented (Fig. 7).

The DSPC liposome spectrum showed the highest 
absorption FTIR characteristic peaks [43]. Encapsulation 
of beta carotene or cyclophosphamide combined with beta 
carotene into the DSPC liposomes caused a change in 
the wavenumber of the symmetric CH

2
 stretching bands 

in the acyl chain (Fig.  7), indicating that beta carotene 
or cyclophosphamide combined with beta carotene pro-
duce a conformational disorder within the phospholipid’s 
acyl chains. In other words, they affected the order of the 
membrane. The peak at 2849.3 cm−1 for the pure DSPC 
is shifted towards a higher wavenumber 2851.2 cm−1 for 
cyclophosphamide associated with beta carotene lipos-
omes. This could indicate an increase in the number 
of gauche conformers, suggesting an increase in bilayer 
disorder [44]. Interestingly, the signal intensity of cyclo-
phosphamide in combination with beta carotene-loaded 

Table 2  Summarized data obtained for the dynamic light scattering (DLS) and zeta potential for liposomes before and after encapsula-
tion by beta carotene, cyclophosphamide or cyclophosphamide combined with beta carotene

Sample name Mean diameter (nm) ± SD (nm) PDI average Mean zeta potential ± SD (nm)

Control 230.8 ± 209.1 0.1711 −6.58 ± 3.08
liposomal beta 385 ± 300 0.317 −7.51 ± 3.04
liposomal cyclo 1417 ± 918 0.546 −19.2 ± 4.27
liposomal cyclobeta 5340 ± 1726 0.272 −2.31 ± 3.69

Fig. 6

DSC diagrams of liposomes made of pure DSPC, liposomes doped with either cyclophosphamide or beta carotene or both. DSC, differential 
scanning calorimetry; DSPC, distearoylphosphatidylcholine.
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liposomes has become less intensive. The peak at 
2849.3  cm−1 for the pure DSPC is moved toward the 
lower wavenumber 2847.4 cm−1 after the introduction of 
beta carotene into DSPC, indicating a decrease in mem-
brane fluidity and hence stabilization of the system in the 
gel phase. The CH

2
 antisymmetric stretching band wav-

enumber shifted towards a higher wavenumber with the 
addition of cyclophosphamide combined with beta caro-
tene (2923.6 cm−1) or beta carotene alone (2920.7 cm−1) in 
comparison to those of pure DSPC (2924.5 cm−1) (Fig. 7).

The peaks of CH
2
 symmetric and asymmetric stretch-

ing vibrations have been used as a sensitive alkyl chain 
ordering indicator. There are substantial changes in the 
CH

2
 stretching band wavenumber, showing that beta 

carotene-associated cyclophosphamide increased the 
number of gauche conformers, suggesting an increase in 
bilayer conformational disorder [45,46].

The C = O stretching band is analyzed for the interaction 
between beta carotene or cyclophosphamide combined 
with beta carotene and the glycerol backbone near the 
head group of phospholipids in the interfacial region [47]. 
As seen from (Fig. 7), the wavenumber value of the C = 
O group at 1736. 6 cm−1 is disappeared for the liposomal 
samples containing beta carotene or cyclophosphamide 
combined with beta carotene, with evidence of hydro-
gen bonding formation. The degree of hydrogen-bond 

formation was regulated in the glycerol backbone region 
of the DSPC molecule by changes in the ester C = O 
stretching contours.

The C = O ester absorption bands are susceptible to 
changes in the polarity of their local environments and 
are affected by the bonding of hydrogen and other inter-
actions. Therefore, any alteration in the spectrum of this 
region may be due to the interaction between cyclophos-
phamide or beta carotene and the polar/apolar interfacial 
region of the membrane [48].

The interaction between cyclophosphamide or beta car-
otene or a mixture of them and the head group of DSPC 
liposomes was studied through the PO

2
– antisymmetric 

stretching band, which is located at 1217.8 cm–1. Figure 7 
shows the PO

2
– antisymmetric stretching band for DSPC 

liposomes formulations in the absence and presence 
of cyclophosphamide or beta carotene or a mixture of 
them. As seen from Fig. 7, the wavenumber was shifted 
to lower values after the addition of cyclophosphamide 
(1216.8 cm–1) or beta carotene (1213 cm–1) or a mixture of 
them (1210.113 cm–1) into DSPC liposomes. This meant 
that hydrogen bonding between the head group of the 
liposome and lutein or beta carotene was present. The 
decrease in the wavenumber value means that exist-
ing hydrogen bonds are strengthened, or new hydrogen 
bonds are formed between the components [44].

Fig. 7

The full FTIR spectra of empty DSPC, liposomes doped with either cyclophosphamide, beta carotene, or both. DSPC, distearoylphosphatidylcholine.
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In the bulk hydrophobic interior of the bilayer, apolar 
carotenoid beta carotene is entirely buried and randomly 
distributed inside, without any preferred well-defined ori-
entation, and retains a significant degree of mobility. The 
presence of beta carotene in PC liposomes leads to the 
enhancement of motional freedom of the lipid polar groups 
in the lipid–water interface and the liquid crystalline state 
of the fatty chains [25]. In the polar region of the lipid head-
groups, xanthophylls or polar carotenoids are positioned 
almost perpendicular to the membrane plane and cross the 
double lipid layer anchoring their hydroxyl groups, while 
remaining immobilized within the membrane [49].

In addition, for all molecules studied in DSPC liposomal 
samples, the N (CH

3
)
3
+ asymmetric stretching band at 

972 cm–1 disappeared. Due to the electrostatic repulsive 
force between the DSPC N(CH

3
)
3
+ and the NH group of 

cyclophosphamides, the presence of the N(CH
3
)
3
+ group 

in the polar head of the DSPC may prevent the NH group 
of cyclophosphamides from approaching the PO

2
- group, 

thus weakening the interactions between the phospho-
lipid PO

2
- group and the NH group of cyclophospha-

mides (Table 3). Nonpolar β-carotene, on the other side, 
is probably immersed deep in the lipid bilayer and in sub-
stantially weaker interaction with the phosphate group 

Table 3  The chemical shifts observed for cyclophosphamide or beta carotene or a mixture of them after the incorporation into DSPC 
liposomes

Peak assignment Wavenumber (cm–1)

Wavenumber (cm–1)

Control Cyclophosphamide Beta Carotene Cyclo mixed with beta

Symmetric stretching vibration of CH
2
 in acyl chain (2800–2855) 2849.3 2849.3 2847.3 2851.2

Antisymmetric stretching vibration of CH
2
 in acyl chain (2916–2921) 2920.66 2920. 66 2954.52 2923.55

Carbonyl stretching vibration C=O (1730–1740) 1736.58 1736.58 – –
CH

2
 bending vibration (1456–1470) 1463.7 1463.7 1463.7 1463.7

Aliphatic phosphates (P-O-C stretch (920-1088) 1038.48 1038.48 1038.48 1038.48
Antisymmetric PO

2
– stretching vibrations (1215–1260) 1217.82 1216.86 1213 1210.11

(CH
3
)
3 N

+ symmetric bending 1405 1399.10 1398.13 1399.10 1398.13
(CH

3
)
3 N

+ antisymmetric stretching 972 972.9 – – –

Fig. 8

Cytotoxicity of Cyclophosphamide (Cyclo), Beta carotene (Beta), Cyclophosphamide with Beta carotene (CycloBeta) and separately their 
liposomal formulations (LipoCyclo, LipoBeta and LipoCycloBeta) against breast carcinoma (MCF-7) cell lines; incubated for 48 h with different 
concentrations (5, 12.5, 25, 50, 100, 200, 400, 800, 1000 μg/ml). The cell viability was determined using the SRB assay. The data represent 
mean ± standard error of triplicate experiments.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

12  Anti-Cancer Drugs  XXX, Vol XXX No XXX

of phospholipids molecules. Table 3 shows the chemical 
shifts observed for cyclophosphamide or beta carotene 
or a mixture of them after the incorporation into DSPC 
liposomes.

The efficacy of the drug delivery system was investi-
gated using cell viability assay (in vitro cytotoxicity 
SRB) at different drug concentrations of cyclophos-
phamide (Cyclo), beta carotene (beta), cyclophospha-
mide with beta carotene (CycloBeta) and separately 
their liposomal formulations (LipoCyclo, LipoBeta and 
LipoCycloBeta) against breast carcinoma (MCF-7) cell 
lines [21]. At zero concentration of each drug, untreated 
cells served as controls. Separately, the MCF-7 cancer 
cell lines were incubated with the same sequence of dif-
ferent drug concentrations, 5, 12.5, 25, 50, 100, 200, 400, 
800, 1000 μg/ml, for 48 h, Fig. 8. After 48 h, the assay 
was terminated, and cell viability measurements were 
performed.

Free beta carotene (beta) demonstrated the highest rate 
of cytotoxicity against MCF-7 cell lines treated with the 
same sequence of different concentrations available to 
other drugs, according to cell viability measurements. At 
the highest beta carotene (beta) concentration (1000 μg/
ml), MCF-7 treated cells displayed cell viability of about 
15%, 48 h postincubation. While for beta-loaded liposomes 
(LipoBeta) treated cells, the cell viability was approxi-
mately the same 14% and for cyclophosphamide-loaded 
liposomes (LipoCyclo), the cell viability was approxi-
mately 34% compared to 38 % for free cyclophosphamide 

Fig. 9

IC
50

 chart with significant values for beta, LipoBeta, LipoCyclo, Cyclo, LipoCyclobeta and CycloBeta against MCF7 cell lines by using SRB assay, 
48 h posttreatment.

Fig. 10

Comet assay images of MCF-7 cell line (evaluation of DNA damage 
induced by Beta (b), LipoBeta (c), Cyclo (d) and LipoCyclo (e) com-
pared to control (a)
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(Cyclo) at the same concentration (1000  µg/ml). The 
decrease in cell viability compared to free cyclophos-
phamide (Cyclo) may be due to the sustained release of 
cyclophosphamide from liposomes in cells treated with 
cyclophosphamide-loaded liposomes (LipoCyclo). So, 
as the concentration of the encapsulated drug increases, 
the quantity of the released drug also increases, and as a 
result, the viability of the cell decreases as the concentra-
tion of the encapsulated drug increases.

Beta-carotene prevented the development of many 
human colon adenocarcinoma cell lines, the induction 
of cell cycle arrest and apoptosis. Beta-carotene has 
been reported to be responsible for reducing cyclin A, 
a significant regulator of cell cycle progression [50]. In 
vitro studies support the assumption that for certain 
types of cancer, including prostate cancer [51]and mel-
anoma [52], this carotenoid is either chemopreventive or 
chemotherapeutic.

Interestingly, cyclophosphamide combined with beta car-
otene (CycloBeta) or its liposomal forms (LipoCycloBeta) 
did not indicate a significant reduction in the cell viabil-
ity when tested at the same concentration (1000 µg/ml) 
against MCF-7 cell lines. The cell viability was roughly 
65 and 52% for CycloBeta and LipoCyclobeta, respec-
tively. It seems that the combination of cyclophospha-
mide with beta carotene cannot act in synergism.

Cytotoxic activity among various drug formulations 
at higher concentrations displayed the order of beta 

> LipoBeta> LipoCyclo> Cyclo> LipoCyclobeta> 
CycloBeta according to Fig. 8.

At the lower concentration approximately at 31.25  µg/
ml, MCF-7 treated cells with beta carotene (beta) dis-
played cell viability 42% relative to their liposomal form 
(LipoBeta) of about 83.33%, while 88.33 and 90.64% of 
the cell remained viable for Cyclo and its liposomal form 
(LipoCyclo), respectively Fig. 8.

The IC
50

 value for beta carotene (beta) in cytotoxic 
assay with MCF-7 treated cells has counted a mini-
mum of 21.15  μg/ml, while LipoBeta treated cells for 
MCF-7 treated cells were counted as 121  μg/ml. IC

50
 

was 719.86  μg/ml for MCF-7 treated cells with free 
cyclophosphamide and 172  μg/ml for liposomal type 
(LipoCyclo). This improved efficacy can be attributed 
to the liposolubilized state of the drug due to its entrap-
ment within multiple lipoidal domains of vesicles. In 
addition, the phospholipid lamella can be incorporated 
with the cell membrane at the periphery of the vesicles, 
enabling the internalization of the vesicular contents. 
Based on the above results and depending on the cancer 
cells type, beta carotene (beta) showed the highest ther-
apeutic efficacy against the MCF-7 cell line Fig. 9. It can 
be noticed that the IC50 of CycloBeta and its liposomal 
form (LipoCycloBeta) were not applicable in cytotoxic 
assay with MCF-7.

In another study, the potential of solid lipid nanoparticles 
(SLNs) as an effective delivery vehicle for beta-carotene 

Fig. 11

Indicates the comet assay parameters (percentage tailed cells, tail length, percentage tailed DNA, and tail moment) for the control and posttreat-
ment groups, and the differences between the control and the posttreatment groups.
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has been confirmed. The carotenoid encapsulated inside 
the lipid layer of SLNs has demonstrated enhanced 
bioavailability and anticancer efficacy [53]. Work on the 
role of synthetic beta carotene, a natural food colorant, 
in the regulation of genotoxic damage caused by cyclo-
phosphamide, a widely used chemotherapy drug and a 
well-known mutagen and clastogen, has been investi-
gated. The results indicated the anticlastogenic activity 
of BC against cyclophosphamide providing significant 
protection against the genotoxicity of cyclophosphamide 
[54,55].

For all the formulations added to the MCF-7 cell line, 
the analysis of the comet assay photographs is given in 
Fig.  10. The intact DNA without migration was repre-
sented by the red round spot in the photograph, while the 
comet-shaped region adjacent to the nucleus represented 
breaks of DNA small enough to move in the gel, indicat-
ing the undamaged control cell. The DNA was tightly 
packed, and a typical nucleus was retained in its circular 
disposition. The photograph of the comet for the profile 
of nuclear DNA was altered with the presence of a flu-
orescence streak extending from the nucleus. Damaged 
DNA-containing cells looked like a comet with a bright 
head and tail.

In MCF-7 cells treated with beta alone, Fig. 10 shows a 
higher intensity of the comet tail than those treated with 
beta-loaded liposomes. The high intensity of the tail of 
the comet compared to the head means that there are a 
significant number of double-strand breaks. An increased 
percentage of mortality was observed for MCF-7 cells 
treated with Beta-loaded liposomes compared to those 
treated with plain beta carotene only. These results sup-
port the assumption that a nano-sized delivery system can 
reach cancer cells more effectively at a faster rate than its 
large-sized counterparts. On the other hand, compared 
to control cells and cells treated with LipoCyclo alone, 
MCF-7 cells treated with Cyclo exhibit highly significant 
(P < 0.05) DNA damage. As the tail length and density 
represent the amount of single-strand breaks in the DNA, 
a quantitative measure of the damaged DNA is given by 
the percentage of DNA in the tail. The increased mean 
tail moment is also indicative of injury to DNA.

Fig. 11 displays the comet assay parameters (percentage 
of tail cells, tail length, percentage of tail DNA and tail 
moment) for the MCF-7 control cell line and posttreat-
ment with Beta, LipoBeta, Cycle and LipoCyclo sepa-
rately, as opposed to the control group, and the variations 
between the control and posttreatment groups. The 
results showed that for the Beta-loaded liposomes group, 
all comet assay parameters were significantly increased 
(P < 0.05) relative to the control values.

Conclusion
The existing data sheds new light on a new treatment 
routine in which beta carotene or its liposomal form is 

replaced cyclophosphamide to raise its anticancer activ-
ity against the MCF-7cancer cell line. An indication was 
observed on the more impact of free beta carotene or 
its nanoliposomal form in destroying breast cancer cells. 
The study of nanoliposomal drug release patterns sug-
gests that the release of drugs is relatively slow and as 
predicted, the use of liposomes as a drug delivery mecha-
nism has a significant role to play in slowing drug release. 
This will boost the cyclophosphamide therapeutic index 
and is proof of concept in favor of the administration of 
liposomal co-encapsulated drugs. Natural treatment by 
beta carotene or its liposomal form could be the best 
replacement for the treatment of human breast cancer 
MCF-7 cells avoiding the various physical side effects 
caused by chemotherapies. This outcome provides a 
molecular basis for the production of natural compounds 
as new anticancer agents and will enable the dose of cyto-
toxic agents to be lowered, resulting in more specific and 
less toxic treatments for the treatment of human breast 
cancer. Future studies are suggested to test other natural 
combinations of liposomes with other therapies for the 
treatment of cancer.
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