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Abstract

While the blood-brain barrier’s (BBB) function in the development of treatments for neurodegenerative disorders is becoming more widely
acknowledged, there are currently few methods for delivering non-BBB crossing molecules directly to the brain, where they can have an
impact. However, the new development of nanomedicines may offer an effective method to apply tailored delivery of active substances to the
central nervous system (CNS). Here, polysorbate 80 coated calcium phosphate nanoparticles encapsulating FITC dextran were prepared and
characterized for their size and morphology by techniques like Dynamic light scattering (DLS) and transmission electron microscopy (TEM). The
synthesized particles were then further examined for their delivery across the blood-brain barrier in-vivo. The organ distribution studies were
also done using fluorescence microscopy. This study can further be extended for the delivery of other drugs across the blood brain barrier for
various brain disorders.
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Abbreviations: BBB: Blood-Brain Barrier’s; CNS: Central Nervous System; DLS: Dynamic Light Scattering; TEM: Transmission Electron
Microscopy; EGFR: Epidermal Growth Factor Receptor; RES: Reticuloendothelial System; PMMA: Poly Methyl Methacrylate; LDL: Low-Density
Lipoprotein; PBS: Phosphate Buffer Saline

Introduction
Also, gold and platinum nanoparticles are used for preventing

inflammation naturally. These divalent cations form constituents
of body fluids and are highly biocompatible in the trace amounts
required for gene delivery applications. Also, for efficient and
secure gene delivery, both viral and non-viral vectors have
recently been utilized as gene carriers. Viral vectors provide
the benefit of high levels of gene transfection because of the

Nanotechnology is one of the most effective and novel areas
of research in modern material science. This field of science is
developing day by day and is making a valuable impact on the
life science, especially biotechnology and biomedical science.
Nanoparticles, because of their certain unique properties, exhibit
characteristic shape, size, and distribution. Nowadays nanosized
delivery vehicles are being used for delivering drugs and genes
to the target areas. Among them metal nanoparticles, because of
their high surface area, low toxicity, and stability are fast emerging
as new drug delivery vehicles. It is reported that metallic
nanoparticles can be used as strong antiviral agents, because

intracellular gene delivery mechanism. Non-viral vectors can also
be produced in huge quantities and chemically modified with
relative ease. The non-viral vector system, most crucially, is not
constrained by the molecular size of the gene to be inserted, as
a result of these benefits, non-viral vectors, including polymers,

they inhibit the entry of viruses into the host system. Targeting
HSC [1-5] cancer cells frequently used citrate-stabilized gold
nanoparticles (human oral squamous cell carcinoma).

To specifically target cancer cells, these gold nanoparticles
were coated with anti-EGFR (Epidermal Growth Factor Receptor).

lipids, and functional vectors, have been created and used in gene
therapy [6-15]. There are numerous reviews that provide in-
depth descriptions of these vectors. DNA delivery vectors have
been made from a variety of synthetic and organic polymers.
Additionally, naturally occurring polysaccharides like chitosan
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and proteins like albumin and histones have been employed as
nonviral vectors for DNA transport [16,17].

Drug delivery to the central nervous system (CNS) poses
significant challenges for both clinical and basic neuroscientists.
The blood-brain barrier (BBB) is a crucial protective mechanism
in the CNS that hinders the transfer of numerous drugs from the
blood to the brain. This barrier is formed by the brain capillary
endothelial wall, which exhibits minimal permeability in vivo. A
major obstacle in targeted drug delivery is the rapid recognition
and uptake of injected carriers by the reticuloendothelial system
(RES), particularly by macrophages in the liver and spleen.

In the case of nanoparticles, an in vivo study demonstrated that
modifying the surface properties of poly (methyl methacrylate)
(PMMA) nanoparticles, a model carrier, through coating with non-
ionic surfactants like poloxamers, poloxamines, and polysorbates
[18-20] could alter their distribution in the body. Increasing the
hydrophilicity of the particles prolonged their circulation time in
the bloodstream, resulting in lower concentrations in RES organs
and tissues such as the liver, spleen, lungs, bone marrow, and
lymph nodes, while showing significantly higher levels in non-
RES organs like the heart, brain, and intestine. Notably, coating
the PMMA particles with polysorbate 80, the most effective
substance for brain targeting in vivo, enhanced nanoparticle
uptake by a factor of 5 compared to the control group of uncoated
nanoparticles, as demonstrated by Borchard et al. [21-24].

Apart from polymeric and biological nanoparticles, inorganic
nanoparticles such as iron oxides, silica, gold, and calcium
phosphate have gained considerable attention due to their
mechanical stability, ease of preparation, tunable size, and
versatile surface chemistry. Among these, calcium phosphate
nanoparticles offer distinct advantages, particularly their high
biocompatibility and biodegradability [25-28]. Calcium phosphate,
known as a biomaterial in bulk form or as a coating, has found
numerous applications in vitro and in vivo. It is naturally present
in biomineralized hard tissues as nanoplatelets embedded in a
collagen matrix, constituting the mineral component of bones and
teeth in the form of calcium-deficient hydroxyapatite with various
ionic substitutions. Unlike many artificial nanoparticle materials
such as iron oxide, polymers, silica, or nanodiamonds, calcium
phosphate is ubiquitous in the body, present in bone, teeth, saliva,
and blood, which contributes to its high biocompatibility and non-
toxic nature.

In contrast to other inorganic nanoparticles like gold,
magnetite, silica [29,30] and certain polymers, calcium phosphate
nanoparticles readily dissolve
within endo lysosomes or phagosomes after cellular uptake
while remaining stable at neutral pH, such as in the blood. This
characteristic renders them highly biodegradable compared to
bio persistent materials like gold, nanodiamonds, magnetite, or
carbon nanotubes. Furthermore, calcium phosphate nanoparticles
[31] fulfill crucial requirements for an effective delivery system,

in the acidic environment

including the ability to incorporate drugs or biomolecules both
internally and on the surface through physical or covalent binding.
They can retain these biomolecules until reaching the target site,
where they dissolve, and subsequently undergo biodegradation
into harmless compounds, namely calcium and phosphate ions.
In this study, calcium phosphate nanoparticles encapsulating
FITC dextran were prepared and coated with polysorbate 80.
The size and morphology of the particles were characterized
using techniques such as Dynamic light scattering (DLS) and
transmission electron microscopy (TEM). Subsequently, the
synthesized particles were evaluated for their ability to cross the
blood-brain barrier in vivo.

Materials and Methods
Experimental

Preparation of Calcium
Encapsulating FITC Dextran

Phosphate = Nanoparticles

According to a previously described method (19), the calcium
phosphate nanoparticles were created in the aqueous core of
AOT/Hexane reverse micellar droplets. In a nutshell, 0.1 solutions
in hexane were made. By continuously stirring for 12 hours, 70 pl
of 1.36 M calcium chloride aqueous solution and 125 pl of FITC
dextran (10 mg/ml) aqueous solution were added to 25 ml of
AOT in hexane to create microemulsion A. Another 25ml of AOT
solution was used to dissolve 50 ml of 0.2 M Tris-HCl buffer (pH
7.4),70 mlof 0.35 M NaH,PO, in water, and 125 ml of FITC Dextran
(10 mg/ml) in water to create microemulsion B. This process took
place over the course of 12 hours with constant stirring. To adjust
WO, or the molar ratio of water to AOT, at 10, further water was
added before swirling both microemulsions, bringing the total
amount of added water to 450 pl. They were both optically clear
microemulsions. Then, at 4°C in a cold chamber, microemulsion
B was continuously stirred in while being introduced to
microemulsion A at an exceedingly slow rate (20 drops per
minute). The precipitation was permitted to occur at 4°C to have
the smallest possible particle size because temperature has a
significant impact on particle size. The resulting mixture was then
churned once more for a further 12 hours in a cold environment.
Translucency growth suggested the development of nanoparticles
in the aqueous core of the microemulsion droplets. The resultant
solution was completely free of hexane, and by vortexing, the
nanoparticles holding the solid mass of AOT were dissolved in 10
ml of 99.9% pure ethanol. The solutions were then centrifuged
in a cold centrifuge for 30 minutes at 8000 rpm and 4°C (Sigma
3K18). Three times pure ethanol was used to wash the pelleted
nanoparticles. In order to achieve a clean dispersion, the pelleted
nanoparticles were lastly vortexed in double-distilled water at 4°C.
Using a 12kD dialysis membrane bag, the dispersed nanoparticles
were dialyzed overnight in a cool room. After that, the fluid
was lyophilized to create a dry powder for later usage. Figure 1
shows a schematic illustration of the full preparation process for
nanoparticles (Figure 1).
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Figure 1: Flow Chart for the preparation of Calcium Phosphate nanoparticles.

Surface Modification of Calcium Phosphate Nanoparticles
Using Polysorbate 80

Polysorbate 80 is the trade name for Sorbiton-mono-9-
octadecenolatepoly(oxy-1,2-ethanediyl) derivative. Surfactants
such as polysorbate 80 were previously shown to significantly
alter the body’s distribution of nanoparticles, upon intravenous
injection of the coated nanoparticles in rats and mice. Among the
substances that led to a significant prolonged blood circulation
time were poloxamer 338, polyoxamine 908 and polysorbate
80. These substances significantly increased the whole brain
concentration after intravenous injection of nanoparticles.
Therefore polysorbate 80 was chosen as the lead substance for the
coating of nanoparticles in our studies. The lyophilized powder
of calcium phosphate nanoparticles was dispersed in buffer
and 100 pl of aqueous solution of polysorbate 80 was added to
have 1%w/w coating. The formulation was then used for further

experiments.

Biodistribution Studies of Polysorbate 80 Coated/Uncoated
Calcium Phosphate Nanoparticles

Biodistribution of polysorbate 80 coated/uncoated calcium
phosphate nanoparticles was studied in Swiss Albino Strain ‘A’
mice (2-3monthsold) weighing ~25-30g. The lyophilized powder
of FITC Dwereran loaded calcium phosphate nanoparticles was
dispersed in double distilled water and coated with polysorbate 80
(1%w/w). The solutions were thoroughly vortexed and sonicated.
An aliquot of 100 pl of coated/uncoated calcium phosphate
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nanoparticles containing ~18 pg if FITC dextran was administered
through the tail vein of each mouse. The animals were sacrificed
by cervical dislocation at different time intervals and various
organs were removed, washed in cold sterile phosphate buffer
saline (PBS), and dried in paper folds. The tissues were stored in
reweighed vials. The tissues under observation were the brain
(the target organ), heart and other organs belonging to RES i.e.,
lungs and liver. The tissues were homogenized in phosphate buffer
saline underice cooled conditions. 10% homogenate was prepared
for each organ. The homogenates obtained were then centrifuged
for 10 minutes at a speed of 10,000 rpm and the supernatant was
separated for further evaluation. 200 pl of each homogenate was
taken and added to the titer plate. The fluorescence was read at
an emission wavelength of 490nm and excitation wavelength at
520nm using spectrofluorometer (Varian, USA). In the control
experiments 18 pg of naked FITC dextran was administered to the
mice and the tissues were taken out and processed as described
above.

Characterization
Quasi Elastic Light Scattering Studies

The synthesized particles were formed in the aqueous core
of the AOT microemulsion in hexane. The size of the particles
obtained in reverse micelles was determined by using dynamic
light scattering experiment using a Brookhaven instrument with
BI200SM goniometer and an air-cooled argon ion laser as a light
source.

Sheetal B, Rakesh Kumar S, Rakesh Kumar S. Delivery of FITC-Dextran Loaded Calcium Phosphate Nanoparticles Across the
Blood-Brain Barrier. Organic & Medicinal Chem IJ. 2023; 12(3): 555836. DOI: 10.19080/0MCIJ.2023.12.555836


http://dx.doi.org/10.19080/OMCIJ.2023.12.555836

Organic and Medicinal Chemistry International Journal

Transmission Electron Microscopic Studies to prepare the sample; 1mg of sample was dispersed in 5 ml of
distilled water by sonication and a drop of clear dispersion was

The TEM photographs of the particles were taken using an . o ) )
put on the formvar coated grid and dried in a desiccator. The dried

electron microscope (JEOL JEM 2000 Ex200 model). In order ) i .
grid was then examined under electron microscope.

Results and Discussion

Determination of Size and Morphology of Nanoparticles

<4-th2Zm-42-

S0 6 B e e

Diameter nm

Figure 2: QELS spectra of calcium phosphate nanoparticles.

Figure 3: TEM photograph showing the morphology of calcium phosphate nanoparticles.
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The mean size distribution (as seen from Figure 2) of the
calcium phosphate nanoparticles was found to be in the range
of 30-40 nm. The particles show narrow size distribution and
unimodal pattern. The transmission electron micrographs
of calcium phosphate nanoparticles (Figure 3) revealed the

formation of dense particles with spherical morphology as well
as their narrow size distribution. The size and size distribution
of these nanogels were found to be the same before and after
lyophilization. It thus confirms that aggregation of these particles
is not occurring (Figure 3,4).
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Figure 4(a): Biodistribution of naked FITC Dextran.
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Figure 4(b): Biodistribution Studies of uncoated FITC loaded calcium phosphate nanoparticles.
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Figure 4(c): Biodistribution of polysorbate 80coated FITC loaded calcium phosphate nanoparticles.

Biodistribution of Calcium Phosphate Nanoparticles
Coated/Uncoated with Polysorbate 80

Fluorescence spectroscopy works on the principle of light
emission. The emission of light can reveal properties of biological
molecules quite different from the properties revealed by light
absorption. Fluorescence generally is much more sensitive to
the environment of the chromophore than light absorption.
Fluorescence technique was used in the experiments to assess the
uptake of nanoparticles by brain tissue. Fluorescein Isothiocyanato
Dextran was encapsulated inside the calcium phosphate
nanoparticles. It is a fluorescent molecule with absorbance at
490 nm and emission at 520nm. The fluorescence intensity was
measured in each organ.

Figure 4(a-c) shows the fluorescence intensity with time in
various organs such as brain, lungs, liver, and heart in naked FITC
Dextran/uncoated calcium phosphate nanoparticles/ poysorbate
80 coated calcium phosphate nanoparticles loaded with FITC
dextran. When solution of naked FITC dextran was administered
to mice biodistribution pattern was different from that obtained
whenitis encapsulated in the nanoparticles. Higher concentrations
of naked FITC dextran were found in heart as compared to what
was observed in uncoated calcium phosphate nanoparticles.
The reason may be that FITC dextran, being larger molecule is
interacting strongly with the blood and serum proteins whereas
when it is entrapped in the nanoparticles, it is well protected
from the outer environment and hence shows lesser interaction.
Lesser fluorescence intensity was seen in lungs in uncoated

nanoparticles as compared to FITC dextran alone. This may be
attributed to the particle size of calcium phosphate nanoparticles.
Since the particles are smaller than 100nm in diameter, they are
easily filtered out of the lungs whereas FITC dextran being a larger
sized molecule gets trapped by the lungs. The overall uptake of
uncoated nanoparticles by liver was relatively higher than that
of naked FITC dextran. The uptake of naked FITC dextran by liver
was high initially followed by a decrease afterwards.

f4

Slightly higher concentrations were observed in the organs
belonging to RES i.e., lungs and liver in the case of nanoparticles
coated with polysorbate 80 as compared to uncoated calcium
phosphate nanoparticles. Perhaps the surface hydrophobicity of
coated nanoparticles is responsible for greater accumulation in
organs belonging to RES. When these particles are coated with
polysorbate 80, the hydrophobic tail of the surfactant protrudes
towards the outer surface of the particles. As a result, the
nanoparticles acquire partial surface hydrophobicity and, thus,
are expected to become susceptible to enhanced RES uptake.

Additionally, because of partial surface hydrophobicity, these
particles may have higher uptake by brain endothelial cells
also, thus, enabling them to cross BBB. This has been clearly
manifested in figure 5 in which polysorbate 80 coated FITC
dextran loaded nanoparticles have shown more uptake by brain
compared to uncoated nanoparticles. The highest level of uptake
has been observed within 5 minutes post injection of mice. At
five minutes post injection the fluorescence intensity in case of
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coated nanoparticles was found to be 2.61 as compared to 1.63
in uncoated nanoparticles. Significantly lower concentrations
of naked FITC dextran were observed in brain as compared to
both coated/uncoated nanoparticle preparations. However, the

concentration of the particles was found to be decreasing with
time but there was relatively higher retention of the particles at
four hours post injection.
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Figure 5: Fluorescence Intensity showing the uptake of nanoparticles in brain in naked FITC Dextran/ uncoated FITC Dextran loaded
calcium phosphate and polysorbate 80 coated calcium phosphate nanoparticles..

This can be well correlated to the data obtained by Schroder
et al where they concluded that a peptide Dalargin could be
transported across the BBB following intravenous injection after
binding of the two nanoparticles and coating these particles with
polysorbate 80. The preparation was able to induce a significant
analgesic effect about 30 to 45 minutes after intravenous injection
into mice at a dose of 7.5mg/kg. The reason for greater uptake of
polysorbate 80 coated calcium phosphate nanoparticles by coating
with poysorbate80 may lead to the adsorption of apolipoprotein E
from blood plasma onto the nanoparticles surface. The particles
then seem to mimic low-density lipoprotein (LDL) particles and
could interact with the LDL receptor leading to their uptake by
the brain endothelial cells. After this FITC dextran may be released
in these cells and diffuse into the brain interior or the particles
may be transcytosed. Other processes such as tight junction
modulation or P-glycoprotein inhibition may also occur. Moreover,
these mechanisms may run in parallel or may be cooperative thus
enabling a drug delivery to the brain.

Conclusion

The interest in developing targeted systems, able to reach
the CNS, represented one of major sections of neuroscience,
over the last 20 years. The pathologies affecting the “Brain” are
surely the most difficult to be treated and the least favorable in
terms of rescue of the integrity of the neuronal structures. When
nanoparticles coated with polysorbate 80 were compared to

007 How to cite this article:

uncoated calcium phosphate nanoparticles, larger quantities
were accumulated in RES organs, namely the lungs and liver. The
reason for uptake by the RES organs is due to the hydrophobic
surface of calcium phosphate nanoparticles. These particles may
also be more readily absorbed by brain endothelial cells, allowing
them to pass the blood-brain barrier (BBB). Phagocytosis could
be one of the prominent reasons for efficient uptake in the brain.
Furthermore, the coating of calcium phosphate by surfactants like
polysorbate 80 plays an important role for body distribution and
the time of circulation of the particles. Also, as opposed to both
coated and uncoated nanoparticle preparations, smaller amounts
of naked FITC dextran were found in brain and the result defines
two important requirements to take into account in the design
of adequate brain delivery systems, long circulating properties
of the carrier and appropriate surface characteristics to permit
interactions with endothelial cells. Thus, the application of
nanotechnology to CNS diseases (namely Nano-Neuroscience)
is surely representing one of the most innovative strategies to
improve the current treatments and, possibly, to find newer and,
most of all, more efficacious therapies.
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