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Abstract: The aim of this study is to load IR780 into an
optimized micellar system that can act as a scaffold, and
then test the anticancer activity and micelle stability in var-
ious media in vitro. Poloxamer 407 was used as the primary
polymeric surfactant. Micellar stability tests were carried out
in three different media: distilled water, phosphate buffer
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saline, and Dulbecco’s modified Eagle’s medium (DMEM). The
micelles were evaluated in terms of the micellar size, polydis-
persity index (PDI), zeta potential, and drug entrapment effi-
ciency (EE). The micelles had an average size of 27.6-354.4 nm.
The PDI for all of the micelles ranged between 0.23 and 0.28. The
zeta-potential values were extremely low. EE was generally
very high, exceeding 90%. Only DMEM showed significant
shrinkage in the particle size during the first period of storage,
reaching a range of 27.6-37.3nm, followed by a gradual
increase in the micelle size with time. The micelles significantly
increased the activity on MCF-7 cells in vitro. For more than a
month, the micelles exhibited high stability in various media.
The prepared system has a high potential for improving antic-
ancer activity against a wide range of cancer cell lines.

Keywords: IR780, poloxamer 407, thin-film hydration, poly-
meric micelles, MCF-7 cancer cells

1 Introduction

Cancer’s worldwide effect as one of the top causes of death
remains an enormous healthcare obstacle, with approxi-
mately 10 million fatalities and 19.3 million additional newly
discovered cancer cases documented as of 2020 [1]. The pre-
valence of this life-threatening illness has increased dramati-
cally over the last 5 years. Notably, female breast cancer has
recently become the leading cause of cancer diagnosis world-
wide, surpassing lung cancer incidence [1]. Breast cancer
accounted for approximately 11.7% of all cancer incidence in
2020, affecting an estimated 2.3 million people [1]. Breast cancer
remains a major cause of cancer-related mortality, despite
advances in diagnosis and treatment. It is the fifth largest con-
tributor of cancer fatalities, with a predicted 685,000 deaths [1].

Despite its high toxicity and poor patient quality of life,
chemotherapy remains the most commonly used cancer
treatment modality [2]. The failure to produce significant
anticancer activity capable of reducing the burden of
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malignant tumors and the development of intrinsic resis-
tance to cytotoxic drugs are regarded as the primary lim-
itations of cancer chemotherapy [2,3]. Some tumors, such
as breast cancer, can develop fundamental and acquired
resistance to chemotherapy [4]. These challenges have
prompted the scientific community to develop new tools
for early detection and more effective treatment. The most
common approaches to increasing treatment efficacy while
reducing side effects and toxicity are hormonal, immune,
monoclonal antibodies, cancer stem cells, photothermal
(PTT), and photodynamic therapies [5,6].

PTT is a promising cancer treatment option in which loca-
lized heat is generated by exposing a photoabsorbent material to
near-infrared radiation (NIR), resulting in hyperthermia within
cancerous cells and ablation at 45°C [7,8]. The presence of NIR
material capable of generating effective heat and the optimal
configuration of the delivery system to maximize its accumula-
tion in cancerous tissues are essential components of success
[9,10]. Carbon nanostructures, gold nanoparticles, and various
dyes were studied, and they demonstrated high photosensitizing
and absorbing properties [11,12]. Photoabsorbent substances
that react more efficiently to NIR light with wavelengths of
700-1,000 nm are being investigated as a possible means of
treating cancer due to NIR’s incredible capacity for penetration
in biological tissues, allowing for deep cancer therapy [13].

IR780 iodide, an NIR organic dye, has been shown to ben-
efit both diagnosis and treatment with PTT radiation for various
cancer types [14,15]. Its exclusive absorption by organic anion
transporter peptides, which are overexpressed in many tumor
cells, enables its distribution in cancerous cells, specifically in
breast tumors [15,16]. Furthermore, IR780 can produce both
concentrated heat and reactive oxygen species when exposed
to NIR radiation [15-17]. However, the limited water solubility,
short mean residence time, and high toxicity profile indicated
by a low maximum tolerance dose of only 1.5 mg/kg in mice are
major disadvantages limiting its clinical use [18-20]. Conse-
quently, IR780 iodide is an appealing option for delivery via
nanoparticle systems that can improve its therapeutic efficacy
and avoid adverse side effects [19,21,22]. Nanoparticulate drug
delivery has recently been known as a successful strategy for
improving the treatment effectiveness of many anticancer
drugs by altering their biopharmaceutical properties as well
as their unfavorable and hazardous effects on normal tissues
[23,24]. Several types of nanodrug systems, including micelles,
liposomes, solid lipid, and polymer-based nanoparticles, have
been shown to improve the therapeutic efficacy of many che-
motherapy medications [25-28]. As a result, multiple trials have
been conducted to overcome IR780’s undesirable characteris-
tics, including inclusion into heparin—folic acid, polymeric
micelles, and silica nanoparticles [19,29]. Jiang et al. reported
that conjugation of IR780 with human serum albumin (nab)
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resulted in a 1,000-fold boost in solubility and a 10-fold increase
in the highest manageable dose [17]. Nagy-Simon et al. demon-
strated that incorporation within gold/pluronic nanoparticles
resulted in a significant improvement in anticancer activity
when compared to free IR780 [30]. Polymeric micelles received
significant attention and introduced a new paradigm of drug
delivery systems due to their smaller particle size, simple pre-
paration, sustainability in blood circulation, and the ability to
incorporate and protect poorly water-soluble drugs [31-33].
Micelles have proven much success in overcoming poor aqu-
eous solubility and enhancing the pharmacokinetic parameters
of many anticancer drugs, including IR780 [31,32]. Furthermore,
the ability of polymeric micelles to form monomolecular
micelles resulted in greater stability both in vitro and in vivo
[33]. A number of recent studies found that incorporating IR780
into polymeric micelles significantly increased its aqueous solu-
bility and tumor uptake while also eliminating any discernible
toxicity [34-37]. Taking this into consideration, encasing IR780
iodide in a micellar system may offer another advantage of
passive accumulation within tumors via the enhanced permea-
tion and retention (EPR) effect [38]. This effect takes advantage
of the tumor vasculature’s fundamentally leaky and disordered
nature, enabling accumulation of the therapeutic agent to the
tumor site [38]. This approach can diminish the toxic effects of
IR780 while increasing its cancer cytotoxicity potential. Polox-
amer 407 has been studied extensively for drug delivery
carriers, including polymeric micelles [39,40]. It has been inves-
tigated as an excellent solubilizer, emulsifier, and bioavailability
enhancer. Furthermore, its hydrophobic core is relatively bulky,
which possibly facilitates high drug solubilization in the micelles
[41]. Therefore, poloxamer 407 was selected as the polymeric
carrier for the preparation of micelles. Based on all these facts
and evidence, the goal of this study is to optimize IR780 iodide-
loaded Poloxamer 407 micelles as nanocarriers with a high
potential for improving anticancer therapeutic effects by main-
taining high activity while reducing high toxicity.

2 Materials and methods

2.1 Materials

The dye IR780 iodide, poloxamer 407, fetal bovine serum
(EBS), Dulbecco’s modified Eagle’s medium (DMEM), trizma
hydrochloride, ThiolTracker™ violet dye, 3-(4, 5-dimethylthia-
zolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) reagent, and
Annexin V-PI kit were purchased from Sigma Aldrich (St.
Louis, MO, USA). Methanol, dimethyl sulfoxide (DMSO), and
chloroform solvents of high-performance liquid chromato-
graphy grade were obtained locally in Riyadh, Saudi Arabia.
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2.2 Preparation of IR780-loaded polymeric
micelles

IR780 was successfully encapsulated into poloxamer 407
micelles using the thin-film hydration technique, as pre-
viously reported by Chen et al. [42]. Briefly, a true solution
of IR780 and poloxamer 407 in chloroform was prepared at
IR780/poloxamer 407 ratios of 1:20 and 1:40. Chloroform
was evaporated utilizing an IKA rotary-evaporator RV10
V-C system (IKA-Werke GmbH & Co., Staufen, Germany)
applying a vacuum pressure of 40 mbar and a rotation
speed of 100 rpm at 40 + 0.5°C. To avoid any solvent resi-
dues, the formed thin film was placed under vacuum for
the entire night. To reconstruct the micellar drug disper-
sion, the dried thin film was hydrated with 10 mL of pre-
heated, de-ionized water at 40°C, and rotated at the same
speed for 45 min. After that, the dispersion was incubated
using ice for 30 min in an ultrasonic homogenizer at 150 W.

2.3 Determination of particle size, PDI, and
zeta potential

A Brookhaven ZetaPALS instrument (Brookhaven Instruments
Corporation, Holtsville, NY, USA) was utilized for the determi-
nation of particle sizes, PDI, and zeta potentials. The samples
from each formulation were first diluted to ~0.1% nanoparticle
dispersion before measurements using a 90° detection angle.
The mode of Laser Doppler Velocimetry was employed for the
determination of zeta potential for the same samples.

2.4 Determination of entrapment efficiency
(EE) and drug loading (DL)

Three samples from each formulation were placed in dia-
lysis bags with a 6 kDa cut-off molecular weight. Each bag
was firmly tied and placed in 30 mL distilled water (DW)
for 1 h. The concentration in the dialysate was determined
using a sensitive UV-Vis-NIR spectrophotometry method.
The drug EE (%) and DL (%) were determined indirectly
using the following equations:

EE (%) =

Wt of total drug in the formula — Wt of free drug(dialysed) y

IR780-loaded poloxamer 407 micelles =— 3

2.5 UV-Vis-NIR spectrophotometry method

A total of 5 mg of IR780 was dissolved in 25 mL of methanol
to create a 200 pg/mL working stock solution. By measuring
the absorbance at A = 800 nm of serially diluted solutions in
the range of 5-100 pg/mL, a standard calibration curve was
created. For validation, the standard curve was re-devel-
oped over the course of three separate days and repeated
three times on the same day.

2.6 Transmission electron microscopy (TEM)
imaging

Samples were dropped over a 400-mesh copper grid coated
with carbon. After being completely dry at room tempera-
ture, the images were developed utilizing a JEM-1400 Electron
Microscope (JEOL, Tokyo, Japan) applying a 120 kV accelera-
tion voltage.

2.7 Evaluation of the physical stability of
micelles

The physical stability of IR780-loaded micelles was evalu-
ated in three different media: DW, phosphate buffer saline
(PBS), and DMEM. The samples were kept in a refrigerator
(2-8°C) for a maximum of 45 days. The particle size, zeta
potential, and PDI were periodically measured at various
time intervals.

2.8 Evaluation of in vitro cytotoxicity

The MTT assay was employed to assess the cytotoxicity of
IR780-loaded poloxamer 407 micelles in MCF-7 breast
cancer cell lines. The cells were allowed to grow at a den-
sity of around 3 x 10° cells/mL in a basal medium composed
of 1:1 10% FBS:DMEM, containing 1% streptomycin (100 pg/
mL)/penicillin (100 units/mL). Cells were grown in a humi-
dified incubator with 5% CO, at 37°C. After reaching

Wt of total drug in the formula - Wt of free drug(dialysed)

DL (%) =

100, @

Wt of total drug

% 100. 2

(Wt of total drug + Wt of total polymer)
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confluence, cells were trypsinized (300 uL) and transferred
to T-75 flasks. All of the proposed experiments were carried
out using cells from passages 3 to 10. MTT assay was per-
formed using 96-well plates to evaluate the cytotoxicity of
the two micelle formulations, P1 and P2, using free media
as a negative control. The media was replaced after 48 h,
regardless of whether the various treatments were present
or absent. The cells were cultured as described above, har-
vested, and trypsinized for counting. In addition, 1 x 10*
cells per well in 96-well plates were seeded. Cell viability
was assessed after 72 h of incubation with various concen-
trations of P1 and P2. After incubating cells at specified
conditions, 10 uL. of MTT (5 mg/mL in PBS) reagent was
added to each well and incubated for 30 min until the for-
mation of a purple precipitate. After removing the MTT
reagent 100 pL of DMSO was added to each well. The plates
were shaken at room temperature for 30 min. Finally, the
absorbance at 570 nm was measured using a microplate
reader.

3 Results and discussion

3.1 Preparation of IR780-loaded polymeric
micelles

The IR780-loaded polymeric micelles were developed using
the thin-film hydration method. Two different polymeric
micelles, P1 and P2, were prepared. The ratio of the drug to
poloxamer 407 was 1:20 and 1:40 in the formulations P1 and
P2, respectively. The critical micelle concentration (CMC) of
poloxamer 407 was 2.8 x 107 M (equivalent to 0.003% w/v)

Particle size (nm)

400 0.5
_ EP1 mP2

320 0.4

240 0.3

160 0.2

80 0.1

0 0
Water PBS DMEM
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Table 1: Composition of IR780-loaded polymeric micelle formulations

Code IR780 (mg) Poloxamer 407 (mg) Drug:polymer ratio
Void  — 100 —

P1 5 100 1:20

P2 5 200 1:40

[43]. The concentrations of poloxamer in two different for-
mulations, P1 and P2, were 1.0 and 2.0% w/v, respectively.
As a result, the concentrations of poloxamer 407 in both
formulations were beyond its CMC level, which would sup-
port the formation of micelles. The composition of poly-
meric micelles is presented in Table 1.

3.2 Particle size, PDI, and zeta potential

The particle size, PDI, and zeta potential of the micellar
formulations were measured in three different media:
water, PBS, and DMEM. The results of the particle size
and PDI are depicted in Figure 1. The average particle
size for both formulations in all three media ranged
from 27.6 to 354.4 nm (Figure 1a). The average particle sizes
of formulations P1 and P2 in water were 354.4 + 4.2 and
229.4 + 2.6 nm, respectively. The average particle sizes of
formulations P1 and P2 in PBS were found to be 293.1 + 3.5
and 213.9 + 2.8 nm, respectively. In contrast, formulations
P1 and P2 in DMEM had average particle sizes of 27.6 + 0.9
and 373 + llnm, respectively. Overall, the average
particle size of both formulations was found to be smaller
in DMEM than in water or PBS. These results indicated
the significant influence of media on the particle size of
micellar formulations.

Polydispersity

HP1 EP2

PBS

DMEM

Water

Figure 1: The mean particle sizes and PDIs + standard deviation for micellar formulations P1 and P2 in three different media: DW, PBS, and DMEM.
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The PDIs for both formulations in all three media
ranged between 0.23 and 0.38 (Figure 1b). The PDIs for
formulations P1 and P2 in water were found to be 0.28
and 0.23, respectively. However, the PDIs of formulations
P1 and P2 in PBS were determined as 0.38 and 0.23, respec-
tively. In contrast, formulations P1 and P2 in DMEM had
PDIs of 0.31 and 0.28, respectively. Formulation P2 had
significantly lower PDIs than P1 in all three investigated
media (P < 0.05). Overall, P2 had the lowest PDI in water
and PBS (0.23) compared to DMEM. The particle intensity
images C, D, and E in Figure 1 clearly show single sharp
peaks, indicating a narrow distribution of particle sizes in
only one population in the nanorange of 100-200 nm. A
threshold value of 0.3 has been embraced in the scientific
literature as the upper limit for adequate size uniformity
within an individual nanoparticle formulation [44,45]. As a
result, the micelle size distribution in both formulations is
considered narrow.

The literature emphasizes the importance of particle
size in nanoparticulate systems for biological performance
[46-49]. This is especially important for polymeric
micelles, as demonstrated by Cabral et al. [50], who discov-
ered that micelles smaller than 30 nm can concentrate
deeply within poorly permeable tumors. The deeper tumor
penetration obtained by smaller nanoparticles did not
achieve higher anticancer activity [47].

The zeta-potential values for micellar formulations are
listed in Table 2. Zeta potential can be used to evaluate the
surface charge density of the micelles. The results indi-
cated that the zeta-potential values of both formulations
were low. A zeta-potential value of +30mV is widely
accepted as a measure of colloidal stability [51]. Other fac-
tors influencing micelle stability include the necessary
hydrophilic/lipophilic balance, interfacial tension, and
adjusting the pH. Rather than having a high charge density,
micellar systems are lyophilic (solvent-like) colloids that
are stabilized mainly by the formation of a protective sol-
vent sheath [52,53]. It was also reported that hydrophilic
micelles with neutral surfaces showed higher ability to
diffuse within the mucus layers [54,55].

3.3 Determination of EE and DL

The results of EE and DL are shown in Table 2. Micellar
formulations P1 and P2 showed EE% values of 86.3 and
92.5%, respectively. Micellar systems have an advantage
in terms of EE. As can be seen in Table 1, formulation P2
with a 40:1 surfactant-to-drug ratio had an average EE%
(P < 0.05) of 92.5%, which was significantly higher than that

IR780-loaded poloxamer 407 micelles == 5

Table 2: Zeta potential, EE%, and DL% of IR780-loaded polymeric
micelles

Zeta potential (mV) EE (%) DL (%)
P1 0.32 86.3 4.1
P2 0.51 92.5 2.3

of formulation P1 with a 20:1 surfactant ratio, which had an
average of 86.3%. The higher EE% obtained with the P2
formulation may be attributed to the higher surfactant-
to-drug ratio. The EE% of a tailored ethosomal formulation
was reported to be 80.23% [56], which was significantly
lower than the formulation with the greatest optimization,
P2 (92.5%) in the present investigation. The DL% values for
micellar formulations P1 and P2 were 4.1 and 2.3%, respec-
tively. Both formulations’ DL values were significantly
lower than their EE values, which could be explained by
the presence of a high surfactant concentration in compar-
ison to the drug.

3.4 TEM studies

Figure 2 shows the TEM images for six selected fields of
various micellar samples at high magnification power
(200,000x). The micelles showed a regular spherical shape.
The particles in all images had sizes of around 100 nm or
lower, which is significantly lower than that obtained with
DLS measurements. The color variation of particle core in
images a, b, e, and f clearly demonstrates drug encapsula-
tion in the core of the particles. The morphological char-
acteristics of micelles were identified to be determining
factors in their biological behavior, including the residence
time, distribution mode within the body, and tissue pene-
tration [57,58]. A couple of studies reported that elongated
filomicelles had significantly longer residence time than
spherical micelles [59,60].

3.5 Physical stability of micelles

Over a 45-day period, the physical stability of formulations
P1 and P2 was assessed in terms of the particle size, PDI,
and zeta potential in three different media: DW, PBS, and
DMEM. Figure 3 shows the stability results based on the
particle size and PDI. From 0 to 45 days of storage, the
particle sizes of formulation P1 in water, PBS, and DMEM
were measured to be 272.90-354.43, 137.02-331.77, and
27.60-132.70 nm, respectively (Figure 3a). The particle size
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Figure 2: TEM images for an optimized micellar formulation: (a)-(f) different fields at high magnification power (200,000x).

of formulation P1 in water, PBS, and DMEM changed sig-
nificantly (p < 0.05) from 0 to 45 days of storage. However,
from 0 to 45 days of storage, the particle sizes of formula-
tion P2 in water, PBS, and DMEM were measured to be
209.23-234.00, 194.82-356.40, and 209.20-234.00 nm, respec-
tively (Figure 3b). One can conclude that both formulations
were reasonably stable in the liquid state, but the size
variation was lower in formulation P2 than in P1. It is clear
that the particle sizes in DMEM were significantly smaller
than in the other two media for both formulations.

The PDIs of formulation P1 in water, PBS, and DMEM were
0.272-0.281, 0.088-0.380, and 0.07-0.362, respectively, from 0
to 45 days of storage (Figure 3c). The PDIs of formulation
P1 in water, PBS, and DMEM changed significantly (p < 0.05)

from 0 to 45 days of storage. As a result, formulation P1 was
found to be unstable again in water, PBS, and DMEM after 45
days of storage. However, the PDIs of formulation P2 in water,
PBS, and DMEM were 0.230-0.284, 0.230-0.322, and 0.056-0.578,
respectively, from 0 to 45 days of storage (Figure 3d). Compared
to formulation P1, the PDIs of formulation P2 were found to be
more consistent, with narrower ranges over 45 days of storage
in water and PBS media, whereas they showed greater varia-
tion in DMEM. As a result, formulation P2 was found to be
generally more stable than formulation P2 in terms of both
particle size and size distribution.

The stability of the formulated micelles was investi-
gated in three different media, representing the prepara-
tion, biological, and in vitro cytotoxicity conditions. The
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Figure 3: The stability of (a) formulation P1in terms of particle size, (b) formulation P2 in terms of particle size, (c) formulation P1in terms of PDI, and
(d) formulation P2 in terms of PDI in three different media: DW, PBS, and DMEM over 45 days.

kinetic stability of micelles is a critical parameter that is
strongly influenced by changes in the environment sur-
rounding the micelles, such as medium pH, ionic strength,
and concentration changes due to dilution [61]. One of the
reasons poloxamer 407 was chosen for this study’s poly-
meric micelle formulation is that it can form very stable
micelles because it can form a large amount of intermole-
cular H-bonding, which is thought to be a key physical
factor in the stability of polymeric micelles [62]. The
observed higher stability of P2 compared to P1 can be
attributed to the higher poloxamer 407 ratio, which could

(@)

W water ® PBS HDMEM

Zeta-potential
10

5 I
o Me _m_ .

_— N
0 6

45

25

A
5 10
-10

-15

enhance the kinetic stability of micelles [63]. The signifi-
cantly smaller particle sizes in DMEM in both formulations
are expected due to higher ionic strengths caused by the
presence of multiple components, which can lead to hyper-
tonic conditions and a negative osmotic effect [61].

The stability results in terms of zeta potential are
shown in Figure 4. The zeta potential values of formulation
P1in water, PBS, and DMEM were recorded in the range of
-0.28 to 2.15, -11.47 to 2.10, and -0.87 to 7.57 mV, respec-
tively, from 0 to 45 days of storage (Figure 4a). The zeta
potential of formulation P1 in water, PBS, and DMEM was

(b) Zeta-potential

60

50 m water ® PBS ®m DMEM

40

30

20

10

0 —— - H_= 2 -
= - = [

10 0 6 10 16 45
20

-30

Figure 4: Stability of (a) formulation P1 and (b) formulation P2 in terms of zeta potential in three different media: DW, PBS, and DMEM over 45 days.
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Cell viability %

Figure 5: In vitro cytotoxicity results for different concentrations of formulations P1 and P2 in terms of % cell viability.

found to change significantly (p < 0.05) from 0 to 45 days of
storage. As a result, formulation P1 was found to be
unstable in water, PBS, and DMEM again in terms of zeta
potential during 45 days of storage. However, the zeta
potential values of formulation P2 in water, PBS, and
DMEM were recorded in the range of -0.479 to 7.57,
-23.63 to 2.14, and -1.18 to 49.90 mV, respectively, from 0
to 45 days of storage (Figure 4b). The zeta potential values
of formulations P1 and P2 in water, PBS, and DMEM were
negative initially, but increased significantly after storage
and hence became positive after storage. The zeta potential
of formulation P2 in water, PBS, and DMEM was also found
to change significantly (p < 0.05) from 0 to 45 days of sto-
rage. As a result, formulation P2 was also found to be
unstable in water, PBS, and DMEM in terms of zeta poten-
tial during 45 days of storage. Based on all these results,
formulation P2 has been considered more stable than P1.

3.6 In vitro cytotoxicity

The results of in vitro cytotoxicity for different concentra-
tions of formulations P1 and P2 are presented in Figure 5.
The cell viability of the control was found to be 100%,
showing no inhibition of breast cancer MCF-7 cells. Formu-
lation P1 at concentrations of 10, 15, 20, 25, and 30 uM also
showed cell viability of over 100%, indicating no inhibition
of MCF-7 breast cancer cells. However, formulation P1 at a
concentration of 60 uM showed cell viability of 88.1%, indi-
cating slight inhibitory activity. Furthermore, formulation

P2 at concentrations of 10, 15, and 20 uM also showed cell
viability of over 100%, indicating no inhibition of MCF-7
breast cancer cells by these concentrations. However, formu-
lation P2 at concentrations of 25, 30, and 60 uM showed cell
viabilities of 96.4, 97.2, and 51.9%, respectively, indicating inhi-
bitory activity. Overall, formulation P1 was found to be
nontoxic to MCF-7 cancer cells at all studied concentrations.
However, formulation P2 was found to be cytotoxic at a con-
centration of 60 pM. Therefore, formulation P2 can be
explored for further preclinical and clinical studies. Although
the drug-loaded micelles did not significantly increase cyto-
toxicity against MCF-7 cell lines, they have the potential to
improve the therapeutic efficacy of IR780 by localizing the
drug preferentially in tumor tissue for longer periods of time
using the EPR phenomenon, resulting in a significant reduc-
tion in the aforementioned high drug toxicity.

4 Conclusions

Micelles loaded with IR780 were successfully developed
using a highly reproducible thin-film hydration method.
The micelles had small particle sizes with a narrow size
distribution, high drug EE levels, good integrity, and
robustness. The micellar systems had acceptable physico-
chemical parameters. Formulation P2 had better physico-
chemical parameters and physical stability in the three
different media tested. The cell viability results showed
that formulation P2 performed better than formulation
P1. The findings of this study suggest that IR780-loaded
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micellar systems have a high potential to improve IR780’s
overall therapeutic performance in the treatment of breast
cancer. However, further preclinical and clinical studies
are needed to fully understand the potential of the devel-
oped micellar systems in the treatment of breast cancer.
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