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The main obstacle in the treatment of cancer patients has been resistance to multiple drugs, leading to the need to
develop molecules with a higher specificity target. The liposomal formulation DODAC/2-AEH2P has antitumor
potential, inducing apoptosis in several tumor types. Human chronic myeloid leukemia K-562 and K-562 Lucena
(MDR+) cells were treated with the DODAC carrier and the liposomal formulation 2-AEH2P. Viability, cell cycle
phases, apoptosis, marker expression and mitochondrial potential were analyzed. Significant reduction in
viability was observed for all treatments. Changes in the distribution of the cell cycle phases and expression of
markers involved in the apoptosis pathways were observed. Reduction of the mitochondrial electrical potential
mediated by Bcl-2, being regulated by the reduction of the MTCH2 protein linked to the progression of myeloid
leukemia and an increase in the pro-apoptotic proteins Bad and Bax, dependent on p53. This study demonstrated
a significant therapeutic potential through apoptotic effects in leukemic cells, regardless of the molecular
resistance profile (MDR+).

1. Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative hemato
logical neoplasm characterized by the presence of the BCR-ABL onco
gene, Philadelphia chromosome or reciprocal translocation between
chromosomes 9 and 22 [t (9,22)], fusing the C-ABL protoncogene pre
sent on chromosome 9 to the BCR region of chromosome 22, in a he
matopoietic stem cell [1,2]. Tyrosine kinase activity, found in the ABL
portion, is one of the main properties of the chimeric protein BCR-ABL
with great angiogenic potential [3].
The main obstacle in the treatment of cancer patients has been
resistance to multiple drugs, leading to the need to develop molecules
with a higher target-specificity [4]. Currently the therapies used for
CML, lead more and more patients to achieve remission, even though it
is not curable. Improvement in treatment was achieved after the intro
duction of tyrosine kinase inhibitors, such as imatinib mesylate (Gli
vec®), dasatinib (Sprycel®) and nilotinib (Tasigna®) [5–9].
2-aminoethyl dihydrogen phosphate (2-AEH2P) is a mono
phosphoester involved in cell membrane turnover [10]. Our research

group has studied the antitumor effects of 2-AEH2P monophosphoester
in vitro and in vivo experimental models. It has been shown to be
effective for in vivo and in vitro treatment for a large number of tumor
cells, such as hepatocellular carcinoma (Hepa1c1c7), murine melanoma
(B16-F10), human melanoma (Skmel-28), human triple-negative tumor
breast cancer (MDA MB − 231) and MCF-7 human breast cancer, as well
as modulation of the expression of proteins involved in cell death
pathways, progression and proliferation [11–16].
Nanomedicine presents a new direction and an efficient form of drug
therapy, improving the performance of the drug overcoming the limi
tations of conventional therapies. Liposomes have several distinct
characteristics compared to other drug delivery systems, including
biocompatibility, low or no immunogenicity activity, self-assembly
capability, ability to carry hydrophilic and hydrophobic agents, ability
to carry large loads of drugs and protect encapsulated agents from
agents external media [17–20]. Our group develops a new liposomal
formulation associating 2-AEH2P with vesicles of the dio
ctadecyldimethylammonium liposome (DODAC), demonstrating signif
icantly properties physical and chemical efficiency and stability in
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pharmaceutical formalation [16,21].
The present work aims to evaluate the cytotoxic and antiproliferative
potential of the liposomal formulation DODAC/2-AEH2P in human cells
of chronic myeloid leukemia K-562 and K-562 Lucena (MDR+).

DODAC carrier) (15.9 ± 1.7% DODAC/2-AEH2P) and increased frag
mented DNA in the 24 h period (47.6 ± 2.1% DODAC carrier)
(47.9 ± 2.3% DODAC/2-AEH2P) (Fig. 3C–D).
2.4. Evaluation of necrosis/apoptosis in tumor cells

2. Results

The percentage of viable K-562 cells decreases significantly at all
concentrations. In addition to the significant increase in the proportion
of cells undergoing initial apoptosis, late apoptosis, and necrosis, the
treatment with the 2.0 mM DODAC/2-AEH2P liposomal formulation
showed greater changes with percentage values of 14.5 ± 3.8%,
16.6 ± 3.5% and 36.6 ± 1.9%, respectively. The treatment with
DODAC/2-AEH2P at a concentration of 0.3 mM showed significant
values of 20 ± 2.4% for initial apoptosis, 23.1 ± 3.6% for late apoptosis
and 22.8 ± 4.8% for necrosis (Fig. 4).
The K-562 Lucena (MDR+) also showed a significant reduction in cell
viability at all concentrations. The most effective treatment was the
liposomal formulation DODAC/2-AEH2P combination at a concentra
tion of 2.0 mM, with a reduction of 78 ± 1.4% in cell viability, and
percentage values of 34.5 ± 3.9% for initial apoptosis, 36.6 ± 3.5% for
late apoptosis and 17.6 ± 1.8% for necrosis (Fig. 4).

2.1. Determination of cell viability
Treatment with the DODAC liposome carrier and the DODAC/2AEH2P liposomal formulation in the human leukemic cell K-562 and K562 Lucena (MDR+) promoted a significant reduction in cell viability at
all concentrations of the treatment (Fig. 1A–D). Formation of cell debri
was observed, as well as morphological changes such as increased
intracellular volume and formation of apoptotic bodies (Fig. 1A). The
automated counting of the number of cells showed a significant reduc
tion in cell viability compared to the untreated control at different times
for both tumor lines (Fig. 1B).
The values of the inhibitory concentration of IC50% by the sulfor
rodamine assay demonstrated cytotoxic significantly for the treatments
in all concentrations tested K-562 and K-562 Lucena (MDR+) cells
(Fig. 1C). The IC50% values for the K-562 cell in the periods of 12 and
24 h when treated with the empty DODAC carrier were 0.17 and
0.14 mM respectively. The liposomal formulation DODAC/2-AEH2P the
IC50% values after 12 h of treatment was 0.008 mM, and 24 h,
0.0009 mM (Fig. 1D). The K-562 Lucena cells (MDR+) showed IC50%
values of 0.56 and 0.29 mM. The liposomal formulation DODAC/2AEH2P in the periods of 12 and 24 h the values were 0.31 and
0.019 mM, respectively (Fig. 1D).
Studies carried out by our group, with human umbilical vein endo
thelial cell (HUVEC), show end less sensitivity to treatments, the highest
tested concentration of DODAC/2-AEH2P (2 mM) only promoted a
reduction of 35.1.6 ± 0.8%. In cells normal human fibroblast FN1 and
normal mammary epithelium MCF-10, when treated with 2-AEH2P,
showed low sensitivity with IC50% of values 81.8 and 100 mM [12,16,
32].

2.5. Analysis of the electrical potential of the mitochondrial membrane
(ΔΨ m) by flow cytometry
There was a reduction in the mitochondrial electrical potential in the
cell lines K-562 and K-562 Lucena (MDR+) in all treatments. The K-562
cells treated with the empty DODAC carrier at concentrations of 0.3 and
2.0 mM promoted a reduction in ΔΨm by 13.6 ± 1.4% and
23.1 ± 1.8%, respectively. Treatment with the DODAC/2-AEH2P lipo
somal formulation, there was a significant reduction in ΔΨm, with
values of 43.5 ± 1.9% and 69.8 ± 3.9% for concentrations of 0.3 and
2 mM (Fig. 5A). The K-562 Lucena (MDR+) cell treated with the empty
DODAC carrier at concentrations of 0.3 and 2.0 mM, there was reduc
tion in ΔΨm 10.1 ± 1.5% and 35.2 ± 10.3%, respectively, while the
treatment with the liposomal formulation DODAC/2-AEH2P the values
obtained were 22.9 ± 1.5% for a contraction of 0.3 mM and
40.6 ± 2.7% at a concentration of 2.0 mM (Fig. 5B).

2.2. Evaluation of predictive pharmacological interactions
The pharmacological combination of the empty DODAC liposomal
carrier and 2-AEH2P in K-562 and K-562 Lucena (MDR+) cells was
investigated; their synergistic effect was analyzed using SynergyFinder
2.0 with the Bliss analysis model. The degree of combination synergy ou
antagonism, is quantified by comparing the observed drugs combination
response aganst the expected response, calculated using Model Bliss,
that assumes no nteration between drugs.
The significant synergistic effect was observed for K-562 cells, with a
synergy score of 12.653 (Fig. 2). In the K-562 Lucena (MDR+) cells, the
value of the synergy score obtained was − 2.121, showing an additive
effect of the treatments (Fig. 2).

2.6. Analysis of the expression of proteins involved in the mechanisms of
cell death and proliferation
After treatment with the liposomal formulation DODAC/2-AEH2P,
there was a change in the expression of proteins involved in the mech
anisms of death, progression and proliferation (Fig. 6A). Increased
expression of the p21 and p27 proteins in all concentrations and lipo
somal formulation DODAC/2-AEH2P in the concentration of 0.3 mM the
one that promoted greater increase of expression with percentage values
of 70.4 ± 9.8% for the protein p21 and 50.8 ± 10.1% for the p27 pro
tein. The only effective treatment in increase p53 expression was the
liposomal formulation at 0.3 mM concentration in 21.5 ± 3.1%, with no
changes for the other concentrations. Increased expression of the proapoptotic proteins BAD and BAX and reduced Bcl-2 after treatment
with the liposomal formulation DODAC/2-AEH2P. The concentration of
the 0.3 mM DODAC/2-AEH2P liposomal formulation increased the proapoptotic proteins BAD by 39.7 ± 2.9%, BAX by 73.4 ± 3.1% and a
reduction in Bcl-2 by 34.0 ± 4.1%. The pro-apoptotic potential was
evidenced with increased Caspase 3 and 8 phosphorylated proteins, and
release of cytochrome C into the cytoplasm. The highest proportion of
increase in pro-apoptotic proteins for treatment with liposomal formu
lation DODAC/2-AEH2P was in the concentration of 2.0 mM, with per
centage values of 62.7 ± 3.2% for Caspase 3, 70.1 ± 3.9% for Caspase 8
and 81.0 ± 2.8% of cytochrome C.
In the K-562 Lucena (MDR+) cell, the increase in p21 and p27
expression in all contractions, with the empty DODAC empty and
DODAC/2-AEH2P liposomal formulation at 2.0 mM concentration

2.3. Distribution profile of leukemic cells in the cell cycle phases
The K-562 and K-562 Lucena (MDR+), tumor cells when treated after
12 and 24 h with the empty DODAC carrier and the liposomal formu
lation DODAC/2-AEH2P, promoted changes in the distribution of pop
ulation in the cell cycle phases (Fig. 3A-D). The K-562 cells when treated
with DODAC empty and the liposomal formulation DODAC/2-AEH2P
showed a reduction after 12 h treatment in the G0/G1 phase with per
centage values of 13.2 ± 2.1% and 13.4 ± 3.6%, respectively. There was
a significant increase in the percentage of cells with fragmented DNA
after 24 h of treatment with the liposomal formulation DODAC/2AEH2P, with value of 58.9 ± 0.8% (Fig. 3A-B).
The K-562 Lucena cells (MDR+) when treated in the 12 h period with
an empty DODAC carrier and the liposomal formulation DODAC/2AEH2P, showed a decrease in cells in the G0/G1 phase (15.2 ± 2.3%
2
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Fig. 1. Determination of cytotoxicity in human chronic myeloid leukemia cells K-562 and K-562 Lucena (MDR+) by automated trypan blue exclusion. The cells were
treated with different concentrations of the empty DODAC carrier and the DODAC/2-AEH2P association, for 12 and 24 h. (a) Photomicrographs of the morphological
analysis of K-562 and K-562 Lucena (MDR+), control cells, treated with empty DODAC carrier and liposomal formation DODAC/2-AEH2P in 24 h; (b) Line graph,
viable and non-viable cells after treatments for 12 and 24 h. Cytotoxic effect expressed as mean ± SD of three independent experiments; (c) Table with IC50% values
for K-562 and K-562 Lucena (MDR+) cells. The statistical differences were obtained by ANOVA and the Tukey Kramer multiple comparison test. *p = 0.05, * *
p < 0.01 and * ** p < 0.001.
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Fig. 2. Evaluation of predictive pharmacological evaluation by SinergyFinder. (a) Bar graphs show additive or synergistic effect for concentrations of molecules 2AHE2F and liposomal formulation, DODAC/2-AEH2F in K-562 and K-562 Lucena (MDR+) tumor cells. (a) The effect pharmacological is observed by the δ-Score and
represented in the colored space between white and green (≤− 10). The additive and synergistic effects are observed in the colored space between white and red (>
− 10 and 10 synergistic). Color saturation is proportional to the magnitude of the difference between these values; (b) Table show the drug combination and the
synergy score.
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Fig. 3. Analysis of the cell cycle
phases in of chronic myeloid leuke
mia K-562 and K-562 Lucena (MDR+)
cells. The cells were treated with the
empty DODAC carrier and the
DODAC/2-AEH2P association, in the
IC50% values, for the period of 12 and
24 h. (a) Distribution profile of K-562
cells in the phases of the cell cycle, for
a period of 12 h; (b) Distribution
profile of K-562 cells in the phases of
the cell cycle, for a period of 24 h; (c)
Profile of distribution of cells K562
Lucena (MDR+) in the phases of the
cell cycle, for a period of 12 h; (d)
Distribution profile of K-562 Lucena
(MDR+) cells in the cell cycle phases,
for a period of 24 h. Bar graph show
the correlation of the effect on the cell
cycle expressed as mean ± SD of three
independent experiments. Histograms
representative of the distribution of
cells in the cell cycle phases. The
statistical differences were obtained
by ANOVA and the Tukey Kramer
multiple comparison test. *p = 0.05,
* * p < 0.01, * ** p < 0.001 and
ns= not significantly.
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Fig. 4. Evaluation of cell death of chronic human myeloid leukemia K-562 and K-562 Lucena (MDR+) cells. Bar graphs of mean values ± SD percentage of cell
population treated with the empty DODAC carrier and liposomal formulation DODAC/2-AEH2P in various concentrations. Dot plot representative of K-562 and K-562
Lucena (MDR+) cells distributed according to the type of cell death. Significance values p # < 0.001, p * < 0.001 and p δ < 0.001. ANOVA obtained by test variation
followed by multiple Kremer test from Turkey. n = 3 experiments performed in triplicate.

showing significant differences (Fig. 6B). The K-562 Lucena (MDR+)
cells treated with the empty DODAC showed an increase of 87.6 ± 2.4%
and 92.8 ± 2.1% for p21 and p27 proteins respectively, with the
DODAC/2-AEH2P formulation these values were 96.2 ± 1.1% and
93.2 ± 0.9%. The expression of protein P53, with the liposomal
formulation DODAC/2-AEH2P in all concentrations positively modu
lated the expression, in the concentration of 0.3 mM the increase was of
21.5 ± 2.1%, and 21.4 ± 1.1% in the concentration of 2.0 mM. The
treatment with the empty DODAC carrier and the 2.0 mM liposomal
formulation increased BAD and BAX. Treated with empty DODAC

carrier the values were 85.5 ± 2.2% (BAD), 84.2 ± 4.1% (BAX), when
treated with liposomal formulation DODAC/2-AEH2P the values were
86.7 ± 3.9% (BAD) and 69 ± 1.4% (BAX). There was a small reduction
in Bcl-2 at the expression low concentrations. Fig. 7.
3. Discussion
In this study, we analyzed the cytotoxic, antiproliferative and proapoptotic potential modulated of the empty DODAC empty and the
liposomal formulation DODAC/2-AEH2P in human leukemic cells K-562
6
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Fig. 5. Analysis of the mitochondrial electrical potential (ΔΨm) human chronic myeloid leukemia K-562 and K-562 Lucena (MDR+) cells. The cells were treated with
the empty DODAC carrier and liposomal formulation DODAC/2-AEH2P association in different concentrations in the 24 h period. (a) ΔΨm of K-562 cells; (b) ΔΨm of
the K-562 Lucena (MDR+) cells. Bar and line graph showing ΔΨm expressed as mean ± SD of three independent experiments. Histograms representative of the
distribution of cells with active (viable metabolic) and inactive (unviable metabolic). The statistical differences were obtained by ANOVA and the Tukey Kramer
multiple comparison test. * ** p < 0.001.

and K-562 Lucena (MDR+). After the treatments, it was possible to
observe antiproliferative response in leukemia cells for the liposomal
formulation DODAC/2-AEH2P, when used in low concentration, there is
a reduction in the proliferation and modulation of proteins involved in
cell death and progression.
The choice of primary treatment for patients with myeloid leukemia
diagnosed in the initial phase is still very difficult, even taking into ac
count the advances achieved in recent years. Allogeneic stem cell
transplantation still shows the best results, with only a limited number
of people eligible for this procedure [23–25]. Most patients, the use of
Interferon-α (INF-α) promotes an increase in the survival rate, but pre
sents considerable toxicity [26,27]. Several tyrosine kinase inhibitors
have been approved for the treatment of CML (imatinib, dasatinib,
nilotinib and bosutinib), in the initial therapy showed hematological
remission, showing its ability to prolong life [28,29]. Today, therapy
seeks to achieve a deep and stable molecular response, discontinuing

medication for remission, but total remission is not achieved.
Liposomes are formulated nanocarriers that increase the activity and
specificity of the anti-tumor and anti-proliferative response, maintain
ing molecular integrity, increasing half-life and potentiating the action
of numerous drugs due to the sustained release capacity [30–32]. Luna
et al. demonstrated that the use of DODAC as a empty maximized the
availability of 2-AEH2P in the cell membrane, and consequently maxi
mized the cytotoxic potential in tumor cells [32].
The 2-aminoethyl dihydrogen phosphate has been widely studied by
our group, has broad antitumor potential and low systemic toxicity,
inducing toxicity in several tumor cell lines, such as: Ehrlich ascitic
tumor; B16F10 (murine melanoma); MCF-7 (human breast adenocarci
noma); MB-231 MDA cells (human triple negative breast cancer); H292
(human lung carcinoma); Skmel-28 cells, Mewo (human melanoma);
Hepa1c1c7 cells (hepatocarcinoma); K-562 and K-562 Lucena (MDR+).
[12,14–16]. In the leukemia study, 2-AEH2P showed effective cytotoxic
7
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Fig. 6. Analysis of the expression of markers in chronic myeloid leukemia K562 cell. The expression of the markers was quantified by flow cytometry, after 24 h of
treatment with the empty DODAC carrier and the liposomal formulation DODAC/2-AEH2P in the values of IC50%. Expression of P27, P21, P53, Bcl-2, Bad, Bax,
release of cytochrome C, caspases 3 and 8, depending on the time of treatments. Bar graphs demonstrate the profile of protein expression as mean ± SD. Repre
sentative density plots show the distribution of the number of cells with the fluorescence intensity. Values are expressed as mean ± SD standard deviation from three
independent experiments. The statistical differences were obtained by ANOVA and the Tukey Kramer multiple comparison test. * * p < 0.01, * ** p < 0.001 and
ns= not significantly.

property with low IC50% values for both cells. Mechanisms such as
inducing cell cycle arrest and apoptosis are important to contain cancer
proliferation and progression [33,34]. Our results showed that the
liposomal formulation DODAC/2-AEH2P changed the distribution of
cells in the phases of the cell cycle and the expression of pro and
anti-apoptotic proteins. K-562 cells there is a decrease in the expression
of anti-apoptotic protein Bcl-2 and an increase in BAD, BAX and

permeabilization of the mitochondrial membrane, with the release of
cytochrome C in the cytoplasm and reduction of the electrical potential
of the membrane, as well as an increase in caspases 3 and 8 phosphor
ylated, show its pro-apoptotic potential. These effects were not found for
treatment with an empty DODAC carrier [35,36]. Gillings, (2009) and
Tait, (2010) propose that agents that increase the expression of
pro-apoptotic proteins and reduce / inhibit the expression of
8
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Fig. 7. Analysis of the expression of markers in chronic myeloid leukemia tumor cells K562 Lucena (MDR+) cells. The expression of the markers was quantified by
flow cytometry, after 24 h of treatment with the empty DODAC carrier and the liposomal formulation DODAC/2-AEH2P in the values of IC50%. Expression of P27,
P21, P53, Bcl-2, Bad, Bax, release of cytochrome C, caspases 3 and 8, depending on the time of treatments. Bar graphs demonstrate the profile of protein expression as
mean ± SD. Representative density plots show the distribution of the number of cells with the fluorescence intensity. Values are expressed as mean ± SD standard
deviation from three independent experiments. The statistical differences were obtained by ANOVA and the Tukey Kramer multiple comparison test. *p = 0.05, * *
p < 0.01, * ** p < 0.001 and ns= not significantly.

anti-apoptotic proteins can induce death in tumor cells [37,38].
Maintaining the integrity of the cell membrane provides an indica
tion of whether the mechanism of cell death involves apoptosis or ne
crosis [39,40]. Recent studies have shown the selective ability of
2-AEH2P to induce death by apoptosis in different tumor cells [14–16].
The assay expression Annexin V elucidate the mechanisms of the lipo
somal formulation DODAC/2-AEH2P to induce an increase in early and
late apoptosis in greater proportion than necrosis, especially in the
K-562 Lucena what expression the MDR+ marker. These data support

the hypothesis that the liposomal formulation DODAC/2-AEH2P does
not induce harmful damage to the cell membrane, corroborating the
modulation of the expression of proteins involved in intrinsic apoptosis
pathaways.
Recent studies show as an apoptosis initiator the inactivation or
suppression of the Mcl-1 protein, a member of the Bcl-2 protein family
that promotes cell survival in various types of cancer, mainly in myeloid
Leukemia cells, because high levels of this protein are intrinsically
linked to disease progression [41,42]. An essential role, of MTCH2, was
9
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identified in the turnover of the Mcl-1: NOXA complex, further
strengthening its links with apoptosis regulated by Bcl-2 reduction,
showing it as a key factor in inhibiting the proliferation and differential
of these cells. The reduction of Bcl-2, mitochondrial electrical potential,
the release of cytochrome C, and increased caspases 3 and 8 may be
linked to the modulation of the Mcl-1:NOXA protein, studies should be
carried out to confirm this hypothesis [43–45].
Liposomes have great potential as drug delivery systems, being safe
nanocarriers maintaining the integrity of the incorporated molecules,
increasing their half-life, reaching specific cells and reducing nonspe
cific side effects. However, several issues related to use must be over
come before the therapies reach their full potential, that is, the
specificity of the target cell and the endosomal escape. Understanding
the relationship between biophysical properties and biological perfor
mance is an essential step in the field of cancer therapy.
Cell division depends on the activation of cyclins, which bind to ki
nases (CDKs) to induce the progression of the cell cycle to the S phase
and, subsequently, to initiate mitosis. Since uncontrolled cyclindependent kinase activity is often the cause of human cancer, its func
tion is strongly regulated by cell cycle inhibitors, such as proteins p21
and p27 [46,47]. Studies indicate that the knowdown of p21 and p27 in
some tumor cells, such as DU145 and 22Rv1 prostate cancer and hep
atocarcinoma, promotes a halt in the G1 phase of the cell cycle and
consequently proliferation control [48,49]. The increase in proteins p21
and p27 expression in the K-562 and K-562 Lucena (MDR+) cells when
treated with the liposomal formulation DODAC/2-AEH2P suggests
effectiveness in promoting reduction or arrest of cell proliferation.

4.4. Determination of cytotoxic activity by method sulforodamine B
(SRB)
Tumor cells were incubated in 96 plates at a concentration of 105
cells/mL and treated with liposomal formulation DODAC/2-AEH2P and
empty DODAC in different concentrations. As a control group, the cul
ture medium, a vehicle for diluting the stock solution of 2-AEH2P, was
used. After 24 h of treatment at different concentrations, 50 µL of 50%
cold trichloroacetic acid (TCA) was added and kept at 4ºC for 1 h. Then,
the cells were washed and centrifuged at 1500 rpm for 5 min, five times
with distilled water to remove the supernatant. After drying, 100 µL of
0.2% SRB solution in 1% acetic acid was added to each well, keeping the
plate for 10 min at room temperature. The SRB was removed, the cells
were washed with 1% acetic acid solution and the plate was centrifuged
at 1500 rpm for 5 min. After drying, 100 µL of Tris buffer (pH = 10,5)
was added to each well for later reading of the absorbance at the 550 nm
wavelength.
4.5. Determination of the number of viable and dead cells
The determination of cell viability, the cells were submitted to
treatments with liposomal formulation DODAC/2-AEH2P and empty
DODAC, in the periods of 12 and 24 h, removed from the plates, trans
ferred to sterile centrifugation tubes for cell counting. The 15 mL tubes
containing cells in suspension were centrifuged at 1500 rpm for 5 min.
The supernatant was discarded, and the pellet was resuspended in 1 mL
of culture medium. Then, automated cell viability analyzes were per
formed (Vi-CellTM XR - Analyzer; Beckman Coulter Inc., Fullerton,
California, USA). Vi-CellTM the automated exclusion assay using the
0.2% trypan blue method provides the percentage of cell viability.

4. Materials and methods
4.1. Formulation of 2-aminoethyl dihydrogen phosphate

4.6. SynergyFinder 2.0 analysis of multiple drug combinations

The monophosphoester 2-aminoethyl dihydrogen phosphate (2AEH2P) was obtained from a solution of phosphoric acid diluted in
water, under mechanical stirring and esterified with the addition of
aqueous ethanolamine diluted in water. The resulting product was
transferred to a balloon and taken to a rotary evaporator to remove the
remaining water. The product was analyzed in Plasma by Inductive
Coupling and mass spectrometry and showed the presence of 99.89%
pure of calcium aminoethyl phosphate (PhosphoPure®).

The potential synergy of the drug, a matrix study was carried out
with the empty DODAC carrier and the liposomal formulation DODAC/
2-AEH2P. The combination matrix was tested on two cell lines: K-562
and K-562 Lucena MDR+. SynergyFinder 2.0 software quantified the
degree of synergy as the excess over the multiplicative effect of single
drugs as if they acted independently (Bliss Model), the following higher
order formulations were used to quantify the drug combination synergy
(S) for the multi-drug combination effect measured between 2 drugs:

4.2. Preparation of dispersions DODAC/2-AEH2P

EA = drug A
EB= drug B

Dioctadecyldimethylammonium chloride (DODAC) liposomes and
its association with monophosphoester 2-AEH2P were obtained ac
cording to Luna et al. [16]. Briefly, separation phases of the 2-AEH2P
monophospester were created from a solution (2 mM) of the 2-AEH2P
/DMSO (Sigma-Aldrich) /methanol (1: 1) placed at low pressure for 3 h.
Then, the dispersions of DODAC 2 mM were added to the film, stirring
for 5 min. Experiments were carried out with samples on different
DODAC/2-AEH2P molar fractions: 0.38; 0.5; 0.6; 1.2; 1.8 mol. After the
end of the agitation, the samples were kept for 6 h at room temperature,
as an incubation process, before the beginning of the experiments.

SBLISS = EA,B − (EA + EB )
SynergyScore =

− log(p) t
x
log(0.05) |t|

The Bliss independence model assumes a stochastic process in which
two drugs elicit their effects indepently; and the expected combination
effect can be calculated on the probability of independente events.
4.7. Analysis of cell cycle phases by flow cytometry
The tumor cells were treated with liposomal formulation DODAC/2AEH2P and empty DODAC carrier, in the periods of 12 and 24 h. The
cells of the treated and control groups were collected and centrifuged at
1500 rpm for 5 min. Then, the pellet was resuspended in a 70º alcohol
solution and RNAse 1 µL and stored in the − 20ºC freezer for 24 h. The
samples were centrifuged at 3000 rpm for 10 min and resuspended in
200 µL of Facs buffer, 20 µL of Triton X-100 (Sigma-Aldrich) and 50 µg/
mL of propidium iodide (Sigma-Aldrich), maintained for 30 min at
temperature protected from light. After this period, the samples were
transferred to cytometry tubes and taken for analysis in a flow cytometer

4.3. Cell culture
Human tumor cells K-562 (CCL-243 ™) were purchased from the
American Type Culture Collection, ATCC, Baltimore, MD, USA. Tumor
cell K-562 Lucena MDR+ ATCC® CCL-243-LUC2 ™ granted by Drª.
Vivian Rumjanek, from the Institute of Medical Biochemistry - Federal
University of Rio de Janeiro. The human chronic myeloid leukemia cells
K-562 and K-562 Lucena (MDR+) were cultured in RPMI-1640 medium,
with 10% fetal bovine serum, 100 units/mL of penicillin and 100 mg/
mL of streptomycin. The cells were cultured at 37 ◦ C with 5% CO2.
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Muse® Cell Analyzer at fluorescence intensity FL-2 and the histograms
acquired by the MUSE program and analyzed in the ModFit LT ™
program.

5. Conclusion
The treatment of human myeloid leukemic K-562 and K-562 Lucena
(MDR+) cells with the liposomal formulation DODAC/2-AEH2P has dose
and time dependent cytotoxic and antiproliferative effects, as well as
their pro-apoptotic potential. This cytotoxicity induced decreased pro
liferative capacity, increase in pro-apoptotic proteins such as caspase 3
and 8, and p53-dependent proteins, such as BAD and BAX, reduced
mitochondrial electrical potential, and consequently increased cyto
chrome C release. The increase in the expression of regulatory proteins
p21 and p27 suggests the antiproliferative potential with ability to in
control the progression of the cell cycle. This set of information
demonstrated the apoptotic effects of treatments on tumor lines
regardless of the molecular resistance profile (MDR+), which makes it
possible to say that the liposomal formulation DODAC/2-AEH2P has new
therapeutic alternative potential.

4.8. Detection of apoptotic rate of tumor cells by flow cytometric
Apoptotic cells were quantitatively determined using the Annexin VFITC (Kit Insitu Cell Death Detection, Roche Diagnostics, Indianapolis,
IN, USA), which detects cells with phosphatidylserine residues exposed
on the cell surface. Necrotic cells are determined using fluorochrome
propidium iodide (PI), which penetrates cells whose membrane is
ruptured. Tumor cells after 24 h of treatment with DODAC/2-AEH2P
and empty DODAC carrier, washed twice in PBS at 4ºC, resuspended in
100 µL of PBS and incubated for 30 min with 1 μg of annexin V-FITC
diluted in buffer and 18 μg/mL of propidium iodide solution. The
reading of the amount of expression of Annexin V (apoptosis) and PI
(necrosis) was performed in a flow cytometer - MUSE at fluorescence
intensity FL-1/FL-2 according to each antibody. The results obtained
were analyzed by the program WinMDI 2.8.
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