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ABSTRACT

Solid lipid nanoparticles (SLNs) are nanocarriers consisting of a solid lipid core enveloped by a surfactant. They offer
regulated and prolonged drug release, enhanced bioavailability, and precise distribution, rendering them appropriate for
many applications. This article details the creation of solid lipid nanoparticles (SLN) for the colloidal transport of
Fenoprofen. Nanoparticles were synthesised via either the microemulsion or precipitation technique. The drug release
patterns of solid lipid nanoparticles (SLN) were investigated in vitro across several experimental conditions. Fenoprofen,
a nonsteroidal anti-inflammatory drug (NSAID) characterised by inadequate solubility and bioavailability, can be
encapsulated in solid lipid nanoparticles (SLNs) to enhance its administration and absorption. Solid lipid nanoparticles
(SLNs) can augment the solubility of poorly soluble pharmaceuticals such as fenoprofen, hence improving their absorption
and bioavailability.formulations were characterized for the Particle Size Determination, Zeta Potential Measurement,
Analysis of Fenoprofen, Fenoprofen Stability at pH 1.1, 6.8, and 7.4, Determination of Drug Content, Drug Release at pH
1.1 and 6.8 and Drug Release at pH 7.4.
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INTRODUCTION
New insights from several domains, including
Nanotechnology, Biomedical Engineering, and

Biotechnology, have led to remarkable advancements in the
area of Novel Drug Delivery Systems. Due to its extensive
use, nanotechnology is included into numerous modern
formulation processes. This technology entails creating
structures on a nanoscale that contain the active
pharmaceutical ingredient (API). The research and
development of structures with sizes ranging from around
one nanometre to one hundred nanometres is known as
nanotechnology, according to the National Nanotechnology
Initiative (NNI). Nanotechnology is defined as the study
and use of structures according to this definition. The
fundamental purpose of nanotechnology, like that of
medicine, is to improve the speed and accuracy of diagnosis
and treatment while minimising side effects through
targeted and regulated medication administration, much
like the fundamental purpose of medicine. Significant drug

delivery  systems have been developed using
nanotechnology principles. Some examples are solid lipid
nanoparticles, nanocrystals, nanoemulsions,

nanosuspensions, and nanoparticles. The main emphasis of
this piece is to examine Solid Lipid Nanoparticles (SLNs).
When compared to more conventional colloidal carriers
including emulsions, liposomes, and polymeric micro and
nanoparticles, the 1991 invention of SLNs produced a
superior carrier system. One type of colloidal carrier

system used for drugs in BCS Classes II and IV is solid lipid
nanoparticles, or SLNs. A solid core made of lipids with a
high melting point and a water-based surfactant make up
these nanoparticles. Solid lipid nanoparticles (SLNs) differ
from typical colloidal carriers in that solid lipids, rather than
liquid water, are their defining characteristic. Lipid pellets
for oral administration, such as Mucosolvan® retard
capsules, are a well-established example of the use of solid
lipid as a matrix material for drug delivery. Triglycerides,
partial glycerides, fatty acids, saturated fats, and waxes are
all compounds that fall under the broad category of "lipid."
One unique feature of SLN that helps to reduce the danger
of acute and chronic toxicity is that its lipid matrix is made
up of physiological lipids. The use of solid lipids has
several benefits over liquid lipids, including enhanced
stability of chemically sensitive lipophilic components and
better management of release kinetics for encapsulated
compounds. Compared to their liquid counterparts, solid
lipids exhibit greater stability, which is the reason behind
this. The various physicochemical properties associated
with the lipid phase's physical state are the origin of the
potential beneficial effects. Reactive agents in a solid
matrix have lesser mobility compared to reactive agents in
a liquid matrix; this could cause chemical degradation
events to occur at a slower rate. The second perk is that it's
possible to regulate the microphase separations of carrier
lipid and active components within specific liquid particles.
Because chemical breakdown activities typically occur
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Table 1; Dimensional analysis by photon correlation
spectroscopy and drug-loading capacity of
Fenoprofen-loaded SLN prepared by warm oil-in-
water microemulsion and by precipitation method.

Polydispersity Fenoprofen
Batch Size (nm) incorporated
Index
(Yow/w)
A 139.3£1.5 0.381£0.005 ---
B 139.2+1.8  0.547+0.013 ---
C 109.6£1.9 0.413+0.027 4.8+0.29
D 116.9£1.6 0.303+0.026 3.1+0.31
Table 2; Zeta potential values (mV) of the
Fenoprofen-loaded SLN
Phosphate
Batch H20 NaCl Buftr 7.4
A -44.6+1.3 -18.9+0.3 -22.4+14
B -39.8+€1.7  -18.4+0.8 -21.4+1.3
C -40.242.1 -17.3+0.4 -21.6+1.7
D -41.6£0.4  -17.8£2.9 -19.842.1

close to the surface of the lipid particle, this keeps active
compounds from building up there. It has been proven that
bioactive chemicals with low absorption rates can have
their concentration in the body increased by incorporating
them into solid lipid nanoparticles. The use of a solid
matrix, rather than a liquid one, may prevent the breakdown
of lipids, allowing for a more prolonged release of the
encapsulated drug, according to the research. Aqueous
surfactants are another type of excipient that is commonly
used in the production of solid lipid nanoparticles (SLNs).
The selection of these substances is largely determined by
the route of administration, as their primary functions are to
act as emulsifiers in the formation of oil-in-water emulsions
and as stabilisers in the dispersion of solid lipid
nanoparticles. Typically, they are made up of a solid
hydrophobic core that holds the medication in a form that is
either dissolved or dispersed throughout the body [8]. Solid
lipid nanoparticles (SLNs) are mostly produced through
high-pressure homogenisation or microemulsification.
Solid lipid nanoparticles (SLNs) produced by any method
exist in a dispersed state, which leads to instability during
prolonged storage primarily due to hydrolysis reactions. To
enhance their stability, SLNs can be transformed into solid,
dry, reconstitutable powders via lyophilization. An
economical and straight forward alternative to
lyophilization is the spray drying technique.

Aims of solid lipid nanoparticles [10]

It has been asserted that SLN is able to combine the benefits
of other colloidal carriers while avoiding the drawbacks
of other carriers. Proposed benefits include the following:

o There is the potential for controlled drug release as well
as treatment targeting.

e Elevated levels of medication stability

e Heavy drug load payload

e The incorporation of medications
hydrophilic and lipophilic

® No evidence of the carrier's biotoxicity

o Refraining from using organic solvents

that are both

Table 3. Profile of Fenoprofen degradation at 37-C
in aqueous solutions at pH 1.1, 6.8, and 7.4.

Time (Hrs) pH7.4 pH 6.8 pH1.1
0 100 100 100
0.5 100 100 100
1 99 99 98
1.5 98 98 95
2 97 97 93
2.5 96 96 92
3 95 94 91
3.5 94 92 90
4 94 91 87

Table 4; Reports the ability of SLNs to incorporate
Fenoprofen. Experimental results showed that the
amount of Fenoprofen entrapped into nanoparticles is
greater in the batch prepared by precipitation
technique (batch C).

Time (hrs) Release at pH 7.4
0 0
0.5 89
1 91
1.5 91
2 92
2.5 92
3 93
3.5 93
4 94

o There were no issues with regard to the manufacture on a
large scale or the sterilisation.

e Expansion of The bioavailability of medically useful
substances that are entrapped

MATERIALS AND METHODS

Materials

Fenoprofen (Glenmark, Pharmaceuticals Ltd. India),
Palmitic acid was obtained from Rankem. Soya
Phosphatidylcholine 95% and Taurocholate Sodium Salt
was obtained from Sigma Aldrich. Other chemicals were of
analytical grade.

Apparatus

The mean diameter and polydispersity index of solid lipid
nanoparticles (SLNs) were evaluated using photon
correlation spectroscopy (PCS) with a Malvern Zetasizer
3000 HS (Malvern Instrument, Herrenberg, Germany) at a
fixed angle of 90°, a temperature of 25°C, and an aqueous
NaCl solution (0.9% w/v) as the dispersing medium. The
zeta potential of nanoparticles was evaluated using a
Malvern Zetasizer 3000 HS (Malvern Instrument,
Germany). High pressure liquid chromatography (HPLC)
analyses were performed using a Varian 9012 liquid
chromatograph, coupled with a Rheodyne 7125 injector
(with a 10-pl loop) and a Kontron HPLC 432 detector. The
chromatographic results were analysed on the Waters
Millennium Workstation. A reversed phase C18 column (pt
Bondapak; 5 um, 250x4.6 mm internal diameter, obtained
from Waters) was utilised for the research.

Preparation of Fenoprofen-Loaded Nanoparticles
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Figure. 2. Scanning Electran Microscopy of Formulation A,B,C and D.

Fenoprofen-loaded nanoparticles were prepared from a
warm oil-in-water (o/w) microemulsion containing palmitic
acid as internal phase, Epikuron 200 as surfactant,
taurocholate sodium salt as cosurfactant, and distilled
filtered water as continuous phase. In the first step
Fenoprofen was added to the melted palmitic acid;
successively a suspension of Epikuron and an aqueous
solution of taurocholate sodium salt were added obtaining a
clear microemulsion at 70°C (x1°C). SLNs were obtained
by dispersing the warm o/w microemulsion in cold water
(2-3°C) under mechanical stirring at a ratio 1:10
(microemulsion-water, v/v). The colloidal milk suspension
of SLN was centrifuged at 35000 rpm (Centrifuge XL-90
Beckmann, equipped with rotor 70.1Ti) for 1 hr at 4-C.
Nanoparticles were then suspended in water, freeze-dried
by connecting a round-bottomed flask to a lyophilizer
(Edwards high vacuum pump serial E 2M8 42810), and
refrigerated for successive characterization. Another batch
of SLN was prepared through precipitation technique. The
Epikuron 200 solubilized in ethanol (2 ml) at 70°C was
added to melted palmitic acid (70°C) kept at the same
temperature. Subsequently Fenoprofen was added to this
limpid solution, under mechanical stirring, for 10 min.
SLNs were obtained by dispersing the warm solution in
cold water (100 ml at 2-3°C) containing taurocholate
sodium salt, under mechanical stirring.

CHARACTERIZATION
NANOPARTICLES
Particle Size Determination

OF SOLID LIPID

The average diameter and width of distribution
(polydispersity index) of SLNs were determined by photon
correlation spectroscopy (PCS) using a Malvern Zetasizer
3000 HS (Malvern Instrument) at a fixed angle of 90°C,
temperature 25°C, and an aqueous solution of NaCl (0.9%
w/v) as suspending medium. Each suspension, diluted until
the appropriate nanoparticle concentration, was kept in a
cuvette and analyzed. Each reported value is the average of
five measurements.[11,12]

Zeta Potential Measurement

Zeta potential was measured on dispersion of each
lyophilized nanoparticle batch by using as dispersing
medium an aqueous solution of NaCl (0,9% w/v) or filtered
(0,2 pm) double distilled water or with phosphate buffer pH
7.4 using a Malvern Zetasizer 3000 HS (Malvern
Instrument). Each sample was analyzed in triplicate.[13,14]
Analysis of Fenoprofen

An adequate HPLC method was developed to study
stability of drug at various pH values, Fenoprofen-loading
capacity, and drug release profiles from drug-loaded SLNs.
A reverse C18 column (p Bondpak, 5 pm, 250 X 46 mm
i.d.,Waters) was used as stationary phase and an aqueous
solution of ammonium phosphate (at pH 3.5)/CH3CN
(70/30 v/v) with a flow rate of 1 ml min—1 as mobile phase.
The chromatographic apparatus consisted of aVarian LC
Star 9012 solvent delivery system equipped with a
Rheodyne 7125 injector (fitted with a 10-pl loop), and a
Kontron HPLC 432 detector. The chromatographic data
were elaborated by Waters Millenium workstation. Mobile
phase was monitored at the wavelength of 318 nm.
Quantification of Fenoprofen was done by using a
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Figure. 1. Profile of Fenoprofen degradation at 37-C in agueous solutions at pH 1.1, 6.8, and 7.4. Each value is
the mean of three experiments. All calculated S_E. were less than 2% of the mean values and thus not reporicd.

calibration curve obtained using Fenoprofen solutions at
known concentrations.

The straight-line equation was:

y =0.0686x - 0.0811, R?=0.9998

The linear regression value was R? = 0.9998. The linearity
of the method was studied in the range 10-50 pg ml—1.
Fenoprofen Stability at pH 1.1, 6.8, and 7.4

The stability of Fenoprofen was studied at pH 1.1, 6.8, and
7.4. Samples of Fenoprofen (50 mg) were incubated at 37°C
in phosphate buffer (100 ml) at pH 6.8 and 7.4 and in HCI-
glycine-NaCl buffer (100 ml) at pH 1.1. At scheduled time
intervals, samples were withdrawn and assayed by HPLC
using the above described method to measure Fenoprofen
concentration.[15]

Determination of Drug Content

To determination the amount of Fenoprofen loaded in the
nanoparticles, we used the following procedure. Typically,
5 mg of freeze-dried nanoparticles were solubilized in Sml
of ethanol. The organic solutions were filtered through
0,45pmPTFEmembrane filters and analyzed by HPLC in
order to determine the amount of drug. No interaction was
observed between drug molecules and filter membrane.
Results were expressed as the percentage of the drug
amount contained in 100 mg of dried material.[16]
Surface morphology

Utilizing Field Emission Scanning Microscopy (FE-SEM),
the surface morphology of the improved SLNs was
investigated. A thin coating was created on the copper grid
with carbon coating by dropping a drop of diluted SLNs
dispersion onto it for FE-SEM examination. As samples
were examined using H-7500 FE-SEM (Hitachi Ltd.,
Japan), the grid was air dried.[17]

Drug Release at pH 1.1 and 6.8

Drug release was assayed at 12 prefixed time intervals. For
this purpose, 12 suspensions, each containing 10 mg of
Fenoprofen-loaded nanoparticles were dispersed in flasks
containing 5 ml of HCI-glycine-NaCl buffer solution at pH
1.1 and maintained at 37°C#0.1-C in a water bath for 2 hr
with magnetic stirring (100 rpm). At fixed time intervals,
five samples were filtered and analyzed by HPLC to

determine the amount of drug released. After 2 hr of
incubation at pH 1.1 a solution of 0.2 M tribasic sodium
phosphate was added to the remaining samples to increase
pH to 6.8 (simulated intestinal fluid), according to the
method reported in USP XXII (drug-release test, method A
for enteric-coated particles). Then, at suitable time
intervals, samples were filtered through 0,45 pm nylon
membrane filters (Whatmann) and analyzed by HPLC.
Each experiment was carried out in triplicate.[18,19]

Drug Release at pH 7.4

Drug release was assayed at 7 prefixed time intervals. For
this purpose, 7 suspensions, each containing 10 mg of
Fenoprofen loaded nanoparticles, were dispersed in 5 ml of
pH 7.4 phosphate buffer and kept at 37-C+0.1-C. At
suitable time intervals, samples were filtered through 0,45
pm nylon membrane filters (Whatmann) and analyzed by
HPLC. Each experiment was carried out in triplicate.

RESULTS AND DISCUSSION

Fenoprofen-loaded SLNs show a drug encapsulation
capacity and a particle size distribution that can be
successfully.

Particle Size Analysis

Table 1 shows the SLNs dimensions both in the presence
and in the absence of Fenoprofen and prepared by two
different methods. The dimensions of all SLN batches were
included in the range between 100 and 150 nm.

Each value is the mean of three experiments = SE.

Studies of Zeta Potential

Table 2 shows the zeta potential of SLNs batches prepared
by various methods with and without Fenoprofen in three
different solutions. The presence of electrolytes causes a
diminution of surface charge. However, using the same
dispersing agent, no statistically significant difference was
found between various examined batches except batch A in
water.Each value is the mean of three experiments + SE.
Studies of Fenoprofen Stability at pH 1.1, 6.8, and 7.4
The kinetics of degradation of Fenoprofen were studied at
37-C in aqueous buffer solutions at pH 1.1, 6.8, and 7.4.
The degradation profiles of Fenoprofen at various pH
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Figured. Release profiles of Fenoprofen at pH 1.1 and pH 6.8 from solid lipid nanoparticles. The kinetic of
release at pH 6.8 is influenced by Fenoprofen degradation.

values are reported in Figure 1. As shown at pH 6.8 and 7.4,
drug degradation is low in the considered time ranges.
Different behavior is observed at pH 1.1, at which
Fenoprofen degradation is quicker.

Scanning Electron Microscopy

A formulation including Fenoprofen, and water was able to
produce spherical, distinct spheres when it was made using
the hot melt extrusion process, according to SEM. in Figure
2.

Fenoprofen Release at pH 1.1 and 6.8

Drug release profile was also studied in buffer solution at
pH 1.1 and at 6.8. Taking into account that drug stability
studies show that after 2 hrs about 10% of the starting drug
amount is degraded, we evaluated the released Fenoprofen
amount from nanoparticles as a function of time.
Experimental results of drug release at pH 1.1 and 6.8 are
reported in Figure 4. After 2 hrs, at pH 1.1, we observed that
50% is quickly released, while the remaining fraction is
firmly incorporated in SLN and is completely released

—#— RELEASE ATpH 1.1
== HELEASE AT pH&.8

in

when the pH reaches 6.8. We observed that the release
profile is affected by the drug degradation.

CONCLUSION

This paper delineates the experimental parameters for the
preparation of Fenoprofen-loaded solid lipid nanoparticles
utilising warm  oil-in-water ~ microemulsions  and
precipitation methods. Both preparation techniques
facilitated the acquisition of diminutive nanoparticles
(about 100 nm) with a surface charge of around —40 mV (in
aqueous solution). The preparation technique significantly
affects drug-loading capability. The precipitation-prepared
SLNs have contained Fenoprofen in quantities of up to 5%.
Experimental studies on drug release at pH 1.1 and 6.8
indicated that 50% of Fenoprofen is rapidly released after 2
hours at pH 1.1. The residual component, encapsulated in
SLNs, is entirely released upon reaching a pH of 6.8.
Investigations into drug release at pH 7.4 and in human
plasma demonstrated a significantly elevated release rate of
Fenoprofen.
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