RESEARCH ARTICLE

Nanomed Res J 9(3):264-273, Summer 2024

Magnetic loaded compritol ATO based lipid carriers as a targeted
anti-cancer drug delivery system

Elham Rostami *

Department of Chemistry, Faculty of Science, Shahid Chamran University of Ahvaz, Ahvaz, Iran

ARTICLE INFO

ABSTRACT

Article History:

Received 17 May 2024
Accepted 23 June 2024
Published 01 Aug 2024

Keywords:

Magnetic Lipid
Nanoparticle

Target drug delivery

Stearic Acid

Compritol ATO 888

In this study, we prepared Epirubicin-loaded magnetic solid lipid nanoparticles
for intravenous drug dosing. Magnetic lipid carriers were fabricated using a hot
microemulsion approach using stearic acid and Compritol ATO 888 as a core
of particles. Prepared nanoparticles are characterized using transtition electon
microscopy, photon correlation spectroscopy, Fourier transforms infrared
spectroscopy, and vibrating sample magnetometer. The size of nanoparticles
was about 130 nm after drug loading. Also, entrapment efficiency, drug loading,
in vitro drug release, and release kinetic were investigated in detail. In vitro cell
cytotoxicity and biocompatibility of particles evaluated by MCF-7 cell lines. The
entrapment efficiency of 86+4.5% and 51.7+3.5% were obtained for solid lipid
and magnetic solid lipid nanoparticles respectively. Size investigation showed
that prepared NPs have an increase in particle size with magnetic loading. In
vitro cytotoxicity of the formulations on the MCF-7 cell line demonstrated the
greater toxicity of drug-loaded nanoparticles compared to the free drug. This
study proved the efficiency of lipid-based carriers in drug dosing and targeting.
These studies showed that the Magnetic Lipid Nanoparticle (mSLN) has a very
remarkable anticancer effect on the MCF-7 cell line in comparison with pure drug.
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INTRODUCTION

Cytotoxic drugs continue to be the primary
type of chemotherapy used in cancer treatment.
This diverse group of therapeutic agents primarily
targets rapidly growing and dividing cells, leading
to the destruction of cancerous cells [1]. These
drugs are usually delivered intravenously through
bolus or infusion, predominantly in the form of
free drug solutions. Even with the extensive history
of anticancer drugs and the creation of various new
multi-drug combinations for enhanced clinical
outcomes, treatment failures are still commonly
observed [2].

Since the beginning of the 1990s, solid lipid
nanoparticles (SLN) have been recognized as a
promising alternative to conventional drug delivery
systems [3, 4]. In comparison to conventional
carriers, SLNs provide a unique blend of benefits
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associated with both polymeric nanoparticles (NPs)
and emulsions, including low toxicity, excellent
biocompatibility, and targeted delivery to the brain
[5]. These nanoparticles have been administered
through various routes, including parenteral, oral,
dermal, ocular, pulmonary, and rectal applications
[6-8]. Furthermore, their biocompatibility supports
their use in intravenous drug delivery systems [9,
10].

Iron oxide nanoparticles (NPs) exhibiting
superparamagnetic properties are frequently
employed as magnetically responsive agents that can
be directed within the body by an external magnetic
field [11]. Although magnetic nanoparticles
(mNPs) are physiologically inert, following
intravenous administration, they can become
adsorbed by plasma proteins or may be removed
from the bloodstream as part of the initial clearance
process conducted by the reticuloendothelial
system [12]. To enhance their circulation time in
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the bloodstream, surface modification of mNPs
through the application of hydrophilic polymers
and proteins can reduce plasma component
adsorption [13, 14]. Furthermore, iron oxide NPs
have been utilized in the realm of magnetic drug
targeting [15, 16].

In recent vyears, Magnetic Solid Lipid
Nanoparticles (mSLNs) have emerged as a novel
drug delivery system with significant potential
in cancer therapy [17, 18]. The incorporation of
magnetic nanoparticles (mNPs) allows SLNs to
be directed to tumor sites via blood circulation
using a magnetic field. As a result, the toxicity and
dosage of chemotherapy drugs are reduced, while
the reliability, effectiveness, and patient adherence
to these treatments are notably enhanced [19].
However, the effect of using different lipids on drug
release and its toxicity to achieve a commercial
formulation is still the subject of many studies.
The use of lipids with different and constant chains
can have a more appropriate effect on improving
cytotoxicity, which has been studied in fewer
studies.

The present study discussed the preparation
and optimization of Epirubicin (EPI) loaded SLNs
and mSLNs and evaluated their effectiveness for
cellular localization and cytotoxicity. Magnetic-
loaded SLNs encapsulating EPI were prepared and
characterized in size, uniformity, and magnetic
properties. Moreover, studies of kinetics EPI
release were explored using first-order, Higuchi,
zero-order, and Krosmeyer-Peppas models. The
formulations were subsequently evaluated for in
vitro cellular uptake and cytotoxic effects on MCF-
7 cells, and results were compared with those of
the free drug. The primary aim of this study is to
develop and utilize a novel nano-carrier for EPL

MATERIALS AND METHODS
Materials

Epirubicin, with a purity of 99.8%, was sourced
from Yuanjian Pharmaceutical Technology
Development Co. in China. Fe(II) chloride
tetrahydrate (99%), Fe(III) chloride hexahydrate
(97%), and stearic acid were procured from Merck,
located in Darmstadt, Germany. Compritol ATO
888 (glycerol dibehenate) was generously provided
by Gattefossé in the UK. 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) was
procured from Sigma Aldrich (St. Louis, MO, USA).
MCEF-7 (Michigan Cancer Foundation-7) cells were
acquired from the Pasteur Institute (National Cell
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Bank of Iran). All other reagents were of the highest
purity and sourced from commercial suppliers.

Synthesis of Fe,O, magnetic NPs and mSLNs
preparation

Iron oxide mNPs were synthesized by
combining FeCl.5H,O and FeCl.4HO in a
2:1 molar ratio in 20 mL of distilled deionized
water at a temperature of 60 °C under a nitrogen
atmosphere, with stirring maintained at 250 rpm
for 15 minutes. Subsequently, 100 mL of 8 M
NH,OH was introduced into the solution, causing
an immediate color change from yellow to black.
The mixture was then stirred at 400 rpm for an
additional 10 minutes [20]. The resulting mNPs
were rinsed three times with 5% NH, OH.

In general, microemulsions were formulated
using oil/water (O/W) systems with surfactants and
co-surfactants. The oil droplets were stabilized by a
layer of adsorbed stabilizer at the interface between
the two liquids. Solid Lipid Nanoparticles (SLNs)
were produced through an O/W microemulsion
technique, utilizing Compritol ATO 888 and
stearic acid (SA) as the lipid core. The preparation
parameters were fine-tuned in accordance with
Table 1. An aqueous solution was made with 10 mL
of distilled deionized water (dd-H20) containing
Tween 80, which was heated to 75 °C. A mixture
of 30 mg of Compritol ATO 888 and 20 mg of SA
was melted at a temperature 10 °C above the lipid’s
melting point (75 °C), after which a specific amount
of EPI and mNPs was incorporated into the oily
phase. The resultant microemulsion was stirred
for 30 minutes at 1000 rpm. Following this, the
mixture was sonicated for 2 minutes using a probe
sonicator operating at 60 W, while maintaining a
constant temperature of 75 °C. The mSLNs were
produced by introducing the hot emulsion into
chilled water (at a temperature of 2-5 °C) in a ratio
of 1:5 (addition rate: 2 mL/min, using a 25-gauge
syringe needle, and a stirring speed of 750 rpm).
Nanosized mSLNs were produced through ultra-
sonication employing a probe sonicator (60 W) for
2 minutes while kept in an ice bath. To eliminate the
surfactant and any unentrapped EPI, the mSLNs
were dialyzed using a cellulose acetate dialysis bag
with a molecular weight cutoff of 12 kDa for 30
minutes in deionized water. The resulting dialyzed
solution was utilized for calculating drug loading
(DL) and entrapment efliciency (EE). Finally, the
sample was freeze-dried using a freeze dryer for
further assessments and experiments.
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Determination of Encapsulation efficiency

EE (%) and DL (%) were determined using the
methodology outlined earlier. The amount of EPI
incorporated into mSLNs was quantified using
UV-VIS spectroscopy. A UV-VIS calibration curve
for EPI was created by measuring its absorbance
at 309 nm, while spectrophotometric analysis
was performed at 302 nm using a Shimadzu
spectrophotometer from Japan. The drug EE within
the NPs was calculated according to equations (1)
and (2): [21]

EE (%)= (—Wa W, jxloo M
W,

DL (%)=[—W3'WS JXIOO )
W- s+ L

where W, W, and W, represent the added
amount of EPI for the NPs preparation, the mass
of EPI in the dialyzed media, and the mass of used
lipids in the mSLNs preparation, respectively.

Characterization  of
nanoparticles

The particle size and polydispersity index
(PDI) of the nanoparticles (NPs) were determined
using Photon Correlation Spectroscopy (PCS)
with a Malvern Zetasizer ZS (Malvern, UK). The
dried powder samples were suspended in ultra-
pure water and subjected to mild sonication prior
to measurement. The average diameter and PDI
of the resulting homogeneous suspension were
then evaluated. Spectra for Fourier-transform
infrared spectroscopy (FTIR) were obtained for
EPI, SA, Compritol ATO 888, mNPs, and mSLNs
using an infrared spectrophotometer (Perkin
Elmer Spectrum BX, USA). The samples were
blended with dry powdered potassium bromide
and subjected to high-pressure compression. The
resulting transparent disks were analyzed across
a wavelength range of 4,000 to 400 cm-1. The
magnetization of the synthesized nanoparticles was
assessed using a vibrating sample magnetometer
(VSM) (HH-15, Nanjing University Instrument
Plant, China) at room temperature.

synthesized ~ magnetic

In vitro release and kinetics evaluation

The in vitro release of nanoparticles was assessed
using the dialysis technique involving a Franz
diffusion cell. Specifically, 10 mg of freeze-dried
nanoparticles, suspended in 0.2 M phosphate-
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buffered saline (PBS) at pH 7.4, was positioned in
the donor compartment, while 50 mL of PBS was
placed in the receptor compartment. The setup
was incubated at 37°C with magnetic stirring at
400 rpm. At predetermined intervals, 500 uL of
the medium was withdrawn and replaced with
an equal volume of fresh PBS. For the analysis
of the drug content, the collected samples were
acidified using 5% perchloric acid to determine
the total concentration of EPI [22]. In this work,
dissolution model approaches are utilized to
evaluate the release profiles of EPI from the carrier
[23, 24]. These model-dependent methods involve
fitting the release data to several equations: zero-
order (Eq. 2), first-order (Eq. 3), Higuchi matrix
(Eq. 4), Peppas-Korsmeyer (Eq. 5), and Hixson-
Crowell (Eq. 6).Zero-order (Eq. 3) data are plotted
as cumulative percentage drug released vs time.
Where C is the concentration of the drug in the t
and K, is the zero-order rate constant.
C=Kt (2)
The first order (Eq. 4) is obtained by plotting log
cumulative release vs time.

Log C=Log C, - Kt/2.303 (3)

As per Higuchis (Eq. 4) data is plotted as a
cumulative percentage of drug released vs the
square root of the time.

Q=Kt" (4)

The drug release mechanism is assessed by
graphing the percentage of drug released against
the logarithm  of time, following the Korsmeyer-
Peppas equation.

M/Meo=Kt" (5)

Where M /Meois the fractional solute release, t
is the release time.

Cytotoxicity studies

A MTT test was used to assess the viability of
the cells following the optimization of both NP
formulations. A density of 1.5 104 cells/well was
plated in 96-well plates (NalgenNunc International,
Ochester, NY) for 24 h to ensure sufficient
adhesion. A 96-well plate was incubated for 24 h
with three different concentrations of mSLNs and
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EPI. Incubation was completed by washing the cells
with PBS, followed by adding MTT dye solution
(10% in phosphate buffer, pH 7.4). Incubation was
completed by measuring the optical density of each
well via a microplate reader at 540 nm.

(Bio-Tek, ELX 800, USA). A 100% absorbance
was set for the untreated culture. As part
of the control cytotoxicity experiments, the
biocompatibility of drug-free mSLNs at various
concentrations was assessed against MCF-7 using
the same procedure described above.

RESULTS AND DISCUSSION
Nanoparticles characterization

Iron oxide magnetic nanoparticles (mNPs) were
synthesized through the chemical co-precipitation
offerricand ferrous salts in an alkaline environment.
Before magnetic loading to lipid media, the SLNs
preparation parameters are optimized (Table 1). In
continue magnetic particles (2.5 mg) were probe
sonicated, and to prevent aggregation of mNPs,

lipids were used as a dispersing agent and coated
the mNPs and the drug. Table 1 shown the particle
size and PDI value of fabricated SLNs.

The size of mSLNs was inspected utilizing
TEM pictures. Fig. 1 (a) shows the circular shape
of mSLNs with a breadth of around 107 nm before
drug loading and Fig 1(b) shows mSLNs after drug
loading around 130 nm. The TEM image showed a
spherical-shaped of NPs. The size of mSLN shows
about 131 nm in the histogram, and the poly
disparity index of mSLN was about 0.247 (Fig.3).
All the data confirmed each other.

The primary objective in the preparation of
nanoparticles is to achieve full loading of the
drug into the carrier, making this investigation
extremely significant [25]. To accomplish this aim,
the FT-IR spectrum of the pure drug, lipids, SLNS,
mSLNs, and Compritol ATO 888 was recorded, as
illustrated in Fig. 2.

Fig.2 (a) shows that the FTIR scan of
comparator 888 ATO shows a large vibrational

Table 1. The obtained mSLNs in different condition for optimizing the size, PDI and EE%

C itol SA T 80 Hot: Cold D ulsi
Formulation omprito ween ot %o r.ug emuiston mNPs Probe Sonic (hot) (nm) Size PDI
(mg) (mg) (ml) (mg) (min)
F1 50 30 20 5:50 --- 2 358 0.962
F2 50 30 20 5:50 --- - 2.5 389 0.668
F3 50 30 10 5:50 --- 3 278 0.920
F4 40 25 10 5:50 --- --- 3 314 0.692
F5 30 20 10 10:50 --- --- 3 331 0.772
1

F6 30 20 10 10:50 25 3 and 3 (cold 130 0247

suspension)

- 3 and 3 (cold

F7 30 20 10 10:50 25 and 3 (co 252 0341

suspension)

Fig. 1. TEM images of mSLNs (a) before drug loading (b) after drug loading
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Fig. 2. The FT-IR spectra of samples including(a) Compritol ATO 888, (b) EPI, (c) SLN, (d) mSLNs and (e) SA from 400 to 4000 cm
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Fig. 3. The VSM spectrum of pure mNPs and mSLN
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band caused by the stretching of the -OH groups
between 3100 and 3450 cm™'. Between 700 and
1450 cm™, several vibrational bands appeared,
indicating the presence of long triglyceride chains
with methylene groups[16-17]. FTIR analysis of
Epirubicin shows it contributes to both C=C and
C=0 stretching modes, while broad peaks at 3435
cm™! correspond to the O-H stretching vibration of
water. Specifically, the signals at 1276 cm™ and 1210
cm! are derived from the enol function (C-O)
[25]. The C=0 absorption peak was at 1735 cm™,
and C-H stretching absorption bands were at 2847
and 2914 cm. An apparent peak at 1175 cm™ is a
characteristic feature of the C-H bending vibration.
Based on these observations, it appears that SLNs
attach to iron oxide nanoparticles, as indicated by
the presence of extra bands at 2912 cm-1 [19].

A diagram showing mSLNsS magnetic
properties is shown in Figure 3. The magnetization
curve confirmed that MNP’s remanence, coercive
force, and magnetic hysteresis loop were zero. This
indicates that the MNPs possess superparamagnetic

behavior. Magnets with a size of less than 10
nanometers experience this phenomenon [26].
According to this result MNPs in SLNs are
monodisperse. Magnetic targeted carriers need
to be superparamagnetically responsive (i.e. not
retain any magnetism despite having been applied
with a magnetic field). A saturated magnetization
for mSLNs is 14.7 emu/g.

In vitro drug release study

As shown in Fig. 4, the cumulative percentage
release profile of EPI under estandarad conditions
is expolred in vitro. In the first hour following
release, initial burst releases were prominent for
formulations. Drugs that are encapsulated near
the surface of NPs may release an initial burst of
drug due to their adhesive properties. In both
formulations, drug molecules permeate the lipid
core matrix and subsequently leave the dissolution
medium, leading to a delayed release [5]. The
presence of mNPs on the SLNs causes the difference
in the release profile of SLNSs.

100 4

-

*®
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=

o

[

2 60 1

7]

2

= .

= 40 4 —u— 5[ Ns

E —+—mSLNs

20

(} L) L) L T T
0 20 40 60 80 100
Time (h)
Fig. 4. EPI release of NPs (PBS: pH 7.4, 0.1 M), Error bars (n = 3)
Table 2. The R?and K values from in vitro release kinetics
Formulas Zero order First order Higuchi model
K 0.0067 0.039 8.76
SLNs
R2 0.79 0.59 0.99
K 0.008 0.034 11.1
MSLNs
R? 0.72 0.54 0.95
K: pgml'h?
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Fig. 4. In vitro cytotoxicity of EPI, mSLNs and drug loaded mSLNs (mSLNs + EPI) with different concentration against MCF-7 breast
cancer line

The values of R? and the dissolution rate constant
(K) for the release data of both formulations were
obtained by employing the curve fitting technique
applied across different kinetic models, which are
presented in Table 2. Concerning the release profiles
of all formulations, the EPI release adhered to the
Higuchi equation more closely, demonstrating
higher effectiveness than zero-order kinetics. The
Higuchi model serves as an appropriate mechanism
for the release of therapeutic agents, characterized
by drug diffusion in one dimension, minimal
carrier swelling and dissolution, consistent drug
molecular size with fixed drug diffusivity, and
optimal sink conditions in the release medium for
poorly soluble drugs incorporated in nanocarriers
with uniform particle size and matrix structure [5].
The release behavior from solid lipid nanoparticles
(SLNs) adheres to the Higuchi model due to their
shape and structure, as is typical in conventional
formulations. Additionally, the release exponent
“n” as per the Korsmeyer—Peppas model was also
calculated, yielding a value of 0.

In vitro cytotoxicity

Cytotoxicity of epirubicin has been considered
in many studies [27]. Releasing EPI from
nanoparticles, its cytotoxic activity was evaluated
by MTT assay on the MCF-7 cell line after 24
hr exposure to various concentrations of EPI.
The dose-effect curves were generated and drug
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sensitivity to free EPI, mSLNs, and drug-loaded
mSLNs was expressed as a drug concentration that
caused 50% growth inhibition (IC50). The results
indicated that mSLNs have any cytotoxicity effect
on cell lines within the measured concentrations
as shown in Figure 4. Drug loaded mSLNs had
different toxicity.

The biocompatibility of magnetic nanoparticles
was important for iv drug dosing. Jain et al. were
reported any long-term changes in the liver enzyme
levels or induce oxidative stress [28-29]. Pang et
al. explored the incorporation of MNPs into SLNs
for controlled drug release. Their study involved
coating MNPs with oleic acid and then loading
them into SLNs. In addition to ibuprofen, which
has well-established pharmacological properties,
mSLNs will also incorporate other drugs. The
researchers observed 80% encapsulation efficiency,
and magnetic hyperthermia facilitated controlled
releases from the nanoformulation when combined
with the encapsulated MNPs. SLNs loaded with
magnetite are viable alternative delivery systems
for drugs, they concluded [30].

The emulsification-diffusion method has also
been used by Oliveira and colleagues to create
mSLNs that were encapsulated with PTX. Data
revealed that magnetic hyperthermia increased the
in vitro drug release rate, encapsulation efficiency,
and encapsulation efficiency by 67%. According to
the researchers, the lipid layer plays a crucial role
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Fig. 5. The biocompatibility of the free drug-mSLNs on MCEF-7 cells at various concentrations

in controlling drug release when temperatures rise.
A PTX-loaded mSLN, they found, is a promising
system for improving drug bioavailability,
potentially improving cancer treatment in the
future [31].

Based on a similar approach, Abidi et al. found
that albendazole was gradually released from
mSLNs after 36 hours, attaining a maximum of
84% after 48 hours. As a result of their research,
they found that mSLNs are fast and highly efficient
delivery systems for drugs [32].

An ultrasonic-solvent mixture method was
developed by Ahmadifard and colleagues to
prepare chitosan-coated mSLNs with letrozole.
After applying a low-frequency pulsed magnetic
field (LFPME) at 50Hz for 1 hour, this system
achieved a 90.1% drug encapsulation rate, with
50% of the drug released, compared to the same
amount of drug released over 12 hours using the
non-LFPME application. Through the release
of LTZ from a nano delivery system, as has been
demonstrated in previous studies, they were able to
control chemotherapy treatment in drug-resistant
cancers through localized temperature induction
through magnetic fields [33].

According to Ghiani et al., lipid nanoparticles
synthesized with gadolinium (III) complexes were
approximately 50 nm in size. PSLNs (paramagnetic
solid lipid nanoparticles) developed in this study
showed good stability. MRI studies were conducted
using BALB/c nu/nu mice bearing IGROV-1
ovarian carcinomas. By administering folate

271

intravenously, a targeting ligand, the nanoparticle
surface was functionalized, enhancing the T1
signal in the tumor region. Observations of pSLN
distribution in the liver of C57BL/6 mice suggested
that hepatic clearance rates need to be improved
through biodistribution adjustments [34].

ArecentinvestigationbyRochaetal. outlined the

creation of a new hybrid magnetic nanocomposite
(mHNCs-DOX) that features a chemotherapeutic
agent (DOX), superparamagnetic iron oxide
nanoparticles (Fe304) serving as a T2 contrast
medium, and paramagnetic manganese oxide
nanoparticles (MnO) utilized as a T1-MRI contrast
medium [35]. In vitro studies demonstrated that
Hs578t cancer cells undergo simultaneous T1/T2
MRI and thermo-chemotherapy [35].
Compared to SLNs, mSLNs show better thermo-
responsiveness [33,35], are efficient at
targeting tumors [37], and are offered excellent
biocompatibility [35,36]. Additionally, these
nanosystems can be used to provide thermal
therapy, as well as controlled drug release, with
magnetic hyperthermia [32], Additionally, they can
be used as contrast agents in MRIs [35].

There is widespread recognition that mSLNs
and lipids are safe and compatible with biological
systems. Our study confirmed the biocompatibility
of mSLNs with drug-free components by
evaluating their effects on MCF-7 cells at varying
concentrations. The MCF-7 cells were tested with
drug-free mSLNs ranging from 0.5 to 200 pg/mL,
showing that their relative cytotoxicity remained
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(@) |



E. Rostami / Magnetic loaded compritol ATO based lipid carriers

below 10% up to 0.6 mg/mL (Fig. 5). Therefore,
the observed cytotoxicity associated with mSLNs
can be attributed to the effects of EPI rather than
the compositions of the nanocomplexes, given that
the tested concentrations align with those used
in the MTT assay. The toxicity observed was not
due to the nanocomplex compositions, but rather
the drug effects. These findings demonstrate the
biocompatibility of the materials used to create the
nanocomplexes, as well as the efficacy of carriers
for intravenous drug delivery.

CONCLUSION

In the experiments, EPI was effectively
encapsulated in magnetic solid lipid nanoparticles
(SLN NPs) with a particle size appropriate for
intravenous injection. The entrapment efficiencies
achieved were 86+4.5% for SLNs and 51.7+3.5% for
mSLNs. Particle size characterization indicated that
theloaded magnetic nanoparticlesled to an increase
in the size of the prepared mSLNs. The nanometric
particle size was proved by SEM micrographs of the
samples. The data of release exponent “n” according
to Korsmeyer-Peppas is also calculated and the
value of 0.65 and 0.57 obtained for mSLNs and
SLNs respectively. The obtained results showed by a
combination of SLNs as an alternative drug carrier
and magnetic nanoparticles the targeted drug
delivery system could be prepared by increased
in the drug release neither also in a controlled
manner nor for burst form with superparamagnetic
behavior. The cytotoxicity of optimized mSLNs in
different cell lines proved the more cytotoxicity of
mSLNs toward the MCF-7 cell line. In summary,
the developed targeted drug delivery system
demonstrates significant potential as a viable
option for targeting and treating cancer, based on
in vitro assessments.
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